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v

The success of the previous editions of Transplant Infections, as a reference work to bring 
together information directed at the management of the infectious complications occurring 
specifically in immunocompromised individuals undergoing transplantation, has led to the cre-
ation of this fourth edition. No other text focuses solely on exogenously immunosuppressed 
transplant patients, and no text combines solid organ and hematopoietic stem cell transplanta-
tion (historically referred to as bone marrow transplantation). Many texts focus on immuno-
compromised patients, but the field of transplant infectious diseases has evolved over the past 
25 years as a field unto itself, with conferences devoted solely to this specialty, and guidelines, 
both national and international, being developed for the management of such patients. In addi-
tion, peer-reviewed journals now exist that publish information on this specialized area, and 
training programs devoted to the subspecialty of transplant infectious diseases within the field 
of infectious disease are being developed.

The field of transplant infectious diseases has continued to grow and expand since the third 
edition was published in 2009. In this edition, we have continued to highlight differences 
between solid organ and hematopoietic stem cell transplantation by adding additional chapters 
where we felt this differentiation would give added value to the readers. We have added a 
chapter on the new rapidly evolving topic of the microbiome. The major problem of antibacte-
rial resistance has also been addressed more in depth by having separate chapters on gram-
negative and gram-positive bacterial infections. We have also expanded some chapters on viral 
infections, such as the respiratory viruses, since recognition of the importance of these patho-
gens has grown, and new diagnostic testing is now available in real time. We have added a 
chapter on long-term care of the transplant recipient, given the success of transplantation and 
the increasing number of long-term survivors. A number of new authors have been added, and 
chapters have been substantially revised or completely rewritten.

This edition remains a globally inclusive product of leading authors and investigators from 
around the world. Perspectives from Argentina, Australia, Brazil, Chile, New Zealand, Western 
Europe (Italy, Spain, Sweden, Austria, Germany, France, and Switzerland), the United States, 
Canada, and Israel have been synthesized in this edition.

We continue to believe that much can be learned from appreciating both the similarities and 
the differences in the pattern of infections and the resulting morbidity and mortality in various 
transplant settings. Our goal with this textbook is to provide background and knowledge for all 
practitioners who work with transplant patients, in order to improve both the care and outcomes 
of transplant recipients and to provide a framework for education of physicians, transplant coor-
dinators, and trainees in the field. As success in the field continues to grow, we hope that this 
text will provide a knowledge base that would advance the field and make transplantation safer 
for all who need this lifesaving intervention. We thank all the contributors for their effort and 
trust the reader will find this a valuable reference text as they care for transplant recipients.

Stockholm, Sweden� Per Ljungman 
Washington, DC, USA � Michael Boeckh 
Boston, MA, USA � David Snydman 
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Introduction to Hematopoietic  
Cell Transplantation
Andrew R. Rezvani and H. Joachim Deeg

1.1	 �Introduction

The lymphohematopoietic system is the only organ system 
in mammals with the capacity for complete self-renewal. 
Therefore, donation of hematopoietic stem cells (HSC) does 
not result in a permanent loss for the donor. Reports on the 
therapeutic use of bone marrow to treat anemia associated 
with parasitic infections date back a century [1, 2], but not 
until the observations on irradiation effects in Hiroshima 
and Nagasaki and the ensuing systematic research into 
hematopoietic cell transplantation (HCT) in animal models 
were the principles of HCT established [1, 3, 4].

In 1957, the first clinical transplant attempts of the modern 
era were undertaken [1, 5, 6]. As predicted from animal stud-
ies, patients who underwent transplantation from allogeneic 
donors developed graft-vs.-host disease (GVHD) [4]. 
Patients transplanted from syngeneic (monozygotic twin) 
donors generally did not develop GVHD, but many of them 
died from progressive leukemia, apparently because of a lack 
of the allogeneic graft-vs.-leukemia (GVL) effect, which had 
been described by Barnes and Loutit in murine models [7]. 
These studies immediately established that allogeneic HCT 
functioned as immunotherapy.

Beginning in the late 1950s and early 1960s, Dausset et al. 
characterized the first histocompatibility antigens in humans 
[8]. Epstein et al. were the first to show the relevance of those 
histocompatibility antigens for the development of GVHD in 
an outbred species [9]. Initially, the only source of HSC used 
clinically was bone marrow. However, cells harvested from 
peripheral blood, either after recovery from chemotherapy or 
after the administration of hematopoietic growth factors such 
as granulocyte-colony stimulating factor (G-CSF), were 
shown to result in accelerated hematopoietic recovery after 
autologous transplantation. These cells, as well as cord-
blood cells, are now being used with increasing frequency in 
allogeneic HCT [10, 11].

1.2	 �Rationale and Indications 
for Hematopoietic Cell 
Transplantation

Current indications for HCT are summarized in Table 1-1. The 
majority of HCT are performed to treat malignant diseases. 
Myelosuppression is the most frequent dose-limiting toxicity of 
cytotoxic therapy for malignancies. Infusion of HSC—autolo-
gous or allogeneic—as a “rescue” procedure allows for the dose 
escalation of cytotoxic therapy, until toxicity in the next most 
sensitive organs (intestinal tract, liver, or lungs) becomes dose 
limiting. This strategy, often referred to as high-dose therapy 
with stem cell rescue, has been used extensively in the past. 
However, progressive dose intensification, although possibly 
effective in disease eradication, has resulted in minimal, if any, 
improvement in survival because of increases in therapy-related 
toxicity and mortality. These observations, combined with an 
increasing appreciation of the central role of immunologic graft-
vs.-tumor reactions in the success of allogeneic HCT, have led 
to new concepts of transplant conditioning [12].

“Replacement” therapy in patients with congenital or 
acquired disorders of marrow function, immunodeficiencies, 
or storage diseases represents a second indication for 
HCT. Patients with severe autoimmune diseases (e.g., rheuma-
toid arthritis, Crohn’s disease, or systemic sclerosis) represent 
another group of patients who may benefit from HCT [13, 14]. 
In contrast to the benefit of graft-vs.-tumor alloreactivity in 
malignant diseases, patients with nonmalignant disorders are 
unlikely to derive any benefit from donor alloreactivity.

Finally, HSC (or their progeny) may be effective vehicles 
for gene therapy and for immunotherapy. Objectives of gene 
therapy include the replacement of defective or missing 
enzymes (e.g., adenosine deaminase, glucocerebrosidase) or 
of the defective gene [15, 16]. Experience with the use of 
allogeneic cells, often T lymphocytes, as immunologic 
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bullets is more extensive. Donor lymphocyte infusion (DLI) 
for reinduction of remission in patients with chronic myelog-
enous leukemia (CML) who had relapsed after HCT has 
been remarkably successful, leading to application of this 
approach in other diseases. A modification of this strategy is 
the use of genetically modified donor lymphocytes express-
ing a “suicide gene,” which can be activated to abrogate 
adverse effects of DLI, particularly GVHD [17].

The principles of immunotherapy are also exploited prom-
inently in allogeneic HCT following reduced-intensity con-
ditioning (RIC), also referred to as non-myeloablative or 
“mini”-transplants (both terms, however, are misleading, as 
the end result is intended to be “ablation” of the disease, and 
a mini-transplant is still a full transplant, albeit with a lower-
intensity conditioning regimen). In this approach, the inten-
sity of the conditioning regimen is reduced to prevent early 
mortality, but enhanced donor anti-host reactivity is required 
to eliminate host cells (Figure 1-1).

1.3	 �Sources of Hematopoietic Stem 
Cells and Donor Selection

HSC can be obtained from a variety of donors and cellular 
compartments, including the bone marrow, peripheral blood, 
and cord blood. The choice of stem cell source is dependent 
upon several factors. Although autologous marrow or periph-

eral blood stem cells (PBSC) are theoretically available for 
every patient (feasibility has been reported even for patients 
with severe aplastic anemia), these would not be useful with-
out genetic manipulation for genetically determined disor-
ders and would be suboptimal for malignant disorders, 
because of the concern of contamination with malignant 
cells and the lack of an allogeneic antitumor effect. 
Autologous marrow or PBSC can be purged of contaminat-
ing malignant cells by chemical means or by antibodies 
which recognize tumor cells. However, slow engraftment 
and residual tumor cells that resist purging limit the useful-
ness of this approach. Currently available purging methods 
have generally failed to show clinical benefit and thus none 
are widely used [18, 19], although research continues into 
more effective approaches to HSC purification and tumor 
purging [20].

Generally, each full sibling has a 25 % chance of sharing 
the complete HLA genotype with another sibling. Somewhat 
less than 1 % of patients will have a syngeneic (identical 
twin) donor. The lack of an HLA-identical related donor in 
more than 70 % of patients has led to the development of 
large data banks of volunteer unrelated donors and research 
into alternative allograft sources such as HLA-haploidentical 
family members and umbilical cord blood.

Supported by the efforts of the National Marrow Donor 
Program in the United States, the Anthony Nolan Appeal in 
the United Kingdom, the DKMS in Germany, and other 
groups internationally, more than 20 million volunteer 
donors have been typed for HLA-A and HLA-B and a rap-
idly increasing number also for HLA-C, HLA-DR (DRB1), 
and HLA-DQ antigens. The probability of identifying a suit-
ably HLA-matched unrelated donor for a Caucasian patient 
in North America is about 75 %. This probability is lower for 
other ethnic groups, in part because of lower representation 
in the data bank and in part because of greater polymorphism 
of the HLA genes. As a result, the likelihood of finding a 
fully HLA-matched unrelated donor for some ethnic minori-
ties in the United States may be as low as 16 % [21].

Cord-blood cells, generally not matched for all HLA anti-
gens of the patient, are being used with increasing frequency. 
Because of the immunologic naivete of umbilical cord-blood 
cells and the low T-cell content, these cells can be trans-
planted across significant (major) HLA barriers with accept-
able rates of GVHD.  Suitably HLA-matched umbilical 
cord-blood units can be found for 80–100 % of patients [21]. 
The second major alternative source of hematopoietic grafts 
is HLA-haploidentical family members. These donors are 
available for nearly all patients, since they include any par-
ent, any child, and many siblings. With the use of posttrans-
plant cyclophosphamide as GVHD prophylaxis, 
HLA-haploidentical allogeneic HCT can be performed with 
similar or perhaps even lower rates of acute and chronic 
GVHD compared to HLA-identical related or HLA-matched 
unrelated donors [22]. Currently, the optimal alternative-
donor source of hematopoietic cells remains unclear. 
Contemporaneous single-arm studies of HLA-haploidentical 

Table 1-1.  Categories of disease treated with hematopoietic cell 
transplantationa

Malignant

 � Hematologic malignancies
 �   Acute leukemias
 �   Chronic leukemias
 �   Myelodysplastic syndromes
 �   Myeloproliferative neoplasms
 �   Non-Hodgkin lymphoma
 �   Hodgkin lymphoma
 �   Plasma cell dyscrasias (e.g., multiple myeloma)

 � Selected solid tumors
 �   Germ cell tumors
 �   Ewing sarcoma
 �   Neuroblastoma

Nonmalignant
 � Acquired
 �   Aplastic anemia and red cell aplasias
 �   Paroxysmal nocturnal hemoglobinuria
 �   Autoimmune disorders (e.g., multiple sclerosis, systemic sclerosis, 

rheumatoid arthritis, Crohn’s disease)

 � Congenital
 �   Immunodeficiency syndromes (e.g., SCID)
 �   Hemoglobinopathies
 �   Congenital anemias (e.g., Fanconi anemia)
 �   Storage diseases (e.g., mucopolysaccharidoses)
 �   Bone marrow failure syndromes (e.g., dyskeratosis congenita)
 �   Osteopetrosis

aThis list is not all encompassing; transplants have been carried out for vari-
ous other disorders.
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vs. cord-blood transplantation suggest that overall survival is 
comparable, with somewhat higher rates of relapse with hap-
loidentical donors and higher rates of transplant-related mor-
tality with umbilical cord blood [23]. A national multicenter 
randomized clinical trial is currently underway in the United 
States, organized by the Blood and Marrow Transplant 
Clinical Trials Network (BMT-CTN), comparing these two 
sources of hematopoietic cells.

1.4	 �Transplant Procedure

1.4.1  �Transplant Conditioning

1.4.1.1	 �Rationale for Conditioning

	1.	 To ablate the patient’s disease, or at least to reduce the 
number of malignant or abnormal cells to below detect-
able levels (this applies to allogeneic, syngeneic, and 
autologous donors). Ablation appears to allow for greater 
efficacy of graft-vs.-tumor reactions.

	2.	 To suppress the patient’s immunity and to prevent rejec-
tion of donor cells (this applies to allogeneic, but not to 
autologous, HCT). Immunosuppression is also needed in 
preparation for some syngeneic transplants, apparently to 
eliminate autoimmune reactivity which may interfere 
with sustained hematopoietic reconstitution.

The notion that conditioning is necessary to “generate 
space” in the transplant recipient has been abandoned. Donor 

cells, given in sufficient numbers and replete with T cells, 
create their own space and proceed to repopulate the recipi-
ent’s marrow [24].

Exceptions to the requirement for pretransplant condition-
ing for allogeneic HCT exist in some children with severe 
combined immunodeficiency (SCID), because their underly-
ing disease does not allow them to reject transplanted donor 
cells, and in patients in whom even partial donor engraftment 
can completely correct the genetic defect [25].

1.4.1.2	 �Modalities for Transplant Conditioning

Modalities used to prepare patients for HCT have been 
reviewed extensively elsewhere [26, 27]; a subset of com-
monly used regimens is shown in Figure 1-1. In principle, 
conditioning for HCT can include the following approaches:

	1.	 Irradiation, in the form of total body irradiation (TBI), 
total lymphoid irradiation [28], or modifications thereof. 
Many conventional TBI regimens deliver 12–14 Gy over 
3–6 days. In addition, bone-seeking isotopes (e.g., hol-
mium) and isotopes (e.g., 131I, 92Y) conjugated to mono-
clonal antibodies (MAbs) directed at lymphoid or myeloid 
antigens (e.g., anti-CD20, CD45) are in use [29–31]. TBI 
may also be a component of RIC regimens, usually at 
lower doses of 2 Gy [32].

	2.	 Chemotherapy (e.g., cyclophosphamide, 120–200  mg/kg 
over 2–4 days) is included in many conventional regimens. 
Busulfan (available in oral and intravenous formulations) 

Figure 1-1.  Selected conditioning regimens for hematopoietic cell transplantation, arranged by relative intensity, toxicity, and reliance on 
immunological graft-vs.-tumor effects. Abbreviations: GVT graft-vs.-tumor effect, BU busulfan, CY cyclophosphamide, TBI total body irradiation 
(high-dose, ≥12 Gy; low dose, 2–4.5 Gy), FLU fludarabine (at doses of 90–250 mg/m2), ATG antithymocyte globulin, araC cytarabine arabinoside, 
TREO treosulfan (3 × 10 to 3 × 14 g/m2).

Transplant Conditioning Regimens

BU+CY+TBI*
CY + TBI*
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at 16  mg/kg (or lower doses), targeted to predetermined 
plasma levels, is often used in combination with cyclo-
phosphamide. Other agents, including etoposide, melpha-
lan, thiotepa, cytarabine, and, more recently, treosulfan 
[33, 34], may be used either alone or in combination and 
with or without irradiation.

	3.	 Biologic reagents (e.g., antithymocyte globulin [ATG]) or 
MAbs directed at T-cell antigens or adhesion molecules 
suppress recipient immunity. Others are directed at anti-
gens expressed on the recipient’s malignant cells; in addi-
tion, cytokines or cytokine antagonists are being 
investigated. Anti-T-cell therapy predisposes the individ-
ual to viral infections, in particular CMV and the reactiva-
tion of Epstein–Barr virus (EBV) with the risk of 
developing EBV-related lymphoproliferative disorders 
(PTLD) after transplantation [35].

1.4.2  �Marrow Harvest

The marrow donor receives general or regional (e.g., epi-
dural, spinal) anesthesia, and, under sterile conditions, mul-
tiple aspirates of marrow are obtained from both posterior 
iliac crests. Additional potential aspiration sites are the ante-
rior iliac crests and the sternum. Approximately 10–15 mL/
kg of donor weight is collected. If no ABO incompatibility 
exists and if the marrow is not to be subjected to any in vitro 
purging procedure, the resulting cell suspension is infused 
intravenously without manipulation. The rate of serious or 
chronic complications among healthy bone marrow donors is 
approximately 1 % [36].

1.4.3  �Alternative Stem Cell Sources

HSC circulate at low concentrations in blood [37]. Their fre-
quency increases dramatically during the recovery phase fol-
lowing cytotoxic therapy and after the administration of 
recombinant hematopoietic growth factors such as G-CSF, 
which dislodge cells from the marrow. Peak blood concen-
trations of CD34+ cells are typically reached on day 4–5 after 
initiating G-CSF. A single leukapheresis may be sufficient to 
harvest the number of HSC required for a transplant. For 
autologous procedures, the goal is to collect at least 2–5 × 106 
CD34+ cells/kg recipient weight; for allogeneic transplants, 
the goal is 2–11 × 106 CD34+ cells/kg, although the optimum 
dose has not been determined and doses outside this range 
are sometimes used [38].

Umbilical cord blood represents a segment of the periph-
eral circulation of the fetus and is easily accessible after 
delivery. Cord-blood cells are less immunocompetent than 
adult cells and might therefore carry a lower risk of inducing 
GVHD than adult cells. The concentration of HSC in umbili-
cal cord blood is high, but the small volume that is usually 
available (80–150 mL) had initially limited the use of these 
cells to children and smaller adults. In larger adults, 

approaches have included the use of two cord-blood units to 
ensure adequate cell dose and engraftment, as well as ex vivo 
expansion of hematopoietic precursors in umbilical cord-
blood units for infusion together with an unmanipulated 
cord-blood unit [39, 40].

1.4.4  �Purging

There are several reasons to purge collected donor cells or to 
fractionate them into subpopulations. In autologous HCT, the 
goal is to eliminate contaminating tumor cells, either by nega-
tive selection (removal of tumor cells with antibodies or physi-
cochemical means) or by positive selection (purification of 
CD34+ cells from the graft). Conversely, in allogeneic HCT, one 
may want to retain certain cell populations (e.g., CD4+ cells) 
with potential for later uses such as posttransplant DLI. With the 
development of “tandem” HCT, combining high-dose therapy 
and autologous HCT to reduce the tumor burden with a subse-
quent allogeneic HCT to exploit the GVT effect, purging of 
autologous cells has lost some of its relevance.

1.4.5  �Hematopoietic Stem Cell Infusion: 
The Actual Transplant

Donor cells are infused intravenously via an indwelling cen-
tral line, often a Hickman catheter. Directed by cell surface 
molecules which interact with receptors on endothelial cells, 
HSC home to the marrow cavity. The actual infusion of stem 
cells is generally uneventful, though it can occasionally 
cause transient mild hypotension or hypersensitivity reac-
tions, or reactions to the chemical used to cryopreserve 
autologous cells.

1.5	 �Care After Transplantation

Complications of HCT, including infections, are related to 
the underlying disease, the preparative regimen, and the 
interactions of donor cells with recipient tissue (GVHD with 
immunosuppression and end-organ damage). All patients 
experience at least transient pancytopenia, although this may 
be mild with RIC regimens. Patients undergoing high-dose 
conditioning generally develop severe pancytopenia, includ-
ing neutropenia, within days after completion of condition-
ing. This period may last 2–4 weeks with marrow allografts, 
10–14 days with mobilized PBSC grafts, or 4–6 weeks with 
umbilical cord-blood grafts. The period of neutropenia ends 
with engraftment of the donor cells, clinically defined by 
stable increases in the white blood cell count. Cytopenias are 
less pronounced after RIC, and the pattern of engraftment 
may be less apparent in the peripheral white blood cell count. 
Engraftment in these patients is generally documented by 
demonstrating donor chimerism by cytogenetic or molecular 
means in peripheral blood leukocytes and bone marrow.

A.R. Rezvani and H.J. Deeg
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Most patients prepared with high-dose regimens require 
transfusion support with platelets, red blood cells, or both. 
Transfusion requirements are substantially reduced in patients 
prepared with RIC regimens, because the nadir of cells often 
is in a range in which no transfusions are required [41]. An 
increasing number of transplants, both autologous and alloge-
neic, are being performed primarily in the outpatient clinic 
rather than in the hospital, due to the increased use of RIC and 
improvements in logistical and supportive care.

Quantitative and functional deficiencies of granulocytes 
and T lymphocytes for various periods after HCT are respon-
sible for most of the infectious complications seen after HCT 
(Figure 1-2). While all patients receive prophylactic antimi-
crobials, granulocyte transfusions are not routinely given. 
Studies performed in the 1980s suggested that laminar air 
flow (LAF) rooms and gastrointestinal decontamination 
could reduce the frequency of infections and the duration of 
febrile episodes, but neither is used routinely in modern 
practice because of the high cost of LAF and the availability 
of effective broad-spectrum antibiotics [42]. It should be 
emphasized, however, that current research is again focused 
on the role of the intestinal microbiome in transplant out-
comes, particularly in GVHD.

The most widely used modality of GVHD prophylaxis is 
the in vivo administration of immunosuppressive agents, such 
as methotrexate, cyclosporine (CSP), glucocorticoids, tacroli-
mus (FK506), mycophenolate mofetil (MMF), sirolimus, and 
others, either alone or in combination. At many institutions, 
the current standard is a combination of a calcineurin inhibi-
tor with methotrexate or MMF, but several other combina-

tions are used. Novel regimens have demonstrated promising 
results in single-arm studies, but have not yet proven superior 
in randomized clinical trials [43]. In one randomized trial, the 
addition of ATG to standard GVHD prophylaxis significantly 
decreased rates of acute and chronic GVHD, although it also 
increased the risk of fatal EBV-driven posttransplant lympho-
proliferative disease and did not improve overall survival [35, 
44]. Due to the non-selectivity of these agents, recipients are 
broadly immunosuppressed and thus susceptible to infec-
tions. In vitro T-lymphocyte depletion of donor marrow for 
GVHD prophylaxis may obviate the need for immunosup-
pressive treatment after HCT; however, the elimination of 
mature T cells is associated with a risk of rejection, delayed 
immunologic reconstitution, an increased risk of PTLD, and, 
for some disorders, disease recurrence. Both immunodefi-
ciency and therapeutic immunosuppression predispose the 
patient to infections.

1.6	 �Hematologic Recovery

Patients conditioned with high-dose regimens are at risk of 
infections early after HCT, due to granulocytopenia until the 
transplanted donor cells produce new effector cells. If the 
donor marrow is T cell depleted, recovery of blood counts 
may be further delayed. If the granulocyte count at day +21 
after transplantation is <200  cells/μL, patients are often 
given G-CSF or granulocyte-macrophage colony-stimulating 
factor. After PBSC transplants, engraftment (defined by 
>500 granulocytes/μL) occurs as early as day +9 or +10, thus 
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clearly shortening the length of granulocytopenia. Rather 
slower recovery (over several weeks) may be seen with cord-
blood transplants.

One advantage of RIC regimens is the slow decline of 
patient cells, so that donor cells have begun to recover 
before patient cells have reached their nadir. Consequently, 
several groups have reported lower rates of early infection 
after RIC conditioning as compared with high-dose condi-
tioning [45, 46].

1.7	 �Immunologic Recovery

All components of the innate and adaptive immune systems 
are deficient after HCT.  Cell-mediated immunity, chemo-
taxis, and neutrophil function are severely impaired even 
after autologous transplants. The development of GVHD 
substantially impairs immune reconstitution, through a com-
bination of direct graft-vs.-host toxicity to the thymus result-
ing in altered T-cell selection and use of immunosuppressive 
therapies to treat GVHD.  Optimal immune reconstitution 
can only occur in the absence of GVHD.

1.7.1  �Uncomplicated Recovery

Shortly after HCT, damaged epithelial barriers facilitate the 
penetration of pathogenic bacterial or fungal organisms. 
Mucosal surfaces begin to heal within a week or 2 of com-
pletion of high-dose conditioning, helped by the recovery of 
granulocytes and their scavenging function, even though 
phagocytosis and superoxide production may still be 
impaired. After the transplant, the volume and immunoglob-
ulin content of saliva also improve with time, facilitating 
oropharyngeal cleansing. Even with uncomplicated recov-
ery, T- and B-cell-mediated immune responses against viral, 
bacterial, fungal, and other organisms are broadly sup-
pressed; natural killer (NK) cells recover more quickly. To 
some extent, the pattern of immune recovery is dependent on 
the immunity of the donor from whom the transplanted cells 
originated. The pattern of immunocompetence is also influ-
enced by the recipient’s prior antigen exposure, whether to 
the pathogen itself or in the form of a vaccine. Much of the 
literature on immune reconstitution after allogeneic HCT 
describes patients who were prepared with high-dose condi-
tioning. While the use of RIC regimens has increased rapidly 
in recent years, there are fewer data available on immune 
recovery in this setting, and the impact of RIC on immune 
reconstitution remains somewhat unclear. Preliminary 
studies suggest that the tempo of immune recovery may be 
faster after RIC, at least by quantitative measurements [47, 
48], but late immune function may be similar to that seen 
after high-dose conditioning [49].

1.7.2  �B Cells

B-cell numbers are very low or undetectable shortly after 
high-dose conditioning, but may rise to supranormal levels 
by 1–2 years [50]. Recovery is faster with autologous than 
with allogeneic HCT; memory B cells lag behind naive cells. 
Early, but not late, recovery for both populations is faster for 
PBSC recipients than for marrow recipients [51]. The B-cell 
compartment is generally replaced completely by donor-
derived cells, except in patients with T+B− SCID, in whom 
the recipient’s B cells tend to persist [52]. Some antibodies 
of host origin (e.g., ABO isoagglutinins) that are derived 
from long-lived plasma cells may be detectable for months 
or even years after HCT. Persistently low B-cell counts after 
HCT may be associated with a high risk of infection [53]. In 
the era of targeted therapy, treatment with B-cell-directed 
MAbs such as rituximab before or after HCT may also impair 
and delay B-cell reconstitution [54, 55]. Some evidence sug-
gests that poor B-cell reconstitution can lead to a dysregu-
lated homeostatic environment with high levels of B-cell 
activating factor (BAFF) and other B-cell survival factors, 
which in turn promote the survival of alloreactive B cells and 
associate with an increased risk of chronic GVHD [56–58].

During recovery, fewer B cells express CD25 and CD62L; 
more express CD9c, CD38, IgM, and IgD; and antigen den-
sity is increased (as in neonatal B cells). CD5+ cells may or 
may not be increased. Immunoglobulin gene usage appears 
to be restricted shortly after HCT and to be skewed toward 
the V-segments that are frequently used in neonatal B cells 
(e.g., VH6). Concordantly, the antibody repertoire is 
restricted [59]. IgG and IgA production may be abnormal 
for 1–2 years after HCT. Serum isotype levels after grafting 
recover in the same sequence as they evolve in neonates 
(i.e., IgM, IgG1, and IgG3 recover early, but IgG2, IgG4, 
and IgA may not follow until much later) [60]. Many of the 
early antibodies are autoantibodies, or else have irrelevant 
specificities. Antibodies with relevant specificities recover 
only if the antigen is encountered, and they recover more 
quickly if both patient and donor are immune. At 3 months 
after HCT, total IgG levels in recipients of allogeneic PBSC 
tend to be lower than those in marrow recipients. Antibodies 
to polysaccharide antigens tend to recover later than those 
directed at proteins. B-cell counts and IgM levels may 
recover more quickly after RIC as compared to high-dose 
conditioned patients, though IgA recovery is delayed in 
both groups [48]. In addition to quantitative deficits in 
B-cell number and immunoglobulin levels, the B-cell pool 
early after HCT is marked by qualitative functional impair-
ment. Isotype switching is deficient in the absence of effec-
tive T-cell help. Additionally, B cells from transplant 
recipients have a decreased capacity for somatic hypermuta-
tion independent of T-cell help, suggesting an intrinsic or 
environmental defect. Thus, B-cell deficits after HCT are 
comprised of at least three factors: low B-cell numbers, 
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decreased T-cell help, and intrinsic defects such as impaired 
somatic hypermutation.

Antibody responses to vaccination are almost universally 
lower than those of normal controls, and repeated boosters 
are required. Responses are better in younger individuals and 
in those with T-cell-replete grafts; this may be related to CD4 
recovery, which is faster in younger individuals. The policy 
has been to delay revaccination until 1–2 years after HCT to 
minimize the risk of potential side effects and to increase the 
probability of antibody responses.

1.7.3  �T Cells

1.7.3.1	 �CD4+ Cells

The number of CD4+ T cells is low for 1–3 months after 
high-dose conditioning and rises slowly toward normal over 
several years. The kinetics are similar following both autolo-
gous and allogeneic transplants. Early in the process, most 
cells are memory T cells; naive T cells follow gradually, par-
ticularly in older patients. These kinetics might be related to 
diminished thymic function, but data on thymic recovery 
after HCT in older patients are conflicting [61, 62]. After 
PBSC transplantation, both naive and memory CD4+ T cells 
are more abundant than after marrow transplantations. Early 
after HCT, most CD4+ T cells are derived from transplanted 
mature T cells and T-cell precursors; later, they are stem cell 
derived, at least in pediatric patients. CD4+ T-cell reconstitu-
tion may occur more rapidly after RIC than after high-dose 
conditioning [48].

CD4+ T cells generally express CD11a, CD29, CD45RO, 
and HLA-DR and less CD28, CD45RA, and CD62L, consis-
tent with the prominence of memory cells. Responses to 
polyclonal stimuli are low. Proliferative responses to fre-
quently encountered antigens (e.g., Candida species) tend to 
normalize over 1–5 years, whereas responses to unlikely 
antigens (e.g., tetanus) remain subnormal. Responses to neo-
antigens (e.g., dinitrochlorobenzene) and recall antigens 
(e.g., mumps) are abnormally low for 2–3 years after HCT.

1.7.3.2	 �CD8+ Cells

CD8+ T cells are low for 2–3 months after HCT; subse-
quently, they rise quickly, resulting in an inversion of the 
typical CD4:CD8 ratio. These CD8+ cells are largely mem-
ory cells expressing CD11a, CD11b, CD29, CD57, HLA-DR, 
and CD45RO but little CD28, CD45RA, and CD62L. The 
presence of a CD11b+CD57+CD28− phenotype suggests 
anergic or suppressor-type CD8 cells. CD8+ cells appear to 
be derived from transplanted T cells and stem cells.

CMV-specific or EBV-specific CD8+ cells can be trans-
ferred successfully from donor to recipient, and they may 
persist for at least 18 months in the absence of glucocorticoid 
treatment [63, 64]. Even established and refractory CMV 
infections can be treated effectively by the infusion of 

expanded CMV-specific CD8+ donor cells; this approach has 
been most effective in the absence of glucocorticoid treat-
ment for GVHD or in the setting of T-cell-depleted allotrans-
plantation [65]. The logistical difficulty of generating 
CMV-specific cells for clinical use has been a barrier to the 
wide application of this approach. However, several groups 
have reported progress in developing simpler and more scal-
able means of producing virus-specific donor T cells for 
infusion [66, 67].

The role of immunoregulatory CD4+CD25+ T cells (Treg) 
in clinical transplantation remains to be fully established. 
Adoptive transfer of Treg has been explored as a treatment for 
GVHD [68], but its efficacy remains to be confirmed.

1.7.4  �Antigen-Presenting Cells

Monocytes reach normal levels within 1 month after high-
dose conditioning, although their function may remain 
impaired for a year [69]. G-CSF-mobilized PBSC contain 
large numbers of monocytes with altered cytokine profiles 
that may suppress allogeneic T-cell responses. G-CSF-
mobilized monocytes settle in tissues in the early posttrans-
plantation period.

The reconstitution of dendritic cells (DC), their matura-
tion, and the development of DC1 and DC2 have been 
incompletely characterized. DC precursors in the blood 
recover within 6 months, and DC reconstitution appears to 
be a clinically important event. Low numbers of DC at 1 
month after RIC and allogeneic HCT have been associated 
with an increased risk of mortality and disease relapse; 
CD16+ DC counts at 3 months also had strong prognostic 
significance [70]. In one study, low numbers of plasmacytoid 
DC at 3 months after HCT were associated with higher risks 
of infection and death [71]. Langerhans cell levels are low in 
the early posttransplantation period, but return to normal by 
6 months. Follicular DC are reconstituted rather slowly, 
which may contribute to the delayed return to function of the 
germinal centers and memory B cells.

1.7.5  �Natural Killer Cells

NK cells recover rapidly after HCT. With the recognition of 
the killer inhibitory receptor, there has been renewed interest 
in these cells because of their possible function in engraft-
ment and the prevention of relapse [72]. Robust NK-cell 
reconstitution after allogeneic HCT has been associated with 
reduced relapse incidence and with improved survival [73]. 
Recent data suggest that NK cells may also play a role in 
controlling CMV reactivation after allogeneic HCT.  Some 
studies have found that CMV viremia produces a rapid 
expansion of adaptive NK cells, leading to protection against 
CMV disease [74, 75]. However, other groups have reported 
no correlation between the numbers of NKG2C+ NK cells 
and protection from CMV viremia [76, 77].

1. Introduction to Hematopoietic Cell Transplantation
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1.8	 �Graft-vs.-Host Disease  
and Graft-vs.-Leukemia Effects

Acute and chronic GVHD occur in 10–50 % and 20–50 %, 
respectively, of patients after HLA-identical sibling HCT 
and in 20–60 % and 30–70 %, respectively, of patients who 
undergo transplantation from alternative donors. Without 
prophylaxis, virtually all recipients of allogeneic transplants 
develop GVHD. Acute GVHD may occur within days (e.g., 
among HLA-nonidentical recipients) or by 3–5 weeks after 
HLA-identical transplantation following high-dose condi-
tioning. The main target organs are the immune system, skin, 
liver, and intestinal tract. Risk factors for acute GVHD 
include donor/recipient HLA mismatches, the use of unre-
lated rather than related donors, and TBI-containing condi-
tioning regimens [78]. Importantly, after RIC, classic 
manifestations of acute GVHD may develop several months 
after HCT and may overlap considerably with those of 
chronic GVHD [79]. Features of chronic GVHD may be 
present as early as 50–60 days after HCT. Therefore, revised 
diagnostic criteria distinguish acute from chronic GVHD on 
the basis of pathology and biology, rather than time of onset 
[79]. Patients with late-onset or recurrent acute GVHD, and 
those with overlap syndromes of acute and chronic GVHD, 
have particularly poor prognoses. A recent analysis of data 
from the Center for International Blood and Marrow 
Transplant Research (CIBMTR) indicates that the incidence 
of chronic GVHD has been steadily increasing over time 
[80], possibly associated with the increasing use of alterna-
tive donors and G-CSF-mobilized peripheral blood rather 
than bone marrow allografts. On the other hand, there are 
data suggesting that posttransplant cyclophosphamide, given 
as GVHD prophylaxis, reduces the incidence of chronic 
GVHD.

HCT is a unique form of allotransplantation in that many 
recipients develop donor/host tolerance over time, to the 
point that maintenance immunosuppression can be com-
pletely discontinued. In patients without GVHD, all immu-
nosuppressive medication is generally stopped by 6 months 
to 1 year after HCT. Even chronic GVHD is not necessarily 
a lifelong condition; many patients with chronic GVHD 
develop tolerance and resolution of GVHD over time and 
are able to discontinue immunosuppressive treatment. A 
study from the Fred Hutchinson Cancer Research Center 
indicated that, on average, immunosuppressive treatment 
was required for approximately 2 years in patients with 
chronic GVHD [81].

The immunopathophysiology of GVHD is complex. The 
initial damage to host tissue is induced by the transplant-
conditioning regimen [82]. The subsequent development of 
acute GVHD involves antigen presentation. Shlomchik 
et al. showed that host DC play a pivotal role in this process 
[83]. Interactions of MHC antigens (with bound peptides 
derived from minor histocompatibility antigens) and T-cell 

receptors lead to activation, clonal expansion, and differen-
tiation of donor T cells. Accessory T-cell surface mole-
cules, such as CD4 or CD8, also contribute to the 
immunologic synapsis between T cells and antigen-pre-
senting cells. The effector phase leads to host cell destruc-
tion via inflammatory signals, cytolytic effects, and 
programmed cell death (apoptosis). Inflammatory cyto-
kines, which are primarily released from the gut, allow the 
transfer of endotoxins and lipopolysaccharides (LPS) into 
the circulation, triggering macrophage activation. The 
result is the further production of cytokines, such as tumor 
necrosis factor α (TNFα) and IL-1 [84], leading to target 
cell death and the expression of costimulatory molecules, 
such as CD80, CD86, and MHC class II antigens, on DC; 
T-cell stimulation; and the release of T helper-1 (Th1) cyto-
kines (IL-2, interferon-a [IFN-a]).

Recent experiments also emphasize the role of other cyto-
kines, particularly TNFα, IL-15, and IL-18 [85]. In mouse 
models, TNFα is a central mediator of GVHD that works 
predominantly in the intestinal tract. Anti-TNF antibodies 
prevent or ameliorate GVHD in mice [86]. In humans, anti-
TNF therapy appears active in treating established acute 
GVHD [87], but ineffective as GVHD prophylaxis [88]. 
However, the actions of different cytokines and effector cells 
(e.g., large granular lymphocytes) and regulatory T cells 
(Treg) are still incompletely understood. The role of Treg with 
a CD25+CD4+ phenotype, which is functionally reminiscent 
of the classic “suppressor T cell,” is still being defined, as is 
the role of Th17 cells [89–91].

Elevated serum levels of soluble Fas ligand have been 
observed in some patients with GVHD [92]. Fas-mediated 
apoptosis may also be involved in the control of alloreactive 
T cells [93]. Perforin-mediated cytotoxicity also plays a role 
in both GVHD and GVL effects [94, 95]. However, even T 
cells from mice doubly deficient in both FasL and perforin 
can cause GVHD after mismatched-donor HCT [96].

1.8.1  �Stem Cell Source

The kinetics of GVHD depend upon the source of stem cells. 
PBSC mobilized by means of chemotherapy or G-CSF have 
been used extensively for allogeneic and autologous stem 
cell rescue, and they are associated with rapid hematopoietic 
reconstitution. G-CSF may polarize donor cells toward Th2 
cells and promote regulatory T-cell function, favoring the 
development of tolerance [97]. Several clinical studies sug-
gest that the incidence of acute GVHD is similar in marrow 
and PBSC recipients, whereas the incidence of chronic 
GVHD appears to be increased with PBSC [98]. However, 
the higher incidence of chronic GVHD with PBSC may not 
be associated with a significant increase in mortality. In fact, 
the results of several trials suggest that, particularly in 
patients with high-risk malignancies, survival is improved in 
PBSC recipients, perhaps due to a more vigorous GVT effect 
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or to more rapid immune reconstitution [99, 100]. Bone 
marrow allografts are often preferred in nonmalignant dis-
eases, where GVT effects are unnecessary and minimization 
of GVHD is the overriding goal.

Studies directed at the mechanisms involved in the effects 
of PBSC show an increased production of IL-10, decreased 
levels of TNFα in monocytes from G-CSF-mobilized PBSC, 
and reduced expression of costimulatory molecules and 
MHC class II antigens. Thus, a tolerogenic effect related to 
monocytes may be present, possibly juxtaposed with a coun-
tereffect due to increased numbers of T cells.

Chronic GVHD has prominent features in common with 
autoimmune disorders [101], including the presence of T 
lymphocytes with abnormal cytokine profiles (e.g., secretion 
of IL-4 and IFNγ). Thymic damage, inflicted by the condi-
tioning regimen as well as by preceding acute GVHD, leads 
to the failure of intrathymic selection and an escape of auto-
reactive cells to the periphery [102]. A similar mechanism 
appears to be responsible for a syndrome analogous to allo-
geneic GVHD which can develop after syngeneic or autolo-
gous HCT. Recently, the role of B cells in chronic GVHD 
has attracted renewed attention, based in part on reports indi-
cating that the anti-CD20 MAb rituximab could treat or pre-
vent chronic GVHD [58]. Some groups have posited that 
autoantibodies produced by autoreactive B-cell clones con-
tribute directly to chronic GVHD [103]. Alternately, B cells 
may contribute indirectly, by influencing effector and regula-
tory T-cell compartments, as they do in other autoimmune 
diseases [104, 105].

As stated, the immune system is a major target of 
GVHD. Immunodeficiency is a key feature of GVHD that is 
amplified by the immunosuppressive therapies used to treat 
GVHD, thereby rendering patients highly susceptible to 
infections. The risk is further accentuated by damage to vari-
ous barrier structures, particularly the skin and intestinal 
tract. All aspects of immune recovery after HCT are impaired 
or delayed in patients with GVHD; in patients with chronic 
GVHD, immunoincompetence may extend over years.

1.8.2  �Prevention and Treatment of GVHD

Methods of GVHD prophylaxis are summarized in Table 1-2. 
Combination regimens of methotrexate (or MMF) and a cal-
cineurin inhibitor (cyclosporine or tacrolimus) are the most 
widely used regimens after high-dose conditioning. The 
addition of prednisone to methotrexate and CSP has been 
shown to increase or to decrease the incidence of acute 
GVHD, depending on the timing of prednisone administra-
tion [106, 107]. Some trials of FK506 (tacrolimus) combined 
with methotrexate have shown an incidence of GVHD lower 
than that observed with CSP; however, disease-free survival 
was not improved [108]. Other trials have suggested that 
tacrolimus may be superior to CSP only in the unrelated-
donor setting [109]. Some groups have explored the use of 

sirolimus in addition to or in place of methotrexate, although 
this approach did not prove superior to standard tacrolimus/
methotrexate in a randomized clinical trial and was possibly 
associated with a higher risk of chronic GVHD [43]. Various 
prophylactic regimens have been employed after RIC HCT, 
including combinations of MMF with CSP, sirolimus, and 
T-cell depletion.

T-cell depletion of donor marrow, which is clearly effec-
tive in reducing the incidence of GVHD, has increased the 
probability of graft failure, posttransplant infection, and 
relapse of leukemia [110, 111]. Graft failure problems have 
been overcome in part by the in  vivo administration of a 
Campath-1H MAb or of polyclonal ATG [35, 112, 113]. 
Alternatively, additional DLI may be given preemptively or 
therapeutically after HCT to reduce the risk of disease 
recurrence and graft failure. Some preliminary studies have 
suggested that depleting specific donor T-cell subsets from 
the DLI product may render this approach more effective 
[114, 115].

Much of the morbidity and mortality associated with 
acute and chronic GVHD derives from immunosuppression 
and the associated risk of potentially lethal infections. If 
GVHD develops despite prophylaxis, aggressive therapy is 
required. Glucocorticoids remain the first-line therapy for 
acute and chronic GVHD. Despite decades of investigation, 
there is no standard, effective second-line therapy for 
steroid-refractory acute or chronic GVHD [116]. Steroid-
refractory GVHD poses a significant challenge from the 
standpoint of infectious disease, as patients are typically 
treated with escalating doses of various immunosuppressive 
agents in an effort to control alloreactivity. Patients with 
severe or refractory GVHD are profoundly immunosup-
pressed, and infection remains one of the major causes of 
mortality in this population. Standards of care for infection 
surveillance and prevention vary institutionally in patients 
receiving treatment for active GVHD, but in general such 
patients require close monitoring for opportunistic infec-
tions, both typical (e.g., CMV, respiratory viruses) and 
atypical.

Table 1-2.  Modalities of graft-vs.-host disease prevention

Selection of histocompatible donors
T-cell depletion
 � Ex vivo
 �   Negative selection and removal of T cells
 �     Removal of naïve T cells
 �   Positive selection and purification of hematopoietic stem cells
 � In vivo
 �   Anti-T-cell monoclonal antibodies (e.g., alemtuzumab)
 �   Posttransplant cyclophosphamide
Pharmacologic inhibition of T-cell function
 � Calcineurin inhibitors, antimetabolites, etc.
Cytokine blockade
Gnotobiosis
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1.9	 �Graft Failure

Graft failure (either primary or secondary) occurs in <5 % of 
patients undergoing allogeneic HCT. Major risk factors for 
primary graft failure after high-dose conditioning include 
myeloproliferative neoplasms, the use of marrow rather than 
PBSC as a stem cell source, HLA mismatch, ABO incom-
patibility, and cryopreservation of the graft before infusion 
[117]. Several host cell types, particularly CD8+ T lympho-
cytes and NK cells, participate in the rejection of donor 
cells. Donor T cells counteract this host response, thereby 
facilitating engraftment and preventing rejection. As a con-
sequence, T-cell-depleted marrow is more susceptible to 
rejection, as described above. Graft failure is associated 
with a very high risk of infections due to prolonged neutro-
penia. Patients with graft failure after high-dose condition-
ing generally will not have spontaneous complete autologous 
hematopoietic recovery and require salvage with a second 
HCT if clinically feasible [118]. In contrast, RIC regimens 
generally allow recovery of host hematopoiesis if the donor 
graft is rejected.

1.10	 �Delayed Complications

By 2 years after HCT, about 80 % of patients have returned 
to pretransplant activities. However, some patients develop 
delayed or chronic complications (Table 1-3). These compli-
cations are related to elements of the conditioning regimen 
(most importantly, irradiation or high-dose busulfan), side 
effects of HCT (chronic GVHD, immunodeficiency), or 
combinations thereof. The presence and severity of chronic 
GVHD are the dominant factors influencing quality of life in 
long-term survivors of allogeneic HCT [119]. Life-
threatening complications include infections, pulmonary 
dysfunction, autoimmune disease, musculoskeletal prob-
lems, and new malignancies.

1.11	 �Summary

HCT offers effective and potentially curative therapy for 
many life-threatening malignant and nonmalignant dis-
eases. Side effects include acute toxicity to multiple 
organs, the development of GVHD and immunoincompe-
tence, and secondary effects related to immunosuppressive 
therapy. The result is a high susceptibility to infections, 
which are a major cause of morbidity and mortality after 
HCT. Both GVHD and its therapy are important predispos-
ing factors; thus, reducing the incidence and severity of 
GVHD is an important component of efforts to reduce 
posttransplant infections. Transplant-conditioning regi-
mens have undergone multiple modifications aimed at 
reducing early toxicity and permitting HCT in older 
patients and those with medical comorbidities. RIC may 
allow for faster immune recovery and better infection con-
trol and has expanded the availability of HCT to higher-
risk patient populations. New antibiotics and methods of 
cellular therapy have also enhanced the ability to eradicate 
infections. Recent advances in laboratory techniques have 
facilitated a greater understanding of the role of the host 
microbiome in immune function. Host-microbiota interac-
tions may be particularly important in the setting of alloge-
neic HCT, as the sites most heavily colonized with 
microbiota are also primary targets for GVHD (e.g., skin 
and gut). The interplay between the donor immune system 
and the host microbiome may play a significant role in 
modulating alloreactivity, tolerance, and GVHD.  Early 
work has associated specific posttransplant changes in the 
gut microbiome with higher or lower risks of GVHD [120, 
121], although more study is required to disentangle cau-
sation and confounding factors, such as antibiotic use, 
which may influence the microbiome. The emerging 
understanding of the role of the microbiome in transplan-
tation has been reviewed elsewhere recently [122] and is 
discussed in more detail in Chap. 52.
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   Introduction to Solid Organ Transplantation                     
     Nagaraju     Sarabu       and     Donald     E.     Hricik     

2.1           Historical Perspective 

  Organ transplantation has been the subject of  ancient   myths 
dating back to the twelfth century. The modern era of trans-
plantation began in the early 1900s with the development of 
surgical techniques for constructing vascular anastomoses 
[ 1 ] leading to successful kidney transplantation in dogs in 
1902 [ 2 ]. The fi rst series of human kidney transplants were 
performed in the Ukraine beginning in 1933, but each of fi ve 
attempted transplants failed [ 3 ,  4 ]. Around the same time, 
Kuss et al. [ 5 ], Servelle et al. [ 6 ], and Dubost et al. [ 7 ] 
reported technically successful transplantation of kidney 
allografts in humans, placing the organs heterotopically in 
the iliac fossa, similar to the technique used in the modern- 
day operation. However, all of these grafts failed over a short 
period of time. In 1954, Murray et al. [ 8 ,  9 ] performed a kid-
ney transplant between identical twins and achieved long- 
term function. During the subsequent 10 years, more than 30 
kidney transplants between identical twins were performed 
worldwide. 

 These early transplants between identical twins were suc-
cessful because the donors and recipients were syngeneic, 
sharing the same immune system and thus eliminating the 
possibility of immunologically mediated rejection of the 
graft. In the 1940s, the seminal experiments of Medawar fi rst 
delineated the immunologic basis for allograft rejection [ 10 ] 
and the need for immunosuppressive therapy to achieve suc-
cessful transplantation using non-syngeneic grafts. By 1963, 
the fi rst human liver transplantation was performed, using 
early forms of immunosuppression [ 11 ]. One year later, 
Barnard [ 12 ] performed the fi rst successful human heart 
transplant. Shortly thereafter, techniques were developed for 
clinical heart–lung [ 13 ] and pancreas [ 14 ] transplantation. 

 Since those early days, remarkable strides have been made 
to increase the success of organ transplantation to prolong 
the lives of patients with end-stage organ disease. General 
advances in medical science, including improvements in sur-
gical techniques and the development of effective antimicro-

bial agents, have undoubtedly played a role in this success 
story. However, the current success of organ transplantation 
has been related more directly to an improved understanding 
of the mechanisms of allograft rejection and the develop-
ment of immunosuppressive drugs capable of preventing or 
treating rejection. 

 Although transplantation offers a survival advantage and 
improved quality of life for most patients with end-stage 
organ disease, the continued disparity between the supply of 
allografts from deceased donors and the growing demand for 
these organs represents the main limiting factor in fi eld of 
transplantation today. In addition, while the mechanisms and 
treatments for acute forms of allograft rejection are well 
understood, our understanding of chronic forms of rejection 
remains limited, and organs continue to be lost from both 
immune and nonimmune causes. The remainder of this chap-
ter will review the known mechanisms of allograft rejection, 
the drugs used to prevent and treat rejection, and current out-
comes of organ transplant recipients .  

2.2     Mechanisms of Allograft 
Rejection 

  Alloimmune reactions   resulting in rejection of an allograft 
remain the major barrier to long-term survival of transplanted 
organs. Immunologic tolerance can be achieved with relative 
ease in small animals. However, the human immune system 
is complex, containing redundant pathways that make toler-
ance diffi cult to achieve. Thus, in the current era, allograft 
rejection remains the major threat to long-term survival of 
transplanted kidneys and the vast majority of transplant 
recipients require life-long treatment with immunosuppres-
sion drugs. Delineation of mechanisms leading to allograft 
rejection has been critical to the development of agents capa-
ble of preventing or treating rejection. 

  Mammalian immune responses   evolved to protect the host 
from infectious pathogens and to provide discrimination of 
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self from nonself. An effi cient response requires the recogni-
tion of pathogens and subsequent activation of key cells and 
soluble mediators of immunity [ 15 ,  16 ]. Similarly, immune 
responses resulting in the recognition and destruction of an 
allograft require cells with an ability to migrate, antigen-
presenting cells (APCs), soluble mediators such as cytokines 
and effector cells that injure the graft. 

2.2.1     Allorecognition 

 The   major histocompatibility complex (MHC)   is a set of cell 
surface molecules encoded by genes contained on chromo-
some 6 [ 17 ,  18 ]. The primary immunologic function of MHC 
gene products is to present fragments of foreign proteins, 
forming complexes that can be recognized by T lymphocytes 
through their antigen-specifi c receptors. Antigen presenta-
tion begins when an MHC complex binds a peptide antigen. 
MHC molecules are composed of a highly polymorphic 
polypeptide alpha chain and a monomorphic beta chain, con-
sisting of beta2-microglobulin in the case of class I 
MHC. Allospecifi city of class I MHC molecules, expressed 
constitutively on all nucleated cells, resides in the alpha 
chain, a polypeptide with a prominent groove or pocket that 
is the site where foreign proteins bind for presentation to T 
cells. Class II MHC molecules are expressed constitutively 
only on APCs, including macrophages, dendritic cells, and B 
cells. Adjacent portions of the highly variable alpha chain 
and a non-variable beta chain form a peptide groove. Highly 
variable amino acid residues located in the groove determine 

the specifi city of T cell antigen recognition. The same T cell 
receptor (TCR) can recognize either class I or class II MHC 
molecules, but restrictions are imposed by the engagement 
of the T cell surface molecule, CD4, to class II molecules 
and CD8 to class I molecules. Thus, CD4-positive T cells 
primarily engage peptides presented by class II MHC, while 
CD8-positive T cells engage peptides presented by class I 
MHC (see Figure  2-1a ).

   Immediately following vascularization of an allograft, 
donor antigens enter the systemic circulation via APCs and 
travel to the spleen and lymph nodes where naïve T cells are 
activated. At the same time, recipient cells enter the allograft. 
  Direct allorecognition    occurs either in the secondary lym-
phoid system or in the graft. In the lymphoid system, this 
occurs when the recipient’s naïve lymphocytes are engaged 
with donor APCs that have traveled to the lymph nodes or 
spleen. In the graft, direct allorecognition occurs when donor 
APCs engage with recipient lymphocytes [ 19 ].   Indirect 
allorecognition    occurs in the secondary lymphatic system 
when donor proteins or peptides are fi rst processed by recipi-
ent APCs and presented to the TCR by the recipient’s MHC 
on the surface of the APC (Figure  2-1b ). In the graft, indirect 
allorecognition occurs when recipient APCs process donor 
peptides and engage recipient lymphocytes by presenting 
those processed peptides in the groove of the recipient MHC 
[ 19 ]. The direct pathway of  allorecognition   plays a dominant 
role in early T cell-mediated ac ute rejection episodes while 
the indirect pathway is believed to be more important in 
mediating chronic rejection.  
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  FIGURE 2-1.    ( a )    Depiction of   direct allorecognition    in which a donor antigen- presenting cell (APC) presents peptide to the T cell receptor 
(TCR) within the context of donor major histocompatibility complex (MHC) molecule.  Left side : presentation of a peptide within a class I 
MHC molecule to a CD8-positive T cell.  Right side : presentation of a peptide within a class II MHC molecule to a CD4-positive T cell. ( b ) 
Depiction of  indirect allorecognition  in which an antigen is fi rst processed by a recipient antigen-presenting cell (APC) and then presented 
within the context of a recipient major histocompatibility complex (MHC) molecule to either a CD4- or CD8-positive T cell. Reprinted from 
Am J Kidney Dis, 65(6), Donald E. Hricik, pp. 956–66, Copyright 2015, with permission from Elsevier.       
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2.2.2     T Cell Activation and  Differentiation   

 The  TCR consists of two polypeptide chains, alpha and beta, 
that are linked to each other. The TCR is linked to another 
group of cell surface molecules known as CD3, a complex 
that consists of several covalently bound peptide chains. 
When the TCR binds to an MHC-presented antigen, there is 
a conformational change in CD3 that activates intracellular 
signal pathways, including tyrosine kinases located on the 
intracytoplasmic tails of the CD3 peptides as well as on the 
CD4 and CD8 accessory molecules. This antigen-driven sig-
nal, transduced by the TCR–CD3 complex to the T cell cyto-
plasm, has been called “signal one” (see Figure  2-2 ). It is 
essential but not suffi cient alone for full activation of T cells.

   A second antigen-independent signal (“signal 2”), pro-
vided through additional accessory molecules resulting in 
“co-stimulation” of the T cell, is necessary for full activation 
of the T cell [ 20 ] (see Figure  2-2 ). Although the family of 
known co-stimulatory ligands is large, the two most impor-
tant are ligands between the T cell surface molecules, B28 
and CD154 (CD40 ligand), and the APC surface molecules 
B7 and CD40, respectively. Without co-stimulation, the pro-
vision of signals through the TCR alone leads to clonal and 
antigen-specifi c anergy. The T cell does not produce cyto-

kines and does not divide, but instead becomes unresponsive 
to appropriate stimulation or undergoes apoptosis. 

 With adequate co-stimulation, T cell activation continues, 
and signals are transduced to the nucleus. Phosphorylation of 
tyrosine residues on several proteins occurs as an immediate 
consequence of TCR activation. The immediate effect is the 
appearance of newly phosphorylated tyrosine residues on a 
number of proteins, leading to the generation of the second 
messengers such as inositol 1,4,5-triphosphate (IP3) that 
stimulates the release of ionized calcium from intracellular 
stores. Released calcium interacts with the calcium- 
dependent regulatory protein, calmodulin. These calcium–
calmodulin complexes activate other kinases and 
phosphatases. One of these is calcineurin, a phosphatase that 
plays a key role in the activation of factors required for IL-2 
gene transcription. 

 The transcription of IL-2 and other cytokines ultimately 
drive cell cycle progression (“signal 3”) with help from a 
series of kinases, including those that act in the  target-of- 
rapamycin (TOR) pathway   (see Figure  2-2 ). The fi nal results 
of activation are the proliferation of CD4-positive helper T 
cells and the maturation of CD8-positive cytotoxic T cells. 
Activated T cells ultimately differentiate into a number of 
other phenotypes including memory cells that can respond 
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  FIGURE 2-2.    Schematic diagram of the three  signals   required for full activation and proliferation of T cells. Also shown are the sites of 
action of the major classes of maintenance immunosuppressive drugs. See text for details. Reprinted from Am J Kidney Dis, 65(6), Donald 
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quickly and robustly to the initially presented antigen many 
years after the initial presentation, and regulatory  T cells that 
can suppress immune responses and promote tolerance.  

2.2.3      Effector Mechanisms   

 The mammalian immune system can be divided into innate 
and adaptive components.   Innate immunity    is mediated by 
several nonpolymorphic proteins (e.g., defensins, cytokines, 
toll-like receptors, and complement) and cells (e.g., macro-
phages, dendritic cells, natural killer cells, and neutrophils) 
that immediately contain and eliminate infectious agents. 
There has been recent interest in the concept that these 
innate responses may interact with alloimmune mecha-
nisms, forming a potential link between nonspecifi c injury 
(e.g., ischemia reperfusion injury or infections) and allograft 
rejection. 

 In contrast, T cells and B cells provide fi nely tuned speci-
fi city mediated by highly polymorphic receptors and antigen- 
induced clonal expansion. This   adaptive immunity    develops 
only days to weeks after antigen exposure. The complement 
system serves as an interface between innate and adaptive 
immunity [ 21 ]. The terminal components of complement are 
important effectors of graft destruction, leading to mem-
brane injury, neutrophil infi ltration, and damage to epithelial 
and endothelial cells. However, the complement system also 
is involved in T and B cell stimulation. 

 The  Fas/Fas ligand (FasL) pathway   is an important effec-
tor mechanism leading to destruction of an allograft. Fas is 
expressed ubiquitously on parenchymal cells, while FasL is 
induced upon activation of CD4-positive T cells. Cross- 
linking of Fas with FasL leads to activation of caspase 8 and 
propagation of a death signal that culminates in apoptosis. 

 The activation of caspase enzymes leading to irreversible 
cell injury with DNA fragmentation can occur independently 
of cell surface receptors. In addition, CD8-positive T cells 
express cytotoxic molecules that are lethal to cells. One of 
these, granzyme B, gains access to the cell by a pore struc-
ture created by perforin, another product of the CD8-positive 
cytotoxic T cell. Entry of granzyme B into the target cell 
cytoplasm ultimately leads to target cell death through apop-
tosis. Natural killer cells are effector cells that also produce 
perforin and granzyme B. In addition, they produce inter-
feron gamma, thus promoting infl ammation.  

2.2.4     Role of B Cells 

 With the help  of T cells, bone marrow-derived  B cells   can 
differentiate into plasma cells that ultimately produce anti-
bodies specifi c for the original peptide antigen presented to 
the T cell. Several growth factors required for this differen-
tiation have been identifi ed recently and may ultimately 
serve as therapeutic targets. Mature B cells are found mainly 

in lymphoid follicles, in bone marrow, and in low numbers in 
the circulation. Differentiated plasma cells generate antibod-
ies that can act by fi xing complement or by opsonizing cells 
that are then killed by cell-mediated lympholysis. As noted 
above, B cells also serve as excellent APCs. 

 Recently, alloantibodies have been identifi ed as major 
effectors of both acute and chronic graft injury. 
Alloantibodies are primarily directed against HLA antigens. 
However, a number of less common alloantibodies to non-
HLA antigens (e.g., endothelial or epithelial antigens) have 
been identifi ed and occasionally cause graft injury. 
Preformed antibodies to HLA antigens most commonly 
occur in patients who have had previous transplants, blood 
transfusions, or pregnancy. Less commonly, they develop 
cross-reactively after exposure to vaccines, viruses, or other 
pathogens. Preformed anti- HLA antibodies are measured by 
a variety of cross-matching techniques. Mixing recipient 
serum with the cells or HLA antigens of a specifi c donor 
performs a donor-specifi c cross- match. When the serum of 
a potential transplant recipient is “cross-matched” with cells 
from a large panel of potential donors, the test is referred to 
as a panel of reactive antibodies (PRA). Patients with high 
PRA (i.e., preformed anti-HLA antibodies against a large 
number of potential donors) are said to be “sensitized” and 
generally exhibit graft outcomes that are inferior to non-
sensitized patients. In theory, only donor-specifi c antibodies 
(DSAs) are responsible for graft injury [ 22 ]. Transplantation 
is usually avoided in patients with pre-existing DSAs. 
However, very low titers may escape detection by even the 
most sensitive of cross-matching techniques. Moreover, de 
novo DSAs develop in as many as 15 % of kidney transplant 
recipients during the fi rst posttransplant year, increase in 
frequency with the passage of time, and are now recognized 
as a major cause of late graft injury and graft loss .   

2.3      Types of   Allograft Rejection 

  Allograft rejection can be classifi ed based on clinicopatho-
logic criteria into hyperacute, acute, and chronic forms. 
However, the pathologic fi ndings obviously vary from one 
organ to another. This is especially true of chronic rejection 
which, for example, is manifested in kidney transplant 
recipients as some combination of interstitial fi brosis, tubu-
lar atrophy, and/or transplant glomerulopathy, in heart 
transplant recipients as coronary vasculopathy, and in lung 
transplant recipients as bronchiolitis obliterans. Lung trans-
plantation is unique in that chronic rejection can be defi ned 
histologically but is most often diagnosed by functional 
parameters such as changes in forced expiratory velocity 
(FEV) over time. Hyperacute rejection occurs in recipients 
with high titers of preformed DSAs and is a rare occurrence 
in the era of modern, highly sensitive cross-matching 
techniques. 
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 A complete description of the pathology of acute and 
chronic rejection in each organ is beyond the scope of this 
review. Pathologic scoring systems for acute rejection have 
been best developed in kidney [ 23 ,  24 ], heart [ 25 ] transplan-
tation. For kidney transplants, use of the Banff criteria for 
grading rejection has become the standard of practice [ 23 , 
 24 ]. Most centers prefer to obtain a biopsy of the organ to 
facilitate treatment decisions in patients with suspected 
rejection, although some centers do not routinely perform 
pancreas transplant biopsies, mostly due to concerns about 
bleeding. Acute forms of rejection are usually divided into 
cellular and humoral types, but there are sometimes compo-
nents of both cellular and antibody-mediated damage in a 
single tissue specimen. 

 Cases of acute cellular rejection that are deemed to be 
clinically or histologically mild are often treated initially 
with large “pulse” doses of corticosteroids. Patients who do 
not respond to pulse steroid therapy and those with clinically 
or histologically severe rejection are treated with antilym-
phocyte preparations. Algorithms for treating acute antibody- 
mediated rejection are less well established and vary widely 
from center to center. Therapeutic strategies have been best 
defi ned in kidney and heart transplantation. Traditional anti-
lymphocyte antibodies are often employed to treat antibody- 
mediated rejection, based on the concern for simultaneous 
cellular rejection. However, treatment with plasmapheresis, 
anti-CD20 antibodies (i.e., rituximab), and/or IVIg is now 
commonly used as either primary or adjunctive therapy for 
humoral rejection. Chapter   3     contains a more detailed dis-
cussion  of drug therapy for treatment of acute rejection.  

2.4     Immunosuppressive Therapy 

 In this section, we will focus on the mechanisms of action of 
commonly used classes of immunosuppressive agents, based 
on our understanding of how they inhibit alloimmune 
responses detailed in the previous section. Chapter   3     includes 
a more complete discussion of clinical use of these drugs. 

2.4.1     Antibodies Used for Induction Therapy 

 In  the   USA, available T cell-depleting antibodies include 
two polyclonal agents generated in either rabbits (rabbit anti-
thymocyte globulin, Thymoglobulin ® ) or horses (ATGAM ® ) 
[ 26 ]. Rabbit ATG is currently the most popular polyclonal 
antibody used in the USA. However, it is technically pre-
scribed off-label for induction therapy, being approved by 
the Food and Drug Administration (FDA) only for the  treat-
ment  of acute rejection. The exact mechanisms accounting 
for the effectiveness of rabbit ATG (or ATGAM ® ) are not 
entirely understood. These preparations includes antibodies 
against numerous T cell markers including CD2, CD3, CD4, 
CD8, CD11a, CD18, CD25, CD44, CD45, HLA-DR, and 

HLA class I heavy chains. Treatment is generally associated 
with profound lymphopenia. The agent is effective in sup-
pressing the cellular immune responses against a variety of 
antigenic stimuli, but may be less reliable in preventing 
antibody- mediated acute rejection. Alemtuzumab 
(Campath ® ) is an anti-CD52 humanized monoclonal anti-
body that binds to all T and B lymphocytes as well as most 
macrophages, monocytes, and natural killer cells. It is FDA 
approved only for the treatment of lymphoma and is used 
off-label for induction therapy in transplant recipients [ 27 ]. 
The agent causes signifi cant leukopenia, probably via 
antibody- mediated lysis of lymphocytes, resulting in T cell 
depletion that lasts much longer than that observed with the 
polyclonal agents (often detectable for more than 1 year). 

 The only nondepleting antibody available in the USA cur-
rently is basiliximab (Simulect ® ) [ 26 ]. This chimeric mono-
clonal antibody is directed against the α chain of the 
interleukin-2 (IL-2) receptor (also known as CD25). Binding 
to this receptor inhibits the proliferative signals normally 
mediated by IL-2 (see Figure  2-2 ) without causing profound 
depletion of lymphocytes.  

2.4.2     Maintenance Immunosuppression 

   Corticosteroids    have multiple effects on alloimmune path-
ways [ 28 – 30 ]. These agents alter the distribution of lympho-
cytes, leading to their sequestration in the reticuloendothelial 
system. They also inhibit the proliferation and function of 
lymphocytes by blocking the expression of various cyto-
kines. In addition, corticosteroids inhibit transcription fac-
tors such as activating protein-1 (AP-1) and nuclear 
factor-κB. As a consequence, these agents inhibit the pro-
duction of IL-1 (a primary stimulus for helper T cell activa-
tion) and IL-6 (a major inducer of B cell activation), thus 
inhibiting both the cellular and humoral arms of the alloim-
mune response. 

   Calcineurin inhibitors    include cyclosporine, a small cyclic 
polypeptide of fungal origin and tacrolimus, a  macrolide 
antibiotic compound [ 31 ,  32 ]. Multiple formulations and 
generic version of these drugs are now available. Within the 
cytoplasm of the lymphocyte, cyclosporine binds to 
cyclophilin, while tacrolimus binds to FK-binding protein 
(FKBP). Both the cyclosporine-cyclophilin and tacrolimus- 
FKBP compounds bind to and inhibit calcineurin, preventing 
its normal function and thereby blocking T cell activation 
(see Figure  2-2 ). Thus the two agents are similarly effi ca-
cious in preventing rejection. However, they exert consider-
ably different side effect profi les (see Chap.   3    ). 

   Antiproliferative agents    include azathioprine and various 
derivatives of  mycophenolic acid (MPA)  , including the 
 original agent, mycophenolate mofetil, a prodrug that is 
metabolized to MPA.  Azathioprine   is a metabolite of 
6-mercaptopurine. It is processed into purine analogs that 
inhibit both the de novo and salvage pathways of purine 
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 synthesis. This inhibits the synthesis of RNA and DNA, thus 
blocking gene replication and cell proliferation [ 33 ]. MPA 
(derived either from mycophenolate mofetil or available as 
enteric-coated mycophenolate sodium) is a reversible inhibi-
tor of inosine monophosphate dehydrogenase (IMPDH), a 
rate-limiting enzyme in the synthesis of purines [ 34 ]. Like 
azathioprine, it works by inhibiting nucleic acid synthesis. 
However, the effect is relatively selective for lymphocytes 
because IMPDH plays a preeminent role in the de novo path-
way for purine synthesis and lymphocytes do not have an 
effective salvage pathway that is present in most other rap-
idly dividing cells. 

   TOR inhibitors    include sirolimus and everolimus [ 35 ,  36 ]. 
These drugs bind to FKBP in the cytoplasm but have no 
effects on calcineurin and instead inhibit TOR, an important 
regulatory kinase that normally mediates cell cycle progres-
sion (see Figure  2-2 ). Inhibition of TOR affects both lym-
phocytes and mesenchymal cells. The TOR pathway also 
mediates angiogenic effects so that TOR inhibitors exhibit 
unique anti-angiogenic properties. 

  Belatacept   is currently the only available  co-stimulation 
blocker.  The drug is fusion protein that blocks T cell co- 
stimulation (“signal 2”) mediated by the B7-CD28 ligand 
described above. As described in Chap.   3    , the agent was 
developed largely as a replacement for calcineurin inhibi-
tors [ 37 ].   

2.5     Current Outcomes in Solid Organ 
Transplantation 

 This section will focus on the characteristics, outcomes, and 
long-term morbidities of solid organ transplant recipients in 
the United States. Most of the data comes directly from the 
2013 Annual Data Report of the  Organ Procurement and 
Transplantation Network (OPTN)/   Scientifi c Registry of 
Transplant Recipients (SRTR)   [ 38 ]. 

2.5.1      Kidney Transplantation   [ 39 ] 

 The most   common current causes of end-stage renal disease 
resulting in the need for  kidney transplantation   are diabetes 
mellitus (29.3 %), hypertension (21.8 %), and glomerulone-
phritis (18.3 %). Since 2002, the number of candidates on the 
deceased donor waiting list almost doubled from approxi-
mately 50,000 to 96,000 in 2013. In 2013, 16,901 kidney 
transplants were performed in the USA (11,448 from 
deceased donors and 5433 from living donors). By compari-
son, 15,197 transplants were performed in 2003. Despite this 
modest overall growth in transplant volume, living donation 
rates decreased almost 40 % during the same decade. Paired 
and other unrelated donations have increased since 2007, but 
not enough to compensate for the general decline in living 
donation. During the past decade, the number of recipients 

aged 50 years or older has increased. The use of donors after 
cardiac death (DCD) increased from approximately 4 % of 
all deceased donors in 2003 to more than 15 % of deceased 
donors in 2013. 

 Until recently, allocation of kidneys from deceased donors 
was prioritized using a point system, with points awarded for 
several variables including time on the waiting list, prior 
organ donation, HLA matching, and sensitization based on 
calculated PRA levels of >80 % [ 40 ]. The allocation system 
was revised in December 2014. In the new system, deceased 
donors will be scored on a cumulative percentage scale of 
0–100 % using a kidney donor profi le index (KDPI) based on 
ten donor characteristics shown in Table  2-1  [ 41 ]. The best 
20 % of kidneys (KDPI of 0–20 %) are now preferentially 
allocated to the best 20 % of candidates based on estimated 
posttransplant survival and thus will virtually always be 
offered to candidates under the age of 50 years. The infl u-
ence of KDPI scores on 1- and 2-year allograft survival rates 
is depicted in Figure  2-3 . More priority will be given to sen-
sitized patients in the new system. In addition, for patients 
who started dialysis before being approved for wait listing, 
waiting time will start at the time that dialysis was initiated. 
The impact of these new changes in the allocation system 
will be scrutinized heavily in the next few years.

    During the past decade, death-censored graft survival for 
both deceased and living donor kidney recipients steadily 
increased at 1, 5, and 10 years. Death-censored graft survival 
at 90 days posttransplant is now approximately 97 % for 
deceased donors and 99 % for living donors. For patients 
transplanted between 2007 and 2011, the cumulative 
24-month incidence of a fi rst acute rejection episode was 
approximately 14 % for deceased donor recipients and 
approximately 12 % for living donor recipients. 

 Trends in the major components of immunosuppression 
protocols since 2003 have been characterized by a steady 
increase in the use of T cell-depleting antibodies for induc-
tion therapy, use of tacrolimus as the preferred calcineurin 
inhibitor, and use of mycophenolate derivatives in favor of 
TOR inhibitors (see Figure  2-4 ). Approximately 35 % of 
patients are not taking corticosteroids 1 year after transplan-
tations but the SRTR data suggests that the use of steroid- 
free regimens has not changed appreciably since 2007.

   TABLE 2-1.    Donor characteristics used in calculating  the   kidney 
donor profi le index (KDPI)   

 • Age 
 • Height 
 • Weight 
 • Ethnicity 
 • History of hypertension 
 • History of diabetes mellitus 
 • Stroke as the cause of death 
 • Serum creatinine 
 • Presence or absence of hepatitis C 
 • Type of donor: brain dead versus donor after cardiac death 
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   The incidence of new onset diabetes mellitus during the 
fi rst year after kidney transplant has decreased from approxi-
mately 12 % in 2005 to 5 % in 2013. By 5 years posttrans-
plant, 0.6 % of adult transplant recipients have developed 
posttransplant lymphoproliferative disease. Renal function 
at 1 year has improved steadily. Currently, almost half of 
patients with functioning allografts at 6 months have an esti-
mated glomerular fi ltration rate of 60 mL/min/1.73 m 2  or   
higher.  

2.5.2     Liver Transplantation [ 42 ,  43 ] 

 Currently,   the most common diseases resulting in the need 
for  liver transplantation      are hepatitis C (25 %), malignancy 
(usually hepatocellular carcinoma, 19.4 %), and alcoholic 
cirrhosis (18.4 %). The recent availability of safe and highly 
effective antiviral drugs capable of treating and eradicating 
hepatitis C will likely change this pattern in the future. In 
2013, 5921 adult liver transplants were performed in the 
USA, including 211 from living donors. At the end of that 
year, just over 15,000 candidates were registered on the wait-
ing list for live transplants. Waitlist mortality and morbidity 
remain problematic in liver transplantation. In 2013, 1767 
patients died while waiting for a transplant and another 1223 
were removed from the list being deemed too ill to undergo 
the procedure. Allocation of livers continues to be driven by 
use of the model for end-stage liver disease (MELD) scores, 
using a system that assigns livers to candidates with the most 
advanced disease [ 43 ,  44 ]. The MELD score is currently 
based on measurements of serum creatinine, serum bilirubin, 
and the international normalized ratio (INR) (see Table  2-2 ).

   The proportion of liver transplant patients receiving a 
simultaneous liver and kidney transplant rose from 6.7 % in 
2010 to 8.1 % in 2013. This proportion may decrease over 
time as a consequence of the Share 35 policy that went into 
effect in the USA in 2013. That policy requires regional shar-
ing of livers to candidates with MELD scores equal to or 
greater than 35. In the fi rst several months after instituting 
the policy median waiting time for such patients fell dramati-
cally from 14 months to 1.4 months [ 43 ]. The shorter waiting 
times may reduce the need for simultaneous kidney trans-
plant by decreasing the frequency of prolonged hepatorenal 
syndrome. 

 By mid-2013, 59,500 US liver transplant recipients were 
alive with functioning grafts. Since 1991, 1-year graft sur-

vival has steadily improved from approximately 74 % to 
approximately 90 % in the most recent cohort. The use of 
antibodies for induction therapy in liver recipients has 
increased only slightly in the past decade. More than 70 % of 
liver transplant recipients receive no induction therapy at all. 
Tacrolimus and mycophenolate derivatives are the most 
commonly used maintenance agents. Steroid withdrawal is 
more common after liver than after kidney transplantation. 
Only 40 % of liver transplant patients remain on corticoste-
roids 1 year after transplantation. Recurrence of hepatitis C 
remains a problem and accounts for graft survival being 
poorest among the subset of liver transplant recipients with 
this underlying disease. Again, the recent introduction of 
newer antiviral agents promises   to change these statistics in 
the next several years.  

2.5.3     Pancreas Transplantation [ 45 ] 

    Pancreas transplantation      is indicated primarily for patients 
with type I diabetes mellitus, but also for selected type 2 dia-
betics who are not obese, and who have relatively low insulin 
requirements. Virtually all pancreas transplants are recov-
ered from deceased donors. Most commonly, pancreas trans-
plantation is performed together with a kidney transplant in 
diabetic patients with end-stage renal failure (simultaneous 
pancreas and kidney, SPK) and less commonly is performed 
alone (pancreas transplant alone, PTA) or after a previous 
kidney transplant (pancreas after kidney, PAK) [ 46 ]. The 
major indication for a PTA is hypoglycemic unawareness. 

 The total number of pancreas transplants performed in 
United States has steadily decreased in the last decade. The 
reasons for this decline are not clear but possibly refl ect rela-
tively high rates of technical failure, surgical complications 
from the procedure [ 47 ], or improved outcomes with medical 
therapy alone for this special population. Just under 1500 
total pancreas transplants were performed in 2002, dropping 
to just over 1000 transplants in 2013. The decline in volume 
has been more pronounced for SPK and PAK transplants 
than for PTA transplants. Historically PTAs were performed 
less commonly than SPKs or PAKs. Interestingly, in 2013, 
transplant rates for PAK and PAT were virtually equivalent 
but only about 100 transplants were performed in each of 
those categories. The allocation of pancreas transplants has 
traditionally been subject to regional variances. Current 
efforts are UNOS are aimed at creating a national pancreas 
allocation system in which candidates for SPK, PAK, or PTA 
will combine to form a single match run list [ 45 ]. If imple-
mented, this system would assure that SPK candidates will 
not have to compete against nondiabetic kidney transplant 
candidates. 

 Immunosuppressive practice for recipients of pancreas 
transplants has changed little in the past 5 years. T cell- 
depleting induction was used in approximately 80 % of all 
transplants in 2013. For maintenance, tacrolimus was used in 

   TABLE 2-2.    Calculation of the model for end-stage liver disease 
(MELD) score   

 • MELD score = 0.957 × log e  (serum creatinine, mg/dL) a  + 0.378 × log e  
(serum bilirubin, mg/dL) + 1.120 × log e  (INR) + 0.643 

 • Multiply score by 10 and round to nearest whole number. Laboratory 
values <1.0 are set to 1.0 

   a The maximum serum creatinine allowed in the MELD equation is 4.0 mg/
dL. For patients on dialysis, the serum creatinine is automatically entered as 
4.0 mg/dL  
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approximately 92 % and mycophenolate in 90 % of recipi-
ents. Steroids were used in 65 % initially and in 75 % of 
recipients at 1 year post transplant. 

 Due to lack of a uniform defi nition for pancreas transplant 
failure (variably defi ned as re-initiation of insulin, initiation 
of oral hypoglycemic medications, or undetectable 
C-peptide), the outcomes of pancreas transplant graft sur-
vival are not as standardized as those for kidney graft failure. 
With this limitation, graft failure rates within the fi rst 3 
months posttransplant (often described as technical losses) 
have decreased steadily over the past decade from 12.4 % in 
2002–2003 to 7.6 % in 2012–2013. Rates were lowest among 
SPK recipients (2.5 % for kidney, 4.9 % for pancreas) and 
comparable for PTA and PAK (10.4 % and 9.9 %, respec-
tively). Unadjusted actual 1- and 5-year pancreas graft sur-
vival for the transplants performed in 2008 were 74.3 and 
50.6 % for PTA, 85.8 and 74.3 % for SPK, and 78.7 and 
62.0 % for PAK. It has been postulated that better graft sur-
vival for SPK compared to PAK and PTA is due to a rela-
tively low incidence of rejection in this group and/or earlier 
recognition and treatment of rejection. This may refl ect the 
presence of the kidney transplant, which is more amenable 
for a percutaneous biopsy than a pancreas transplant, and can 
be used as a surrogate marker for rejection in the pancreas. 

 The incidence of fi rst acute pancreas rejection at 1 and 2 
years was 22.1 and 27.8 % for PTA, 16.0 and 20.4 % for 
SPK, and 17.4 and 22.5 % for PAK. Overall incidence of 
posttransplant lymphoproliferative disorder at 5 years was 
2.6 % for PTA, 1.0 % for SPK, and 0.9 % for PAK, and the 
incidence was higher among recipients negative for EBV 
(6.4 % for PTA and 3.6 % for SPK). The number of patients 
living with a functioning pancreas transplant   has doubled 
between 2002 and 2013 from approximately 7000 to 14,000.  

2.5.4     Heart Transplantation [ 48 ] 

 About 2500 heart transplants   were performed in 2013, com-
pared to 2100 in 2002.  Cardiomyopathy   is the most common 
indication for heart transplant, followed by coronary artery 
disease. The number of patients waiting for heart  transplant      
steadily increased from 2800 in 2002 to 3200 in 2013. The 
waiting time for heart transplant overall has not changed sig-
nifi cantly within this time period. In 2003, 14.8 % of candi-
dates spent 5 or more years on the waiting list, compared 
with only 5.4 % in 2013. Heart transplants are allocated 
based on a UNOS scoring system (see Table  2-3 ). The pro-
portion of candidates maintained on ventricular assist devices 
(VADs) at the time of wait listing increased dramatically, 
from 7.5 % in 2003 to 27.4 % in 2013. Because of steady 
improvements in VAD technology, some patients are main-
tained on these devices for long periods of time, either as a 
bridge or even as an alternative to transplantation [ 49 ].

   More than half of heart transplants in the USA are per-
formed without any induction agents, and the remainder are 

done with either IL-2 blocking- or T cell-depleting antibod-
ies. More than 90 % of the patients are on a combination of 
tacrolimus, MPA derivatives, and corticosteroids. One-, 3-, 
and 5-year survival rates in patients who underwent heart 
transplant between 2006 and 2008 were 88.1 %, 81.3 %, and 
75.3 %, respectively. Survival was slightly lower for recipi-
ents with prior VADs than for those without VADs. The 
number of heart transplant survivors continued to increase 
over time with 27,120 heart transplant recipients being alive 
with a functioning graft in 2013. 

 Rejection remains an important cause of morbidity after 
heart transplant with a current cumulative incidence of acute 
rejection at 1 year of 23.6 %. Rejection may be recognized 
more frequently in heart transplantation than in other organ 
transplants owing to the common practice of performing 
serial protocol biopsies, especially in the fi rst posttransplant 
year. Cytomegalovirus (CMV) infection has been strongly 
linked to cardiac allograft vasculopathy [ 50 ]. The leading 
causes of death during year 1 posttransplant are infection, 
cardiovascular/cerebrovascular disease, and graft failure. 
After year 1, however, cardiovascular/cerebrovascular dis-
ease becomes the more common cause of   death, followed by 
infection and graft failure.  

2.5.5      Lung Transplantation      [ 51 ] 

 Lung   transplantation is being performed increasingly for crit-
ically ill patients with end-stage lung disease. Allocation of 
lungs is based on the  lung allocation score (LAS),   a scoring 
system introduced in 2005 [ 52 ]. Pulmonary diagnoses are 
categorized into to four groups for the calculation of LAS: 
group A, obstructive lung disease; group B, pulmonary 

   TABLE 2-3.    Heart transplant candidate listing status   

 UNOS waiting list status 
(in order of priority)  Patient/management description 

 1A  (a) Mechanical circulatory support, 
excepting VADs, a  but including an 
artifi cial heart, extracorporeal membrane 
oxygenator, or intra-aortic balloon pump 

 (b) Mechanical circulatory support within 
LVAD or RVAD, with complications 

 (c) Continuous mechanical ventilation 

 (d) Continuous infusion of high-dose 
intravenous inotropic agent with 
continuous invasive hemodynamic 
monitoring 

 1B  (a) RVAD and/or LVAD, uncomplicated 

 (b) Continuous infusion of intravenous 
inotropic agent 

 2  Awaiting heart transplant but not meeting 1A 
or 1B criteria 

 7  Temporarily unsuitable to undergo 
transplantation (i.e., HOLD status) 

   a  VAD  ventricular assist device,  L  left,  R  right.  
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 vascular  disease; group C, cystic fi brosis and immunodefi -
ciency disorders; and group D, restrictive lung disease. The 
LAS system was designed to estimate waitlist mortality in a 
fashion that allows transplantation for compromised patients 
while avoiding candidates whose likelihood of survival is 
poor. Clinical variables used to calculate the LAS score are 
shown in Table  2-4 . A raw allocation score is calculated based 
on these variables and then normalized to obtain the actual 
LAS, which has a range of 0–100. Higher scores indicate that 
the patient is more likely to benefi t from a lung transplant.

   In 2013, 1946 lung transplants were performed, including 
adult and pediatric recipients, the most ever in a single year. 
Bilateral lung transplantation remains the preferred proce-
dure, accounting for approximately 70 % of lung transplants 
performed in 2013. In 2013, 28.7 % of all US lung recipients 
were aged 65 years or older, compared with 7.2 % in 2003. 

 Short-term survival (30-day and 1-year) and long-term 
survival (3-year and 5-year) have plateaued since implemen-
tation of the LAS. Overall, 5-year unadjusted patient survival 
was 53.6 %. Survival was consistently lowest among recipi-
ents aged 65 years or older, those with LAS greater than 60, 
and those in diagnosis group B. Fifty percent of lung trans-
plants currently are performed without any induction anti-
body therapy. Tacrolimus and mycophenolate derivatives are 
the preferred agents for maintenance immunosuppression 
and are being used in more than 90 % of lung recipients. 
Almost all patients are on steroids at 1 year post transplant. 
About 20 % and 40 % of the patients experience fi rst acute 
rejection by 12 and 24 months post transplant, respectively. 
About 2 % of patients develop PTLD by 5 years of posttrans-
plant with incidence up to 6 % for patients who are serologi-
cally negative for EBV at the time of   transplantation.  

2.5.6      Intestinal Transplantation      [ 53 ] 

 Improvement   in the medical and surgical treatment of patients 
with intestinal failure has resulted in a recent decrease in the 

number of intestinal transplantations being performed in the 
USA. Short-gut syndrome remains to be the most common 
indication. More than half the transplants are actually com-
bined intestine-liver transplants. The number of intestine 
transplants decreased from 91 in 2009 to 51 in 2013. The 
number of intestine-liver transplants steadily decreased from 
a peak of 135 in 2007 to a low of 44 in 2012, but increased 
slightly to 58 in 2013. 

 Graft survival for intestine transplants has improved over 
the past decade. Graft failure in the fi rst 90 days posttrans-
plant occurred in 14.1 % of intestine recipients and in 11.2 % 
of intestine-liver recipients in 2013. The graft failure rate 
was 24.5 % at 1 year for transplants performed between 2011 
and 2012, 43.6 % at 3 years for transplants performed 
between 2009 and 2010, 48.5 % at 5 years for those per-
formed between 2007 and 2008, and 68.4 % at 10 years for 
transplants performed between 2001 and 2002. 

 For induction therapy in 2013, 54 % of intestine transplant 
recipients received T cell-depleting agents, 11 % received 
IL-2 receptor antagonists, and 38 % received no induction. 
The initial immunosuppression agents used most commonly 
in 2013 were tacrolimus (95.0 %), steroids (73.0 %), myco-
phenolate (35.0 %), and mammalian TOR inhibitors (15.0 %). 
Steroids were used in 70.0 % of recipients at 1 year post-
transplant. Acute rejection occurred in 35–40 % of patients at 
12 months and in approximately 50 % at 24 months. 

 For patients who underwent intestine transplantation 
between 2001 and 2011, 9.9 % of intestine recipients and 
6.8 % of intestine-liver recipients developed PTLD within 5 
years posttransplant. The incidence was highest among 
recipients who were negative for EBV: 12.5 % of EBV- 
negative intestine recipients and 8.2 of EBV-negative 
intestine- liver r  ecipients.   

2.6     The  Future of   Solid Organ 
Transplantation: Strategies 
for Achieving Tolerance 

 A long- standing goal in the fi eld of solid organ transplanta-
tion is to induce immunologic tolerance to the graft such that 
the host’s immune system can respond normally to immune 
stimuli without immunosuppression and with the specifi c 
absence of a detrimental immune response directed at the 
transplanted organ. Studies in animal models suggest that 
tolerance to an allograft can be achieved under a variety of 
conditions including elimination of the donor-reactive 
immune cells (deletion), induction of immunologic igno-
rance (the immune system fails to recognize transplant anti-
gens), induction of anergy, or active inhibition by regulatory 
T cells [ 54 ]. True immunologic tolerance has been achieved 
in human kidney transplant recipients when a bone marrow 
transplant has been performed between HLA identical 
donors, followed by a kidney transplant using the same 

   TABLE 2-4.    Factors used in calculating the lung allocation score 
(LAS)   

 • Underlying cause of lung disease 
 • Age of recipient 
 • Body mass index 
 • Presence or absence of diabetes mellitus 
 • New York Heart Association functional status (I, II, III) 
 • Forced vital capacity (FEV) (percent predicted) 
 • Pulmonary arterial systolic pressure 
 • Supplemental oxygen required at rest (L/min) 
 • Pulmonary capillary wedge pressure 
 • Distance walked within 6 min 
 • Need for mechanical ventilation 
 • Serum creatinine concentration 
 • pCO 2  
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donor. Based on these experiments of nature several groups 
have attempted to use bone marrow ablation, either marrow 
or stem cell transplantation, and adjunctive combinations of 
early immunosuppression in an effort to achieve at least 
“operational” tolerance [ 55 – 57 ]. 

 Tregs suppress immune responses, potentially via local 
cytokine production and through prevention of dendritic cell 
activation. The recent recognition of multiple Treg pheno-
types, including those that are CD25+ CD4+ Foxp3+, as well 
as newly developed methods for inducing Treg expansion 
in vitro and in vivo, has excited the transplant community 
[ 58 ,  59 ]. While only limited success has thus far been 
achieved toward developing human allograft tolerance in 
humans, multiple groups are studying whether and how 
Tregs can be exploited to  prolong graft survival and poten-
tially induce robust allograft tolerance.  

2.7     Summary 

 The fi eld of solid organ transplantation has advanced consid-
erably in the past half century, based largely on improved 
understanding of the mechanisms of allograft rejection and 
the parallel development of effective immunosuppressive 
drugs. Currently available immunosuppressive drugs are not 
completely effective in preventing or treating allograft rejec-
tion. Moreover, long-term treatment with these agents is 
associated with toxicities including infection and malig-
nancy—topics that will be covered in detail elsewhere in this 
book. Thus, organ transplantation remains an imperfect 
modality. Effective strategies for creating true immune toler-
ance might allow organ transplantation without the use of 
immunosuppressive drugs. However, a breakthrough of that 
kind would only partially offset the most important limita-
tion in the fi eld: a continued shortage of organ donors.     
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3.1           Introduction 

 Over the last half century, the fi eld of kidney transplant has 
experienced a signifi cant change. From better insights into 
immunology, immunodiagnostics, and immunotherapeutics 
to refi nements in the surgical processes, the course and 
expected outcomes for these patients have improved dra-
matically. The philosophy of therapeutic immunosuppres-
sion and the tools available to deliver it are steadily 
improving as well. 

 The basic profi le of current immunosuppression strategy 
has remained fundamentally unchanged—two distinct 
phases can be teased out. “Induction” is the initial phase of 
heavy immunosuppression to avoid early acute rejection and 
allow for maintenance immunosuppression to become effec-
tive. The subsequent “maintenance” phase attempts at keep-
ing the patient optimally immunosuppressed but at the same 
time limiting the fallout (infections, metabolic complica-
tions, malignancies, etc.) of the immunocompromised state. 
These two phases are periodically punctuated by a third “res-
cue” phase that is deployed should the patient suffer a rejec-
tion episode. 

 The alloimmune response is complicated and multi-
pronged with several loops of redundancy. Over the years, 
many different drugs have been used in combination target-
ing various steps and pieces of the immune response. This 
sequentially arrests the immune response and has the added 
advantage of using lower doses of each individual drug 
allowing for an agreeable decrease in individual toxicities. 
This has led to the paradigm of combination drug regimens 
for the management of the kidney transplant recipient. 

 Despite signifi cant gains in this respect, many problems 
remain. There are few reliable methods of measuring allore-
activity directly in widespread clinical use. This constrains 
transplant physicians to depend solely on indirect data (like 
blood counts and drug levels) and monitoring toxicities of 
the individual drugs being administered. Over- 
immunosuppression of a particular patient, drug-related tox-

icities, and side effects as well as opportunistic infections 
remain a daily hazard to the well-being of the transplant 
recipient. Indeed, increased cardiovascular mortality is one 
of the biggest challenges in managing the transplant patient.  

3.2     Structure of Immunosuppressive 
Regimens 

 As noted, t he immune response  is   complex and multi-
pronged, replete with redundant loops. The purpose of 
immunosuppressive therapy remains avoidance of alloreac-
tive responses and rejection of the allograft. Use of one agent 
alone may not protect against this alloreactivity due to the 
nature of the immune response or may be attended with 
unacceptable toxicity. 

 Combining drugs has been an effective strategy at targeting 
these complex processes at multiple points, creating synergy 
to achieve therapeutic effectiveness. A desired consequence 
is the ability to reduce exposure to each constituent drug in 
the regimen, decreasing individual drug toxicity as well as 
perhaps the overall degree of immunosuppression. 

 In the early days of transplantation, steroids and antipro-
liferative agents (azathioprine) formed the backbone of 
transplant immunosuppression regimens (Table  3-1 ). 
Introduction of calcineurin inhibitors (cyclosporine) revolu-
tionized transplantation. The rates of acute rejection fell dra-
matically and the era of standard triple immunosuppression 
was ushered in—a calcineurin inhibitor anchor (cyclospo-
rine and later tacrolimus), an adjuvant antimetabolite antip-
roliferative agent (azathioprine and later mycophenolic acid 
preparations), and steroids. This structure remains the most 
commonly used strategy for therapeutic immunosuppression 
today [ 1 ].

   Identifying the critical nature of the fi rst few months 
after transplantation from a rejection point of view, many 
centers add a layer of induction to the standard mainte-
nance immunosuppression, especially to those thought to 
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be at high immunological risk. This is referred to as “qua-
druple immunosuppression.” Polyclonal antibodies such as 
antithymocyte globulins or monoclonal antibodies, such as 
basiliximab and alemtuzumab, may be given as induction 
immunosuppression. 

 By effectively using these medicines, the rates of acute 
rejection have steadily dropped over the decades. Having 
achieved this goal, transplant physicians are now trying to 
refi ne these strategies to reduce the morbidity of these drugs 
as well as that of the immunosuppressed state. Calcineurin 
inhibitors have reduced acute rejection rates and have 
improved short-term allograft survival, but clear evidence of 
benefi t on long-term allograft survival is not yet conclusive. 
These agents themselves have nephrotoxic potential and 
expose the recipient to harmful metabolic complications like 
diabetes, hypertension, and dyslipidemias, contributing to 
high cardiovascular morbidity and mortality. Thus, the 
search for alternate substitute agents led to mTOR inhibitors 
as well as co-stimulation blocking agents like belatacept. 
Calcineurin-free immunosuppression is the subject of intense 
current research but is not a dominant clinical trend yet. 

 Similarly, buoyed by the effectiveness of other agents 
available, many centers remove the steroid part of the stan-
dard triple immunosuppression protocols. Steroids are either 
completely eliminated (steroid-free regimens) or are with-
drawn after a discreet but early interval posttransplant (avoid-
ance). Monotherapy for maintenance immunosuppression is 
being studied but is rarely used outside of clinical trial proto-
cols [ 2 ,  3 ]. Intuitively, this strategy would be reserved for 
patients with transplanted organs that are perceived to have 
less immunogenic potential and considered to be at less 
immunological risk. 

 With the many choices of drugs available, their side effect 
profi les (Table  3-2 ) as well as the ever-expanding complexity 
of immune risks, a one-size-fi ts-all strategy for therapeutic 

immunosuppression is no longer adequate or appropriate. 
Though “center protocols” still exist and with good reason, 
the emphasis now must be on immunosuppression individu-
alization. A plan for each patient must be created prior to 
transplantation based on immunological risk and patient pro-
fi le and then constantly adjusted based on the  posttransplant 
course (Table  3-3 ).

3.3         Induction Immunosuppression 

 The fi rst few months  after   transplantation are a time of 
heightened risk for  alloimmune events  . Passenger donor 
antigen-presenting cells cause acute rejection via the direct 
antigen presentation pathway. This is also the time when the 
recipient immune system is surveying the allograft antigens 
for the fi rst time. The risk of acute rejection recedes after the 
fi rst few months perhaps as the passenger antigen-presenting 
cells are eliminated. 

 To counter this early risk of rejection, a strategy to aggres-
sively target T-cell signaling to control T-cell-mediated allo-
immune responses in the early posttransplant period has 
become popular. Termed induction immunosuppression, this 
represents a period of intense immunosuppression afforded 
right before and immediately after kidney transplantation. 
Induction immunosuppression not only reduces acute rejec-
tion, but many other corollary benefi ts are derived as well, 
such as minimizing the doses necessary for other immuno-
suppressive agents. 

 Induction immunosuppression is afforded by deploying 
antibody-based therapy and is used in addition to usual antire-
jection medicines. Over the decades, use of induction immu-
nosuppression has increased from less than 30 % of transplants 
in the 1980s to over 80 % in 2010 [ 1 ]. Many different types 
and preparations of these antibodies are available. 

   TABLE 3-1.    Classifi cation  of   immunosuppressive agents   

 Classifi cation  Drug (generic)  Drug (trade)  Generic  Dosage form 

 IL-2 receptor blockers  Basiliximab  Simulect ®   No  Injection 

 Anti-T-cell therapy  Antithymocyte globulin—horse  Atgam ®   No  Injection 

 Antithymocyte globulin—rabbit  Thymoglobulin ®   No  Injection 

 CD52 antibody  Alemtuzumab  Campath ®   No  Injection 

 Corticosteroids  Methylprednisolone  Solu-Medrol ®   Yes  Injection, oral 

 Prednisone  Deltasone ®   Yes  Oral 

 Calcineurin inhibitors  Cyclosporine nonmodifi ed, CsA  Sandimmune ®   Yes  Injection, oral 

 Cyclosporine modifi ed, microemulsion  Neoral ®   Yes  Injection, oral 

 Tacrolimus, FK  Prograf ®   Yes  Oral 

 Extended-release tacrolimus  Astagraf ®   No  Oral 

 MTOR inhibitors  Sirolimus, rapamycin  Rapamune ®   No  Oral 

 Everolimus  Zortress ®   No  Oral 

 Antiproliferative  Azathioprine, AZA  Imuran ®   Yes  Injection, oral 

 Mycophenolate mofetil, MMF  Cellcept ®   Yes  Injection, oral 

 Mycophenolate sodium, EC-MPS  Myfortic ®   Yes  Oral 

 Co-stimulation blockade  Belatacept  Nulojix ®   No  Injection 
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   TABLE 3-2.    Immunosuppressive medication  doses   and side effects   

 Drug  Dose  Side effects 

  Induction  

   Basiliximab  20 mg IV × 2 doses  Hypersensitivity reactions 

   Antithymocyte globulin 

    Rabbit  1.5 mg/kg IV × 3–7 days  Rash, fever, thrombocytopenia, leukopenia 

    Horse  15 mg/kg IV × 3–7 days  Rash, fever, thrombocytopenia, leukopenia 

   Alemtuzumab  30 mg IV × 1 dose a   Fever, chills, lymphopenia, neutropenia, anemia, thrombocytopenia, 
infection 

 Maintenance 

   Prednisone  Maintenance: 2.5–10 mg/day  Mood disturbances, psychosis, cataracts, hypertension, fl uid retention, 
peptic ulcers, osteoporosis, muscle weakness, impaired wound 
healing, glucose intolerance, weight gain 

 Rejection: 250–1000 mg/day × 3 days 
IV 

   Cyclosporine  4–5 mg/kg po twice daily  Neurotoxicity, gingival hyperplasia, hirsutism, hypertension, 
hyperlipidemia, glucose intolerance, nephrotoxicity, electrolyte 
disturbances 

   Tacrolimus  0.05–0.075 mg/kg po twice daily  Neurotoxicity, alopecia, hypertension, hyperlipidemia, glucose 
intolerance, nephrotoxicity, electrolyte disturbances 

   Extended-release tacrolimus  0.1 mg/kg po twice daily  Neurotoxicity, alopecia, hypertension, hyperlipidemia, glucose 
intolerance, nephrotoxicity, electrolyte disturbances 

   Sirolimus  2–10 mg/day po daily  Hypertriglyceridemia, anemia, thrombocytopenia, mouth sores, 
hypercholesterolemia, gastrointestinal disturbances, bone marrow 
suppression, poor wound healing, edema 

   Everolimus  0.75 mg po twice daily  Hypertriglyceridemia, anemia, thrombocytopenia, mouth sores, 
hypercholesterolemia, gastrointestinal disturbances, bone marrow 
suppression, poor wound healing, edema 

   Azathioprine  1–2.5 mg/kg/day po daily  Leukopenia, thrombocytopenia, gastrointestinal disturbances, 
pancreatitis, hepatotoxicity 

   Mycophenolate mofetil  500–1500 mg po twice daily  Leukopenia, thrombocytopenia, gastrointestinal disturbances 

   Mycophenolate sodium  360–1080 mg po twice daily  Leukopenia, thrombocytopenia, gastrointestinal disturbances 

   Belatacept  10 mg/kg administered, prior to 
implantation, on day 5, and at the 
end of weeks 2, 4, 8, and 12, then 
5 mg/kg every 4 weeks (plus or 
minus 3 days) 

 Edema, hypertension, diarrhea, anemia, infection, cough 

 Rejection 

   Methylprednisolone  Rejection: 250–1000 mg/day × 3 day 
IV 

 Mood disturbances, psychosis, cataracts, hypertension, fl uid retention, 
peptic ulcers, osteoporosis, muscle weakness, impaired wound 
healing, glucose intolerance, weight gain 

   Antithymocyte globulin 

    Rabbit  1.5 mg/kg IV × 7–14 days  Rash, fever, thrombocytopenia, leukopenia 

    Horse  15 mg/kg IV × 7–14 days  Rash, fever, thrombocytopenia, leukopenia 

   Rituximab  375 mg/m 2  IV dosed to response a   Fever, fatigue, lymphopenia, anemia, infusion- related reactions, 
infection 

   Eculizumab  600 mg IV weekly for 6 doses a   Hypertension, headache, anemia, infection 

   Bortezumib  1.3 mg/m 2  IV days 1, 4, 8, and 12 a   Fatigue, fever, diarrhea, nausea, gastrointestinal side effects, 
thrombocytopenia, neutropenia, peripheral neuropathy 

   PO  by mouth,  IV  intravenously. 
  a Not indicated for transplantation.  

3.3.1      Nondepleting Antibodies   

  Basiliximab   is an interleukin (IL)-2 receptor antagonist and 
is the only Food and Drug Administration (FDA)-approved 
induction agent in renal transplantation. It demonstrated sta-
tistically signifi cant reduction in the incidence of acute rejec-
tion in three landmark clinical trials, two of which used a 
maintenance regimen of cyclosporine and corticosteroids 
without an antimetabolite [ 4 – 6 ]. Using a more contemporary 

regimen, a trial comparing basiliximab to placebo (using 
cyclosporine, corticosteroids, and mycophenolate mofetil for 
maintenance) demonstrated a trend toward reduced inci-
dence of acute rejection in the treatment group (15.3 % vs. 
26.6 %), although it did not reach statistical signifi cance [ 7 ]. 
None of these trials demonstrated a signifi cant difference in 
patient or allograft survival. It is dosed at 20 mg intrave-
nously intraoperatively and 4 days after transplantation. It 
has few adverse reactions or drug interactions.  

3. Immunosuppressive Agents
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3.3.2     Depleting Antibodies 

 The use of   depleting antibodies   causes a profound depletion 
of lymphocytes and leads to a signifi cant reduction in acute 
rejection. Two depleting antibody preparations are currently 
available in the USA—the polyclonal antithymocyte 
globulin(r-ATG, Thymoglobulin® and horse-ATG, 
ATGAM®) and the monoclonal humanized  alemtuzumab  . 
Polyclonal antibodies have specifi cities for various lympho-
cyte surface antigens and cause a prolonged and durable 
depletion in lymphocytes. It may take several months for 
these lymphocytes to repopulate. 

 The optimal dose for r-ATG is unclear. Most centers use 
1.5 mg/kg intravenously for 3–5 days [ 8 – 16 ]. However, lower 
doses of r-ATG (0.5, 1, and 2 mg/kg for 3 days after transplan-
tation) have been associated with dose-dependent lymphocyte 
depletion (in intensity and duration) and prevention of acute 
rejection [ 17 ]. Conversely, nonhuman primate data suggests a 
more signifi cant impact on T-cell depletion in lymph nodes 
(but not thymus) with higher doses [ 18 ]. Higher induction 
doses of 6–9 mg/kg have been used intraoperatively with sub-
sequent sparing of maintenance immunosuppression with suc-
cess [ 19 ,  20 ]. Rabbit antithymocyte globulin can be associated 
with an infusion cytokine release syndrome and premedica-
tion is suggested. Careful monitoring of blood counts is essen-
tial. Leukopenia and thrombocytopenia are commonly seen 
and may mandate dosage changes or interruption. 

  Alemtuzumab   is a humanized monoclonal antibody tar-
geting CD52 present on T lymphocytes, B lymphocytes, and 
monocytes. It causes profound and sustained lymphocyte 
depletion. Originally developed as one of the agents for 
 conditioning in bone marrow transplantation, it was later uti-
lized as treatment for chronic lymphocytic leukemia. In kid-
ney transplantation, it was introduced as an agent to treat 
rejection in 1995 [ 21 ]. It was later tried as an induction agent 
followed by minimal immunosuppression in the hopes of 
setting up near tolerance. This strategy revealed signifi cant 
rejection when alemtuzumab was used as monotherapy or 
with minimal maintenance immunosuppression with a single 

agent [ 22 ]. It became apparent that despite profound lym-
phocyte depletion, alemtuzumab was not effective against 
memory T cells in sanctuary sites [ 23 ]. It has since found 
increasing use in conjunction with follow-up triple immuno-
suppression or double therapy (minimizing or avoiding ste-
roids). Most commonly, it is used as a single dose of 30 mg 
intraoperatively. It can be dosed subcutaneously, but this 
route is not FDA approved. A minority of centers prefer two 
doses, while others still use a weight-based regimen. 
Alemtuzumab may also be associated with an infusion syn-
drome and prophylaxis is recommended. 

 Considerable knowledge may be gained from induction 
trials. Rabbit antithymocyte  globulin   and basiliximab were 
compared in two multicenter induction trials in combination 
with cyclosporine, mycophenolate mofetil, and corticoste-
roids. The fi rst trial included low-immunological-risk 
patients and revealed similar incidence of acute rejection 
with similar patient and allograft survival at 12 months post-
transplantation [ 24 ]. The second trial included moderate- to 
high-risk patients and demonstrated an improved combined 
endpoint for the incidence of rejection, allograft loss, and 
patient death in the r-ATG arm [ 25 ,  26 ]. Most of the benefi t 
in combined endpoints was attributed to the decreased inci-
dence of acute rejection. Alemtuzumab has also shown 
promise in lowering acute rejection rates in low-risk patients 
when compared to basiliximab [ 27 ]. Among high-risk 
patients, alemtuzumab and r-ATG had similar effi cacy. In 
another randomized trial, patients treated with alemtuzumab 
without corticosteroids and mycophenolate/tacrolimus suf-
fered less rejection but more polyoma infections than patients 
treated with basiliximab, corticosteroids, and mycopheno-
late/tacrolimus [ 28 ]. However, in both of these trials, the 
reduction in acute rejection episodes did not translate to 
improved allograft survival or improved renal function. A 
recent meta-analysis supports the results concluding that 
alemtuzumab induction reduces the risk of rejection com-
pared with basiliximab but not r-ATG  and recommends pick-
ing induction agents based on safety and cost [ 29 ].   

   TABLE 3-3.    Tailoring immunosuppressive regimens  on   adverse events   

 Condition  Immunosuppressive cause  Immunosuppressive change 

 New-onset diabetes after 
transplantation 

 Corticosteroid, tacrolimus, cyclosporine, mTORS  Avoidance, dose reduction 

 Dyslipidemia  Corticosteroids, cyclosporine  Avoidance, dose reduction, tacrolimus 

 Sirolimus, everolimus 

 Hypertension  Corticosteroid, cyclosporine, tacrolimus, mTORS  Avoidance, dose reduction 

 Osteoporosis  Corticosteroids  Avoidance, dose reduction 

 Bone marrow suppression  Mycophenolic acid, azathioprine, sirolimus, everolimus, 
tacrolimus 

 Dose reduction 

 Delayed wound healing  Sirolimus, everolimus  Avoidance 

 Gastrointestinal side effects  Mycophenolate mofetil, tacrolimus, sirolimus  Enteric-coated mycophenolic sodium, dose reduction, 
azathioprine 

 Proteinuria  Sirolimus, everolimus  Avoidance 

 Nephrotoxicity  Cyclosporine, tacrolimus, sirolimus  Avoidance, dose reduction, belatacept 

  Adapted from KDIGO clinical practice guideline for the care of kidney transplant recipients. Am J Transplant. 2009 Nov;9 Suppl 3:S1–155.  
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3.4     Summary 

 There is signifi cant disagreement on the preferred induction 
agent and many centers adhere to their own preferences and 
practice. However, based on available data, some general 
principles may be teased out. The choice of induction immu-
nosuppression eventually must be weighed against two 
major factors: the assessed immunological risk and philoso-
phy of maintenance immunosuppression. According to the 
 KDIGO Clinical Practice Guidelines  ,  basiliximab      may be 
preferred in low-risk patients, and a depleting antibody 
(r-ATG or alemtuzumab) may be preferred in high-risk trans-
plant patients [ 30 ] (Table  3-4 ). Similarly, regimens using 
immunosuppression-minimizing strategies or steroid avoid-
ance may need induction with a depleting agent. Elderly 
patients, those with HCV infection, and patients with other 
risk factors (e.g., a history of malignancy) may be considered 
for nondepleting antibody induction to mitigate infection or 

cancer risk. This remains a complicated clinical decision and 
must be individualized and given careful consideration.

3.5        Maintenance  Immunosuppression   

 After a few weeks in the recipient environment, the passen-
ger antigen-presenting cells are slowly eliminated, and the 
mechanism of alloimmunity switches to the more traditional 
indirect antigen presentation. Acute rejection may still occur 
but is not as common except as a consequence of noncompli-
ance. The main concern at this stage is the development of 
chronic alloimmune rejection, a largely antibody-mediated 
rejection process. At this stage, the immune system needs to 
be under constant check. The emphasis remains on control-
ling CD4+ T-cell responses as well as immune cell recruit-
ment and proliferation. As this is a long-term process, this 
has to be done suavely to avoid drug toxicity, opportunistic 
infection, and cancer. 

   TABLE 3-4.    Summary of renal transplant clinical practice guidelines   

  Induction therapy  

 1. We recommend starting a combination of immunosuppressive medications before, or at the time of, kidney transplantation (1A) 

 2. We recommend including induction therapy with a biologic agent as part of the initial immunosuppressive regimen in KTRs (1A) 

 3. We recommend that an IL2-RA be the fi rst-line induction therapy (1B) 

 4. We suggest using a lymphocyte-depleting agent, rather than an IL2-RA, for KTRs at high immunological risk (2B) 

  Initial maintenance immunosuppressive medications  

 1. We recommend using a combination of immunosuppressive medications as maintenance therapy including a CNI and an antiproliferative agent, 
with or without corticosteroids (1B) 

 2. We suggest that tacrolimus be the fi rst-line CNI used (2A) 

 3. We suggest that tacrolimus or CsA be started before or at the time of transplantation, rather than delayed until the onset of allograft function (2D 
tacrolimus; 2B CsA) 

 4. We suggest that mycophenolate be the fi rst-line antiproliferative agent (2B) 

 5. We suggest that, in patients who are at low immunological risk and who receive induction therapy, corticosteroids could be discontinued during the 
fi rst week after transplantation (2B) 

 6. We recommend that if mTORi are used, they should not be started until allograft function is established and surgical wounds are healed (1B) 

  Long-term maintenance immunosuppressive medications  

 1. We suggest using the lowest planned doses of maintenance immunosuppressive medications by 2–4 months after transplantation, if there has been 
no acute rejection (2C) 

 2. We suggest that CNIs be continued rather than withdrawn (2B) 

 3. If prednisone is being used beyond the fi rst week after transplantation, we suggest prednisone be continued rather than withdrawn (2C) 

  Treatment of acute rejection  

 1. We recommend corticosteroids for the initial treatment of acute cellular rejection (1D) 

 2. We suggest adding or restoring maintenance prednisone in patients not on steroids who have a rejection episode (2D) 

 3. We suggest using lymphocyte-depleting antibodies for acute cellular rejections that do not respond to corticosteroids and for recurrent acute cellular 
rejections (2C) 

 4. We suggest treating antibody-mediated acute rejection with one or more of the following alternatives, with or without corticosteroids (2C): plasma 
exchange, intravenous immunoglobulin, anti-CD20 antibody, lymphocyte-depleting antibody 

 5. For patients who have a rejection episode, we suggest adding mycophenolate if the patient is not receiving mycophenolate or azathioprine or 
switching azathioprine to mycophenolate (2D) 

   IL2-RA  interleukin 2 receptor antagonist,  KTRs  kidney transplant recipients,  CNI  calcineurin inhibitor,  CsA  cyclosporine A,  mTORi  mammalian target of 
rapamycin inhibitor(s). 
 Adapted from KDIGO clinical practice guideline for the care of kidney transplant recipients. Am J Transplant. 2009 Nov;9 Suppl 3:S1–155.  
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 As noted above, most centers choose to use a calcineurin 
inhibitor anchor (either tacrolimus or cyclosporine) along with 
an adjuvant agent (azathioprine or a mycophenolic acid prepa-
ration) with or without steroids. Other agents in use are mTOR 
inhibitors and co-stimulation blocking agents (belatacept). 

3.5.1      Calcineurin Inhibitors      

 Calcineurin   inhibitors are the fi rst act in the modern trans-
plantation miracle. They directly target the lymphocytes 
nonlethally by restricting the ability of CD4 T cells to pro-
duce IL-2, the vaunted signal three of T-cell activation limit-
ing immune cell proliferation in response to activation of 
CD4 cells. This revolutionized kidney and other organ trans-
plantation. Acute rejection rates plummeted markedly 
improving short-term patient and allograft survival. 

  Cyclosporine   was the fi rst agent in this class to be approved 
by the FDA in 1983. The earliest formulation of cyclospo-
rine, cyclosporine nonmodifi ed, is as an  aquaphobic, softgel 
capsule. Subsequently, a microemulsion form (cyclosporine 
modifi ed) was introduced. In the late 1980s, the second agent 
tacrolimus surfaced. It was approved by the FDA in 1994 for 
use in liver transplantation and has been used in all forms of 
transplantation since. A prolonged- release form of tacroli-
mus has now been introduced into clinical practice. 

 Early studies that compared microemulsion cyclosporine 
(modifi ed) to tacrolimus using the combination of calcineu-
rin inhibitors, azathioprine, and corticosteroids demonstrated 
a signifi cant decrease in acute rejection with tacrolimus, 
while there was no difference in patient or allograft survival 
posttransplantation [ 31 ,  32 ]. A more recent study random-
ized fi rst deceased donor recipients to one of three immuno-
suppressive regimens (all included corticosteroids): (1) 
tacrolimus with azathioprine, (2) tacrolimus with mycophe-
nolate mofetil, and (3) microemulsion cyclosporine and 
mycophenolate mofetil [ 33 ]. Acute rejection rates were simi-
lar in each group, but the incidence of corticosteroid resistant 
rejection was lower in the tacrolimus arms. At 3 years overall 
renal function, patient survival, and allograft survival 
remained the same, but in the tacrolimus arms, improved 
allograft survival was seen in recipients with delayed 
allograft function [ 33 ]. In agreement with this data, a meta- 
analysis reported that for every 100 patients treated with 
tacrolimus rather than cyclosporine for the fi rst year, 12 
would be prevented from having acute rejection, two would 
be prevented from having allograft failure, but fi ve would 
develop new-onset diabetes after transplantation [ 34 ]. 
Furthermore, the Elite-Symphony trial demonstrated that a 
low-dose cyclosporine regimen was not as effective as a low- 
dose tacrolimus regimen [ 35 ]. As a result of these trials, the 
KDIGO Clinical Practice Guidelines suggest that tacrolimus 
should be the fi rst-line calcineurin inhibitor for renal trans-
plant recipients [ 30 ]. Clinical trends have followed the sci-

ence. Over the past two decades, tacrolimus has become 
overwhelmingly the more popular calcineurin inhibitor in 
use for kidney transplant patients 

 Both calcineurin inhibitors can be given intravenously or 
orally. They have a narrow therapeutic index and need to be 
monitored closely. For both cyclosporine and tacrolimus, 
12-h trough levels are commonly followed. Target 12-h 
trough levels of 100–250 ng/mL for cyclosporine and 
5–15 ng/mL for tacrolimus are typical soon after transplanta-
tion. Subsequently levels are reduced. Two-hour peak levels 
(C2 levels) are followed by some centers for cyclosporine 
but not for tacrolimus. The reference levels for these drugs 
given are generalizations and vary signifi cantly between 
patients based on the anticipated immune risk, structure of 
the immunosuppression regimen (especially induction), and 
recipient factors like age, infection threat, and history or risk 
of malignancy. Calcineurin inhibitors are metabolized via 
the CYP3A4 pathway, predisposing them to many poten-
tially serious drug interactions. 

 Despite careful therapeutic drug monitoring, many side 
effects may be encountered. Hirsutism, gingival hypertro-
phy, hypertension, and hyperlipidemia are more commonly 
seen with cyclosporine, whereas neurotoxicity, alopecia, and 
posttransplant diabetes are more commonly associated with 
tacrolimus. 

 Adherence is essential to prevent poor outcomes after 
transplantation. For this reason, a prolonged-release tacroli-
mus formulation was developed. Two pivotal trials that 
compared prolonged-release tacrolimus to immediate-
release tacrolimus have shown comparable effi cacy and 
safety [ 36 ,  37 ]. Various studies have suggested that the 
tacrolimus levels are slightly lower (10–20 %) with pro-
longed-release tacrolimus group compared to twice daily 
tacrolimus patients [ 38 ,  39 ]. There may be an increased risk 
of acute rejection with prolonged-release tacrolimus [ 36 , 
 37 ] and close monitoring is warranted. A new formulation 
of prolonged-release tacrolimus  , LCP-tacro, may become 
commercially available in 2016.  

3.5.2     Corticosteroids 

    Corticosteroids      were one of the earliest immunosuppressive 
medicines to be widely used. Almost simultaneously, the 
adverse effects of this use became apparent. Steroids have 
been implicated in increased rates of new-onset diabetes 
after transplantation, hypertension, and dyslipidemia. This in 
turn is thought to contribute to the very high cardio- and 
cerebrovascular mortality and morbidity in kidney transplant 
patients. Additionally, steroid use is thought to contribute to 
osteopenia and metabolic bone disease seen in these patients. 

 Despite this negative side effect profi le, corticosteroids 
have proven themselves to be effective immunosuppressive 
agents. This is due to the myriad and multilevel effects they 
exert on the immune response, unlike most other agents that 
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target one specifi c pathway. Steroids, on internalization, bind 
to receptors and affect transcription of various genes, col-
lectively referred to as the glucocorticoid responsive element 
(GRE). This genomic trans-suppression is responsible for 
most of the salutary anti-infl ammatory effects of steroids 
[ 40 ]. Additional non-genomic mechanisms also contribute to 
reduced T-cell activation [ 41 ]. This leads to proliferation 
restriction and signaling changes that affect both T cells and 
B cells. Additionally, they impact lymphocyte traffi cking by 
sequestering CD4 cells in the lymphatic organs. 

 This multilevel and multifaceted impact of steroids on the 
immune response made early efforts to limit or replace them 
tricky. In the fi rst double-blinded, randomized, placebo- 
controlled, multicenter, 5-year trial comparing early steroid 
discontinuation (7 days posttransplant) with steroid mainte-
nance therapy, the rate of biopsy-proven acute rejection and 
chronic allograft nephropathy was twice as high in the rapid 
corticosteroid discontinuation arm [ 42 ]. In early studies, 
salutary metabolic effects were deemed marginal, but a sub-
sequent meta-analysis confi rmed signifi cant reduction in 
these cardiovascular risk factors in patients whom corticoste-
roids are avoided or withdrawn [ 43 ]. Three pooled studies of 
corticosteroid withdrawal have shown that despite the 
increased incidence of acute rejection in the withdrawal 
arms, short- term results demonstrate comparable patient and 
allograft survival [ 44 – 46 ]. 

 The best candidates for steroid withdrawal are low immu-
nologic patients conditioned with induction therapy, espe-
cially those at risk for corticosteroid adverse effects [ 30 ]. In 
studies of steroid withdrawal, African Americans have a 
much higher incidence of acute rejection [ 47 ,  48 ] and 
together with other high-immunological-risk subgroups may 
not be the best candidates for such withdrawal. 

 Timing of steroid withdrawal is critical. If withdrawal is 
contemplated, it should be completed in the fi rst week after 
transplantation. If prednisone is being used beyond the fi rst 
week after renal transplantation,   it should be continued 
rather than withdrawn.  

3.5.3     Antimetabolite Agents 

    Antimetabolite agents      include azathioprine and mycopheno-
lic acid.  Azathioprine   is a purine analog that inhibits DNA 
replication and suppresses B- and T-cell proliferation. 
Typical doses of azathioprine range from 1 to 2.5 mg/kg/day. 
Adverse effects of azathioprine are dose-related bone mar-
row suppression and gastrointestinal disturbances. Other 
rare, but serious, adverse events, like pancreatitis and eleva-
tions in liver function tests, paired with a potential serious 
drug interaction with allopurinol have limited the use of aza-
thioprine.  Mycophenolic acid   causes noncompetitive revers-
ible inhibition of inosine monophosphate dehydrogenases 
( IMPDH  ). This interferes with the de novo pathway of purine 
synthesis and DNA replication, producing cytostatic effects 

on T and B cells. Mycophenolic acid is available as myco-
phenolate mofetil or enteric-coated mycophenolic sodium. 
Mycophenolate mofetil is rapidly converted to mycopheno-
lic acid in the liver, and enterohepatic recirculation of myco-
phenolic acid may occur. Typical doses of mycophenolate 
mofetil range from 500 to 1500 mg orally twice daily. A dose 
of 250 mg of mycophenolate mofetil is equivalent to 180 mg 
of enteric-coated mycophenolic sodium. Magnesium and 
zinc containing products should not be co-administered with 
mycophenolic acid. Common adverse effects of mycopheno-
late mofetil include dose-related gastrointestinal side effects, 
leukopenia, and thrombocytopenia. 

 The effi cacy of  mycophenolate mofetil   in renal trans-
plantation has been reported in several well-designed trials 
[ 49 – 53 ]. Mycophenolate mofetil treatment groups demon-
strated a reduced incidence and severity of early rejection 
episodes as compared to low-dose azathioprine-treated 
patients with treatment regimens consisting of tacrolimus 
plus corticosteroid as well as cyclosporine plus corticoste-
roid [ 49 ]. Three- year follow-up of these studies found that 
the decreased incidence of early rejection in the mycophe-
nolate mofetil arm had not translated into a signifi cant 
improvement in allograft function or survival [ 50 ,  51 ]. As a 
result of the summative evidence from these trials, the 
KDIGO Clinical Practice Guidelines suggest that myco-
phenolate be the fi rst-line antiproliferative agent in kidney 
transplant recipients [ 30 ]. 

  Enteric-coated mycophenolate sodium   was developed 
with the hopes of avoiding the upper gastrointestinal side 
effects of mycophenolic acid by facilitating drug release in 
the small intestine [ 54 ]. Two major clinical trials demon-
strated that enteric-coated mycophenolate sodium is thera-
peutically equivalent to mycophenolic mofetil, yet they did 
not demonstrate a statistically signifi cant difference in over-
all gastrointestinal symptoms [ 55 ,  56 ]. Many post-marketing 
studies have proven a benefi cial effect of enteric-coated 
mycophenolate sodium, while others have not reported a dif-
ference in gastrointestinal-related adverse effects [ 57 – 69 ]. 
Gastrointestinal events are multifactorial and may be related 
to multiple factors including infectious etiology, gastropare-
sis, or concomitant medications. Enteric-coated mycopheno-
late sodium may offer benefi t to specifi c populations. 
However, enteric coating is unlikely to infl uence the sys-
temic effects of the drug including effects on enterocyte pro-
liferation and viral infection that may be responsible for 
gastrointestinal side effects  .  

3.5.4      mTOR Inhibitors   

 An alternative to the  calcineurin inhibitor-based regimens is 
a mTOR inhibitor-based regimen. Sirolimus and everolimus 
bind to FKBP-12 to form an immunosuppressive complex 
which inhibits the regulatory kinase, mTOR. This inhibition 
suppresses cytokine-mediated T-cell proliferation, halting 
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progression from the G1 to the S phase of the cell cycle. 
Sirolimus is dosed orally once daily (typically 2–5 mg/day) 
with adjustments based on target trough levels of 5–15 ng/
mL. Everolimus is a sirolimus derivative with a much shorter 
half-life that is approved for the treatment of advanced 
renal cell carcinoma and renal and liver transplantation. 
 Everolimus  , initially dosed at 0.75 mg orally twice daily fol-
lowed by adjustment to target serum drug concentration 
between 3 and 8 ng/mL, has an adverse event profi le similar 
to sirolimus.  Sirolimus   is a substrate of CYP3A4 and evero-
limus is an inhibitor of CYP3A4. In kidney transplantation, 
the mTOR inhibitors, sirolimus and everolimus, have been 
associated with delayed allograft function; thus, the  KDIGO 
Clinical Practice Guidelines   recommend that if a mTOR 
inhibitor is used, it should not be started until allograft func-
tion is established and surgical wounds are healed [ 30 ]. 
Although sirolimus has a relatively low risk of traditional 
afferent arteriolar vasoconstrictive nephrotoxicity, concomi-
tant use of  angiotensin-converting enzyme inhibitors (ACEI)   
may cause acute renal failure [ 70 ] or anaphylaxis [ 71 ]. 
Sirolimus is uncommonly used early after lung transplant 
due to associated risk of anastomotic bronchial dehiscence 
[ 72 ,  73 ]. It has also been associated with hepatic artery 
thrombosis following liver transplant [ 74 ]. 

 The de novo use of sirolimus has been proven to be com-
parable to a calcineurin inhibitor as seen in the ORION trial 
and the Spare-the-Nephron trial, while it has been associated 
with early posttransplant adverse events including lympho-
celes, prolonged delayed allograft function, and poor wound 
healing [ 75 – 78 ]. Likewise de novo use of everolimus in 
combination with induction has produced acceptable rates of 
acute rejection, although adverse events were common [ 79 , 
 80 ]. Based on data from the CONVERT trial, it appears that 
sirolimus conversion is only successful in a subgroup of 
patients with a baseline glomerular fi ltration rate more than 
40 mL/min and urine protein to urine creatinine ratio less 
than or equal to 0.11 [ 81 ]. Likewise, the ZEUS study demon-
strated the everolimus conversion is possible in low- to 
moderate- risk patients with normal renal function, although 
this may come at the expense of a higher acute rejection rate. 
The best evidence for calcineurin withdrawal with mTOR 
inhibitors is in selected patients. Close monitoring of drug 
concentration levels and adverse events is warranted. 
Whether or not calcineurin inhibitor-free/sparing regimens 
using mTOR inhibitor maintenance therapy is effi cacious in 
the long term remains unknown. Therefore at this time,  the 
KDIGO Clinical Practice Guidelines suggest that calcineurin 
inhibitors be continued rather than withdrawn [ 30 ].  

3.5.5     Belatacept 

    Belatacept      is a second-generation co-stimulation blocker 
that is administered as a well-tolerated intravenous infusion 
over 30 min. The recommended dosing is 10 mg/kg adminis-
tered, prior to transplantation, on day 5 and at the end of 

weeks 2, 4, 8, and 12, then 5 mg/kg every 4 weeks (plus or 
minus 3 days). 

 Belatacept has been studied in several clinical renal trans-
plantation trials. In a phase 2 study, more-intensive belata-
cept, less-intensive belatacept, and cyclosporine produced 
similar rates of acute rejection and allograft loss, while the 
glomerular fi ltration was statistically higher in each of the 
belatacept arms [ 82 ,  83 ]. Two phase three trials of de novo 
kidney transplant recipients tested the effi cacy and safety of 
belatacept [ 84 – 86 ]. In both trials, patients were randomized 
into three groups: more-intensive belatacept, less-intensive 
belatacept, and cyclosporine in conjunction with basilix-
imab, mycophenolate, and corticosteroids. BENEFIT-EXT 
was designed similarly to the BENEFIT trial with the inclu-
sion of expanded criteria donors. In the BENEFIT trial, 
despite the higher incidence of acute rejection in the belata-
cept arm, renal function was superior in the belatacept arms. 
In the  BENEFIT-EXT trial  , acute rejection rates were similar 
and renal function was statistically superior in the more- 
intensive belatacept group, but not the less-intensive group 
[ 85 ]. Three-year follow-up of these trials demonstrated per-
sistent improvement in renal function (mean change +21 mL/
min BENEFIT and +10 mL/min BENEFIT-EXT) [ 86 ]. 
Unfortunately, there was a high incidence of posttransplant 
lymphoproliferative disease in the belatacept-treated, 
Epstein–Barr virus seronegative recipient arms, and there-
fore, the drug is contraindicated in patients that are Epstein–
Barr virus seronegative. One limitation of the  BENEFIT   and 
BENEFIT-EXT trials was that in the comparison arm, cyclo-
sporine, a less contemporary immunosuppressant, was used 
at high doses and concentrations. Addressing this issue, a 
smaller trial used a more contemporary immunosuppressive 
regimen of belatacept/mycophenolate mofetil, belatacept/
sirolimus, and tacrolimus/mycophenolate mofetil, in combi-
nation with r-ATG without corticosteroids [ 87 ]. Acute rejec-
tion was highest in the belatacept/mycophenolate mofetil 
arm, allograft loss was lowest in the tacrolimus/mycopheno-
late arm, and renal function was better in the belatacept arms. 

 A randomized, conversion trial has tested the hypothesis 
that belatacept-based regimens may provide a treatment 
option for calcineurin-based maintenance immunosuppres-
sion [ 88 ]. The relative renal benefi t of belatacept was 
observed in patients switched from either cyclosporine 
(+7.7 mL/min) or tacrolimus (+6.4 mL/min). Patient sur-
vival, allograft survival, and the overall safety profi le were 
similar between groups. Close monitoring of patients is nec-
essary as six patients in the belatacept group had acute rejec-
tion episodes, all of them within the fi rst six months after 
conversion. 

 Belatacept is the fi rst immunosuppressive agent to demon-
strate an improvement in glomerular fi ltration rate over a cal-
cineurin inhibitor-based regimen. The chronic intravenous 
administration and drug cost may infl uence prescribing pat-
terns and patient compliance. Further trials are needed to 
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explore the long-term outcomes.   These trials should include 
more current immunosuppressive regimens.  

3.5.6     Summary 

 In the past two decades, tacrolimus and mycophenolic acid 
have become the cornerstones of immunosuppressive regi-
mens. The KDIGO Clinical Practice Guidelines recommend 
using a combination of immunosuppressive medications as 
maintenance therapy including a calcineurin inhibitor and an 
antiproliferative agent, with or without corticosteroids [ 30 ]. 
They suggest that tacrolimus be the fi rst-line calcineurin 
inhibitor used and that mycophenolate be the fi rst-line antip-
roliferative agent. In patients who are at low immunological 
risk and who receive induction therapy, corticosteroids could 
be discontinued during the fi rst week after transplantation.   

3.6     Treatment of Rejection 

 In the current era of transplantation, balancing the need for 
immunosuppression to prevent allograft rejection while min-
imizing drug toxicity, infections, and malignancy continues 
to be a challenging task. Potent immunosuppressive agents 
have signifi cantly lowered the incidence of acute cellular 
rejection in the fi rst years after transplantation. Antibody- 
mediated rejection continues to threaten the long-term sur-
vival of the allografts. 

3.6.1      Acute Cellular Rejection   

  Corticosteroids are generally considered fi rst line for treat-
ment of cellular rejection. Methylprednisolone 0.5–1.0 g 
intravenously is given once daily for 3 days [ 89 ,  90 ], then oral 
corticosteroids are tapered rapidly to the pretreatment dose. If 
a patient was steroid-free prior to the rejection episode, many 
centers will continue the corticosteroids for the life of the 
allograft. Anti-T-cell antibodies, which remove functional T 
cells from the circulation, can be used when corticosteroids 
have failed to reverse rejection, for moderate to severe rejec-
tion, or for treatment of a recurrent rejection. Currently, there 
are two available antithymocyte globulins: one derived from 
horses and the other from rabbits. In a multicenter, double-
blind, randomized trial, r-ATG demonstrated improved effi -
cacy when compared to equine-derived antithymocyte 
globulin in the treatment of rejection [ 91 ]. Rabbit antithymo-
cyte globulin, the most commonly used preparation, is dosed 
1.5 mg/kg for 7–14 days and administered as an intravenous 
infusion delivered over a 4–6-h period preferably through a 
proximal central venous catheter, a  peripherally inserted cen-
tral catheter (PICC)   line, or a high-fl ow vein with a 0.22 
micron fi lter. Premedication including corticosteroids, acet-
aminophen, and an antihistamine is recommended to avoid 
infusion-related side effects and cytokine release syndrome. 

Other common adverse effects are leukopenia and thrombo-
cytopenia which can be managed through dose adjustments. 

 Adjusting a patient’s maintenance regimen may also aid in 
treating an acute rejection episode. If the drug levels are sub-
therapeutic prior to diagnosis, then the calcineurin inhibitor 
dose should be adjusted to reach the target range. Switching 
from cyclosporine to tacrolimus may also be benefi cial [ 92 ]. 
A change to the patient’s antimetabolite should also be con-
sidered. Increasing the antimetabolite dose is recommended 
if the patient can  tolerate the higher-dose regimen.  

3.6.2      Antibody-Mediated Rejection   

 Historically,  antibody-mediated rejection has been very dif-
fi cult to reverse and has not been well studied. Acute 
antibody- mediated rejection is less responsive to conven-
tional antirejection therapy and has a worse prognosis than 
acute cellular rejection. Treatment regimens may include one 
or more of the following: antilymphocyte therapy, plasma-
pheresis, intravenous immunoglobulin (IVIG), and ritux-
imab [ 93 – 99 ]. One cohort study comparing these strategies 
(plasmapheresis/IVIG/rituximab vs. IVIG alone) demon-
strated improved allograft survival in the combination group 
[ 99 ]. The  KDIGO Clinical Practice Guidelines   suggest treat-
ing antibody-mediated acute rejection with one or more of 
the following alternatives with or without corticosteroids: 
plasma exchange, IVIG, anti-CD20 antibody, and lympho-
cyte-depleting antibody (grade 2C recommendation) [ 30 ]. 
Bortezomib and eculizumab may play a major role in anti-
body-mediated therapy,  but more clinical data and well-
designed clinical trials are needed.  

3.6.3     Summary 

 Treatment for mild cellular rejection involves corticoste-
roids, whereas moderate to severe cellular rejection is typi-
cally treated with antithymocyte globulins. Humoral 
rejection is more diffi cult to treat and typically is treated with 
multiple therapies including IVIG, plasmapheresis, cortico-
steroids, and rituximab, eculizumab, or bortezomib.   

3.7     Immunosuppression in Other 
Solid Organs 

3.7.1      Pancreas Transplantation   

 In clinical practice, a maintenance immunosuppressive regi-
men containing a calcineurin inhibitor, mycophenolic acid, 
and corticosteroids is the preferred regimen for  pancreas 
transplant   recipients [ 100 – 102 ]. There is less evidence sup-
porting the use of corticosteroid withdrawal in pancreas 
transplantation [ 103 – 112 ]. According to Scientifi c Registry 
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of Transplant Recipients (SRTR) data, 38 % of pancreas 
transplant recipients undergo corticosteroid withdrawal [ 1 ]. 
Little is known about the use of mTOR inhibitors in pancreas 
transplant recipients. Sirolimus appears to prevent rejection 
in pancreas transplant recipients, but only a few small, non-
randomized studies have been published [ 44 ,  45 ,  113 – 118 ].  

3.7.2      Lung Transplantation   

 For the past two to three decades, the most commonly used 
regimen in lung  transplant   recipients has consisted of a calci-
neurin inhibitor plus an antimetabolite and corticosteroids 
[ 1 ]. There is less evidence supporting the use of tacrolimus 
in lung transplantation [ 119 – 122 ], and therefore the switch 
from cyclosporine to tacrolimus has been delayed when 
compared to other transplanted organs. Similarly, many lung 
transplant centers have not switched from azathioprine to 
mycophenolic acid [ 123 – 127 ]. Currently based on SRTR 
statistics, 86 % of new lung transplants are prescribed tacro-
limus and 55 % of lung transplant recipients are given myco-
phenolic acid [ 1 ], perhaps because the published literature 
suggests an increased incidence of infection and gastrointes-
tinal toxicity with mycophenolate mofetil [ 127 ]. Sirolimus is 
not commonly used or FDA approved for use in lung trans-
plantation because it has been associated with several fatal 
cases of anastomotic bronchial dehiscence when used in the 
early posttransplantation period as well as interstitial pneu-
monitis. In contrast, everolimus has been studied in lung 
transplantation with more success [ 128 ,  129 ].  

3.7.3      Liver Transplantation   

 For liver  transplant   recipients, the regimen that is most com-
monly used at the time of transplant is tacrolimus plus myco-
phenolic acid and corticosteroids, although corticosteroid 
withdrawal is becoming more common [ 1 ]. Many patients 
receive triple immunosuppressive therapy at the time of 
transplant, but agents are commonly weaned and dual or 
single therapy is commonplace. Lower acute rejection rates 
have been seen with tacrolimus (vs. cyclosporine) [ 130 – 132 ] 
and mycophenolate mofetil [ 133 – 135 ]. Corticosteroid with-
drawal or avoidance has been attempted in liver transplant 
recipients in an effort to reduce adverse events and minimize 

the consequences of hepatitis C recurrence [ 136 ,  137 ]. Meta- 
analyses have concluded that when corticosteroids were 
replaced by other agents, the incidence of acute rejection was 
reduced and that corticosteroid-free regimens are benefi cial 
in lowering cholesterol, cytomegalovirus infection, hyper-
tension, and new-onset diabetes mellitus [ 138 ,  139 ]. 
Sirolimus is not approved in liver transplantation due to a 
higher rate of hepatic artery thrombosis when compared to 
cyclosporine. The use of sirolimus after 1 year after trans-
plant as conversion therapy may be safe, although not effec-
tive as in preventing nephrotoxicity [ 140 ]. Everolimus may 
show more promise in patients converted for renal dysfunc-
tion, but adverse events may limit it use [ 141 ]. 

3.7.4        Intestinal Transplantation      

 Intestinal transplant recipients have the highest rejection 
rates and the lowest allograft survival rates due to the high 
immunogenicity of the bowel. Newer immunosuppressive 
drugs have played a signifi cant role in the success with the 
procedure since the mid-1990s. Currently, most intestinal 
transplant recipients receive tacrolimus and corticoste-
roids as maintenance immunosuppression. Fewer than 

  Heart Transplantation      

  Tacrolimus   is the most   widely used calcineurin inhibi-
tor (75 %) in heart transplantation, mycophenolic is the 
predominant antimetabolite agent (88 %), and the use 
of sirolimus and everolimus remains low. Most patients 
(89 %) remain on low-dose glucocorticoids at 1-year 

posttransplantation. Single-center and multicenter ran-
domized comparisons between de novo use of tacroli-
mus and cyclosporine after heart transplantation 
support the use of tacrolimus [ 142 ,  143 ]. The substitu-
tion of mycophenolate mofetil for azathioprine may 
reduce mortality and rejection in the fi rst year after 
cardiac transplantation [ 144 ]. Enteric-coated myco-
phenolic sodium and mycophenolate mofetil appear to 
be similar except that signifi cantly fewer enteric- 
coated mycophenolic sodium patients required dose 
reductions during treatment [ 145 ]. The mTOR inhibi-
tors may be used in patients with cardiac allograft vas-
culopathy or renal insuffi ciency because of their 
inhibitory effects on smooth muscle proliferation and 
absence of intrinsic nephrotoxicity [ 146 ]. The high 
incidence of adverse effects, including lower- extremity 
edema and poor wound healing, may limit the univer-
sal use of these agents. Of the two available mTOR 
inhibitors, everolimus has better evidence of reducing 
acute rejection rates and preventing vasculopathy 
[ 147 – 149 ]. Corticosteroids are used in most heart 
transplant recipients at relatively high doses in the 
early postoperative period then tapered to low doses or 
discontinued altogether in the fi rst transplant year 
[ 150 ,  151 ]. Low-risk patients may tolerate earlier 
(within 1–2 months posttransplantation) corticosteroid 
withdrawal without long-term adverse consequences 
[ 152 ,  153 ], but this may result in higher acute rejection 
rates and additional steroids during   follow-up [ 154 ]. 
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200 intestine transplants are performed yearly and there-
fore the clinical trials of immunosuppression are few in 
number [ 155 ].   

3.8     Conclusion 

 Induction, maintenance, and treatment of rejection are the 
three phases of immunosuppression. The choice of induction 
agent remains debatable and should be based on patient- 
specifi c risk factors. Basiliximab or no induction agent may 
be preferred in low-risk patients and r-ATG may be preferred 
in high-risk transplant patients. Maintenance therapy typi-
cally includes a calcineurin inhibitor and an antiproliferative 
agent, with or without corticosteroids. Tacrolimus and 
 mycophenolate are the preferred maintenance agents. In 
patients who are at low immunological risk, corticosteroids 
can be avoided or withdrawn, although this practice is debat-
able. Treatment for mild cellular rejection involves cortico-
steroids, whereas moderate to severe cellular rejection is 
typically treated with antithymocyte globulins. Humoral 
rejection is treated with multiple therapies including IVIG, 
plasmapheresis, corticosteroids, rituximab, eculizumab, or 
bortezomib. 

 While awaiting further advances in the immunosuppres-
sive armamentarium, we should be able to improve patient 
and allograft survival by tailoring available immunosup-
pressive agents. Maintaining the effectiveness of immuno-
suppressive therapy requires shifting our therapeutic 
approach from “one-size-fi ts-all” to a tailored or individu-
alized strategy. In the current era of transplantation, immu-
nosuppressive regimens are selected based on several 
factors including immunological risk of rejection, potential 
for excessive immunosuppression (e.g., infection and can-
cer), medication side effects, patient adherence, patient 
characteristics, cost, and presence of comorbid disease 
states. Balancing the need for immunosuppression to pre-
vent allograft rejection while minimizing drug toxicity and 
the risk of infections and malignancy continues to be a 
challenging task. Given toxicities of immunosuppressive 
agents, different maintenance regimens are being explored 
to minimize adverse short- and long-term effects. Patients 
at risk for rejection may require more potent immunosup-
pressive medication, more medications, and higher doses. 
Patient at lower risk for rejection may need less potent 
medications, lower drug concentrations and dosages, or 
mono- or dual therapy. 

 Ongoing vigilant monitoring of transplant patients should 
be combined with a willingness to respond to rejection or 
infection with alterations in maintenance immunosuppres-
sive therapy. Further study of these immunosuppressive regi-
mens and novel agents should provide innovative strategies 
that extend the functional life of allografts and provide the 
ideal immunosuppressive regimen.     
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     4 
   Common Drug Interactions Encountered 
in Treating Transplant- Related Infection                     
     Helen     W.     Boucher       and     Shannon     M.     Wiehe     

       The treatment of patients with transplant-related infections 
requires close attention to the host in order to ensure ade-
quate and safe dosing of anti-infective medications. Solid 
organ transplant recipients are at risk for synergistic toxici-
ties due to drug–drug interactions between anti-infective 
agents and immunosuppressive medications. These toxicities 
relate to consequences of high exposures to the immunosup-
pressive and/or the anti-infective medication. While perhaps 
less frequent, the risk of inadequate anti-infective drug expo-
sure and resulting treatment failure due to drug–drug interac-
tions must also be avoided. This chapter presents a summary 
of the clinically signifi cant drug–drug interactions encoun-
tered in providing anti-infective chemotherapy to solid organ 
transplant recipients. 

 Medications used for immunosuppression after organ 
transplantation can be split into seven categories (Table  4-1 ): 
polyclonal antibodies, monoclonal antibodies, calcineurin 
inhibitors, antimetabolites, mammalian target of rapamycin 
(mTOR) inhibitors, corticosteroids, and selective T-cell 
costimulation blockers. The reader is referred to Chap.   3     for 
more detailed information regarding the mechanism of 
action of these commonly used immunosuppressive agents. 
The risk of drug interactions is high, particularly within the 
calcineurin inhibitor and mTOR inhibitor drug classes. 

  Cyclosporine      (Neoral, Sandimmune, Novartis 
Pharmaceuticals) and  tacrolimus   (Prograf, Astagraf XL, 
Astellas Pharmaceuticals) are calcineurin inhibitors. They 
suppress the immune system by blocking IL-2 signaling 
between immune cells. Major toxicities include electrolyte 
disturbances (i.e., hypophosphatemia, hypomagnesemia, 
hyperkalemia), hypertension, hyperlipidemia, hyperglyce-
mia, nephrotoxicity, neurotoxicity, and others [ 1 ,  2 ]. Doses 
are adjusted to obtain target whole blood cyclosporine or 
tacrolimus levels and the target range is patient-specifi c. 

  Sirolimus      (Rapamune, Pfi zer Inc.) and  everolimus   
(Zortress, Novartis Pharmaceuticals) are mTOR inhibitors 
whose actions inhibit T-cell activation and proliferation. 
Major toxicities include impaired wound healing, hypertri-
glyceridemia, hyperlipidemia, oral ulcers, proteinuria, and 
noninfectious pneumonitis [ 3 – 6 ]. Sirolimus and everolimus 
doses are adjusted to obtain target whole blood trough con-
centrations, and the target range is patient-specifi c. Sirolimus 
has a long half-life and it will take 1–2 weeks to reach steady 
state after initiating therapy and/or after dose changes. 

 Cyclosporine, tacrolimus, sirolimus, and everolimus are 
substrates for both cytochrome P-450 3A4 (CYP3A4) and 
P-glycoprotein (P-gp). Drugs and substances that induce 
CYP3A4 and/or P-gp may decrease cyclosporine/tacroli-
mus/sirolimus/everolimus concentrations, whereas inhibi-
tors of CYP3A4 and/or P-gp may increase cyclosporine/
tacrolimus/sirolimus/everolimus concentrations. 
Cyclosporine also inhibits CYP3A4 and P-gp and may have 
additional unique drug interactions not present with tacroli-
mus, sirolimus, and everolimus. 

  Azathioprine      (Imuran; Prometheus Laboratories) is an 
antimetabolite. Major toxicities include bone marrow sup-
pression manifesting as leukopenia, thrombocytopenia, and 
anemia. Standard, weight-based dosing is used for azathio-
prine; serum drug concentrations are not utilized [ 7 ]. 

 Mycophenolate mofetil ( MMF     , CellCept; Genentech) 
and mycophenolic acid ( MPA     , Myfortic; Novartis 
Pharmaceuticals) are also antimetabolites, but, compared 
with azathioprine, their mechanism of action is more tar-
geted to the white blood cell lines. Major toxicities include 
leukopenia and gastrointestinal adverse effects, most nota-
bly diarrhea [ 8 ]. Although these drugs are generally used at 
standard doses, therapeutic drug monitoring may be useful 
for MMF. 
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 MMF is a prodrug that, after absorption, is quickly hydro-
lyzed to MPA.  Myfortic   is an enteric coated formulation of 
MPA, which is the active moiety of both these drugs. The 
major metabolite of MPA, an MPA glucuronide known as 
MPAG, is excreted into urine and bile. Once in the GI tract, 
MPAG is converted back into MPA and reabsorbed, resulting 
in enterohepatic recirculation. 

 MMF and MPA are believed to have similar drug interac-
tions. Indeed, most MPA drug interactions are derived from the 
MMF literature. The clinical impact may not be exactly the 
same, however, because each of these medications has a unique 
pharmacokinetic profi le. In addition to the interactions listed in 
Table  4-2 , drugs that alter the GI fl ora may disrupt enterohe-
patic recirculation of MPA. This is because natural GI fl ora is 
responsible for conversion of MPAG to MPA [ 75 ].

   There is scant evidence suggesting that corticosteroids 
may have clinically relevant drug interactions with other 
immunosuppressive agents [ 76 ]. Corticosteroids induce the 
CYP3A4 and P-gp pathways to varying degrees; cyclospo-
rine, tacrolimus, sirolimus, and everolimus rely on these 
pathways for metabolism. Corticosteroids also induce uri-
dine diphosphate glucuronosyltransferase enzymes and mul-
tidrug resistance-associated protein 2; the mycophenolate 
products rely on these pathways for metabolism. When pos-
sible, therapeutic drug monitoring can be used to ensure 
appropriate immunosuppressive exposure while initiating or 
tapering corticosteroids [ 7 ]. 

 Relevant drug interactions have not been noted for the 
polyclonal/monoclonal antibodies or selective T-cell costim-
ulation blockers. These drugs do, however, pose the risk of 
pharmacodynamic interactions and additive toxicities. 

 Since our last update, several new  anti-infective medica-
tions      have been approved for marketing. These include the 
antibacterial drugs tedizolid, ceftaroline, dalbavancin, orita-
vancin, ceftolozane–tazobactam, fi daxomicin, and 
 ceftazidime–avibactam. New antiviral agents include anti-
hepaciviral protease inhibitors (telaprevir, boceprevir, 
simeprevir), polymerase inhibitors, and NS5A inhibitors as 
well as antiretroviral integrase inhibitors (raltegravir, elvite-
gravir, dolutegravir). The new azole antifungal agent isavu-
conazole was also introduced and is marketed as the prodrug 
isavuconazonium sulfate. New immunosuppressant agents 
include everolimus and belatacept. The tables highlight only 
drugs with potential interactions in transplant recipients. 
Table  4-1  lists the  immunosuppressive agents   according to 
their class; Table  4-2  shows common immunosuppressant 
interactions; and Table  4-3   presents   common interactions 
between anti- infective and immunosuppressant drugs.

    TABLE 4-2.    Common  immunosuppressant drug interactions     

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Azathioprine (AZA; 
Imuran) 

 Allopurinol [ 9 ,  10 ]  AZA is metabolized to 6-MP 
(active); 6-MP is 
inactivated by xanthine 
oxidase (XO); allopurinol 
inhibits XO 

 Signifi cant increase in 
6-MP exposure; AZA 
toxicity (i.e., bone 
marrow suppression) 

 Reduce AZA dose; will 
require 66–75 % AZA 
dose reduction when 
adding allopurinol 

 Aminosalicylates: mesalamine, 
olsalazine, sulfasalazine [ 11 , 
 12 ] 

 AZA is metabolized to 6-MP 
(active); 6-MP is 
inactivated by TPMT; 
aminosalicylates may 
inhibit TPMT 

 Higher risk of bone marrow 
suppression 

 Monitor CBC regularly with 
concomitant use 

 Infl iximab [ 13 ]  Infl iximab reduces AZA 
clearance 

 Leukopenia  Monitor CBC regularly with 
concomitant use 

 Warfarin [ 14 ]  Unknown  Dose-dependent inhibition 
of warfarin effect 

 Titrate warfarin; will require 
~2.5-fold higher warfarin 
when adding AZA 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

(continued)

    TABLE 4-1.     Immunosuppressive   agents [ 7 ]   

 Class  Generic name  Brand name 

 Calcineurin 
inhibitors 

 Cyclosporine  Neoral; Sandimmune 

 Tacrolimus  Prograf; Astagraf XL 

 Antimetabolites  Azathioprine  Imuran 

 Mycophenolate mofetil  CellCept 

 Mycophenolic acid  Myfortic 

 Corticosteroids  Prednisone  Deltasone 

 mTOR inhibitors  Sirolimus  Rapamune 

 Everolimus  Zortress 

 Polyclonal 
antibodies 

 Antithymocyte globulin, 
rabbit 

 Thymoglobulin 

 Monoclonal 
antibodies 

 Basiliximab (anti-CD25)  Simulect 

 Alemtuzumab (anti-CD52)  Campath-1H 

 Selective T-cell 
costimulation 
blocker 

 Belatacept  Nulojix 

  For more information, also see Chap.   3    . 
  Abbreviation :  mTOR  mammalian target of rapamycin.  

H.W. Boucher and S.M. Wiehe

http://dx.doi.org/10.1007/978-3-319-28797-3_3


49

TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Cyclosporine (CSA; 
Neoral, 
Sandimmune) 

 Everolimus [ 15 ,  16 ]  Everolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Concomitant administration 
of cyclosporine (Neoral) 
increases EVR AUC and 
 C  max  by 168 % and 82 %, 
respectively 

 EVR dose adjustment may 
be needed upon initiation 
or discontinuation of 
cyclosporine 

 Titrate EVR dose; utilize 
whole blood trough 
concentrations 

 Micafungin [ 17 ]  Micafungin is a mild inhibitor 
of CYP3A4 in vitro; CSA 
is a CYP3A4 substrate 

 Concomitant use results in 
slightly increased CSA 
exposure 

 Titrate CSA; utilize whole 
blood CSA concentrations 

 Mycophenolate mofetil [ 18 , 
 19 ] 

 CSA inhibits enterohepatic 
recirculation of MPAG 

 30–50 % reduction in the 
MPA AUC 0–12 h  

 Note the alteration in MPA 
exposure when changing 
concomitant 
immunosuppression; 
consider MMF dose 
adjustments 

 Sirolimus [ 20 – 22 ]  Sirolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Simultaneous 
administration increases 
SIR  C  max  and AUC by 
116 % and 230 %, 
respectively 

 Stagger administration by at 
least 4 h; note that 
staggered administration 
minimizes but does not 
ameliorate the interaction 

 Administering SIR 4 h after 
CSA increases   SIR  C  max  
and AUC by 37 % and 
80 %, respectively 

 Titrate SIR; utilize whole 
blood trough SIR 
concentrations 

 HMG-CoA reductase 
inhibitors “statins” [ 23 – 26 ]: 
rosuvastatin, 
simvastatin > atorvastatin, 
lovastatin, 
fl uvastatin > pravastatin 

 Competition for metabolism 
by CYP3A4; altered statin 
transport in the liver 

 Concomitant use results in 
increased statin 
exposure; appears more 
potent with CSA than 
TAC 

 Use lower statin doses (i.e., 
50 % reduced); watch for 
myopathies and other 
statin side effects 

 Use with simvastatin and 
atorvastatin not 
recommended 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

 Everolimus (EVR; 
Zortress) 

 Cyclosporine [ 15 ,  16 ]  Everolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Concomitant administration 
of cyclosporine (Neoral) 
increases EVR AUC and 
 C  max  by 168 % and 82 %, 
respectively 

 EVR dose adjustment may 
be needed upon initiation 
or discontinuation of 
cyclosporine 

 Titrate EVR dose; utilize 
whole blood trough 
concentrations 

 Octreotide [ 15 ]  Unknown  Coadministration of EVR 
with depot octreotide 
increased  C  min  by 50 % 

 Note altered octreotide 
exposure with EVR 

 Mycophenolate 
mofetil (MMF; 
CellCept) 

 Acyclovir, ganciclovir [ 27 ]  The antiviral and MPAG 
compete for renal tubular 
secretion; particularly in 
renal impairment 

 Risk for increased 
acyclovir, ganciclovir, 
and MPAG 
concentrations 

 Use combination with 
caution in renal 
insuffi ciency; monitor 
CBC 

 Antacids (i.e., Mg, Al) [ 28 ]  Impaired absorption of MMF/
MPA 

 25–33 % reduction in MPA 
 C  max  and 17–37 % 
reduction in the MPA 
AUC 0–24 h  

 Stagger administration by 
2–4 h 

 Bile acid sequestrants: 
cholestyramine, 
colesevelam, colestipol [ 27 , 
 29 ] 

 Drugs that bind bile acids 
interrupt enterohepatic 
recirculation 

 40 % reduction in the MPA 
AUC 0–24 h  

 Avoid concomitant use 

 Oral contraceptives [ 27 ]  Unknown  Mean levonorgestrel AUC 
was decreased by 15 % 

 Consider additional method 
of birth control 
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TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

   Cyclosporine [ 18 ,  19 ]  CSA inhibits enterohepatic 
recirculation of MPAG 

 30–50 % reduction in the 
MPA AUC 0–12 h  

 Note the alteration in MPA 
exposure when changing 
concomitant 
immunosuppression; 
consider MMF dose 
adjustments 

 Ganciclovir  See acyclovir 

 Nevirapine [ 30 ]  Competition for and/or 
altered enterohepatic 
recycling 

 Slight but signifi cant 
reduction in nevirapine 
exposure; unknown 
effect on MPA 

 No recommendations have 
been made 

 Proton pump inhibitors [ 27 , 
 31 ] 

 Decreased solubility of MPA 
at increased gastric pH 

 MPA  C  max  reduced by 
30–70 %, AUC reduced 
by 25–35 % 

 Clinical signifi cance 
unknown 

 Use with caution 

 Rifampin [ 32 ]  Unknown  Major reduction in MPA 
AUC 0–12 h  

 Consider MPA drug 
monitoring while on 
rifampin 

 Sevelamer [ 33 ]  Impaired absorption of MMF/
MPA 

 30 % and 25 % reduction in 
MPA  C  max  and AUC, 
respectively 

 Stagger administration by 2 h 

 Mycophenolic acid 
(MPA; Myfortic) 

 Acyclovir, ganciclovir [ 34 ]  The antiviral and MPAG 
compete for renal tubular 
secretion; particularly in 
renal impairment 

 Risk for increased 
acyclovir, ganciclovir, 
and MPAG 
concentrations 

 Use combination with 
caution in renal 
insuffi ciency; monitor 
CBC 

 Antacids (i.e., Al, Mg) [ 34 ]  Antacids decrease MPA 
absorption 

 25 % and 37 % reduction in 
MPA  C  max  and AUC, 
respectively 

 Avoid concomitant 
administration 

 Bile acid sequestrants: 
cholestyramine, 
colesevelam, colestipol [ 34 ] 

 Drugs that bind bile acids 
interrupt enterohepatic 
recirculation 

 Reduced MPA exposure  Avoid concomitant 
administration 

 Oral contraceptives [ 34 ]  Unknown; this interaction is 
assumed from the MMF 
experience 

 Mean levonorgestrel AUC 
was decreased by 15 % 

 Consider additional method 
of birth control 

 Cyclosporine [ 35 ]  CSA inhibits enterohepatic 
recirculation of MPAG 

 20–30 % decrease in the 
bioavailability and a 
signifi cant reduction in 
MPA AUC 0–24 h  

 MPA dose requirements may 
be higher when used with 
CSA 

 Ganciclovir  See acyclovir 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

 Sirolimus (SIR; 
Rapamune) 

 Cyclosporine [ 20 – 22 ]  Sirolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Simultaneous 
administration increases 
SIR  C  max  and AUC by 
116 % and 230 %, 
respectively 

 Stagger administration by at 
least 4 h; note that 
staggered administration 
minimizes but does not 
ameliorate the interaction 

 Administering SIR 4 h after 
CSA increases   SIR  C  max  
and AUC by 37 % and 
80 %, respectively 

 Titrate SIR; utilize whole 
blood trough SIR 
concentrations 

 Micafungin [ 36 ]  Unknown  SIR AUC is increased by 
21 %; no effect on SIR 
 C  max  

 Consider therapeutic 
alternatives or titrate SIR 
doses per whole blood 
trough SIR concentrations 

 *Cytochrome P-450 3A4 and 
P-glycoprotein drug 
interactions also apply 
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TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Tacrolimus (TAC; 
Prograf, Astagraf 
XL) 

 HMG-CoA reductase 
inhibitors “statins”: 
simvastatin, atorvastatin, 
lovastatin, fl uvastatin, 
pravastatin, rosuvastatin 
[ 23 ,  26 ] 

 Competition for metabolism 
by CYP3A4; altered statin 
transport in the liver 

 Concomitant use results in 
increased statin 
exposure; appears more 
potent with CSA than 
TAC 

 Use lower statin doses (i.e., 
50 % reduced); watch for 
myopathies and other 
statin side effects 

 Cytochrome P-450 
3A4 (CYP3A4) 
and 
P-glycoprotein 
(P-gp) drug 
interactions 

 Anticonvulsants: 
carbamazepine, 
oxcarbazepine, 
phenobarbital, phenytoin 
[ 15 ,  20 ,  37 ,  38 ] 

 Induction of CYP3A4- 
mediated CSA/TAC/SIR/
EVR metabolism 

 Decrease in plasma CSA/
TAC/SIR/EVR 
concentrations 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Consider therapeutic 
alternatives (i.e., valproic 
acid, lamotrigine, 
gabapentin) 

 Rifampin [ 15 ,  20 ,  39 ,  40 ]  Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Consider rifabutin if 
appropriate [ 41 ] 

 St. John’s wort [ 42 ,  43 ]  Unpredictable and varying 
decrease in CSA/TAC/
SIR/EVR concentrations 

 Avoid concomitant use 

 Amiodarone [ 44 ]  Inhibition of CYP3A4- 
mediated CSA/TAC/SIR/
EVR metabolism 

 Increase in CSA/TAC/SIR/
EVR concentrations 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Danazol [ 45 ] 

 Nefazodone [ 46 ] 

 Grapefruit juice [ 47 ]  Unpredictable and varying 
increase in CSA/TAC/
SIR/EVR concentrations 

 Avoid concomitant use 

 Macrolide antibiotics: 
clarithromycin [ 48 – 50 ], 
erythromycin [ 51 – 53 ], 
telithromycin 

 Signifi cant increase in 
CSA/TAC/SIR/EVR 
concentrations 

 Avoid concomitant use 
whenever possible; 
consider azithromycin [ 54 ] 

 If coadministration is 
necessary, empirically 
reduce CSA/TAC/SIR/
EVR doses, monitor CSA/
TAC/SIR/EVR whole 
blood concentrations; 
titrate CSA/TAC/SIR/EVR 
dose 

 Nondihydropyridine calcium 
channel blockers: diltiazem 
[ 55 – 57 ] > verapamil [ 15 ,  20 , 
 57 ] 

 Increase in CSA/TAC/SIR/
EVR concentrations; 
appears to be more 
potent with diltiazem 
versus verapamil 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Anti-HIV protease inhibitors 
[ 58 ]: amprenavir, atazanavir, 
darunavir, fosamprenavir, 
indinavir, lopinavir [ 59 ,  60 ], 
nelfi navir, ritonavir [ 59 ,  60 ], 
saquinavir 

 Anti-HCV protease inhibitors 
[ 61 ]: boceprevir, telaprevir 

 Signifi cant increase in 
CSA/TAC/SIR/EVR 
concentrations 

 When initiating CSA/TAC/
SIR/EVR, use low doses 
and utilize whole blood 
concentrations to 
determine the dosing 
interval; may need to 
utilize liquid formulations 
to achieve small oral doses 

 Titrate CSA/TAC/SIR/EVR 
dose and/or interval; 
utilize CSA/TAC/SIR/
EVR whole blood 
concentrations 

(continued)
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 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Azole antifungals: 
itraconazole [ 62 , 
 63 ], posaconazole 
[ 64 ,  65 ], 
voriconazole [ 51 , 
 66 ], isavuconazole 
[ 67 ] > fl uconazole 
[ 68 ,  69 ], 
ketoconazole 
[ 20 ] > clotrimazole 
[ 70 ,  71 ] 

 For ketoconazole, 
fl uconazole, and 
clotrimazole: titrate 
CSA/TAC/SIR/EVR 
dose and/or interval; 
utilize CSA/TAC/SIR/
EVR whole blood 
concentrations 

 For voriconazole, 
posaconazole, and 
itraconazole: empirically 
reduce CSA/TAC/SIR/
EVR doses, monitor 
CSA/TAC/SIR/EVR 
whole blood 
concentrations; titrate 
CSA/TAC/SIR/EVR 
dose 

 For voriconazole, 
ketoconazole, and 
itraconazole: note that 
concomitant use with 
EVR is not 
recommended [ 15 ] 

 For voriconazole and 
posaconazole: note that 
concomitant use with 
SIR is contraindicated 
[ 72 ,  73 ] but safe 
coadministration has 
been reported [ 64 ,  74 ] if 
SIR doses are cut by at 
least 50 % before 
initiating voriconazole or 
posaconazole; titrate per 
SIR whole blood trough 
concentrations 

 Clotrimazole troches can 
more than double TAC 
concentrations due to 
inhibition of intestinal 
CYP3A4 and P-gp 

TABLE 4-2. (continued)

H.W. Boucher and S.M. Wiehe
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    5   
 Diagnostic Testing: General Principles                     
     Sarah     E.     Turbett       and     Eric     S.     Rosenberg     

5.1           Introduction 

 Solid organ (SOT) and hematopoietic stem cell transplanta-
tion (HSCT) are processes that result in complex interactions 
between the donor and the recipient and require the use of 
immunosuppressive medications to induce immune toler-
ance. Infectious complications are an unfortunate conse-
quence of transplantation and careful assessment before, 
during, and after transplantation is necessary to prevent sig-
nifi cant morbidity and mortality. Recognition of infection is 
often more diffi cult in transplant recipients due to the neces-
sary suppression of immune function and as a result, the use 
of diagnostic assays for the identifi cation of infection is of 
increased importance [ 1 ]. When considering optimal diag-
nostic testing strategies in transplant recipients, the infec-
tious disease history prior to transplantation in both the 
donor and recipient, factors related to the transplantation 
itself (nosocomial processes or procedure-related complica-
tions), and issues unique to the use of immunosuppression to 
prevent organ rejection or graft vs. host disease (GVHD) 
must be considered [ 1 – 3 ]. 

 Having an understanding of the testing used in the diag-
nosis of transplant-related infectious diseases, including the 
strengths and pitfalls of each test, is vital in care of the trans-
plant recipient. The goal of this chapter is to provide an over-
view of the use of diagnostic tests in the care of the transplant 
patient. More specifi cally, testing strategies for both before 
and after SOT and HSCT will be discussed with a focus on 
appropriate use for risk stratifi cation and clinical decision- 
making in this population.  

5.2     Diagnostic Testing Prior 
to Transplantation 

 Given the potential for both transmission and reactivation of 
infections after transplantation, pretransplantation screening 
of potential donors and recipients is performed prior to the 

procedure. This process allows for the identifi cation of any 
conditions which might preclude either the donor or the recipi-
ent from taking part in the transplantation and to identify and 
treat any active infections prior to the initiation of immuno-
suppressive therapy [ 4 ]. Pretransplantation screening also 
allows a physician to better defi ne the risk of infection and to 
develop strategies for preventing infection through diagnostic 
monitoring, the use of prophylaxis, or immunization prior to 
transplantation [ 4 ]. Diagnostic testing for both active and 
latent infections in the pretransplantation setting is an integral 
part of the pretransplantation evaluation and is often tailored 
to the organ or cells to be transplanted as well as the epidemi-
ology or risk factors of the donor and recipient.  

5.3     Pretransplant Testing in Solid 
Organ Transplantation 

5.3.1     Donor Screening: Living Donors–
Routine Testing 

 The use of organs obtained from living donors provides a 
unique opportunity to assess the donor for the presence of 
active and quiescent infectious diseases that could potentially 
be transmitted to the recipient via the transplanted organ. For 
living donors, pretransplantation diagnostic testing for the 
following infections is required: cytomegalovirus (CMV), 
Epstein-Barr Virus (EBV), human immunodefi ciency virus 
(HIV), Hepatitis B (HBV), Hepatitis C (HCV), and syphilis 
[ 5 ,  6 ] (Table  5-1 ). All of these tests must be performed using 
FDA-licensed, -approved, or cleared tests in a CLIA-certifi ed 
laboratory or one that meets equal  conditions as determined 
by the Centers for Medicare and Medicaid [ 5 ].

5.3.1.1       Cytomegalovirus and Epstein-Barr Virus 

 The  transmission   and  acquisition   of CMV from donor  to   
recipient may result in signifi cant morbidity. Although prior 
infection with CMV in the donor and/or recipient is not a 
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contraindication to transplantation, knowing the serostatus 
of the donor and recipient is critical in defi ning the recipi-
ent’s risk for developing CMV disease and for optimizing 
risk reduction strategies either through the use of prophy-
laxis or preemptive monitoring. Donor screening to assess 
for past exposure to CMV should be performed using assays 
with high sensitivity and specifi city for anti-CMV IgG. Tests 
that include detection and measurement of CMV IgM should 
be avoided due to poor specifi city [ 7 ]. Equivocal anti-CMV 
IgG results in the potential donor should be interpreted as 

positive to ensure appropriate prophylactic and monitoring 
strategies of the recipient in the posttransplant setting [ 7 ]. 

 Acquisition of EBV transmitted from donor to recipient 
may result in acute EBV infection in previously uninfected 
recipients. Active EBV replication has been associated with 
the development of  posttransplantation lymphoproliferative 
disorder (PTLD)  . As EBV induces the production of several 
different EBV-specifi c antibodies, testing for past exposure 
with the viral capsid Antigen IgG (VCA IgG) is the diagnostic 
study of choice [ 4 ]. Nonspecifi c screening tests for EBV 

   TABLE 5-1.    Pretransplant diagnostic testing in solid organ transplant donors and recipients   

 Organism 

 Test  Donor  Recipient 

 Routine  Optional  Routine  Optional 

 CMV  IgG  X  X 

 EBV  VCA IgG  X  X 

 VZV  IgG a   X 

 HIV-I/II  Ag/AB b,c   X  X 

 NAT  X d   X d  

 HAV  IgG  X 

 HBV  sAg  X  X 

 anti-HBc (IgM and IgG)  X  X 

 anti-HBs  X 

 NAT  X e  

 HCV  Anti-HCV f   X  X 

 NAT  X  X 

 HTLV-I/-II  IgG g   X  X 

 WNV  NAT h   X 

 MMR  IgG  X 

 Syphilis  TP-EIA i   X  X 

 TB  TST or IGRA j   X  X 

  T. cruzi   IgG  X  X 

  Strongyloides   IgG k,l   X  X 

  Toxoplasma   IgG  X m   X m  

  Coccidioides   IgG n   X  X 

  Histoplasma   IgG o,p   X 

   a ELISA antibody assay preferred given its higher specifi city for detection [ 29 ,  30 ]. 
  b If Ag/AB testis positive, HIV-1/-II differentiation assay is performed to differentiate HIV-I and HIV-II infection [ 14 ]. 
  c If discrepancies between HIV-I/-II Ag/AB test and HIV-I/-II differentiation assay HIV NAT should be performed [ 14 ]. 
  d HIV NAT should be performed if potential donor or recipient is identifi ed as high risk for HIV infection [ 6 ]. 
  e HBV NAT should be performed when anti-HBC alone is positive to assess for occult infection. 
  f Positive anti-HCV with a negative HCV NAT is followed with repeat anti-HCV with another FDA-approved assay [ 13 ]. 
  g A positive screening test for HTLV-I/II should be confi rmed with virus-specifi c western blot or line immunoassay [ 25 ]. 
  h WNV IgM testing is not FDA-approved for screening but can be performed to increase the sensitivity of WNV detection [ 28 ]. 
  i If TP-EIA is positive, RPR is then performed with a positive result confi rming the diagnosis. If RPR is negative, TPPA is performed to confi rm diag-
nosis. If TPPA is negative, FTA-ABS is performed to confi rm diagnosis. If FTA-ABS is negative, TP-EIA is considered a false positive result [ 8 ,  9 ]. 
  j A two-stage TST should be performed in living donors and recipients from endemic regions [ 4 ,  19 ]. 
  k ELISA antibody assay preferred for  Strongyloides  given its higher sensitivity and specifi city [ 22 ,  23 ]. 
  l Stool examination for ova can be performed if antibody assay is unavailable but is not recommended due to its low sensitivity [ 22 ]. 
  m Routine testing for  Toxoplasma  is only recommended in potential cardiac donors and recipients. 
  n EIA, complement fi xation, and immunodiffusion assays available for  Coccidioides  screening [ 22 ,  24 ]. 
  o Screening for  Histoplasma  with immunodiffusion or complement assay is recommended [ 24 ]. 
  p Presence of H precipitin band on immunodiffusion assay of complement fi xation titer ≥ 1:32 is diagnostic of active infection [ 24 ].  
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such as heterophile antibody is not an acceptable strategy as 
the production of heterophile antibodies typically wane 
within months to 1 year after infection.  

5.3.1.2     Syphilis 

  Syphilis      screening should be performed according to the 
syphilis testing algorithm described by the Centers for 
Disease Control (CDC) and begins with an initial enzyme 
immunoassay treponemal test (TP-EIA) [ 8 ,  9 ]. If TP-EIA is 
positive, a non-treponemal test such as the rapid plasma 
regain (RPR) should then be performed with a positive result 
confi rming the diagnosis of syphilis [ 8 ,  9 ]. In the event of a 
negative non-treponemal antibody test, a second treponemal 
test such as the  Treponema pallidum  particle agglutination 
(TPPA) should be performed [ 8 ,  9 ]. If the second treponemal 
antibody test is negative, a third treponemal antibody test, 
such as the fl uorescent treponemal antibody (FTA-ABS), is 
then done [ 8 ,  9 ]. If either the second or third treponemal anti-
body test is positive, a diagnosis of syphilis is made and 
treatment of the donor should be considered. Negative results 
of the RPR, TPPA, and FTA-ABS in the setting of a positive 
TP-EIA indicate either a false positive result or prior resolved 
infection [ 8 ,  9 ].  

5.3.1.3     Testing for Hepatitis C Virus and Human 
Immunodefi ciency Virus 

 Given the potentially devastating consequences of acquiring 
HCV and/or HIV infection from a potential organ donor, 
screening for these viruses is a complex process and depends 
on the use of both serology and direct virus detection in the 
blood stream via nucleic acid testing (NAT) for accurate 
diagnosis. These tests are performed to improve the sensitiv-
ity of detection of virus in donors with potential recent infec-
tion when seroconversion or detection of antibody production 
has not yet occurred. Termed the “window period,” this 
period of time is often marked by high levels of circulating 
antigen or virus prior to the development and detection of a 
virus-specifi c antibody response. Therefore, testing for anti-
bodies directed against HCV and HIV during this time period 
can result in a “false negative” result and can lead to unin-
tended transmission [ 10 ]. As positive results for HCV and 
HIV can have implications for donor eligibility, combining 
these testing modalities improves the sensitivity of detecting 
these infections prior to transplantation [ 5 ,  6 ]. 

5.3.1.3.1.     Hepatitis C Virus 

 Donor screening for HCV   is performed using both anti- 
Hepatitis C antibody (anti-HCV) and a Hepatitis C nucleic 
acid test (HCV NAT) and must be performed within 28 
days of donation [ 5 ,  6 ]. HCV NAT allows for the direct 

detection of HCV RNA in donor plasma at RNA levels as 
low as 2.0–9.4 IU/mL [ 11 ,  12 ]. This highly sensitive assay has 
reduced the preseroconversion window period to approxi-
mately 4–6 days from exposure as compared to approximately 
60 days with antibody testing alone, greatly increasing the 
diagnosis of acute HCV infection in potential donors [ 11 ]. A 
positive HCV NAT with or without a positive anti-HCV is 
indicative of active hepatitis C infection and is considered to 
be a contraindication to living liver donation [ 5 ]. Due to the 
waxing and waning nature of Hepatitis C viremia, a single 
negative HCV NAT cannot be used as a stand-alone test to 
rule out HCV infection and must be paired with anti-HCV 
Ab testing. A positive anti-HCV in the absence of detectable 
HCV RNA, however, can indicate either a resolved infection 
with HCV or a false positive result [ 11 ,  13 ]. If there is con-
cern for a false positive anti-HCV, current CDC guidelines 
recommend repeat testing for anti-HCV with another Food 
and Drug Administration (FDA)-approved assay [ 13 ]. 
Although controversy exists around the use of organs other 
than the liver from a donor with anti-HCV Ab positivity; 
donation may be considered in cases where the recipient is 
severely ill or who have prior infection with HCV with 
appropriate informed consent [ 4 ].  

5.3.1.3.2.     Human Immunodefi ciency Virus 

 Screening for HIV  infectio  n should be performed using a 
fourth-generation antigen/antibody combination immunoas-
say which detects both HIV-1 and HIV-2 and must be per-
formed within 28 days of donation [ 5 ,  6 ,  14 ]. This test 
identifi es antibody directed against HIV type 1 and HIV type 
2 as well as the presence of HIV-1 p24 antigen, a protein 
shed into the blood stream during periods of active viral rep-
lication. Shedding of p24 antigen typically occurs at high 
levels shortly after initial HIV infection and may be detect-
able 7–10 days prior to antibody [ 15 ]. Screening with a 
fourth-generation antigen/antibody combination test results 
in a signifi cant shortening of the window period prior to 
seroconversion, increasing the sensitivity of acute HIV 
detection [ 14 ]. 

 If a potential donor is identifi ed as high risk for HIV 
infection, HIV nucleic acid testing (HIV NAT) should also 
be performed to increase the sensitivity of diagnosis [ 6 ]. HIV 
NAT is the fi rst detectable biomarker in acute HIV infection, 
preceding the appearance of p24 antigen by several days 
[ 16 ]. If the initial combination HIV-1/2 antigen/antigen test 
is positive, supplemental testing with an HIV1/2 differentia-
tion assay should be performed to exclude the possibility of 
a false positive screening test and to differentiate HIV-1 from 
HIV-2 infection [ 14 ]. Due to the detection of p24 antigen, 
donors with acute HIV-1 infection may have a reactive HIV1/2 
antigen/antibody screening test prior to the development of 
HIV-1-specifi c antibody. Therefore, discrepancies between 
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the results for the initial HIV 1/2 antigen/antibody test and 
the HIV 1/2 differentiation assay should be resolved with 
HIV NAT testing [ 14 ]. Donors who test positive for HIV are 
excluded from donation [ 5 ,  17 ].   

5.3.1.4     Hepatitis B Virus Screening 

 For  HBV, testing   for  both   Hepatitis B surface antigen 
(HBsAg) and Hepatitis B core antibody to both IgM and IgG 
(anti-HBc) should be performed. The presence of these 
markers is highly sensitive for the detection of active HBV 
infection [ 4 – 6 ,  18 ]. Unlike HCV and HIV screening, HBV 
nucleic acid testing (HBV NAT) is not routinely performed 
in donors from countries with low endemic rates of HBV 
infection as the additional benefi t of HBV NAT testing 
appears to be small [ 19 ]. In instances when anti-HBc alone is 
positive, further testing for HBV should be performed with a 
hepatitis B nucleic acid testing (HBV NAT). The detection of 
HBV DNA in this setting should be considered diagnostic of 
active HBV infection. Potential living donors who are posi-
tive for HBsAg are excluded from donation [ 5 ]. The decision 
to use an organ from a positive anti-HBc donor regardless of 
HBV DNA testing is a complex decision often made on a 
case-by-case basis. Testing must be performed within 28 
days of donation [ 5 ].   

5.3.2     Donor Screening: Deceased Donors-
Routine Testing 

 In the United States,  pretransplant   diagnostic testing for 
deceased donors is performed by organ procurement organi-
zations (OPO’s) for all transplant programs in a given 
Donation Service Area (DSA) [ 5 ]. As with living donors, all 
laboratory testing must be completed in CLIA-certifi ed labo-
ratories or in one which meets the same standards as deter-
mined by the Centers for Medicare and Medicaid Services 
using FDA-licensed or -approved tests [ 5 ]. In general, 
deceased donor screening is similar to the approach described 
for living donors. Testing for CMV, EBV, syphilis, HIV, 
HBV, HCV is required and is the same as that described 
above for living donors [ 5 ,  6 ]. In addition, blood cultures and 
cultures from the harvested organ (i.e., Urine from donor 
kidney or sputum and/or bronchoalveolar lavage fl uid (BAL) 
from the donor lung) should be performed at the time of 
transplantation [ 4 ,  5 ]. This is done to assess for active infec-
tion as well as colonizing fl ora which could result in invasive 
infection after transplantation [ 4 ]. In the case of potential 
deceased heart donation, antibody testing for  Toxoplasma  
IgG must be performed given the potential development of 
this infection from seropositive donors after transplantation 
[ 4 ]. Donor screening for toxoplasmosis in noncardiac donors 
is not required [ 4 ].  

5.3.3     Donor Screening: Optional Testing 
in Donors 

 Although the rationale for the routine testing detailed above 
identifi es the most common donor-derived pathogens, there 
are many other less common latent infections that can be 
transmitted by the donor to the recipient at the time of trans-
plantation. The presence of these latent infections is largely 
determined by the donor’s epidemiologic exposure. A thor-
ough history from the donor or a close family member is 
essential in determining these epidemiologic risk factors 
which can then allow for further targeted diagnostic testing. 
The most common of these pathogens include  Mycobacterium 
tuberculosis ,  Strongyloides stercoralis ,  Trypanosoma cruzi , 
 Histoplasma capsulatum ,  Coccidioides immitis , Human T 
lymphotrophic virus-1 (HTLV-1), and West Nile virus. 

5.3.3.1     Mycobacterium tuberculosis  

 Current OPTN policies recommend testing for  Mycobacte-
rium tuberculosis  (TB)   in living donors if a potential donor 
is considered to be at increased risk for latent infection and 
the American Society of Transplantation recommends test-
ing for TB in all living donors regardless of the donor’s indi-
vidual risk [ 4 ,  5 ]. Testing should be performed using either 
the Mantoux tuberculin skin test (TST) or an interferon-
gamma release assay (IGRA) [ 4 ,  5 ,  20 ]. A two-stage TST in 
which a negative TST result is repeated 1–3 weeks later, can 
be performed in living donors from TB endemic regions [ 4 , 
 20 ]. The TST measures a delayed hypersensitivity reaction 
to the presence of purifi ed TB protein derivative in those 
infected with TB whereas the IGRA measures the cellular 
immune response to TB proteins through the release of 
interferon- gamma (IFN-γ) [ 21 ]. Both TST and IGRA have 
sensitivities ranging between 80 and 90% [ 21 ]. IGRA test-
ing does have an increased specifi city for the diagnosis of 
TB infection as it does not cross react with Bacillus 
Calmette-Guerin (BCG) vaccination as compared to the 
TST [ 21 ]. Neither test seems to be superior for the diagnosis 
of TB in immunosuppressed individuals [ 21 ]. In a living 
donor, a positive TST or IGRA must be followed by addi-
tional testing to assess for active TB infection [ 4 ,  21 ]. While 
TST cannot be performed in deceased donor blood [ 22 ], 
IGRA testing can be performed, however, the utility of these 
tests have not been studied in this population and therefore 
cannot be used solely to determine the overall TB risk [ 22 ]. 
Furthermore, the time constraints associated with potential 
deceased donation make IGRA testing impractical as results 
will often not be available by the time the decision for dona-
tion is made [ 4 ]. Latent TB infection in both living and 
deceased donors is not a contraindication to donation 
although active infection in a living or deceased potential 
donor is a cause for exclusion [ 4 ].  

S.E. Turbett and E.S. Rosenberg



63

5.3.3.2      Strongyloides stercoralis  

 Donor-derived  transmission   of parasitic infections has been 
well documented in the posttransplant setting.   Strongyloides 
stercoralis    is a common parasite found in tropical climates 
that can live latently within an asymptomatic potential donor 
[ 23 ]. Although rare, donor-derived transmission of this 
infection can result in signifi cant morbidity and mortality to 
the recipient [ 23 ]. Potential donors with epidemiologic risk 
factors for  Strongyloides stercoralis  should be screened for 
this infection prior to donation. The preferred screening 
method is serology with enzyme-linked immunosorbent 
assay (ELISA) for IgG antibody as this has a greater sensi-
tivity and specifi city for the detection of the organism as 
compared to other methods [ 23 ,  24 ]. Stool examination for 
 Strongyloides stercoralis  ova can also be performed but is 
not recommended given its signifi cantly lower sensitivity 
[ 23 ]. It may be considered when antibody testing cannot be 
performed. A positive test for  Strongyloides stercoralis  is not 
a contraindication to donation in potential living donors but 
would require treatment prior to donation [ 23 ]. A positive 
test in deceased donors is also not a contraindication to dona-
tion but would require treatment in the recipient following 
transplantation.  

5.3.3.3     Trypanosoma cruzi  

  Trypanosoma    cruzi       is another parasitic infection that can be 
transmitted from donor to recipient at the time of transplan-
tation. Endemic in Central and South America, infected indi-
viduals develop chronic infection which is often 
asymptomatic [ 23 ]. Screening of all potential donors who 
have lived in an endemic region is recommended and is often 
done with serology testing [ 23 ]. There are currently several 
FDA-cleared tests for the identifi cation of latent infection in 
potential donors. A positive test for  T. cruzi  is a contraindica-
tion to cardiac donation but not for other organ donations [ 4 ].  

5.3.3.4    Endemic Fungal Infections 

 Donor-derived transmission of endemic fungi such as 
 Histoplasma capsulatum  and  Coccidioides immitis  is an 
uncommon occurrence in the posttransplant setting, how-
ever, when transmission occurs, morbidity and mortality is 
high [ 4 ,  23 ]. Due to overall low rates of transmission, rou-
tine testing for  Histoplasma  in potential candidates from 
endemic regions is not recommended [ 25 ]. Potential living 
donors from endemic areas who have a history of histoplas-
mosis or a pneumonia of unclear etiology within the past 2 
years, however, should undergo diagnostic testing [ 25 ]. 
Serologic testing with the use of immunodiffusion assay or 
complement fi xation is recommended with the identifi cation 
of an H precipitin band on immunodiffusion assay or a com-

plement fi xation titer of ≥1:32 being diagnostic of active 
infection [ 23 ,  25 ]. The identifi cation of an M precipitin band 
on immunodiffusion or complement fi xation titers <1:32 are 
less specifi c for active infection and may indicate past infec-
tion with a low risk for transmission [ 23 ,  25 ]. Outside the 
setting of suspected active  Histoplasma  infection, serum or 
urine  Histoplasma  antigen testing has limited utility and 
should be avoided as a screening test in the asymptomatic 
living donor. Potential deceased donors from endemic 
regions with symptoms suggestive of histoplasmosis should 
undergo organ examination for signs of infection [ 25 ]. If 
present, tissue for fungal histopathology and culture as well 
as serum  Histoplasma  serology and antigen assay should be 
performed [ 25 ]. Active disseminated infection in a potential 
donor is a contraindication to donation, however in deceased 
donors, identifi cation of this is often made after transplanta-
tion [ 4 ,  25 ]. 

 The majority of patients with transmissible  Coccidioides 
immitis  infection are asymptomatic [ 23 ]. Therefore, poten-
tial living donors from endemic regions should be screened 
with serologic assays in combination with chest imaging [ 25 , 
 26 ]. Multiple serologic assays are available including 
enzyme immunoassay (EIA), complement fi xation (CF), and 
immunodiffusion (ID) [ 25 ]. Detection of IgG antibody via 
immunodiffusion has the highest specifi city for diagnosis 
but has a lower sensitivity than other assays particularly 
early in infection [ 25 ]. Potential living donors with a positive 
serological test should then undergo further evaluation and 
testing to identify the degree of infection including cultures, 
imaging, and cerebrospinal fl uid (CSF) studies depending on 
the clinical situation [ 25 ]. Active infection in a potential liv-
ing donor is a contraindication to transplant until treatment 
has been completed [ 25 ]. Potential deceased donors from 
endemic areas should undergo organ examination followed 
by cultures, fungal histopathology, and serologic testing. 
Active known  Coccidioides  infection in a potential deceased 
donor is a contraindication to transplant, however, diagnosis 
is often made after transplantation [ 27 ].  

5.3.3.5    Human T-Cell Lymphocytic Virus-1 

 Human T- cell   lymphocytic virus-1 is endemic in parts of the 
Caribbean, Japan, and West Africa. Donor-derived transmis-
sion of HTLV-1 is a rare but potentially serious complication 
in SOT. Due to the overall low seroprevalence of this virus in 
the United States, routine testing of potential donors is no 
longer performed [ 4 ]. Optional screening of potential donors 
at risk for asymptomatic HTLV-I infected, however, can be 
performed using FDA-approved screening tests for HTLV- 
1/2 [ 26 ,  28 ]. These are combined serologic screening tests 
for both HTLV-I and HTLV-II [ 26 ,  28 ]. One limitation to 
testing is that the currently available assays are unable to 
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distinguish between HTLV-I and HTLV-II infection [ 26 ]. 
As HTLV-II has never been determined to cause human 
disease, being able to distinguish between these two entities 
is clinically important [ 26 ]. Therefore, a positive initial assay 
should always be confi rmed by a virus-specifi c western blot 
or line immunoassay [ 26 ]. The presence of known HTLV-I in 
a potential donor results in exclusion from donation [ 4 ].  

5.3.3.6     West Nile Virus 

 Donor-derived  transmission   of  West Nile Virus (WNV)   has 
been documented in SOT. Targeted testing of potential living 
donors in locations of WNV activity and during time periods 
when transmission is thought to be high can be performed 
[ 29 ]. WNV nucleic acid testing (WNV NAT) is the preferred 
diagnostic testing strategy and ideally should be performed 
using an FDA-approved WNV NAT, within 2 weeks of dona-
tion [ 28 ,  29 ]. Serologic testing for IgM to WNV is also avail-
able but is not an FDA-approved screening test as it has not 
been studied for this indication [ 29 ]. It can be considered as 
a supplemental test to WNV NAT to increase the sensitivity 
of WNV detection [ 29 ]. Overall, the false positive rate of 
WNV NAT is low, however, if a false positive is suspected, 
repeat WNV NAT using another NAT can be performed [ 29 ]. 
Potential living donors with a positive test for WNV should 
be excluded from donation [ 4 ]. Potential deceased donors 
with symptoms suggestive of WNV should also undergo 
NAT testing and if there is clinical suspicion of infection, 
they should be excluded from organ donation [ 4 ].   

5.3.4     Recipient Screening: Routine Testing 

 For potential SOT recipients, routine pretransplant diagnostic 
testing for the following infections is recommended: CMV, 
EBV, HIV, HBV, HCV, syphilis, TB, varicella (VZV), hepati-
tis A (HAV), measles, mumps, and rubella (MMR) [ 4 ]. Testing 
strategies for CMV, EBV, HCV, syphilis, and TB are the same 
as those described above for potential donors. For HBV 
screening in the potential recipient, anti-HBs testing in addi-
tion to HBsAg and anti-HBc to assess for potential immunity 
is recommended. Potential recipients who are seronegative for 
HBV should undergo vaccination prior to transplant [ 4 ]. VZV 
screening should be performed using standard serological 
techniques for the detection of IgG antibody to determine if 
vaccination is needed prior to transplantation. It should be 
noted, however, that these assays have a low sensitivity for the 
detection of vaccine-induced immunity and can lead to false 
negative reports in those previously vaccinated [ 30 ]. ELISA-
based assays are preferred given their higher specifi city for the 
detection VZV immunity in order to prevent false positive 
results [ 30 ,  31 ]. Diagnostic testing for HAV and MMR should 
be performed using standard commercially available serologic 

assays in all potential recipients to assess for immunity [ 4 ]. 
Seronegative individuals should receive vaccination prior to 
transplantation if there are no contraindications [ 4 ]. In all indi-
viduals being considered for heart transplantation, testing for 
anti- Toxoplasma IgG  must be performed given the potential 
development of this infection after transplantation [ 4 ]. 
Serologic methods as described above in deceased donor 
screening are recommended. Finally, screening of the poten-
tial SOT recipient for active infection and multi-drug-resistant 
colonizing fl ora through the use of standard culture techniques 
or NAT is often done prior to transplantation [ 4 ]. 
 The development of CMV infection is one of the most com-
mon infectious complications of transplantation. As men-
tioned in the section on donor screening, testing is performed 
using anti-CMV IgG due to its improved specifi city for 
detection of latent infection [ 7 ]. Assays that measure CMV 
IgM should not be used due to the poor specifi city. Careful 
interpretation of anti-CMV IgG results is required as false 
positive results have been reported in individuals with mul-
tiple blood transfusions or in children less than 1 year of age 
from passive transfer of anti-CMV IgG antibodies [ 7 ,  32 ]. 
Whenever possible, a pretransfusion blood sample is best for 
testing [ 7 ]. If pretransfusion testing is not possible and/or 
equivocal results persist in the potential recipient, the result 
should be interpreted so as to ascribe the highest CMV risk 
to that individual based on the donor’s CMV serostatus [ 7 ]. 
In children less than 1 year of age, CMV culture or NAT of 
numerous mucosal sites should be performed to help deci-
pher any equivocal fi ndings [ 7 ].  

5.3.5     Recipient Screening: Optional Testing 

 Individuals at risk for  Strongyloides stercoralis ,     Toxoplasma 
gondii ,  Trypanosoma cruzi , HTLV-1, and  Coccidioides immi-
tis  should be screened as previously described [ 4 ]. 
Pretransplantation screening for  Histoplasma capsulatum , 
however, is not recommended given the tests low sensitivity 
for the detection of latent infection in potential recipients [ 4 ]. 
Diagnostic testing for HTLV-I can also be performed and fol-
lows the recommendations previously described above [ 4 ].   

5.4     Pretransplant Testing 
in Hematopoietic Stem Cell 
Transplant 

5.4.1    Donor Screening: Routine Testing 

 The Food and Drug Administration (FDA)  currently   requires 
that all potential HSCT donors be screened for CMV, HIV, 
HBV, HCV, syphilis, HTLV-I/II, and WNV [ 33 ]. Testing for 
HIV, HBV, HCV, syphilis, and HTLV-I/II is also supported 
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by the American Association of Blood Banks (AABB) [ 34 ] 
(Table  5-2 ). For HIV, either a third generation test for HIV- 
1/2 antibody or a fourth generation antigen/antibody 
 combination immunoassay for HIV-1/2 as well as HIV NAT 
is recommended [ 33 ,  34 ]. For CMV, HCV, and HTLV-I/II the 
diagnostic methods described in the section on SOT donor 
screening should be used [ 33 ]. For HBV, the FDA requires 
anti-HBc and HBsAg testing whereas the AABB also recom-
mends HBV NAT testing to assess for HBV infection [ 33 , 
 34 ]. Detection of HBV DNA by NAT is diagnostic for HBV 
infection although a single negative (undetectable) NAT 
result is not suffi cient to rule out this infection. Potential 
donors who test positive for HIV or HTLV-I/II on initial 
screening tests are excluded from donation [ 33 ]. Potential 

donors who test positive for HBV (a positive HBsAg, anti- 
HBc or HBV NAT) and HCV are generally excluded from 
donation although in some situations exceptions may be 
made [ 33 ]. Confi rmatory testing for these viruses can and 
should be performed in relation to the donor but will not 
change the outcome of donor ineligibility [ 33 ].

   CMV seropositivity is not a contraindication to donation 
but does inform prophylaxis or monitoring strategies in the 
recipient following transplantation [ 33 ]. For syphilis screen-
ing, either a non-treponemal antibody test such as the RPR or 
a treponemal antibody test such as the TP-EIA can be per-
formed [ 33 ]. Potential donors with a positive treponemal- 
specifi c antibody test are excluded from donation whereas 
due to the low specifi city of non-treponemal antibody assays, 

   TABLE 5-2.    Pretransplant diagnostic testing in hematopoetic stem cell transplant donors and recipients   

 Organism  Test 

 Donor  Recipient 

 Routine  Optional  Routine  Optional 

 CMV  IgG  X  X 

 EBV  VCA IgG  X  X 

 VZV  IgG a   X 

 HSV-I/II  IgG  X 

 HIV-I/II  AB or Ag/AB  X  X 

 NAT  X  X 

 HBV  sAg  X  X 

 anti-HBc (IgM and IgG)  X  X 

 anti-HBs  X 

 NAT  X  X b  

 HCV  Anti-HCV  X  X 

 NAT  X  X 

 HTLV-I/-II  IgG  X  X 

 WNV  NAT c   X  X 

 Syphilis  RPR or TP-EIA  X d   X 

 TB  TST or IGRA e   X 

  T. cruzi   IgG  X  X 

  Strongyloides   IgG f,g   X  X 

  Toxoplasma   IgG  X  X 

 Malaria  Malaria rapid antigen h   X 

  Ehrlichia   IgG i   X 

  Anaplasma   IgG i   X 

  Coxiella   IgG j   X 

  Babesia   Blood smear light microscopy or 
PCR 

 X 

  Rickettsia rickettsii   IgG j   X 

   a ELISA antibody assay preferred given its higher specifi city for detection [ 29 ,  30 ]. 
  b If HBsAg or anti-HBc is positive, HBV NAT should performed. 
  c WNV IgM testing is not FDA-approved for screening but can be performed to increase the sensitivity of WNV detection [ 28 ]. 
  d Potential donors with a positive RPR must have a TP-EIA performed to confi rm the diagnosis [ 32 ]. 
  e A two-stage TST can be performed in recipients from endemic regions [ 4 ,  19 ]. 
  f ELISA antibody assay preferred for  Strongyloides  given its higher sensitivity and specifi city [ 22 ,  23 ]. 
  g Stool examination for ova can be performed if antibody assay is unavailable but is not recommended due to its low sensitivity [ 22 ]. 
  h A negative malaria rapid antigen diagnostic test should be confi rmed by thick and thin blood smear examination [ 40 ,  41 ]. 
  i For  Ehrlichia  and  Anaplasma,  an immunofl uorescence assay is recommended with a fourfold increase in titer being diagnostic [ 37 ]. 
  j Serology for  Coxiella  and  Rickettsia  using indirect immunofl uorescence antibody is preferred [ 37 ,  38 ].  
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those with an initial positive non-treponemal antibody test 
but a negative confi rmatory treponemal antibody test are not 
excluded [ 33 ]. Testing must be performed within 30 days of 
donation for stem cell and bone marrow transplantation and 
within 7 days for umbilical cord blood transplantation [ 2 ]. 
For WNV, WNV NAT as described in the section on screen-
ing of SOT donors should be performed on all potential 
donors [ 29 ]. Potential donors who test positive for WNV 
should be deferred from donation for 120 days [ 35 ]. Although 
not required by the FDA, screening for EBV infection with 
the use of VCA IgG is often performed to assess for risk of 
posttransplantation proliferative disorders.  

5.4.2    Donor Screening: Optional Testing 

 As with SOT, transmission of other less common latent 
infections from a potential HSCT donor can have signifi -
cant consequences in the recipient posttransplantation. 
Pretransplantation screening for these infections includes a 
thorough history to identify epidemiological risk factors in 
the potential donor. If risk factors are identifi ed, further 
diagnostic testing is then performed. 

 Similar to SOT,   Trypanosoma cruzii    transmission has 
been described in HSCT donation and therefore, serologic 
testing using an FDA-approved assay should be performed 
in potential donors from endemic regions [ 2 ,  36 ]. Potential 
donors who are repeatedly seropositive on a screening assay 
are deferred from donation regardless of the results of confi r-
matory testing [ 36 ]. 

 Potential donors with symptoms suggestive of active 
  Mycobacterium tuberculosis    should be evaluated fully for 
evidence of infection and excluded from donation if a diag-
nosis of active TB is made [ 2 ]. Latent TB in a potential 
donor, however, is not a contraindication to donation as the 
risk of transmission is minimal [ 2 ]. Therefore, routine 
screening of potential donors with risk factors for latent TB 
is not recommended [ 2 ]. 

 Pretransplantation screening of potential donors for 
malaria is recommended in those who have resided or trav-
elled to an endemic area [ 2 ]. Initial screening involves a 
careful history. Potential donors with a history of travel to an 
endemic area should be deferred from donation for 1 year 
from return and those who have resided in a malaria endemic 
region should be deferred from donation for a 3-year period 
[ 2 ]. Diagnostic testing for asymptomatic malaria infection in 
potential donors with potential exposure is not recommended 
as the likelihood of detecting parasitemia during dormant 
disease is exceedingly low [ 2 ,  34 ]. 

 Pretransplantation screening for   Toxoplasma gondii    can be 
performed in potential donors with risk factors as asymptom-
atic transmission to recipients has been reported [ 2 ,  37 ]. 
Antibody testing as described in the screening of SOT donor 
section is the preferred diagnostic tool. Potential donors with 

acute infection should be deferred from donation, however, 
past or latent infection is not a contraindication to donation [ 2 ]. 

 Although no current FDA guideline exists, testing for tick 
borne illnesses such as  Ehrlichia ,  Anaplasma ,  Coxiella , 
 Babesia , and  Rickettsia rickettsii  can also be considered in 
potential donors residing in endemic areas. The diagnosis of 
Babesiosis can be made either with detection of the parasite 
directly on thick and thin blood smear examination or 
through nucleic acid amplifi cation of the  Babesia  18s rRNA 
gene through polymerase chain reaction ( Babesia  PCR) [ 38 ]. 
Potential donors with either evidence of  Babesia  or a past 
history of infection should be deferred per AAAB recom-
mendations. NAT is the most sensitive way to make the diag-
nosis of  Ehrlichia  and  Anaplasma ; however, serologic 
testing using immunofl uorescence assay (IFA) remains the 
test of choice with a fourfold increase in IgG antibody indi-
cating active infection [ 38 ]. For  Coxiella,  serology through 
indirect immunofl uorescence methods is the diagnostic study 
of choice [ 38 ]. For  Rickettsia rickettsii  or Rocky Mountain 
Spotted Fever (RMSF) diagnosis is often made based on 
clinical features and epidemiology [ 39 ]. Serologic testing 
using indirect immunofl uorescence antibody (IFA) can be 
performed and it has been shown to have a 94–100 % sensi-
tivity for the diagnosis of RMSF after 2 weeks of onset of 
symptoms [ 39 ]. Sequential serologic testing looking for 
acute and convalescent titers is the recommended approach 
[ 39 ]. There is no formal recommendation from the FDA or 
the AABB regarding deferment of potential donors with 
active infection with  Coxiella ,  Ehrlichia ,  Anaplasma , or 
 Rickettsia rickettsii  although most would recommend defer-
ment until resolution of illness [ 40 ].  

5.4.3     Recipient Screening: Routine Testing 

  Pretransplantation   screening of potential HSCT recipients 
for CMV, EBV, Herpes Simplex Virus (HSV), VZV, HBV, 
HCV, HIV, and syphilis is recommended [ 2 ,  37 ]. Testing for 
WNV and HTLV-I/II is also often routinely performed by 
blood banks. Testing for CMV, EBV, HCV, HIV, syphilis, 
WNV, and HTLV-I/II should follow the testing methods out-
lined in the section on diagnostic methods for SOT donors. 
Testing for VZV should follow the methods outlined in the 
section of diagnostic methods for SOT recipients. For HBV 
screening, HBsAg, anti-HBc, and anti-HBs should be per-
formed [ 2 ]. If a recipient tests positive for anti-HBc or 
HBsAg, nucleic acid testing (HBV NAT) should then be 
done [ 2 ]. For HSV, IgG serology for HSV should be per-
formed using standard serologic methods; type specifi c anti- 
HSV IgG is not required [ 2 ]. Positive serologies for any of 
the above latent infections are not a contraindication to 
HSCT but do inform the physician regarding potential reac-
tivation risk in the recipient and allow for the implementa-
tion of appropriate monitoring or prophylactic strategies.  
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5.4.4     Recipient Screening: Optional Testing 

  Similar to SOT  recipient  s, potential HSCT recipients may 
also harbor other latent infections at the time of transplanta-
tion depending on their epidemiologic exposure risk. For 
TB, routine diagnostic testing of all potential recipients for 
 Mycobacterium tuberculosis  is controversial. Those with 
risk factors for TB, should be screened using the diagnostic 
methods previously described in the SOT section [ 2 ]. 
Transplantation of a potential recipient with active TB should 
be deferred until the infection is controlled whereas latent 
infection should not delay transplantation [ 2 ]. 

 Reactivation of parasitic infections has been well docu-
mented in HSCT recipients. For example, reactivation of 
 Toxoplasma gondii ,  Strongyloides stercoralis , and 
 Trypanosoma cruzii  have all been described. For  Toxoplasma , 
potential recipients with risk factors for latent infection 
should be screened using IgG antibody testing [ 2 ,  37 ]. For 
 Strongyloides , screening using antibody testing as described 
in the section on SOT is the preferred diagnostic method [ 2 ]. 
Stool examination for ova and parasite is not recommended 
due to its low sensitivity but can be performed if antibody 
testing is not available [ 2 ]. In that setting, at least three stool 
samples should be evaluated to increase the sensitivity of 
detection [ 2 ,  37 ]. Testing for  Trypanosoma  follows those 
diagnostic methods previously outlined in the SOT section. 

 Pretransplantation screening of potential recipients for 
malaria is recommended in those who have resided or trav-
elled to an endemic area [ 2 ]. Initial diagnosis should be made 
through the use of a Malaria Rapid antigen diagnostic test 
which detects the presence of both a  Plasmodium falciparum- 
 specifi c antigen and a pan malaria antigen found in all malar-
ial species in whole blood of individuals with detectable 
malaria parasitemia [ 41 ]. The only currently FDA-approved 
Malaria Rapid Antigen diagnostic test has a 96 % sensitivity 
for the detection of  P. falciparum  and an 84 % sensitivity for 
non- P. falciparum  infections [ 41 ]. Given the potential for 
false negative results, especially for the detection of non- P. 
falciparum  species, the CDC currently recommends that all 
negative Malaria Rapid antigen diagnostic tests be confi rmed 
by thick and thin blood smear examination [ 42 ]. Potential 
recipients who test positive for malaria should be treated 
prior to transplantation.    

5.5     Diagnostic Testing 
After Transplant 

 Once  transplantation   has occurred, recognition of infection 
based on clinical symptoms becomes more diffi cult as the 
immune suppression used to induce immune tolerance also 
suppresses the immune systems response to infection. As a 
result, relying on the presence of fever or localizing symptoms 

is not adequate for the identifi cation and localization of 
infection. Furthermore, the list of potential infectious patho-
gens is signifi cantly larger after transplantation and ranges 
from common community or hospital-acquired organisms to 
opportunistic pathogens. Due to the morbidity and mortality 
associated with many of these infections, early and aggres-
sive diagnostic testing is needed for prompt and accurate 
diagnosis. Although standard microbiologic testing remains 
the cornerstone of the diagnostic workup following trans-
plantation, there are several diagnostic challenges and prin-
ciples that are unique to the immunocompromised host 
including the role of serologic testing and the use of both 
direct detection antigen assays and highly sensitive NAT for 
diagnosing infection and assessing response to treatment.  

5.6     Serologic Testing After 
Transplantation 

  Although      serologic testing is central to the evaluation of the 
donor and recipient before transplantation, the use of serol-
ogy for the diagnosis of active infection after SOT and HSCT 
is of limited value in these populations [ 43 – 45 ]. The attenu-
ation of the immune response as a result of transplantation 
and the use of immunosuppressive medications make devel-
opment and detection of antibody responses an unreliable 
predictor of active infection [ 43 ,  45 ]. For example, studies 
evaluating serial serology testing for CMV (both IgM and 
IgG) in SOT recipients failed to predict the development of 
active CMV disease and did not correlate with CMV viremia 
[ 44 ]. In general, serologic testing should be avoided follow-
ing transplantation and instead direct detection of infectious 
pathogens through the use of staining techniques, culture- 
based methods, histopathology, antigen detection, or molec-
ular methods is recommended.  

5.7     Direct Antigen Detection 
of Infectious Pathogens 

 Microbiologic staining and  cul  ture-based methods as well as 
histopathology are the most common techniques used for 
direct pathogen detection in the posttransplant setting and 
remain the cornerstone of the diagnostic work up in patients 
with infectious symptoms. Direct antigen detection assays 
have also been developed to aid in the diagnosis of infectious 
pathogens in transplant recipients. These tests detect patho-
gen specifi c antigens through the use of antigen specifi c anti-
body binding and can be performed on various media 
including serum, bronchoalveolar lavage, CSF, and urine. 
Various methods are used and can provide either qualitative 
or quantitative results depending on the platform.  
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5.8      Nucleic Acid Testing After 
Transplantation 

 NAT for  the   direct detection  o  f pathogens is routinely used in 
the diagnosis of primary infection or reactivation of latent 
disease in the posttransplant setting. Depending on the assay 
used, NAT can be performed directly on blood, urine or other 
body fl uids. Although NAT can be used for the detection of 
many potential pathogens, it is most commonly employed in 
the diagnosis of active viral infection. 

 The use of NAT enhances the ability to detect pathogens 
with high sensitivity, often before clinical symptoms have 
developed. This capability allows for a preemptive monitor-
ing approach in which NAT can be performed at regular 
intervals to identify and potentially treat infections prior to 
the development of clinical symptoms and disease [ 7 ]. This 
preemptive strategy has been studied for the monitoring of 
CMV infection following transplantation and is considered a 
reasonable approach for monitoring the recipient for viral 
infections including CMV and EBV [ 7 ,  46 ]. In addition to 
being a reliable tool for the diagnosis of both active and 
asymptomatic disease, quantitative NAT can also be used to 
monitor response to treatment and overall treatment duration 
for certain pathogens [ 47 ]. 

 Despite the many advantages of NAT there are several 
notable disadvantages including high cost and interlaboratory 
variability. Since many laboratory-developed and commer-
cially available assays were developed prior to the availabil-
ity of international reference standards, comparison of values 
between platforms may be diffi cult. For example, prior to the 
advent of an international reference standard for CMV devel-
oped by the World Health Organization, signifi cant interlabo-
ratory variability had been well documented [ 7 ,  48 ,  49 ]. As 
not all nucleic acid assays have reference standards, being 
aware of the potential variability between laboratories is 
important in being able to interpret the results effectively. 

 Another potential challenge with NAT in the posttrans-
plantation setting is differentiating low-level asymptomatic 
viral replication from clinical disease. Since the most com-
mon use of NAT following transplantation is to detect reacti-
vation of latent virus, it is sometimes diffi cult to determine 
when a positive nucleic acid test is detecting the presence of 
low-level background viremia of unclear signifi cance vs. 
active clinical disease [ 7 ,  50 ,  51 ]. Unfortunately, established 
guidelines for cut-off values for NAT have not been estab-
lished for most infectious pathogens and interpretation is 
often required based on the clinical scenario. Serial monitor-
ing of NAT, however, can be useful in this setting as signifi -
cant increases in viral load can indicate the development of 
clinical disease. For example, for CMV, a greater-than- 
threefold increase in viral load level over a period of approx-
imately 1 week has been associated with the development of 
clinical disease requiring treatment [ 7 ,  51 ].  

5.9     Diagnostic Testing for Specifi c 
Infectious Diseases 
After Transplant (Table  5-3 ) 

5.9.1        Bacteria 

 For the majority of bacterial  infection  s, gram stain, culture, 
and histopathology from the site of presumed infection 
remain the preferred diagnostic tests. Other viable methods 
for the detection of bacterial pathogens include direct anti-
gen detection assays and NAT. One example of a direct anti-
gen assay is the urinary  Legionella  antigen test that can be 
used in addition to culture for the diagnosis of  Legionella  
pneumonia [ 52 ]. These assays use either ELISA or lateral 
fl ow assay (LFA) to detect antigen to  Legionella pneumoph-
ila  serogroup 1 which accounts for the majority of infections 
with  Legionella  [ 53 ]. Multiple urinary antigen assays have 
been FDA-approved for the diagnosis of  Legionella  and a 
recent meta-analysis revealed a pooled sensitivity and speci-
fi city for these tests of 74 and 99 % [ 54 ]. A similar urinary 
antigen test has also been developed for  Streptococcus pneu-
moniae  detection; however, this test has a more variable sen-
sitivity and specifi city as compared to the urinary legionella 
antigen assays and does not differentiate colonization from 
active infection, particularly in children [ 52 ,  53 ,  55 ].  

5.9.2     Mycobacteria 

 The diagnosis of  active       Mycobacterium tuberculosis  (MTb) 
infection relies on microbiologic staining for acid-fast 
bacilli, culture, and histopathology from the site of presumed 
infection [ 56 ,  57 ]. Samples can be obtained from many 
potential sites including sputum (expectorated vs. induced 
vs. bronchoalveolar lavage), pleural fl uid, gastric aspirate, 
urine, CSF, bone marrow, bone, or blood [ 56 ]. If noninvasive 
staining and culture techniques fail to yield a diagnosis, 
pursing biopsy for tissue staining, culture, and histopathol-
ogy is recommended when possible. When pulmonary tuber-
culosis is suspected and sputum or induced sputum samples 
are to be used for diagnosis, at least three single specimens 
preferably collected on three separate days should be submit-
ted so as to increase the sensitivity of detection [ 56 ,  58 ]. 
When bronchoscopy is pursued, a sputum sample obtained 
after the procedure is also recommended [ 56 ]. 

 NAT has also been developed to aid in the diagnosis of 
tuberculosis including multiplex assays designed to detect 
the presence of MTb DNA as well as genetic mutations com-
monly associated with the development of rifampin resis-
tance [ 59 ]. The sensitivity of MTb NAT is signifi cantly 
enhanced in AFB smear positive individuals [ 60 ]. Use of 
MTb NAT in AFB smear negative respiratory specimens is 
less sensitive and if performed should be interpreted with 
caution. Despite the utility of these multiplex assays in the 
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   TABLE 5-3.    Laboratory diagnostics by organism   

 Organism type  Preferred diagnostic procedures 

 Bacteria  Common typical bacteria  Gram stain 

 Culture a  

 Histopathology 

 Direct antigen assay b  

 Common atypical bacteria   Legionella pneumophila   Culture c  

 Direct urinary antigen assay d  

  Mycoplasma pneumoniae   Serology e  

 NAT 

  Chlamydophilia pneumoniae   Serology e  

 NAT 

 Mycobacteria  Tuberculous  Acid-fast stain f,g  

 Culture f,g  

 Histopathology 

 NAT h  

 Nontuberculous  Acid-fast stain i  

 Culture i  

 Histopathology 

 Nucleic acid probes j,k  

 Fungi   Candida   Fungal stain 

 Culture l  

 Histopathology 

 β (beta)-D Glucan assay m–o  

 Magnetic resonance/nanoparticle assay 

  Aspergillus   Fungal stain 

 Culture p  

 Histopathology p  

 β (beta)-D Glucan assay q  

  Aspergillus  Galactomannan assay r–u  

  Pneumocystis jirovecii   Indirect immunofl uorescence v  

 Histopathology v  

 β (beta)-D Glucan assay w  

 NAT x  

  Cryptococcus   Calcofl uor stain y  

 Culture y  

 Cryptococcal antigen assay z,aa  

 Endemic fungi  Fungal stain 

 Culture bb  

 Histopathology bb  

 Direct antigen assays cc,dd  

 Viruses  CMV  NAT ee–gg  

 CMV pp65 antigenemia hh  

 EBV  NAT ii  

 Respiratory viruses  RSV  Direct fl uorescent antigen jj  

 NAT kk  

 Rapid antigen assay ll  

 Infl uenza  NAT mm  

 Direct fl uorescent antigen 

 Rapid antigen assay nn  

 Other  Direct fl uorescent antigen assay 

 NAT 

(continued)
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TABLE 5-3. (continued)

 Organism type  Preferred diagnostic procedures 

 Parasites   Toxoplasma gondii   Microbiologic examination oo  

 Histopathology oo  

 NAT pp  

  Trypanosoma cruzi   Microbiologic examination qq  

 Histopathology 

 NAT rr  

  Plasmodium species   Microbiologic examination ss  

 Histopathology 

 Malaria rapid antigen tt  

  Babesia microti   Microbiologic examination 

 Histopathology 

 NAT 

   a Multiple different growth media used depending on the type of bacteria expected. 
  b Urinary antigen test available for  Streptococcus pneumoniae  but sensitivity only 52–78 % in patients without bacteremia [ 53 ]. 
  c Considered gold standard for diagnosis of  Legionella  pneumonia but sensitivity only 25–75 % [ 91 ]. 
  d Detects  Legionella pneumophila  serogroup 1 only. Sensitivity and specifi city are 74 % and 99 % respectively [ 92 ]. 
  e Preferred over NAT testing. IgM antibody or convalescent serologies performed 2–3 weeks later can be performed [ 53 ]. 
  f For suspected pulmonary tuberculosis, at least three expectorated or induced sputum samples obtained are required [ 54 ,  56 ]. 
  g If bronchoscopy is performed, a sputum sample after the procedure should be obtained to increase detection rate [ 54 ]. 
  h Detects MTb DNA and genetic mutations associated with rifampin resistance [ 58 ]. 
  i For suspected pulmonary tuberculosis, three expectorated or induced sputum samples are recommended [ 59 ]. 
  j Three currently FDA-approved probes:  Mycobacterium avium complex  (MAC),  Mycobacterium kansasii ,  Mycobacterium gordonae  [ 59 ]. 
  k Sensitivity of nucleic acid probes range from 85 to 100 % with a specifi city of 100 % [ 59 ]. 
  l Considered gold standard for diagnosis of Candidemia but sensitivity only 50 % [ 61 ]. 
  m Assay has 75 % sensitivity but lacks specifi city for the diagnosis of invasive Candidiasis [ 62 ]. 
  n False positives reported with hemodialysis, human blood products, certain antibiotics and bacterial infections, surgical gauze [ 61 ]. 
  o Does not provide information on antifungal susceptibility and should not replace traditional diagnostic methods. 
  p Considered gold standard for diagnosis of invasive aspergillosis. 
  q Sensitivity 77–80 % but lacks specifi city. Cannot be used primarily for diagnosis [ 62 ,  64 ,  65 ,  69 ,  76 ]. 
  r Variable sensitivity depending on test characteristics, use of antifungals, type of  Aspergillus species , population tested [ 60 ,  64 ,  67 ,  68 ]. 
  s False positives reported with  Histoplasma  and  Fusarium species , piperacillin-tazobactam, amoxicillin-clavulanate, cotton or cardboard, certain 
blood products, and certain intravenous hydration fl uids containing sodium gluconate [ 60 ,  66 ,  69 ]. 
  t Can be used for monitoring of serum galactomannan antigen testing for patients with HSCT [ 66 ,  67 ]. 
  u 91 % sensitive and 88 % specifi city when an EIA cut-off value of ≥1.0 used [ 72 ]. 
  v Considered gold standard for diagnosis and should be performed on induced sputum or BAL samples [ 73 ]. 
  w 95 % sensitivity and 86 % specifi city and can serve as a rule-out test when pretest probability is low [ 60 ,  69 ,  76 ]. 
  x NAT with an 87 % sensitivity and 92 % specifi city of [ 75 ]. 
  y Current gold standard for diagnosis with culture being positive in >90 % of patients with central nervous system involvement [ 77 ]. 
  z Sensitivity of 97 % and a specifi city ranging from 93 to 100 % [ 67 ,  78 ]. 
  aa Serum cryptococcal antigen assays with lower and more variable sensitivity depending on the site of infection [ 67 ,  69 ]. 
  bb Considered gold standard for diagnosis. 
  cc Urine antigen assays for histoplasmosis and blastomycosis with sensitivities of >90 % [ 81 ,  82 ]. 
  dd Signifi cant cross-reactivity has been seen across endemic fungi [ 60 ]. 
  ee Performed weekly as a preemptive monitoring strategy or to diagnose active infection [ 7 ]. 
  ff Can be used in monitoring response to treatment and treatment duration [ 46 ]. 
  gg Tests using the international reference standard by the World Health Organization (WHO) recommended [ 7 ,  47 ]. 
  hh Slightly lower sensitivity than NAT. Cannot be used in patients with neutropenia [ 7 ,  84 ,  85 ]. 
  ii Serial monitoring of high-risk HSCT and SOT recipients is recommended [ 2 ,  7 ,  42 ,  83 ]. 
  jj DFA with 77.8 % sensitivity and 99.6 % specifi city with variability in these values depending on technician experience [ 86 ]. 
  kk Many FDA-approved NAT tests with sensitivities greater than 90 % [ 87 ]. 
  ll Due to low sensitivity, these assays should not be used to exclude infection in the transplant population [ 53 ]. 
  mm Preferred diagnostic strategy due to superior sensitivity, specifi city, and rapid turn-around time [ 88 ]. 
  nn Due to low sensitivity, follow up testing with either NAT or viral culture is recommended with negative test results [ 88 ]. 
  oo Sensitivity and specifi city dependent on technician experience [ 53 ]. 
  pp Often only available in reference laboratories [ 53 ]. 
  qq Low sensitivity, repeated or serial samples recommended [ 53 ]. 
  rr Not commercially available, only offered through the Centers for Disease Control (CDC) [ 89 ]. 
  ss Sensitivity and specifi city dependent on technician experience. Three separate samples recommended if clinical suspicion [ 53 ]. 
  tt A negative rapid malaria antigen should be confi rmed by blood smear light microscopy [ 40 ,  41 ].  
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diagnosis of pulmonary tuberculosis, these tests are gener-
ally not approved for use on non-respiratory samples and 
require extensive in-house laboratory validation before rou-
tine clinical use. Furthermore, a MTb nucleic acid test does 
not preclude the need for culture for formal identifi cation 
and susceptibility testing [ 59 ]. 

 For nontuberculous mycobacteria, microbiologic staining 
for acid-fast bacilli, culture, and histopathology from the site 
of presumed infection are also the recommended [ 61 ]. As 
with MTb, for presumed respiratory infection diagnosis, 
three separate sputum samples obtained from either expecto-
rated or induced sputum is required [ 61 ]. Smear and culture 
can also be obtained from other samples such as blood, 
abscess cavities, bone marrow, and biopsy tissue. Whenever 
tissue is obtained, the specimen should also be sent for histo-
pathological examination. Although fi nal identifi cation and 
susceptibility testing is largely determined based on culture, 
nucleic acid probes for the nontuberculous mycobacteria 
 Mycobacterium avium complex  (MAC),  Mycobacterium 
kansasii , and  Mycobacterium gordonae , have been approved 
by the FDA for the diagnosis of these organisms [ 61 ]. The 
sensitivity of these assays range from 85 to 100 % with a 
specifi city of 100 % [ 61 ]. However, unlike MTb NAT that 
can be performed directly on primary specimen, these probes 
require growth (amplifi cation) in culture before they can be 
used [ 61 ]. Furthermore, nucleic acid hybridization probes do 
not provide any information on drug susceptibilities.  

5.9.3    Fungi 

  Microbiologic  staining  , culture, and histopathology remain 
the gold standard for diagnosis of invasive fungal infections 
in immunocompromised patients [ 62 ]. Unfortunately, these 
traditional methods can suffer from a low sensitivity depend-
ing on the location and type of fungal infection present, 
which can lead to signifi cant delays in diagnosis and treat-
ment. Newer diagnostic assays such as direct antigen assays 
and NAT have been developed for many different types of 
fungi and are can be helpful in the diagnosis of fungal infec-
tion in this population. 

5.9.3.1      Candida  

 For invasive infections with   Candida species   , the gold stan-
dard in diagnosis remains microbiologic staining, culture, 
and histopathology from the location of presumed infection. 
In cases of Candida blood stream infections (Candidemia) 
blood cultures should be sent on all patients as commer-
cially available automated blood culture systems will detect 
growth of these organisms [ 52 ,  62 ]. Unfortunately, blood 
cultures are only 50 % sensitive for the diagnosis of 
Candidemia, leading to signifi cant delays in diagnosis and 
treatment [ 63 ]. 

 In an effort to improve the diagnosis of both Candidemia 
and other forms of invasive candidiasis, other diagnostic 
methods have been developed. Detection of β (beta)-D 
Glucan antigen, a cell wall component common to many 
fungal species including Candida, has been widely adopted 
as a surrogate marker for fungal infection. Although not spe-
cifi c for  Candida  infections, the β (beta)-D Glucan assay has 
been studied extensively for the diagnosis of invasive candi-
diasis. A recent meta-analysis of pooled studies revealed that 
the β (beta)-D Glucan assay had a 75 % sensitivity for the 
diagnosis of invasive candidiasis [ 64 ]. Although this sensi-
tivity is higher than that of standard blood culture, issues sur-
rounding the β (beta)-D Glucan assay’s specifi city make it a 
less attractive diagnostic tool. Furthermore, numerous false 
positive results have been reported in patients receiving 
hemodialysis, human blood products, and certain antibiotics 
as well as in patients with bacterial infections or those under-
going wound care with surgical gauze [ 63 ]. Finally, the β 
(beta)-D Glucan assay does not provide any information on 
antimicrobial susceptibility. Given these limitations, 
although a potential adjunct to the diagnosis of invasive can-
didiasis, the β (beta)-D Glucan assay should not replace the 
traditional diagnostic methods of microbiologic staining, 
culture, and histopathology.  

5.9.3.2     Aspergillus 

 For invasive infection with   Aspergillus species   , the gold 
standard for diagnosis remains identifi cation of the pathogen 
on histopathological specimens and growth in culture [ 62 ]. 
Unfortunately, the sensitivity of culture for the diagnosis of 
aspergillus is low and specimens for histopathological exam-
ination are often more diffi cult to obtain, leading to a high 
number of missed cases and signifi cant delays in diagnosis 
and treatment [ 65 ]. For example, a recent study of bron-
choalveolar fl uid culture in immunocompromised patients 
with invasive pulmonary aspergillosis found a sensitivity of 
only 50 % and unlike  Candida , the yield of blood culture for 
 Aspergillus  is very low [ 65 ]. To improve detection, many 
new direct antigen assays have been developed to aid in the 
diagnosis of invasive aspergillosis. One such assay is the β 
(beta)-D Glucan assay which has a sensitivity of 77–80 % for 
the diagnosis of invasive aspergillosis [ 64 – 66 ]. Similar 
issues with the specifi city of this assay exist as for those with 
 Candida  infections, however, making it an unreliable tool for 
the diagnosis of invasive infection. 

 The  Aspergillus  Galactomannan antigen assay has also 
been developed for the diagnosis of invasive aspergillosis. 
This assay is a direct enzyme immunoassay (EIA) performed 
on serum that detects the presence of the cell wall compo-
nent galactomannan which is specifi c to  Aspergillus species  
[ 62 ,  67 ]. Numerous studies have shown a variable sensitivity 
of this assay for the diagnosis of invasive  Aspergillus  with 
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sensitivity ranging from 29 to 100 % depending on the test 
characteristics, the previous use of antifungals, the type of 
 Aspergillus species  present, and the population being tested 
[ 62 ,  65 ,  68 ,  69 ]. Specifi city is signifi cantly higher although 
cross-reactivity has been reported with other fungal organ-
isms such as  Histoplasma  and  Fusarium species  [ 62 ]. False 
positive results have also been reported with certain antibiot-
ics such as piperacillin-tazobactam and amoxicillin- 
clavulanate, contamination of a specimen with cotton or 
cardboard, certain blood products, and certain intravenous 
hydration fl uids containing sodium gluconate [ 67 ,  70 ]. 
Serum galactomannan antigen testing is best performed as a 
preemptive monitoring strategy for patients with hemato-
logical malignancies and those who have undergone hemato-
poietic stem cell transplant as the performance of this test 
has been best validated in these groups [ 67 ,  68 ]. Studies 
evaluating the sensitivity of this assay in SOT recipients 
have not shown a benefi t and routine screening using this 
diagnostic method is not recommended [ 70 ,  71 ].  Serum 
galactomannan antigen testing   can also be used to aid in the 
diagnosis of active infection in transplant recipients with 
symptoms suggestive of invasive aspergillosis, however, due 
to its variable test characteristics, it cannot solely be relied 
on for defi nitive diagnosis in this patient population [ 72 ]. 

 The  Aspergillus  galactomannan antigen assay can also be 
performed on BAL with improved sensitivity and specifi city 
for the detection of invasive pulmonary aspergillosis. In 
patients with hematologic malignancies, the BAL  Aspergillus  
galactomannan antigen assay was noted to be 91 % sensitive 
and 88 % specifi c when an EIA cut-off value of ≥1.0 was 
used [ 73 ]. Similar results have also been seen in patients 
with SOT with the BAL  Aspergillus  galactomannan antigen 
assay having a sensitivity of approximately 82 % [ 71 ]. False 
positive results can occur in the setting of colonization of the 
airways with both  Aspergillus  and non- Aspergillus  species 
such as  Penicillium  and careful interpretation of the results 
based on the clinical setting is recommended [ 62 ]. 

 Finally, many new additional diagnostic tests for the diag-
nosis of invasive aspergillosis are currently being studied 
and validated. These include lateral fl ow devices (LFD’s), 
 Aspergillus  NAT, and a breath test evaluating  Aspergillus  
specifi c volatile organic compounds (VOC’s) [ 62 ]. Although 
initial studies appear promising, further research needs to be 
performed before considering their use in the routine clinical 
setting.  

5.9.3.3      Pneumocystis jiroveci  

 The gold standard for diagnosis of   Pneumocystis jiroveci  
(PCP)   remains direct visualization of the organism in respi-
ratory tract secretions or histopathology [ 74 ]. The most com-
mon staining technique used is the indirect IFA which uses 
 P. jiroveci  specifi c monoclonal antibodies [ 75 ]. Whenever 

possible, samples from induced sputum or BAL should be 
performed to increase the sensitivity of detection [ 74 ]. NAT 
has also been developed and studied for the diagnosis of PCP. 
A recent study looking at NAT on sputum samples from 
non- HIV immunocompromised patients indicated an 87 % 
of sensitivity and a specifi city of 92 % [ 76 ]. Limitations 
include false positive results in the setting of colonization of 
the respiratory tract and careful interpretation of the results 
based on the clinical setting is always recommended. 
Finally, the β (beta)-D Glucan assay can also be used in the 
diagnosis of PCP as the organism produces β (beta)-D 
Glucan. A  meta- analysis revealed that this assay has a 95 % 
of sensitivity and an 86 % of specifi city for the diagnosis of 
PCP, indicating that the likelihood of infection with a nega-
tive test result is extremely low [ 62 ,  70 ,  77 ]. Given this, it 
can serve as a good test of exclusion when clinical pretest 
probability is low.  

5.9.3.4     Cryptococcus species 

 Direct visualization of the organism with fungal stain and 
culture remains the gold standard for the diagnosis of 
 Cryptococcus  . Whenever possible, calcofl uor fungal stain-
ing should be performed over India ink staining due to 
issues with the sensitivity and specifi city of India Ink stain-
ing in the presence of CSF leukocytes [ 78 ]. Culture for 
Cryptococcus is positive in >90 % of patients with central 
nervous system involvement, however, growth on culture 
can take up to a week which can lead to delays in diagnosis 
and treatment [ 62 ,  79 ]. 

 Several antigen assays for  Cryptococcus  are widely used 
for the rapid diagnosis of invasive cryptococcal infection. 
These assays can be performed on both serum and CSF and 
detect the presence of the polysaccharide capsule unique to 
 Cryptococcus  species [ 68 ]. Assay techniques include latex 
agglutination (LA) and enzyme immunoassay (EIA). CSF 
cryptococcal antigen testing is more sensitive and specifi c 
than that of fungal staining and culture with a sensitivity of 
97 % and a specifi city ranging from 93 to 100 % [ 68 ,  80 ]. 
Cryptococcal antigen assays can also be run on serum with 
a slightly lower and more variable sensitivity depending on 
the site of infection [ 68 ,  70 ]. False positives are rare but 
have been reported with other fungal species such as 
 Trichosporon  and with the bacterial species  Stomatococcus  
and  Capnocytophaga  [ 81 ,  82 ]. False positives have also 
been reported with nonspecifi c binding of serum proteins 
(such as rheumatoid factor) and can be avoided with the 
treatment of serum with pronase. In addition, false positive 
results have occasionally been reported when samples have 
contacted certain soaps, disinfectants, and starches [ 70 ]. 
False negative results can occur in patients with high 
Cryptococcal antigen titers resulting in failure of agglutination 
between antigen–antibody complexes (prozone effect) [ 83 ]. 

S.E. Turbett and E.S. Rosenberg



73

This can be avoided through either the addition of pronase 
to serum or sample dilution if equivocal results are obtained 
[ 83 ,  84 ]. Overall, however, the CSF and serum cryptococcal 
antigen assays remain valuable diagnostic tools for the 
diagnosis of invasive cryptococcal infection. The β (beta)-D 
Glucan assay is not considered to be an appropriate test for 
the diagnosis of invasive cryptococcal infection as this cell 
wall component is not found in this organism [ 62 ].  

5.9.3.5     Dimorphic Fungi 

 For the  endemic   fungi histoplasmosis, blastomycosis and 
coccidioidomycosis, diagnosis is made largely based on 
direct examination of the organism on fungal staining, cul-
ture, or histopathology. As with Cryptococcus, growth of 
these organisms can be slow and can lead to delays in diag-
nosis and treatment [ 62 ]. Direct antigen assays for histoplas-
mosis and blastomycosis have been developed and have 
been shown to have sensitivities of >90 % for the detection 
of disseminated infection [ 85 ,  86 ]. Multiple techniques are 
used including enzyme immunoassay, immunodiffusion, and 
complement fi xation and can be performed on both serum 
and urine [ 62 ]. Signifi cant cross-reactivity has been seen 
across the three different endemic fungi, however, limiting 
their overall usefulness in the clinical setting [ 62 ].     

5.10     Viruses 

 For viruses,    direct antigen detection methods and NAT are 
the preferred diagnostic screening strategies for patients in 
the posttransplant setting. Although serologic methods are 
commonly used in the pretransplant setting, these markers 
are unreliable in the setting of immune suppression and 
should not be used for routine diagnosis [ 43 – 45 ]. Both viral 
cell culture and histopathology can also be performed to aid 
in the diagnosis of viral infection although utility is limited 
by low sensitivity, prolonged turn-around time, and the need 
for more invasive procedures to obtain appropriate speci-
mens [ 45 ]. Viral cell cultures from the urine and stool should 
not be performed as a positive culture often represents 
asymptomatic shedding and is not necessarily a marker of 
active disease [ 45 ]. 

5.10.1     CMV and EBV 

 For CMV and EBV, diagnosis in the posttransplant set-
ting is most commonly made by direct detection of virus 
using NAT as these assays exhibit high sensitivity and 
specificity for the diagnosis of infection [ 43 ,  45 ]. Serial 
monitoring of high- risk HSCT and SOT recipients is rec-
ommended in those not receiving chemoprophylaxis so 

as to identify and treat infection prior to the development 
of significant disease [ 2 ,  7 ,  43 ,  87 ]. Limitations to NAT 
for CMV and EBV can be found under “Nucleic Acid 
Testing” in Sect.  5.8 . 

 CMV infection in transplant recipients can also be 
reliably diagnosed through the use of CMV pp65 antigen-
emia. This test utilizes monoclonal antibodies to pp65 which 
can be found in CMV infected white blood cells and can pro-
vide a semiquantitative assessment of infectious burden [ 88 ]. 
Studies comparing antigenemia with CMV NAT have shown 
a slightly lower sensitivity as compared with NAT [ 89 ]. 
Advantages to this assay include its cost and rapid turn- 
around time [ 7 ,  88 ]. Limitations include its requirement for 
the presence of white blood cells preventing its use in 
 neutropenic patients, lack of standardization of results, and 
signifi cant skill and labor involved in processing and micros-
copy [ 7 ,  88 ]. It can also only be performed on blood whereas 
NAT testing can be performed on multiple specimen types.  

5.10.2     Respiratory Viruses 

 For the respiratory viruses both direct viral antigen assays 
and NAT can be used for the diagnosis of infection. For 
 respiratory syncytial virus (RSV)  , both direct fl uorescent 
antigen testing (DFA) and NAT are the most commonly used 
diagnostic modalities in transplant patients. DFA has been 
shown to have 77.8 % sensitivity and 99.6 % specifi city for 
the diagnosis of RSV with variability in these values depend-
ing on microscopist experience [ 90 ]. There are currently sev-
eral RSV nucleic acid tests that have been approved by the 
FDA for use with sensitivities greater than 90 % [ 91 ]. It is 
important to note, however, that transplant recipients can 
shed virus in the nasal passages for a signifi cantly longer 
period of time than immunocompetent hosts, requiring clini-
cians to depend on clinical pretest probability to differentiate 
active vs. past infection. Rapid RSV direct antigen assays 
which are typically performed as point of care tests with 
results within 30 min are also available but due to low sensi-
tivity, these assays should not solely be used to exclude 
infection in the transplant population [ 52 ]. 

 For infl uenza, NAT is the preferred diagnostic strategy for 
the diagnosis of infection due to its superior sensitivity, spec-
ifi city, and rapid turn-around time [ 92 ]. Nasopharyngeal 
samples are most commonly obtained but deeper samples 
from the lower respiratory tract should be pursued in cases of 
severe, lower tract infection, due to increased sensitivity of 
detection of virus [ 93 ]. Limitations of NAT include its ability 
to identify only certain infl uenza strains felt to be the most 
prevalent during a given infl uenza season, leading to poten-
tial false negative results in instances of infection with 
uncommon strains. Direct fl uorescent antigen testing is also 
available and can be performed when NAT testing is not 
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available [ 92 ]. As with RSV, similar issues with persistent 
viral shedding can occur in transplant recipients making it 
diffi cult to distinguish active from resolved or resolving 
infection. Although rapid infl uenza antigen detection assays 
are available for the diagnosis of infl uenza, given their 
reduced sensitivity for the detection of infection, follow up 
testing with either NAT or viral culture is recommended with 
negative test results [ 92 ]. 

 For other respiratory viruses such as Parainfl uenza, 
Adenovirus, and Human Metapneumovirus, both direct anti-
gen detection assays and NAT can be considered for diagno-
sis of infections in the transplant population. Determination 
of which assay to use should be individualized by each insti-
tution depending on feasibility and cost.   

5.11     New and Emerging Diagnostic 
Tools 

 Over the past  5  0 years there have been many new advances 
in the fi eld of microbiology diagnostics which have trans-
formed our ability to identify a multitude of organisms 
including bacteria, mycobacteria, viruses, and fungi. 
Compared to the standard diagnostic techniques which rely 
on organism growth and subsequent phenotypic identifi ca-
tion, many of these new methods focus on the molecular sig-
natures of pathogens through the recognition of microbial 
DNA, RNA, or proteins [ 94 ]. These new techniques can 
reduce the time to organism identifi cation from initial speci-
men collection with increased sensitivity and specifi city 
compared to standard methods, improving a physician’s abil-
ity to make rapid and accurate clinical decisions for ill 
patients [ 94 ]. Many of these technologies have already been 
incorporated into routine clinical care and should be consid-
ered, if available, in the work up of the transplant patient. 

  Matrix-assisted laser desorption/ionization time-of-fl ight 
mass spectrometry (MALDI-TOF MS)   is a molecular tech-
nique that is now FDA-approved for the routine identifi ca-
tion of bacteria and yeasts in clinical microbiology 
laboratories. This technique identifi es bacteria and yeast 
through the ionization of the unique protein structure of each 
particular organism and measures the mass to charge ratio of 
each ionized subcomponent [ 95 ]. This measurement creates 
a unique protein signature specifi c to each organism that can 
then be compared against an extensive database of known 
and validated profi les (“spectra”) [ 94 ,  95 ]. Studies have 
shown that MALDI-TOF MS can reliably provide identifi ca-
tion at the genus, species, and subspecies level for a wide 
variety of organisms [ 96 – 100 ]. Analysis is typically per-
formed as soon as colony growth of an organism has occurred 
and can reduce time to organism identifi cation by 1–1.5 days 
compared to standard phenotypic methods [ 101 ]. Further 

advantages include its automation, relative ease of use, and 
its ability to perform high-throughput analysis [ 95 ,  102 ]. 
Finally, although the initial monetary investment in MALDI- 
TOF MS is high and laboratory implementation is time con-
suming; numerous studies have shown that long-term 
utilization of this technology is cost-effective compared to 
standard methods [ 100 ,  101 ]. 

 Limitations of the MALDI-TOF include its reliance on 
an organism database for identifi cation as organisms not 
present in the database will often not be identifi ed or identi-
fi ed incorrectly [ 102 ]. Furthermore, current commercially 
available libraries are not approved for the identifi cation of 
most mycobacteria and fungi, however, with time, this is 
expected to change and may dramatically shorten the time 
to identifi cation of these traditionally diffi cult-to-identify 
organisms. Another limitation of MALDI-TOF MS is that 
some closely related bacteria may also be misidentifi ed in 
certain instances [ 95 ]. Although research is ongoing, the 
MALDI-TOF MS currently does not perform susceptibility 
testing. Finally, despite the signifi cant reduction in time to 
organism identifi cation, the MALDI-TOF still requires pure 
culture of an organism and is not yet able to reliably detect 
organism directly from primary clinical specimens [ 102 ]. 

 Molecular diagnostic techniques have also been devel-
oped for organism identifi cation directly from positive 
blood culture specimens without the need for additional 
subculture and colony growth. The general concept is that 
nucleic acid amplifi cation occurs with microbial growth and 
therefore these assays take advantage of novel detection 
strategies. One technique which has been developed to 
detect common bacterial pathogens as well as common anti-
microbial resistance genes is a nanoparticle microarray 
assay which can directly be performed on positive blood 
cultures [ 103 – 105 ]. Divided into panels, these automated 
assays have shown to have a >90 % concordance rate com-
pared to standard identifi cation and susceptibility tech-
niques [ 103 ,  104 ]. Furthermore, time to result with these 
assays is shorter than that of standard methods, resulting in 
signifi cant reductions in time to organism identifi cation and 
initiation of appropriate antimicrobial therapy [ 106 ]. 
Despite these promising results, there are some limitations 
to these assays, particularly with polymicrobial infections. 
In addition, these assays only test for several common bac-
terial pathogens and resistance markers, requiring the need 
for further subculture, identifi cation, and susceptibility test-
ing to identify less common bacterial pathogens. For these 
reasons, these assays are only approved to provide “prelimi-
nary” results and must still be confi rmed by standard micro-
biological identifi cation and susceptibility methods [ 102 ]. 

 New diagnostic methods are also available for the detec-
tion of pathogens from direct clinical samples without the 
need for growth in the primary specimen or subculture. As 
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with the above microarray techniques, these tests rely on the 
identifi cation of pathogen specifi c DNA or RNA through 
multiplexed nucleic acid amplifi cation and detection. 
Although single organism identifi cation NAT’s are available 
and commonly used, newer platforms have been developed 
which allow for the detection of multiple pathogens in a sin-
gle sample [ 91 ,  107 – 109 ]. Multiple FDA-approved plat-
forms are available for the detection of enteropathogens in 
stool samples and respiratory viruses in nasopharyngeal 
samples [ 91 ,  107 – 109 ]. The main advantages to these assays 
include their high sensitivity and specifi city as well as their 
ability to be run directly on primary specimen, leading to a 
result time of only hours from specimen collection [ 108 ]. 
This reduced turn-around time is invaluable to clinicians as 
it can lead to timely management decisions for ill patients. 
Limitations of the multiplex assays include the high cost and 
labor requirements as batch testing of samples is not cur-
rently available for all assays. 

 Finally, a technique using magnetic resonance and 
nanoparticle NAT technology has recently been FDA- 
approved for the diagnosis of Candidemia. As with the mul-
tiplex assays, this technology has the ability to detect fi ve 
common  Candida  species directly on whole blood without 
the need for growth in the primary specimen or subculture 
[ 110 ]. Studies have shown that this assay has a rapid turn- 
around time and a sensitivity and specifi city of 91 and 99.4 % 
for the detection of Candidemia [ 110 ]. Although this assay is 
highly sensitive, routine blood cultures must still be obtained 
to exclude other diagnoses. Furthermore, this assay does not 
directly detect antifungal drug resistance. In some cases, 
however, susceptibility information can be inferred based on 
organism identifi cation (example, identifi cation of  C. krusei  
infers azole resistance).  

5.12     Summary 

 The diagnosis of infectious diseases in the transplant patient 
requires an extensive evaluation of both the donor and the 
recipient prior to transplantation as well as a solid under-
standing of the risk factors present after the procedure. By 
understanding these factors, a comprehensive differential 
diagnosis can be made and the appropriate diagnostic testing 
and treatment can then be initiated. Prompt diagnosis often 
requires the use of early and aggressive diagnostic testing 
from a multitude of different diagnostic modalities including 
microbiologic staining, culture, histopathology, direct anti-
gen detection, and molecular-based techniques such as NAT. 
By understanding the utility of each of these different diag-
nostic strategies in different clinical situations, more rapid 
and accurate diagnoses can be made leading to improvement 
in treatment and outcomes in this patient population.     
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     6 
   Risks and Epidemiology of Infections 
After Hematopoietic Stem Cell Transplantation                     
     Juan     Gea-Banacloche     

6.1           Introduction 

 Understanding the epidemiology of infections after alloge-
neic hematopoietic stem cell transplantation (HCT) is impor-
tant to implement appropriate preventive strategies as well 
as to effectively diagnose and treat individual patients. 

 Several groups of experts and professional organizations 
publish guidelines that provide specifi c recommendations 
for prophylaxis and management of infections after HCT 
[ 1 – 8 ], including vaccinations [ 1 ,  9 ,  10 ]. Many of these rec-
ommendations are necessarily based on low-quality evi-
dence and rely heavily on expert opinion. Guidelines should 
not be followed blindly, but understood as tools that may 
help to provide the best possible care. 

 Risk factors for infection include individual characteris-
tics (e.g., indication for HCT, prior infections, CMV serosta-
tus, particular genetic traits) and type of transplant (based on 
conditioning regimen, stem cell source, degree of HLA 
homology, and immunosuppression). The development of 
graft-versus-host disease (GVHD) is frequently the decisive 
contributor to infectious morbidity and mortality.  

6.2     Individual Characteristics 
and the Risk of  Infection   

 Different indications for HCT are associated with their own 
infectious risks.  Primary immunodefi ciencies (PID), hemo-
globinopathies, and hematologic malignancies present dif-
ferent challenges. Even in hematologic malignancies, the 
risk may vary depending on the specifi c condition: patients 
with chronic myelogenous leukemia (CML), acute myeloid 
leukemia (AML), and chronic lymphocytic leukemia (CLL) 
present different risks based on both the biology of the dis-
ease and prior treatment. These factors should be considered 
when assessing individual patients. 

 Prior infections must be considered. A history of infec-
tion or colonization with a multidrug-resistant organism 

(MDRO) like carbapenem-resistant enterobacteria (CRE), 
extended-spectrum beta-lactamase (ESBL)-producing 
Gram-negative bacteria, vancomycin-resistant enterococ-
cus (VRE), or methicillin-resistant  Staphylococcus aureus  
(MRSA) has implications regarding optimal management 
of fever during neutropenia [ 6 ,  11 ,  12 ], which is a common 
complication of HCT. Transplant candidates are routinely 
screened for serologic evidence of latent infections that 
may reactivate (HSV, VZV, CMV, EBV, hepatitis B and C, 
toxoplasmosis); some of these will be discussed later in 
this chapter. Some transplant centers will perform screen-
ing for tuberculosis with tuberculin skin test (TST) or 
interferon- gamma release assay (IGRA), at least for 
patients who are considered at signifi cant risk for the dis-
ease. Prior invasive fungal infections may reactivate fol-
lowing transplant, and secondary prophylaxis is required 
[ 13 – 15 ]. Even active fungal infection has been reported to 
be controllable. There are, however, cases of progression 
of prior aspergillosis after transplant; myeloablative con-
ditioning, prolonged neutropenia, cytomegalovirus (CMV) 
disease, and graft-versus-host disease (GVHD) are risk 
factors [ 15 ,  16 ]. 

 As the correlates of native and adaptive immunity are bet-
ter understood, genetic associations are coming to light. 
There is evidence that some donor haplotypes of  TLR4 , the 
gene that encodes the toll-like receptor protein 4 (TLR4) are 
associated with increased risk of invasive aspergillosis after 
HCT [ 17 ]. Recipient’s mutations in  MBL2 , the gene that 
encodes mannose-binding lectin (MBL), have been associ-
ated with increased risk of infection after neutrophil  recovery 
following myeloablative transplant [ 18 ]. Other polymor-
phisms of  MBL2  may be important for infection through a 
direct infl uence on the risk of developing GVHD [ 19 ,  20 ]. 
Different genotypes of activated killer immunoglobulin- like 
receptors (aKIR) in the donor have been found to protect 
from CMV reactivation [ 21 ]. Many of these associations are 
preliminary and require more data to be confi rmed, but they 
hold the promise of a more individualized  approach to infec-
tious prophylaxis.  
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6.3      Time Course of Infections   
After Allogeneic Stem Cell 
Transplantation 

 From a practical standpoint, it is helpful to consider three 
distinct periods during transplant: pre-engraftment (until 
neutrophil recovery), early post-engraftment (from engraft-
ment until day 100), and late post-engraftment (after day 
100). This framework originated with myeloablative trans-
plants, and is eminently pragmatic. The pre-engraftment 
phase may be accompanied by profound neutropenia and 
signifi cant mucositis, which results in increased risk of bac-
terial infections from the resident gastrointestinal fl ora, can-
didiasis, aspergillosis (in cases of prolonged neutropenia) 
and herpes simplex virus reactivation. After engraftment, 
with neutropenia no longer being a factor, many infections 
are related to the profound defect in cellular immunity caused 
by the conditioning regimen and the immunosuppression 
administered to prevent GVHD. CMV reactivation and the 
development of acute GVHD and its treatment play a central 

role during this time. The day 100 landmark derives from the 
standard time at which immunosuppression (e.g., cyclospo-
rine A or tacrolimus) is frequently tapered. Infections after 
this point would be primarily related to lack of immune 
reconstitution and, in the absence of GVHD, become pro-
gressively less common.  

6.4     Types of Allogeneic 
Hematopoietic Stem Cell 
Transplantation (HCT) 

 Not all allogeneic stem cell transplantations are the same. 
Several characteristics of the transplant infl uence the risk of 
infection: the conditioning preparative regimen, the source 
of stem cells, the degree of HLA identity between donor and 
recipient, and the prophylactic strategy adopted to prevent 
GVHD (use of T cell depletion or immunosuppressive medi-
cations). Table  6-1  summarizes  the   impact of these factors on 
infections.

   TABLE 6-1.    Type of  transplant and infectious disease risk     

 Factor  Type of transplant  Risk of infection 

 Conditioning regimen  Myeloablative  In general, there are less early infections (mainly bacterial) with 
nonmyeloablative transplants, but different regimens may have very 
different risks 

 Reduced intensity  Nonmyeloablative regimens do not seem to result in less late infections 

 Nonmyeloablative 

 HLA match  HLA-matched sibling  With higher degree of mismatch, more immunosuppression is required, 
immune reconstitution is delayed, and the risk of infection is higher. 
Haploidentical and partially matched transplants often incorporate T 
cell depletion 

 HLA-matched unrelated (URD or MUD) 

 Haploidentical  Haploidentical transplants using posttransplant cyclophosphamide seem 
to have good immune reconstitution 

 Partially matched 

 Source of stem cells  Bone marrow  G-CSF-mobilized peripheral blood stem cells often result in shorter 
neutropenia, but may be associated with higher risk of chronic 
GVHD. Confl icting data on CMV risk 

 G-CSF-mobilized peripheral blood stem 
cells 

 UCD transplants result in long-lasting neutropenia and prolonged 
immunodefi ciency, with higher risk of infection 

 Cord blood (UCD)  High risk of viral infections with cord transplants 

 GVHD prophylaxis 
(posttransplant 
immunosuppression) 

 T cell depletion (in vitro via CD34+ cell 
selection or in vivo with ATG or 
alemtuzumab) 

 T cell depletion results in increased risk for infections. ATG and 
alemtuzumab may result in prolonged lymphopenia and 
immunodefi ciency, depending on the dose used. Viral infections, 
EBV-related PTLD, and toxoplasmosis seem to be more common after 
T cell depletion 

 Immunosuppressive agents  Differences between pharmacological immunosuppressive regimens are 
not well defi ned; sirolimus may be associated with less CMV 
reactivation 

   G-CSF  granulocyte-colony-stimulating factor,  GVHD  graft-versus-host disease,  CMV  cytomegalovirus,  ATG  anti-thymocyte immunoglobulin,  EBV-related 
PTLD  Epstein–Barr virus-related posttransplant lymphoproliferative disorder.  
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6.4.1       Preparative (Conditioning) Regimen 

 The  conditioning regimen   administered before the infusion 
of stem cells has some infl uence on the risk of infection 
through its effect on neutropenia, mucosal damage, and 
GVHD. The conditioning regimen has several goals: reduc-
tion of the malignancy (when there is one), creation of space 
in the bone marrow to provide a selective advantage to the 
infused stem cells, and elimination of the recipient’s immune 
system to minimize the risk of rejection. Different condition-
ing regimens may be more appropriate depending on the dis-
ease and the general status of the recipient [ 22 ]. Myeloablative, 
reduced intensity, and nonmyeloablative are the general cat-
egories, but within each one there are substantial differences 
that may be relevant. In general, fully myeloablative regi-
mens result in more prolonged neutropenia and more severe 
mucosal barrier damage, which may impact the infectious 
risk during the pre-engraftment period [ 23 ].  

6.4.2     Degree of HLA Similarity 
Between Donor and Recipient 

 Data from  the  Center for International Blood and Marrow 
Transplant Research (CIBMTR)   indicate that there is a direct 
association between the number of  donor–recipient HLA   
mismatches and the risk for mortality [ 24 ]. The current stan-
dard aims for high-resolution matching at HLA-A, HLA- B, 
HLA-C, and HLA-DRB1 (i.e., an “8 out of 8” match), but 
only about 30% of transplant candidates will have a perfectly 
matched sibling or unrelated donor (MUD). If a mismatch is 
unavoidable, a single-locus mismatched donor can be used 
[ 24 ]. Other alternatives include haploidentical and umbilical 
cord blood (UCB) transplants. 

 Haploidentical transplants are one special type of mis-
matched transplant, where the donor shares at least one com-
plete haplotype with the recipient. Most candidates for 
transplant have a potential haploidentical donor. The suc-
cessful use of a regimen of posttransplant cyclophosphamide 
to prevent GVHD in the haploidentical setting has resulted in 
an increasing number of this type of transplant being per-
formed during the last decade [ 25 ]. Interestingly, early data 
suggest haploidentical transplants do not result in delayed 
immune reconstitution or increased infections [ 26 ]. 

 Matching for UCB transplants focuses on three loci (HLA-
A, HLA-B, and HLA-DRB1). The majority of UCB trans-
plants are mismatched by at least one locus (often two). 
Among transplants mismatched at two loci, mismatching at 
HLA-C and HLA-DRB1 was associated with the highest 
risk of mortality [ 24 ]. 

 The degree of mismatch between the donor and the recipi-
ent affects the infectious risk mainly through the likelihood 
of GVHD. More GVHD usually results in more infections. 
To prevent GVHD in a mismatched transplant, more potent 
immunosuppression may be required, increasing the risk of 

infection. It is also possible that immune reconstitution 
 proceeds more slowly (even with the same immunosuppres-
sive regimen) after a URD HCT. These factors may result in 
increased risk of infections associated with T cell immuno-
defi ciency, like CMV,  Pneumocystis jirovecii  pneumonia 
(PCP), and Epstein–Barr virus (EBV)-related posttransplant 
lymphoproliferative disorder (PTLD). 

 However, provided the number of stem cells administered 
is the usual (>3 × 10 6  kg −1 ), neutrophil recovery proceeds at 
the standard pace and there is no increased risk of neutropenia- 
related infections. 

 The problems with UCB transplants include a markedly 
decreased stem cell dose (often <1 × 10 5  kg −1 ) which results 
in prolonged neutropenia (up to 6 weeks), with the attendant 
risk of bacterial and fungal infections [ 27 ]. In addition, the 
cord blood does not have antigen-specifi c memory T cells 
that can expand in a thymus-independent fashion to provide 
protection against viruses and opportunistic pathogens. This 
results in high frequency of late severe infections following 
cord transplantation, even when the neutropenic period is 
shortened by coadministration of stem cells from a third- 
party donor [ 28 ].  

6.4.3     Source of Stem Cells 

 Stem cells may be given using the bone marrow, G-CSF- 
mobilized peripheral blood stem cells (PBSCs), or 
UCB. Frequently bone marrow will result in more prolonged 
neutropenia compared with PBSC, and increased infections 
during neutropenia should be expected. However, a 
 multicenter randomized trial comparing peripheral blood 
stem cells with the bone marrow from unrelated donors 
showed no difference in the relapse or infectious mortality 
between both groups, but confi rmed that chronic GVHD is 
more common with mobilized PBSC [ 29 ]. The particular  
features of UCD transplants were discussed on the preceding 
paragraph.  

6.4.4     Strategy to Prevent GVHD: 
Manipulation of the Stem Cells, 
Immunosuppressive Drugs, 
or a Combination 

  GVHD   may be prevented by decreasing the amount donor T 
cells or by limiting T cell function with immunosuppressive 
agents. The stem cells, whether from the bone marrow or the 
periphery, may be administered unmanipulated (sometimes 
called “T cell replete”) or enriched by CD34 selection (also 
called “T cell depleted”). If unmanipulated bone marrow or 
PBSCs are used, the dose of CD3+ T cells administered with 
the graft varies between 24 × 10 6  kg −1  when bone marrow is 
used and 300 × 10 6  kg −1  when PBSCs are used [ 30 ]. 
Reductions in the amount of T cells of 2–3 log 10  are possible, 
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and in some haploidentical transplant regimens, as few as 
12.5 × 10 3  CD3+ cells are given, which still results in detect-
able immune reconstitution starting 2–3 months after trans-
plant [ 31 ].   T cell depletion   may minimize or altogether 
prevent GVHD but may result in prolonged immunodefi -
ciency, depending on the degree of depletion. If an unma-
nipulated product is used, T cell depletion may be attained 
in vivo by using alemtuzumab or ATG. These agents produce 
a profound depletion of T cells in vivo, and their long half- 
life makes them still be present and active in the recipient 
when the stem cell product is administered. 

 If no in vitro or in vivo T cell depletion is used, one of a 
variety of immunosuppressive regimens will be given to 
prevent GVHD (e.g., tacrolimus + methotrexate, tacrolimus 
plus mycophenolate mofetil, cyclosporine A, sirolimus, 
posttransplant cyclophosphamide).  A randomized con-
trolled trial documented more infections in patients random-
ized to (moderate) T cell depletion than in the group who 
received pharmacologic immunosuppression [ 32 ]. T cell 
depletion in vivo with alemtuzumab has been associated 
with increased risk of infection [ 33 ]. It is possible that dif-
ferent pharmacological regimens may result in different 
infectious risks, but this has not been adequately studied. 
Preliminary evidence suggests that a sirolimus-based regi-
men may result in less CMV reactivation [ 34 ] and that post-
transplant cyclophosphamide result in relatively decreased 
risk of PTLD [ 35 ]. 

 The above categories may combine in several ways, com-
pounding the risk of infection. These variations should be 
considered both when designing a regimen of anti-infective 
prophylaxis and when considering an individual patient who 
may have an infection.   

6.5     Graft-Versus-Host Disease 

 GVHD is the most important cause of non-relapse mortality 
following HCT, and it is frequently complicated by infec-
tion. GVHD is categorized as acute or chronic based on its 
time of onset. Acute GVHD develops before day 100 and is 
characterized by gastrointestinal disease (secretory diarrhea, 
nausea, vomiting), liver dysfunction, and skin rash. Stages of 
GVHD in the skin, gut, and liver combine to give a grade 
(I–IV) of the severity of the disease. Acute GVHD grades 
III–IV is associated with signifi cant mortality. The treatment 
of choice is high-dose systemic corticosteroids. GVHD is 
associated with signifi cant immune dysregulation [ 36 ,  37 ] 
and is frequently accompanied by CMV reactivation [ 38 ]. 
The combination of disruption of the GI mucosa (and some-
times skin) and high-dose corticosteroids (in addition to the 
immunosuppressive agents concurrently given, like tacroli-
mus and MMF) constitute a high-risk setting for infection. 
Bacterial, fungal, and viral infections are common under 
these circumstances. 

  Chronic graft-versus-host disease (cGVHD)   has been tra-
ditionally defi ned chronologically: GVHD starting after day 
100. It has been classifi ed based on its relation to prior 
GVHD (progressive when acute GVHD continues after day 
100, quiescent when there is a period of time during which 
the patient is free of GVHD, or de novo when chronic GVHD 
is the fi rst manifestation of GVHD) and its extension (lim-
ited or extensive, reformulated as clinical limited, or clinical 
extensive). The clinical syndrome of typical chronic GVHD 
is quite distinct from the acute form, and a new classifi cation 
focusing on the clinical characteristics of the disease as well 
as on the timing is being increasingly used [ 39 ]. From the 
standpoint of infectious diseases, the important consider-
ation is that the presence of chronic GVHD is associated 
with high risk of infection [ 40 ,  41 ]. Multiple immune defects 
have been described during chronic GVHD, involving 
humoral and cellular immunity [ 42 ,  43 ] as well as functional 
hyposplenism [ 44 ,  45 ]. Besides these abnormalities, that 
result in delayed immune reconstitution and poor response to 
immunizations, the risk is of infection is increased by the 
treatment of extensive  cGVHD   [ 41 ], which typically includes 
systemic corticosteroids and a variety of steroid-sparing 
agents. Notably, cGVHD is a well-documented risk for 
pneumococcal infections [ 45 ,  46 ], fungal infections, and late 
CMV disease. However, all types of infections are more 
common during cGVHD, particularly during the fi rst few 
months [ 47 ]. 

 When GVHD is not controlled by corticosteroids, it is 
called “ steroid refractory  ,” and there is currently no 
 universally accepted standard treatment. This situation is 
important from the infectious disease standpoint because 
patients are usually treated with a variety of highly immuno-
suppressive regimens (e.g., ATG, cyclophosphamide, MMF, 
infl iximab, daclizumab, alefacept, alemtuzumab, sirolimus, 
visilizumab, denileukin diftitox, and others) [ 48 ] that result 
in a wide array of infectious complications. Reactivation of 
CMV is very common, as are fungal infections [ 49 ,  50 ], 
Epstein–Barr virus-related PTLD [ 51 ], as well as human her-
pesvirus 6 (HHV-6) [ 52 ] and adenovirus [ 53 ]. There are no 
controlled studies to support any particular infection preven-
tion strategy during this period of increased immunosuppres-
sion, but some authors have emphasized that early use of 
prophylactic antibiotics and antifungals is an essential part 
of a successful approach to this problem [ 54 ]. Unfortunately, 
this is a condition for which controlled trials are unlikely to 
be performed, and different centers will have to decide on a 
particular approach of close monitoring versus prophylaxis 
based on local experience and published case series. 

 In the following sections, the epidemiology of bacterial, 
fungal, viral, and parasitic diseases will be discussed. The 
implications for prophylaxis and management will be men-
tioned. Immunizations for transplant recipients, (as well as 
their caregivers and immediate contacts) are discussed in 
Chap.   48      
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6.6     Risks and Epidemiology 
of Bacterial Infections 
After Allogeneic HCT 

6.6.1     Early Bacterial Infections: 
  Pre-engraftment   

 Approximately 20% of HCT recipients will experience at 
least one episode of bacteremia during the fi rst few weeks, 
and a similar proportion after engraftment [ 55 ]. These infec-
tions are usually related to either neutropenia with subse-
quent bacterial translocation through the GI mucosa (mucosal 
barrier injury laboratory-confi rmed bloodstream infection or 
MBI-LCBI) or the intravascular catheter (central line- 
associated bloodstream infections or CLABSIs) [ 56 ]. 

 The relative frequency of Gram-positive and Gram- 
negative infections during neutropenia varies in different 
series and with the use of prophylactic antibiotics. In some 
centers, the most frequent Gram-positive isolates are  viri-
dans  group  Streptococcus  [ 55 ]; this may be a function of the 
conditioning regimen or the patient population.  Enterococcus 
faecium , frequently VRE, is another Gram-positive organ-
ism that tends to cause bloodstream infection relatively 
early, although this seems to be rather institution depen-
dent [ 57 ]. The Gram-negative bacteria are commonly 
 Enterobacteriaceae . These infections are generally related to 
the disruption of the GI mucosa due to the preparative regi-
men. The role of reduced diversity of the microbiota with 
subsequent bacterial domination and ultimately bacteremia 
is an area of intense study [ 58 ]. The risk of bacteremia during 
neutropenia may be decreased by the use of prophylactic 
antibiotics [ 59 ,  60 ]. This had been shown in multiple studies 
over the years, but the recommendation of using antibiotics 
did not become part of practice guidelines until recently. It is 
not clear whether this recommendation will continue amidst 
the increasing concern over the role of antibiotic-induced 
decreased microbiome diversity on the outcome of HCT 
[ 61 ]. In this regard it is of interest that fl uoroquinolones seem 
to have less detrimental effects on biodiversity of the fecal 
fl ora than beta-lactams. Levofl oxacin at a dose of 500 mg/d 
for patients who are going to be profoundly neutropenic for 
longer than 1 week is the current  recommendation of the 
IDSA [ 11 ].  

6.6.2     Early Bacterial Infections 
Following Engraftment 

 In a large study from the Sloan Kettering Cancer Center, the 
risk factors for  post-engraftment   bacteremia included acute 
GVHD, renal dysfunction, hepatic dysfunction, and neutro-
penia [ 55 ].  Enterococcus  (VRE) and coagulase-negative 
 Staphylococcus  were the most common Gram-positive iso-
lates.  Enterobacteriaceae  and non-fermentative Gram- 

negative bacteria (including  Pseudomonas , 
 Stenotrophomonas , and  Acinetobacter , possibly related to 
the indwelling catheter) were the most common Gram- 
negative isolates. Bacteremia following engraftment often 
happens in the setting of patients with a complicated clinical 
course, acute GVHD, and multiple medical problems or else 
is catheter related. 

 Daily bathing with chlorhexidine-impregnated washcloths 
decreased the risk of acquisition of MDROs and develop-
ment of hospital-acquired bloodstream infections in trans-
plant recipients in a randomized trial [ 62 ], and this practice 
should be considered by every transplant program. 

 The advantages and disadvantages of active screening for 
colonization by resistant pathogens have not been adequately 
studied in HCT recipients. It is likely that local epidemiology 
determines whether screening is an effi cacious and cost-
effective approach to either prevent infection or improve 
outcomes. A retrospective study on VRE bacteremia from 
the Sloan Kettering Cancer Center showed that VRE car-
riage was predictive of subsequent VRE bacteremia, but 
failed to detect the pathogen in many patients [ 63 ]. 
Performing surveillance cultures for resistant organisms in 
vulnerable patient populations is part of the CDC recom-
mendations  “Management of Multidrug-Resistant Organisms 
in Healthcare Settings, 2006”   [ 64 ], and has been vigorously 
advocated by some experts [ 65 ].  

6.6.3     Late Infections:  Streptococcus 
pneumoniae  and Others 

 HCT recipients are at high risk for   Streptococcus pneu-
moniae  infections   (2–8.6/1000 patients transplanted) [ 66 , 
 67 ]. Both early and late (beyond day 100) pneumococcal dis-
ease has been reported, with late infections strongly associ-
ated with active cGVHD [ 46 ]. These have been attributed to 
inadequate antibody production and functional hyposplen-
ism [ 44 ,  67 ]. Vaccination against  S. pneumoniae  should be 
given to all HCT recipients, starting 3–6 months after trans-
plant and using the 13-valent conjugate vaccine [ 9 ] (see 
Chap.   48     for details). Four doses of the vaccine result in 
enhanced antibody response and tolerable side effects [ 68 ]. 
Antibiotic prophylaxis against  S. pneumoniae  prophylaxis 
for adults with active cGVHD has been recommended [ 69 ], 
although there is only weak evidence supporting its effi cacy. 
Penicillin V-K is safe and well tolerated, but the local pat-
terns of penicillin resistance may make other antibiotics 
(e.g., trimethoprim, sulfamethoxazole, azithromycin, or 
levofl oxacin) preferable, although their long-term safety is 
not well established. 

 Late bacterial infections often involve the respiratory 
tract. Pneumonia is the most common cause of fatal late 
infection [ 40 ,  70 ]. Chronic GVHD is the risk factor most 
commonly identifi ed. Besides  S. pneumoniae , multiple other 
pathogens have been reported. Nocardia also tends to occur 
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late and in patients with cGVHD [ 71 ,  72 ]. Mycobacterial 
infections are uncommon and diffi cult to diagnose [ 73 ]. 
Risk factors for the development of active TB include 
GVHD, corticosteroid treatment, and total body irradiation 
(TBI) [ 74 ]. The need for universal testing for tuberculosis is 
controversial, given the unknown sensitivity and specifi city 
of the tests in this population and the fact that tuberculosis is 
a relatively uncommon complication after HCT (albeit still 
approximately three times higher than in the general popu-
lation) [ 74 ].   

6.7     Risks and Epidemiology 
of    Fungal Infections   
After Allogeneic HCT 

 It is necessary to separate invasive candidiasis and candi-
demia (often related to neutropenia or to the intravenous 
catheter) from invasive mold infection (of which invasive 
aspergillosis (IA) is by far the most frequent) [ 75 ] (Table  6-2 ). 
When deciding on a prophylaxis strategy, it is recommended 
to consider what kind of fungal infection one is trying to 
prevent.

   Invasive candidiasis follows prior colonization and favor-
able conditions for the yeast: disruption of the GI mucosa 
during chemotherapy or acute GVHD, overgrowth in the 
presence of broad-spectrum antibiotics, and/or presence of 
indwelling catheters (the catheter seems to be the main risk 
factor in the case of  C. parapsilosis ). Early studies showed 
that fl uconazole during the pre-engraftment period could 
decrease the incidence of invasive candidiasis [ 76 ,  77 ]. 
Accordingly, fl uconazole is recommended as part of the 

standard prophylactic regimen during the pre-engraftment 
period. The prevalent use of fl uconazole has resulted in sub-
stantial decrease in the incidence of infections caused by  C. 
albicans  with relative increases in the incidence of other spe-
cies of Candida with decreased susceptibility to this agent 
(e.g.,  C. glabrata ,  C. krusei ) [ 78 ]. 

 Invasive aspergillosis occurs during specifi c “at risk” peri-
ods following HCT, with a fi rst peak around the time of neu-
tropenia pre-engraftment, a second peak between days 40 
and 70 (the time of acute GVHD and its treatment), and a 
third peak late after transplant, usually in the midst of actively 
treated cGVHD [ 79 ] (Figure  6-1 ). A variety of risk factors 
for invasive aspergillosis have been identifi ed over the years, 
but the most consistently found to be signifi cant in multivari-
ate analyses are acute GVHD, chronic extensive GVHD, and 
CMV disease [ 80 – 82 ]. Systemic corticosteroids are almost 
always present as part of the treatment of acute and chronic 
GVHD.

   Non-aspergillus mold infections (e.g., fusariosis, mucor-
mycosis, scedosporiosis), sometimes referred to as emerg-
ing mold infections, have been reported with increasing 
frequency [ 83 ]. The increased use of prophylaxis with 
 activity against Aspergillus would be expected to result in a 
relative increase of other opportunistic mycoses like mucor-
mycosis [ 84 ]. 

 Considering the diversity of fungal infections after trans-
plant and the current antifungal armamentarium, it is contro-
versial which antifungal prophylaxis is appropriate at what 
point during transplant. For instance, although fl uconazole is 
a safe and well-established intervention during the pre- 
engraftment period of myeloablative transplants [ 76 ,  77 ], it is 
reasonable to question how necessary it is in transplants with 
conditioning regimens that result in shorter neutropenia. 

   TABLE 6-2.    Risk factors and epidemiology  of   fungal infections after HCT   

 Pathogen  Risk factors  Comment 

  Candida  spp.  Neutropenia, mucositis, indwelling catheter, heavy 
colonization, TBI 

 Non- albican s  Candida  is increasing;  Candida albicans  
breakthrough is usually associated with fl uconazole resistance 

  Aspergillus  spp.  Prolonged neutropenia  Aspergillus is the most common mold infection in a proportion 7:1 
to 9:1 in most series. Antifungal prophylaxis with voriconazole 
or echinocandins increases the likelihood of non-aspergillus 
molds 

 Type of transplant: cord blood, T cell depletion, 
partially matched transplant 

 Not all species of  Aspergillu s are equally invasive or equally 
susceptible to antifungal agents 

 GVHD, acute GVHD and chronic extensive 
GVHD; systemic corticosteroids 

 CMV disease 

  Other molds  

 Mucormycosis (formerly 
zygomycosis) 

 Prophylaxis with voriconazole  Simultaneous disease of sinuses and the lung was identifi ed as 
suggestive of mucormycosis in a case–control study 

  Fusarium  spp.  HLA-mismatched transplant  Paronychia and positive blood cultures common 

 Prolonged neutropenia 

 Smoking 

  Scedosporium  spp.  Neutropenia, GVHD, environmental exposure, 
voriconazole 

  Scedosporium prolifi cans  more invasive and refractory to 
treatment than  S. apiospermum  
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Micafungin showed to be equivalent to fl uconazole in a ran-
domized controlled trial [ 85 ], and the same question (what 
kind of transplant patient would benefi t most) applies. 

 Regarding the duration of antifungal prophylaxis, fl ucon-
azole up to day 75 posttransplant was associated with 
improved survival mainly due to decreased incidence of 
systemic candidiasis [ 86 ], but it is uncertain whether this 
strategy should be used for all patients or should be received 
for some selected subgroups considered at higher risk. 
Similarly, it is reasonable to question the indication for fl u-
conazole during periods when the main fungal infection is 
aspergillosis. Several randomized controlled trials have 
compared fl uconazole with another azole with activity 
against molds (itraconazole [ 87 ,  88 ], voriconazole [ 89 ], or 
posaconazole [ 90 ]) either as standard posttransplant pro-
phylaxis or during periods of increased risk. The general 
conclusion of these trials is that the aspergillus-active drugs 
are, indeed, more effective than fl uconazole in preventing 
IA, but the benefi t in survival in the context of a clinical trial 
with careful monitoring of galactomannan antigen is hard to 
demonstrate [ 91 ]. The 2009 ASBMT/EBMT Guidelines 
recommend posaconazole or voriconazole as antifungal 
prophylaxis in the setting of GVHD and micafungin in the 
setting of prolonged neutropenia [ 1 ]. Of note, posaconazole 
prophylaxis was superior to fl uconazole or itraconazole and 
improved survival in prolonged neutropenia in non-trans-
plant patients [ 92 ]. Now, there are even more options of 
mold-active prophylaxis with posaconazole delayed-release 
tablets, intravenous posaconazole, and the new agent   
isavuconazole.  

6.8     Risks and Epidemiology of Viral 
Infections After Allogeneic HCT 

 Viral infections remain a challenge because newer transplant 
modalities result in severe prolonged T cell immunodefi -
ciency and because the current antiviral armamentarium is 
very limited. Multiple latent viruses may reactivate follow-
ing HCT [ 93 ]. The role of monitoring by PCR is well defi ned 
mainly for CMV. Latent viral reactivation is of particular 
concern in recipients of cord [ 94 ] or T cell-depleted trans-
plants. Table  6-3  presents a summary of this section.

6.8.1       Herpesviruses 

 Members of the herpesvirus family that have caused signifi -
cant disease after transplant include HSV-1, HSV-2, VZV, 
EBV, CMV, and HHV-6. Posttransplant complications of 
HHV-7 are not well defi ned, although multiple associations 
have been described. HHV-8 infection and disease (primary 
effusion lymphoma and Kaposi’s sarcoma) occur only infre-
quently after HCT. 

6.8.1.1     Herpes Simplex Virus 

  HSV-1 and HSV-2   may reactivate following the preparative 
regimen and complicate chemotherapy-induced mucositis, so 
it is customary to administer prophylaxis with acyclovir or 
valacyclovir at least until engraftment. In patients with com-
mon recurrences, long-term suppression may be appropriate.  
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  FIGURE 6-1.    Time  from   transplant to diagnosis of aspergillosis in days (From Wald A, Leisenring W, van Burik JA, Bowden 
RA. Epidemiology of aspergillus infections in a large cohort of patients undergoing bone marrow transplantation. J Infect Dis 1997, 
Jun;175(6):1459–66, with permission).       
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6.8.1.2     Varicella Zoster  Virus   

  VZV   predictably reactivates following transplant (approxi-
mately 25% in the fi rst year), either as shingles, multiderma-
tomal, disseminated, or even without a rash (“zoster sine 

herpete”). In patients who are at risk for VZV reactivation, 
the use of long-term acyclovir safely prevents the occurrence 
of VZV disease [ 95 ,  96 ], and currently it is recommended for 
at least 1 year following HCT.  

    TABLE 6-3.    Risk factors and epidemiology of viral infections after HCT   

 Pathogen  Risk factors  Comment 

  Respiratory virus  

 Respiratory  syncytial   virus (RSV)  Pre-engraftment  Progression to pneumonia is associated with older age 
and lymphopenia 

 Lymphopenia  It may be less common in nonmyeloablative or reduced 
intensity transplants 

 Preexisting obstructive airway disease 

 Parainfl uenza  Unrelated donor (URD) transplant  Progression to pneumonia (less common than in RSV) is 
associated with corticosteroid use and lymphopenia  CD4+ lymphopenia 

 Infl uenza  Advanced disease  Progression to pneumonia seems less in patients who are 
receiving corticosteroids  Female sex 

 Transplantation during infl uenza season 

    Adenovirus  Lymphopenia (T cell depletion), anti-T cell 
antibodies, umbilical cord blood transplants, 
mismatched transplants (other than DRB1), 
haploidentical transplants 

 Both reactivation of latent adenovirus and new infections 
occur. Plasma viremia is an important predictor of 
disease 

 Refractory GVHD 

 GVHD on corticosteroids 

 Others (metapneumovirus rhinovirus, 
coronavirus, enterovirus, bocavirus) 

 Risk factors not well defi ned 

  Herpesvirus  

  HSV    HSV + serology in the recipient 

 Acyclovir-resistant HSV  Low-dose prophylaxis 

 Intermittent treatment 

 HSV-seronegative donors 

 Varicella zoster  virus   (VZV)  VZV + serology  Clinical reactivation of 25% in the fi rst year after 
stopping acyclovir prophylaxis 

 HCT recipients with multidermatomal zoster should be 
on airborne and contact precautions 

    CMV (early disease)  CMV + serology in recipient  Rate of CMV infection in seronegative recipients of 
seropositive donor (R−/D+) is very low if 
leucodepleted products are used 

 URD transplants and mismatched transplants 
(in some studies) 

 T cell depletion {Holmberg, 1999 #131} 

 CMV (late disease)  Chronic GVHD 

 Corticosteroids 

 CD4+ lymphopenia (<50) 

 Unrelated transplants 

 Haploidentical transplants 

 Umbilical cord blood transplants 

 T cell-depleted transplants 

       Epstein–Barr virus (EBV)-related 
posttransplant lymphoproliferative 
disorder (PTLD) 

 Profound T cell cytopenia 

 T cell depletion 

 Anti-T cell antibodies 

 UCB transplants 

 Haploidentical transplants 

    Human herpesvirus 6 (HHV-6)  UCB  Reactivation after transplant is very common; disease is 
rare; multiple disease associations described  Unrelated donor transplant 

 Mismatched transplant 

 GVHD 

    BK virus  Reactivation almost universal after allo-HCT  High-level viremia associated with disease 
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6.8.1.3      Cytomegalovirus (CMV)   

 CMV  remains latent in a variety of human cells.  CMV  - 
seropositive HCT recipients are at risk for CMV reactivation 
and disease after transplant. The term “CMV infection” is 
used to denote the presence of CMV in the blood detected by 
PCR or pp65 antigenemia [ 97 ]. Following reactivation, 
CMV may cause disease typically in the form of pneumonia 
and/or gastrointestinal disease (most commonly colitis). 
Other CMV diseases like retinitis or CNS involvement are 
rare after HCT but have been described: retinitis has been 
associated with high CMV viral load [ 98 ] sometimes in the 
context of chronic GVHD and CNS disease (encephalitis 
and ventriculitis), sometimes with resistant virus in the CNS 
[ 99 ,  100 ]. 

 The risk for reactivation may be related to the presence of 
CMV-specifi c immunity in the donor. The rate of CMV 
infection in the donor–recipient (D/R) pairs often follows 
the progression  D R D R D R D R– + + + + – – –/ / / /> >   , 
suggesting that CMV-specifi c memory T cells administered 
with the stem cells may play a role in preventing reactivation 
and disease. CMV infection or disease in CMV-seronegative 
recipients of seronegative donors (R−/D−) is rare when leu-
codepleted or CMV-negative blood products are used [ 101 ]. 

 Every transplant program must decide on a strategy to 
monitor CMV and prevent disease. Depending on a variety 
of factors, either universal prophylaxis with ganciclovir up 
to day 100 or a preemptive strategy of weekly monitoring 
and early therapy may be used. Both approaches resulted in 
similar overall mortality when compared in a randomized 
controlled trial, but universal prophylaxis was followed by 
more cases of late CMV disease [ 97 ,  102 ]. Late CMV dis-
ease has emerged as a signifi cant problem, as it occurs when 
patients are not being under close monitoring by the trans-
plant center. Risk factors include lymphopenia and chronic 
GVHD [ 103 ]. Preventing late CMV disease may be accom-
plished by either prophylaxis with valganciclovir or the pre-
emptive approach with weekly CMV PCR monitoring 
[ 104 ]. The effect of CMV serostatus of donor and recipient 
on overall survival is complex  (for a review, see [ 105 ] and 
Chap.   24    ).  

6.8.1.4     Epstein–Barr  Virus   and Posttransplant 
Lymphoproliferative  Disorder   

  PTLD   is a spectrum of lymphoid proliferations that may 
happen after solid organ or allogeneic stem cell transplanta-
tion, usually (but not always) driven by EBV [ 106 ]. 
Pathologically the spectrum goes from polymorphic, poly-
clonal tissue infi ltration of lymphocytes to monomorphic 
involvement with high-grade B cell lymphoma. After alloge-
neic HCT, the proliferating cells may be from donor (most 
commonly) or recipient origin. This disorder is typically 
related to insuffi cient or abnormal T cell responses against 
EBV [ 107 ], and accordingly it is more common in the setting 
of HLA-mismatched transplants, T cell depletion, or intense 

immunosuppression for the treatment of GVHD [ 108 – 110 ]. 
Some cases have followed the use of alemtuzumab for 
in vivo T cell depletion or GVHD prophylaxis [ 110 ], despite 
the fact that anti-CD52 also results in depletion of B cells 
and earlier had been reported to be associated with relatively 
less risk. Interestingly, the use of posttransplant cyclophos-
phamide to prevent GVHD seems to be associated with 
lower risk of  PTLD   [ 35 ]. Monitoring of  EBV   viral load by 
quantitative PCR is now recommended in those transplants 
considered at high risk. Preemptive management of increas-
ing EBV viral load in patients at risk has been associated 
with good outcomes [ 111 ], although it is not clear when 
exactly this treatment should be given. A CT/PET may be 
useful to localize areas amenable to biopsy (Figure  6-2 ).

6.8.1.5        Human Herpesvirus  6   

  HHV-6   is acquired early in life, when it may cause roseola 
infantum and nonspecifi c febrile illnesses. It frequently reac-
tivates following HCT. Using quantitative PCR, HHV-6 can 
often be detected in peripheral blood 2–5 weeks after trans-
plant. Most of the time the reactivation seems to be asymp-
tomatic [ 112 ], but a number of associations (rash, delayed 
engraftment, GVHD, thrombocytopenia, increased overall 
mortality) as well as actual clinicopathological entities (hep-
atitis, pneumonitis, encephalitis) have been described [ 113 –
 115 ]. HHV-6 is possibly the most common cause of infectious 
encephalitis after HCT [ 116 ]. It seems to be particularly fre-
quent after cord blood transplant. Cases of encephalitis tend 
to be accompanied by higher viral loads of HHV-6 in plasma 
[ 117 ], but the role of systematic monitoring of HHV-6 in 
plasma is unknown at this time, as reactivation seems much 
more common than disease [ 118 ] and attempts to use a pre-
emptive strategy using foscarnet have not been successful 
[ 119 ]. The European Conference on Infections in Leukemia 
has proposed evidence-based guidelines to address the diag-
nostic and therapeutic uncertainties related to this infection 
[ 120 ].   

6.8.2     Respiratory Viruses 

  Respiratory viruses  , a heterogeneous group of virus that is 
responsible for most upper acute respiratory infections in 
normal hosts, result in signifi cant morbidity and mortality 
after HCT, particularly during the fi rst 3 months following 
transplant [ 121 ]. Even asymptomatic carriage of respiratory 
viruses at the time of transplant has been reported to result in 
increased risk of unfavorable outcomes [ 122 ]. Besides  respi-
ratory syncytial virus (RSV)   [ 123 ], infl uenza,  parainfl uenza 
virus (PIV)   [ 124 ], rhinovirus [ 125 ], and adenovirus, newly 
identifi ed viruses including metapneumovirus [ 126 ], corona-
virus [ 127 ], and bocavirus [ 128 ] have emerged as signifi cant 
pathogens. These infections present signifi cant risks both 
acutely and in the long term. During the acute infection, 
HCT recipients are at risk of developing viral pneumonia 
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that sometimes progresses to respiratory insuffi ciency, 
mechanical ventilation and death, and also at risk of con-
comitant or secondary bacterial or fungal infections that are 
associated with increased mortality [ 124 ,  129 ,  130 ]. Long-
term, there seems to be an association between early infec-
tion (pre-day 100) with some of these viruses (most notably 
PIV and RSV) and later development of chronic airfl ow 
obstruction [ 131 ]. The most signifi cant risk factor overall for 
progression of these infections from the upper respiratory 
tract to the lungs seems to be lymphopenia [ 132 ]. 
Corticosteroid use seems to contribute to progression to 
pneumonia in RSV and parainfl uenza infections but not so in 
infl uenza [ 129 ,  130 ] (see Table  6-3 ).  

6.8.3      Adenovirus   

 Besides its role among the community-acquired respiratory 
virus, adenovirus may cause disease in transplant recipients 
following reactivation in the gastrointestinal tract followed by 
dissemination and end-organ damage [ 133 ]. De novo acquisi-
tion of adenovirus may also result in disseminated disease. 
There are more than 60 types of human adenovirus, with dif-

ferent tropisms and possibly varying susceptibilities to antivi-
ral agents. They can cause a variety of diseases, including 
upper and lower respiratory tract infection, colitis, hemor-
rhagic cystitis (HC), nephropathy, and CNS disease. Systemic 
adenovirus disease seems to be more common in children, 
particularly in recipients of cord blood or T cell- depleted 
transplants [ 134 – 136 ]. Patients with GVHD on treatment with 
high-dose corticosteroids are also at risk (Figure  6-3 ). Some 
studies have documented that sustained high levels of adeno-
viremia are associated with disease [ 137 ]. It is not known yet 
whether a preemptive approach with cidofovir can success-
fully prevent disseminated disease and death [ 133 ,  138 ].

6.8.4        Polyomavirus: BK and JC Virus 

6.8.4.1     BK Virus 

   BK virus   infects 90% of humans by age 12. It predictably 
reactivates in most patients following HCT and causes hem-
orrhagic cystitis (HC) in a minority of them [ 139 ]. Detection 
of high levels of BK in the peripheral blood seems to corre-
late with the presence of BK-induced HC [ 140 ,  141 ]. In a 

  FIGURE 6-2.     EBV-related   lymphoproliferative disorder after a matched unrelated donor transplant. A 24-year-old man with Hodgkin lym-
phoma underwent a syngeneic HCT followed by MUD HCT (cyclophosphamide + fl udarabine followed by alemtuzumab and cyclospo-
rine). His day-28 CT/PET showed a mixed response: improvement in the intrathoracic lesions and cervical lymph nodes but appearance 
of new PET+ lesions in the liver, pharynx, and stomach. EBV viral load had been increasing slowly. Biopsies of the PET+ liver and 
stomach lesions showed a polyclonal EBV+ B cell infi ltrate. The disease responded to rituximab and cyclosporine taper.       
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large study from the  Fred Hutchinson Cancer Research 
Center (FHCRC),   no association was found between BK 
virus-associated HC and lymphopenia, corticosteroid use, 
and GVHD—the typical risk factors for viral infections after 
HCT [ 140 ]. In contrast, other smaller studies have found an 
association with GVHD. The pathogenesis of this disease 
remains unexplained. BK-induced nephropathy, a common 
problem after kidney transplant, remains infrequent after 
HCT and does seem to be related to profound immunosup-
pression [ 142 ]. BK pneumonitis has also been described, but 
it is distinctly  rare [ 143 ].  

6.8.4.2     JC Virus 

  JC virus   is also acquired by most people during childhood. In 
immunocompromised hosts, it may cause encephalitis (JC 
encephalitis, previously called progressive multifocal leuko-
encephalopathy (PML)) with multiple areas of demyelin-

ation without edema detectable by MRI. Some studies have 
suggested that detectable viral load after HCT may be more 
common than currently thought [ 144 ]. Ascertaining risk 
 factors for this disease is diffi cult because some transplant 
recipients may have conditions known to be associated with 
it and also received medications like MMF, rituximab, or 
brentuximab, which have been associated with PML even in 
the absence of allo-HCT.    

6.9     Risks and Epidemiology 
of  Pneumocystis   After Allogeneic 
HCT 

 PCP is an opportunistic infection of patients with profound 
cellular immunodefi ciency, and prophylaxis is recommended 
after HCT. It is now relatively uncommon: 1.3–2.4% of 

  FIGURE 6-3.     Adenovirus   pneumonia in the setting of disseminated disease. A 48-year-old man received HLA-matched sibling donor non-
myeloablative HCT for myelodysplastic syndrome in transformation. Leukemia recurred immediately after transplant. He received several 
donor lymphocyte infusions/stem cell boosts and then induction treatment for AML with FLAG (fl udarabine + cytarabine + G-CSF) fol-
lowed by donor stem cells. Graft-versus-host disease involving the skin and gut had been documented being treated with methylpredniso-
lone 1 mg/kg/day. After the patient recovered from neutropenia, he developed spiking fever and progressive shortness of breath. Adenovirus 
was isolated from tears, respiratory secretions, and urine. PCR in the blood was positive for adenovirus, and the autopsy showed only 
disseminated adenovirus disease.       
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patients transplanted from several series [ 145 ,  146 ] Most 
cases seem to occur relatively late, after discontinuing pro-
phylaxis or during periods of intensive immunosuppression 
for the treatment of GVHD [ 147 ].  Hypoxemia   is characteris-
tic at presentation. Atypical radiological manifestations, 
including nodular infi ltrates and pleural effusions (in con-
trast to typical interstitial pneumonitis), are described fre-
quently, as is the presence of co-pathogens [ 148 ]. The 
preferred prophylaxis is  trimethoprim/sulfamethoxazole 
(TMP/SMX)  , and several dosing regimens are effective (one 
single-strength tablet daily, one double-strength tablet daily, 
or one double-strength tablet three times/week) [ 149 ]. TMP/
SMX may be poorly tolerated because of hematologic toxic-
ity, skin rash and/or gastrointestinal toxicity [ 150 ]. 

 It is unclear which is the prophylaxis of choice if TMP/
SMX cannot be used. Aerosolized pentamidine is conve-
nient, obviates the problem of compliance, and is less toxic 
than dapsone and better tolerated than atovaquone. However, 
it has been reportedly associated with more failures than 
dapsone [ 150 ]. Dapsone seemed to be effective and well tol-
erated in one study [ 151 ] but not in another when it was 
given only three times per week [ 152 ]. Dapsone should not 
be given to patients with G6PD defi ciency. 
Methemoglobinemia is a well-known complication of dap-
sone [ 153 ] that should be considered in the presence of unex-
plained shortness of breath. Atovaquone suspension 
1500 mg/d may be used, but published experience in HSCT 
recipients is limited [ 154 ,  155 ]. Atovaquone is expensive 
and poor tolerance has made compliance for some patients 
diffi cult. Absorption is better in the presence of signifi cant 
amount of fat, and breakthroughs are well documented 

(Figure  6-4 ). PCP prophylaxis is recommended at least until 
all immunosuppression has been stopped but it is unclear 
how much longer to continue it [ 156 ].

6.10        Risks and Epidemiology 
of  Toxoplasmosis      
After Allogeneic HCT 

 Most cases of   toxoplasmosis after HCT represent reactiva-
tion, although rare cases of transmission with bone marrow 
transplant have been suspected [ 157 ]. Recipients should be 
tested for anti-toxoplasma IgG antibody, and if they are 
found to be positive, prophylaxis is recommended. Rare 
cases of toxoplasmosis after HCT have occurred in seroneg-
ative recipients [ 158 ,  159 ]. The disease tends to occur within 
the fi rst 6 months after transplant, but it can happen later in 
the presence of persistent immunosuppression [ 160 – 162 ]. 
The risk of toxoplasmosis varies with the type of transplant 
and the immunosuppression: cord blood and use of ATG 
were found to be risk factors for disease in a prospective 
study [ 162 ]; most cases in another series occurred in URD or 
mismatched transplants [ 107 ]. 

 TMP/SMX as given for PCP prophylaxis is considered 
adequate to prevent toxoplasmosis, although there have been 
cases on HCT recipients who were receiving it [ 162 ]. The 
best alternative for patients who are intolerant to TMP/SMX 
is unknown. Dapsone and atovaquone showed some effi cacy 
in HIV-infected patients and there is increasing experience 
after HCT [ 163 ], although failures have been reported. Other 

  FIGURE 6-4.    Pneumocystis pneumonia.    A 23-year-old man with Ph + ALL s/p matched sibling allo-HCT presented for his 1-year post-
transplant visit complaining of worsening fever and cough over the last 2 weeks, despite oral levofl oxacin. He was in complete remission. 
A month earlier, abnormal liver enzymes had prompted the initiation of sirolimus for suspected chronic GVHD. He was on prophylaxis 
with acyclovir and atovaquone. The CT showed multifocal infi ltrates. The bronchoalveolar lavage showed abundant  Pneumocystis . After 
1 week of treatment with trimethoprim/sulfamethoxazole, the radiographic pattern became characteristic of pneumocystis pneumonia. 
Atovaquone failures are well documented. The radiographic features of PCP after allogeneic transplant may be atypical.       
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regimens include clindamycin with pyrimethamine and 
 leucovorin, pyrimethamine with sulfadiazine, or pyrimeth-
amine and sulfadoxine and leucovorin [ 107 ]. If a reliable 
quantitative PCR assay is available, frequent monitoring and 
preemptive treatment may be appropriate, since PCR-
detected reactivation seems to precede symptoms   by 4–16 
days [ 162 ]. Retrospective data suggest this strategy may 
result in improved outcome [ 164 ].  

6.11     Summary 

 In summary, infections following HCT are frequently related 
to risk factors caused by the procedure itself. Neutropenia 
and mucositis predispose to bacterial infections. Prolonged 
neutropenia increases the likelihood of invasive fungal infec-
tion. GVHD and its treatment create the most important eas-
ily identifi able risk period for a variety of infectious 
complications, particularly mold infections. Profound, pro-
longed T cell immunodefi ciency, present after T cell-depleted 
or cord blood transplants, is the main risk factor for viral 
problems like disseminated adenovirus disease or EBV- 
related PTLD. 

 Besides all these “procedure-related” risk factors, there 
are individual characteristics that only now are starting to be 
investigated and understood. Future epidemiological and 
basic studies will likely result in truly personalized prophy-
lactic regimens that will increase the unquestionable benefi ts 
of antimicrobial prophylaxis and reduce the cost, both direct 
and indirect, associated with this life-saving practice.     
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     7  
  Risk and Epidemiology of Infections 
After Solid Organ Transplantation                     
     Ingi     Lee       and     Emily     A.     Blumberg     

       Transplant recipients are uniquely susceptible to infectious 
diseases due to the nature of their underlying conditions and 
their immunosuppressed status; consequently infections in 
solid organ transplantation may be associated with signifi -
cant morbidity and mortality. These patients are not only vul-
nerable to a broad range of infectious organisms including 
those not normally considered to be pathogenic, but also 
prone to unusual presentations and more severe manifesta-
tions of infection [ 1 ]. Given the impact of infections on 
patient morbidity and mortality, it is critical to implement 
effective strategies for the prevention and early recognition 
of infectious complications to improve outcomes in this 
patient population. 

 This chapter is an introduction to the risks and epidemiol-
ogy of infections in solid organ transplantation. It provides 
an overview of pre-transplantation donor and candidate 
screening, reviews the classic timeline for infection, and 
 discusses methods for disease prevention including immuni-
zations, environmental control, and post-transplantation 
prophylaxis. 

7.1     Pre-transplantation Screening 

 An essential component of the pre-transplantation evaluation 
includes screening organ donors and transplant candidates 
for latent and active infections [ 2 ,  3 ]. This screening process 
is important for several reasons. Transplant care providers 
may identify scenarios that warrant exclusion of the organ 
donor or candidate from transplantation or they may  diagnose 
active infections that require treatment prior to transplanta-
tion. The risk of post-transplantation infections that may 
result from reactivation of latent disease in the setting of 
increased immunosuppression should also be assessed and 
strategies individualized to minimize this risk. Lastly, plan-
ning preventive measures should be a focus during this 
period; this includes developing strategies for safe living and 
immunization, especially since vaccine response after trans-
plantation may be suboptimal. 

7.1.1     Screening the Transplant Candidate 

 All  transplant  candidates   should be screened for latent and 
active infections using a variety of modalities. It is important 
to start with a careful history and physical examination. 
A detailed history including occupational history, places of 
residence, travel history, pets, and hobbies should be obtained 
from the transplant candidate. In some cases, this may sug-
gest the presence of active infection and additional evalua-
tion may be indicated to exclude diagnoses that would 
warrant delaying transplantation (e.g., infections with patho-
gens for which there are no antimicrobials such as West Nile 
virus [WNV] or certain respiratory viruses). Alternatively a 
history of prolonged residence in or birth in a location nota-
ble for unique endemic infections may prompt evaluation for 
subclinical infections that could reactivate after transplanta-
tion, including  Strongyloides stercoralis ,  Trypanosoma 
cruzi ,  Histoplasma capsulatum , and  Coccidioides immitis  [ 2 , 
 3 ]. All transplant candidates should be screened for infec-
tious pathogens that have been more frequently associated 
with post-transplant complications by using a routine panel 
of testing, which is then supplemented with additional test-
ing as indicated by history (Table  7-1 ). This includes sero-
logic testing for cytomegalovirus (CMV), herpes simplex 
virus (HSV), varicella zoster virus (VZV), Epstein–Barr 
virus (EBV), human immunodefi ciency virus (HIV), hepati-
tis B virus (HBV), hepatitis C virus (HCV), syphilis, and 
 Toxoplasma gondii  [ 2 ,  3 ]. Tuberculin testing is also impor-
tant due to the increased risk of reactivation of latent infec-
tion following transplantation; both intradermal tuberculin 
purifi ed protein derivative placement and interferon gamma 
release assays (IGRA) have been used [ 4 ,  5 ].

   Pre-transplant screening may reveal active infections that 
could impact post-transplantation outcomes. Some of these 
may warrant excluding the transplant candidate from solid 
organ transplantation either temporarily or defi nitively. In 
some cases, such as WNV infection, transplantation may 
occur following resolution of the infection. In other cases, 
patients may not be eligible either due to the severe or incur-
able nature of the infection. Notably these criteria have 
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evolved over time and infections that were once considered 
exclusions to transplantation may now be acceptable. One 
example of this is HIV infection, previously considered a 
contraindication due to concerns that immunosuppressive 
medications would increase the risk of opportunistic infec-
tion, HIV disease progression, and mortality [ 6 ]. The advent 
of  highly active antiretroviral therapy (HAART)   has allowed 
for outstanding long-term HIV control in adherent patients, 
and the excellent outcomes in HIV-infected individuals 
undergoing liver and especially kidney transplantation have 
encouraged increasing numbers of centers to perform renal 
and hepatic transplants in these patients [ 7 – 12 ]. Centers are 
also beginning to consider thoracic and pancreatic organ 
transplantation in HIV-positive individuals given acceptable 
outcomes in the initial patients undergoing these procedures 
[ 13 – 16 ]. Another exception may be infection of ventricular 
assist devices, as eradication of these infections typically 
requires device explantation and outcomes have been accept-
able with transplantation [ 17 ,  18 ]. Many transplant candi-
dates are hospitalized with high acuities of illness, requiring 
invasive procedures (e.g., central line placement, intubation, 
or ventricular assist device insertion) that place them at 
increased risk of infection. These patients require close mon-
itoring in order to promptly identify active infections that 

occur while awaiting transplant; ideally these should be 
 adequately treated prior to transplantation to minimize 
 post- transplant complications. 

 Pre-transplantation screening can also identify latent 
infections that may reactivate after transplantation. Possible 
pathogens include bacteria (e.g.,  Mycobacterium tuberculo-
sis ), viruses (e.g., CMV, HBV, HCV, BK virus, EBV, HSV, 
and VZV), and fungal pathogens (e.g.,  Histoplasma capsula-
tum and Coccidioides immitis ). The risk for TB is signifi -
cantly increased in the transplant population with most cases 
representing reactivation of latent infection and screening 
should be performed in all transplant candidates. Options 
include intradermal skin testing utilizing PPD or IGRA with 
the latter preferred in individuals who have received BCG 
immunization to reduce the rates of false-positive tests [ 5 ]. 
When PPD testing is performed, areas of induration ≥5 mm 
are considered positive and patients with negative PPD 
results on initial testing may be considered for repeat testing 
after 2 weeks [ 5 ]. Both PPD and IGRA have reduced sensi-
tivity due to common acquired immune defi ciencies in can-
didates for transplantation; consequently it is important to 
take a careful history and closely review chest radiography 
in high-risk individuals who have negative testing. It is also 
important to scrutinize individuals with discordant test 
results. Treatment is recommended for all transplant candi-
dates with a positive tuberculin test after active disease has 
been excluded. Since many transplant candidates are  anergic, 
high-risk patients with a negative PPD or an indeterminate 
IGRA should also be considered for empiric treatment. These 
include transplant recipients with radiographic evidence of 
prior disease, a history of inadequately treated TB, close 
contact with someone who has active TB, or receipt of an 
organ from an inadequately treated organ donor [ 5 ,  19 ]. 
First-line treatment involves a 9-month course of isoniazid. 
Those who are isoniazid intolerant may benefi t from a 
4-month course of rifampin. However, rifampin has multiple 
drug interactions, including increasing the metabolism of 
calcineurin inhibitors, which may signifi cantly complicate 
its administration post-transplantation. Consequently its use 
should be carefully considered in patients who may be trans-
planted during the course of therapy. In some cases, fl uoro-
quinolones may be considered as alternate therapy for latent 
tuberculosis [ 20 ]. 

 The optimal timing of latent TB treatment has not been 
defi ned and varies depending on the patient’s risk for 
treatment- related hepatotoxicity. Patients without liver dis-
ease often undergo treatment prior to transplantation [ 5 ]. 
Because the risk of hepatotoxicity is increased in liver trans-
plant candidates, transplant centers may choose to initiate 
latent TB treatment after transplantation once the patient is 
stable and the liver function tests have normalized [ 21 ]. Of 
note, treatment can be ongoing at the time of transplantation. 
Given that the highest risk of reactivation is within the fi rst 
year following transplantation, if patients cannot be treated 
prior to transplantation, it is preferable to treat them as soon 

   TABLE 7-1.    Infectious diseases screening  for   solid organ screening 
for solid organ transplant candidates   

 Routinely administered tests 
 Other potential tests based on history; or 
clinical, laboratory, or radiologic fi ndings 

 CMV antibody  Blood cultures a  

 EBV antibody (EBV VCA 
IgG and/or EBNA b ) 

 Chest imaging 

 HBV (hepatitis B surface 
antigen and antibody, and 
core antibody) 

  Coccidioides  antibody c  

 HCV antibody and HCV 
RNAd 

 Cryptococcal antigen a  

 HIV 1/2 antibody   Histoplasma  antibody c  

 HSV antibody  Respiratory virus PCR panel (including 
infl uenza A and B, parainfl uenza, 
RSV, metapneumovirus, 
adenovirus) a  

 PPD or IGRA (interferon 
gamma release antibody) 

  Schistosoma  antibody c  

 RPR (rapid plasma reagin)   Strongyloides  antibody c  

 Toxoplasma antibody   Trypanosoma cruzi  antibody c  

 VZV antibody  Urinalysis and urine culture 

 WNV (West Nile Virus) antibody or 
nucleic acid testing a,c  

 HTLV I/II antibody 

   a Recommended for individuals with symptoms consistent with these 
infections. 
  b  VCA  viral capsid antibody,  EBNA  Epstein–Barr nuclear antibody. 
  c Recommended for individuals from geographic regions where these infec-
tions are endemic. 
  d Recommended for candidates who are immunosuppressed prior to trans-
plant, including those with end-stage renal disease.  

I. Lee and E.A. Blumberg



103

as possible following transplantation [ 4 ]. Recent converters 
should be treated prior to transplantation if at all possible to 
decrease the risk of active infection either prior to or at the 
time of transplant. 

 Transplant candidate screening is an important opportu-
nity for reevaluation of standard preventive measures. This 
includes an assessment of their home and work environ-
ments, pets, and hobbies in order to implement suffi cient 
preventive measures prior to transplantation. The pre- 
transplant evaluation period is also an important opportunity 
for updating routine immunizations for vaccine-preventable 
illnesses, especially infl uenza and pneumococcal infection 
[ 22 ]. Patients should also undergo assessment for immunity 
to vaccine-preventable illnesses (e.g., varicella and hepatitis 
A and B) and be immunized accordingly. Further recommen-
dations  regarding immunizations will be included later in 
this chapter.  

7.1.2     Screening the Organ Donor 

 The ability to fully screen organ  donors   will vary depending 
on whether the donor is living or deceased. Living donor 
screening has certain advantages. Notably the donor pro-
vides his or her own medical history and testing may be tai-
lored to risks identifi ed during the initial donor assessment. 
In contrast, deceased donor screening is limited to several 
hours where the medical history is obtained from a proxy. 
Family members may provide incomplete or inaccurate 
medical history and may be unaware of patient behaviors 
that place the patient at higher risk of infection. Despite these 
differences, the infectious pathogens tested during donor 
screening are similar for living and deceased donors and mir-
ror the testing done in transplant candidates, although some 
testing may be performed in live donors that is currently not 
available or considered to be reliable in deceased donors 
(e.g., testing for tuberculosis). Potential donors are tested for 
a panel of routine serologies with additional screening 
guided by pertinent patient history. Further detail regarding 
screening the organ donor is provided in Chap.   8    .   

7.2     The Risk of Infection 
Posttransplantation 

 The risk of infection  post-transplantation is determined by 
the balance between the patient’s net state of  immunosup-
pression   and his or her epidemiologic exposures [ 1 ]. A patient 
who is more severely immunosuppressed may be susceptible 
to a broader range of infections, including those caused by 
opportunistic pathogens. Although opportunistic pathogens 
are more likely to cause infection in the fi rst 6 months after 
transplantation, when patients are expected to be more 
immunosuppressed, patients in the late post- transplantation 
period (>6 months) on minimal immunosuppression without 

a signifi cant history of rejection may be at risk of opportunis-
tic infection, especially following a signifi cant epidemio-
logic exposure. 

 Multiple factors contribute to a transplant recipient’s net 
state of immunosuppression. The type, dosage, and timing of 
administered immunosuppressive medications remain the 
primary factor. Different immunosuppressive medications 
exert unique effects on the host immune system: (1) cortico-
steroids inhibit infl ammatory responses and affect T-cell acti-
vation, (2) cytotoxic agents (i.e., azathioprine and 
mycophenolate acid) impair T-cell and B-cell proliferation 
and function, (3) calcineurin inhibitors (i.e., tacrolimus and 
cyclosporine) inhibit cytokine production, primarily interleu-
kin- 2 (IL-2), by CD4-positive T-cells, (4) target of rapamycin 
(mTOR) inhibitors (i.e., sirolimus) inhibit cell cycle prolifer-
ation and are associated with delayed wound healing and oral 
ulcers, (5) monoclonal antibodies (i.e., basiliximab and dacli-
zumab) target the IL-2 receptor, (6) recombinant monoclonal 
antibodies (i.e., alemtuzumab) bind to CD52 on B and T lym-
phocytes, a majority of monocytes, macrophages, and NK 
cells, and a subpopulation of granulocytes, disrupting these 
cellular functions for prolonged periods, (7) polyclonal anti-
bodies (i.e., antithymocyte globulin) induce lysis of lympho-
cytes with prolonged lymphocyte depletion increasing the 
risk of infection 3 months or longer after administration, and 
(8) costimulatory blockade agents (i.e., belatacept) disrupt 
T-cell costimulation and consequently activation. 
Immunomodulatory viruses (i.e., CMV, EBV, HBV, HCV, 
and HIV) and existing comorbidities (e.g., diabetes, renal 
insuffi ciency, and malnutrition) also contribute to the net state 
of immunosuppression. Transplant recipients often have 
more than one factor present, resulting in defects in multiple 
arms of the immune system. Although tests are available to 
assess certain immunologic defects (e.g., quantitative immu-
noglobulins, lymphocyte subset measurements, and gamma 
interferon release assays targeted against specifi c pathogens), 
there  is no single test currently available that accurately 
assesses this net state of immunosuppression. 

  Epidemiologic exposure   is the other main determinant of 
a transplant recipient’s risk of infection. This exposure can 
be nosocomial or community acquired and may have 
occurred prior to transplantation. Latent infections can reac-
tivate after transplantation in the setting of enhanced immu-
nosuppression. Different organs also have unique 
epidemiologic risks due to organ-specifi c surgical proce-
dures and environmental factors. For example, transplanted 
lungs may be at increased risk for colonization and/or infec-
tion with inhaled pathogens due to decreased mucociliary 
function, ischemia at the anastomosis site, and the direct 
exposure of the transplanted organ to the external environ-
ment. Liver and pancreas transplant recipients may be at risk 
of infection related to a particular surgical method (e.g., 
bowel anastomosis), while heart transplant candidates with 
pre-transplant ventricular assist devices may be at risk for 
device-related infections. 

7. Risk and Epidemiology of Infections After Solid Organ Transplantation
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 Standardized immunosuppressive therapy in solid organ 
transplantation has enabled the development of a useful pre-
dictive timeline for infection [ 1 ]. It includes three distinct 
time periods: the early post-transplantation period (0–1 
month), the intermediate post-transplantation period (1–6 
months), and the late post-transplantation period (>6 months) 
(Figure  7-1 ). Although changes in immunosuppressive med-
ication regimens combined with the use of antimicrobial 
prophylaxis have modifi ed this timeline, the general frame-
work is still applicable. Transplant care providers can use 
this reference to develop an initial differential diagnoses for 
transplant recipients who present with signs of infection as 
well as to devise prophylactic strategies [ 1 ,  23 ]. However it 
is important to recognize that exceptions are possible; 
patients receiving certain more long-lasting immunosup-
pressive agents and those with chronic rejection or infection 
with immunomodulatory viruses may remain severely 

immunosuppressed and therefore be more vulnerable to 
opportunistic pathogens beyond 6 months after transplanta-
tion. Additionally it is possible that patients (especially pedi-
atric recipients) may acquire primary infection with common 
opportunists (e.g., CMV and EBV) in the later post- transplant 
period, thus delaying the presentation of these infections.

7.2.1       Risk of Infection in the   Early 
Posttransplantation Period (0–1 Month)   

 Within the fi rst month, transplant recipients are most suscep-
tible to nosocomial infections similar to those seen in non- 
immunosuppressed surgical patients, including pneumonia, 
urinary tract infections, catheter-related blood stream infec-
tions, and surgical site infections [ 3 ,  8 ,  10 ,  24 ]. Some of 
these may be directly related to complications of the surgical 

Time from Transplant 
Day 0
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Immunosuppression1

Bacteria
Donor derived pyogenic bacteria2
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Hospital acquired

Device related
Clostridium difficile
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Sinopulmonary
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  FIGURE 7-1.    Epidemiology  of         post-transplant infection considering time from transplant. Adapted from Fishman JA, Rubin RH, Infection 
in organ transplant recipients, New England Journal of Medicine, 1998;338(24):1741–51, and Fishman JA, Infection in solid organ trans-
plant recipients, New England Journal of Medicine, 2007;357(25):2601–14.       
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procedure or a consequence of postoperative care; bacteria 
and  Candida  species are most commonly implicated [ 23 ]. 
Liver transplant recipients, for example, may be at increased 
risk of wound infections, or infections such as peritonitis or 
abdominal abscesses due to leaks at the biliary anastomotic 
site. The postoperative care may involve prolonged periods 
of intubation and the insertion of central venous lines or 
indwelling urinary catheters. These breaks in the mucocuta-
neous barriers place patients at increased risk for nosoco-
mial infections including ventilator-associated pneumonias, 
surgical site infections, bloodstream infections, or urinary 
tract infections. Perioperatively, patients often receive broad 
spectrum antibiotics that may contribute to the emergence 
of antimicrobial-resistant pathogens, nosocomial fungal 
infections, and infection with  Clostridium diffi cile  colitis. 
Nosocomial transmission of viruses, especially respiratory 
viruses, may also occur [ 25 ]. Immunocompromised patients 
may have longer periods of viral shedding, and therefore 
they have opportunities to infect other organ transplant 
recipients by being placed in adjacent rooms on dedicated 
wards. Additionally, infection with  Legionella  species can 
occur anytime including the early post-transplantation 
period [ 26 ,  27 ]. Pneumonias are among the most commonly 
seen early infections; however not all pulmonary infi ltrates 
are due to infection. The differential diagnosis is broad, and 
may include edema, atelectasis, rejection (in lung transplan-
tation), and medications in addition to infection [ 28 ]; it is 
important to consider these diverse possibilities when eval-
uating patients. Transplant recipients are at increased risk 
for more severe pneumonias, including cavitary pneumo-
nias; consequently early recognition of infection is critical 
[ 28 – 30 ]. 

 Opportunistic infections are usually absent during the fi rst 
month after transplantation, although there have been rare 
reports of infection with these pathogens. Among the most 
commonly reported is Aspergillus pneumonia (especially in 
lung recipients) [ 24 ]. It is probable that this low incidence 
can be attributed to the delayed impact of immunosuppres-
sive medications introduced during this period. 

 Although the vast majority of early infections are nosoco-
mial, a low incidence of donor and recipient-derived infec-
tions may also occur during this period. A Spanish study 
evaluating nonviral donor-derived infections reported dis-
ease transmission in 5/292 (1.71 %) of transplant recipients 
who received organs from infected donors [ 31 ]. All fi ve 
donor-derived infections were due to bacterial pathogens. In 
the United States, there is mandated reporting of suspected 
donor-derived infections to the United Network for Organ 
Sharing (UNOS). Reviews of these reports by the Disease 
Transmission Advisory Committee of UNOS have noted that 
diverse pathogens have been transmitted including pyogenic 
bacteria,  T. cruzi , HCV, HIV, WNV, lymphocytic choriomen-
ingitis virus (LCMV),  Legionella  species,  H. capsulatum , 
 Candida  species,  S. stercoralis ,  C. neoformans ,  Schistosoma  
species,  T. gondii , and  M. tuberculosis  [ 32 ,  33 ]. The timing 

of these infections varies; typically bacterial infections and 
fungal infections are most likely to present in the fi rst month 
[ 34 ]. Although uncommon, these unanticipated donor- 
derived infections have been associated with increased mor-
bidity and mortality, with complications including surgical 
site infections and mycotic aneurysms [ 32 ,  33 ,  35 – 37 ]. The 
transmission of more unusual infections in solid organ trans-
plantation, including WNV, LCMV, or rabies, has also been 
documented [ 38 – 40 ]. Diagnosis of these infections may be 
confounded by the absence of recognized donor infection 
and the presentation of nonspecifi c symptoms such as fever, 
altered mental status, or liver enzyme elevations, followed 
by a rapid clinical decline oftentimes resulting in death. 
Recent reports have cautioned against the use of donors with 
neurologic processes of unclear etiology to prevent transmis-
sion of some of these infections [ 41 ]. 

 Early infections may also occur as a continuation of an 
active infection in the recipient that precedes transplantation. 
Not all of these may be recognized prior to transplantation. 
Pathogens related to early recipient-derived infections may 
be diverse; occasionally opportunistic pathogens may occur, 
especially in liver transplant patients or those treated with 
 immunosuppressive agents prior to transplantation.  

7.2.2     Risk of Infection in the  Intermediate 
Posttransplantation Period 
(1–6 Months  ) 

 The  intermediate post-transplantation period generally refers 
to the time occurring 1–6 months following transplantation. 
During this period, most solid organ transplant recipients are 
at their highest net state of immunosuppression due to immu-
nosuppressive medications exerting their full effect. Patients 
may also develop infections with immunomodulating viruses 
such as CMV, EBV, HBV, or HCV as well as experience 
metabolic complications including diabetes and renal insuf-
fi ciency that can alter the immune system. 

 During this period, in the absence of prophylaxis, infec-
tions due to diverse opportunistic pathogens including bacte-
ria (e.g.,  Nocardia species ,  Listeria monocytogenes , and 
Mycobacteria), fungi (e.g.,  Pneumocystis jiroveci ,  Aspergillus  
species,  C. neoformans ), viruses (e.g., CMV, EBV), and 
 parasites/protozoa (e.g.,  Toxoplasma gondii ) can occur. 
Geography can place individuals at risk for endemic mycoses 
including  Histoplasma capsulatum ,  Coccidioides immitis , or 
 Blastomyces dermatitidis . Lastly, donor-derived infections 
may present during this intermediate post- transplantation 
period; this is especially true of parasites (including 
 Strongyloides stercoralis ), protozoa, and viral infections [ 34 ]. 
Environmental exposures may also play a role during this 
period and place patients at higher risk of opportunistic infec-
tion. This includes exposure to a specifi c environment as well 
as to individuals with potentially communicable diseases. 
The changing nature of immunosuppressive regimens and 
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prophylactic strategies continues to have an impact on the 
infections seen during this period; both need to be considered  
when patients are evaluated. Specifi c infections seen during 
this high-risk period are detailed in later chapters.  

7.2.3     Risk of Infection in the  Late 
Posttransplantation Period (>6 Months)   

 The nature  of infections in the late post-transplantation 
period may be a window into the transplant recipient’s net 
state of immunosuppression. This net state of immunosup-
pression can be underestimated by simply reviewing the 
medication doses and levels as patient responses to specifi c 
regimens may vary substantially. By 6 months after trans-
plantation, the vast majority of transplant recipients are 
doing well with good allograft function maintained with 
minimal immunosuppression. These patients typically reside 
in their home environments where they are most susceptible 
to community- acquired infections. 

 Transplant recipients can be at increased risk for more 
severe respiratory infections with community-acquired 
pathogens (e.g., infl uenza, parainfl uenza, respiratory syncy-
tial virus, adenovirus, human metapneumovirus,  Legionella  
species, and pneumococcus). These patients may have lon-
ger durations of both infection and shedding, increased pro-
gression to lower respiratory tract infections, higher 
mortality rates, and increased risk for rejection [ 27 ,  42 – 47 ]. 
Transplant recipients are also at a 12.8-fold greater risk for 
invasive pneumococcal disease compared to the general 
population [ 46 ]. 

 Other viral infections can also be seen during this period, 
including infections that may have been previously sup-
pressed by prophylactic strategies. CMV infection is the 
most common opportunistic infection during this period. 
Often donor derived, CMV that may present variably as pro-
phylaxis is discontinued [ 3 ,  48 ]. Transplant recipients with 
CMV syndrome have nonspecifi c symptoms including fever 
and fatigue that may be accompanied by laboratory abnor-
malities, most notably leukopenia. CMV may also present 
with end-organ involvement such as colitis, pneumonitis, or 
infected allograft. In addition to its direct effect, CMV has 
indirect effects on the immune system that increase the risk 
for allograft rejection and loss,  post-transplantation lympho-
proliferative disorder (PTLD)  , other infections, and diabetes 
mellitus [ 49 – 55 ]. Chronic viral infections, such as HBV or 
HCV, may also reemerge during this time. Outcomes in 
HBV-infected recipients have improved with the use of HBV 
immunoglobulin and antiviral agents [ 56 ]. Currently HCV- 
positive recipients fare worse, developing repeated episodes 
of chronic rejection, post-transplant diabetes mellitus, or 
chronic infection and end-stage liver disease, although the 
advent of more effective and better-tolerated antiviral treat-
ment options will likely improve outcomes [ 56 – 59 ]. EBV 
may increase the risk of infections and malignancy, particu-
larly PTLD. PTLD risk is greatest in EBV-seronegative 

recipients who receive organs from seropositive donors, a 
scenario which most often occurs in children [ 60 ]. Other risk 
factors have included the organ transplanted and the choice 
of immunosuppression agent (especially belatacept) [ 60 –
 62 ]. Additionally, EBV viremia may provide insight into a 
patient’s net state of immunosuppression; consequently 
when routine monitoring detects viremia, immunosuppres-
sive therapy is typically reduced [ 60 ,  63 ]. 

 There are documented cases of reactivation of latent infec-
tions during this period. For example,  H. capsulatum  can 
establish latency after primary infection and reactivate months 
after transplantation [ 64 ]. Posttransplantation TB rates range 
from 0.35 to 15 % worldwide, depending on disease preva-
lence with a median time to onset of 6–11 months [ 5 ,  65 ,  66 ]. 
The frequency of active TB varies based on the organ trans-
planted but is substantially higher than that of the general 
population (20–74 % higher), with most cases resulting from 
reactivation of latent recipient infection [ 5 ,  65 ,  66 ]. Donor-
derived TB is estimated to account for <5 % cases [ 5 ,  67 ]. 

 Lastly, transplant patients may be at risk of other infec-
tions not necessarily associated with immunosuppression. 
This could include health care-associated infections during 
periods of hospitalization. Studies suggest that transplant 
recipients, particularly heart, lung, and heart–lung recipients, 
may also be at an increased risk of pancreaticobiliary disease 
and diverticulitis [ 68 ,  69 ]. 

 Although most recipients have stable allograft status and 
are infection free by 6 months after transplantation, a minor-
ity (approximately 20 %) may be chronically infected with 
immunomodulatory viruses or have recurrent episodes or 
chronic rejection requiring high-dose immunosuppressive 
therapy. The classic timeline for infections is not applicable 
to this subpopulation. These patients are more severely 
immunosuppressed and continue to be at risk for opportunis-
tic infections well past 6 months post-transplantation, thus 
potentially making them candidates for prolonged  prophy-
lactic strategies.   

7.3     Prevention of Infection 

 Prevention of infection is vital for improving outcomes in 
the solid organ transplant population. Transplant recipients 
need to be updated on their immunizations, preferably prior 
to transplantation, and they should be educated regarding 
behaviors that can minimize their day-to-day risk. Transplant 
care providers should also evaluate and identify patients who 
would benefi t from antimicrobial prophylaxis or preemptive 
therapy when appropriate. 

7.3.1     Immunizations 

 Screening  of candidates prior to transplantation is an ideal 
opportunity to ensure that transplant recipients are updated 
on the following  immunizations  , according to age- and 
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condition- related guidelines:  Streptococcus pneumoniae , 
 Haemophilus infl uenza , infl uenza, diphtheria, pertussis, teta-
nus, hepatitis A virus, HBV, measles, mumps, rubella, polio-
myelitis, and VZV [ 47 ,  48 ]. Although highly recommended, 
there is suboptimal utilization of immunizations in this pop-
ulation. One study reported that only 62.4 % (95 % CI 54.8–
70.1 %) of lung transplant candidates received  S. pneumoniae  
vaccination [ 70 ]. 

 There are several general guidelines regarding the admin-
istration of immunizations in this population. First, it is pref-
erable to update immunizations prior to transplantation 
rather than in the post-transplant period [ 3 ,  22 ]. Studies sug-
gest that transplant recipients have reduced responses to 
diverse vaccines compared to immunocompetent individu-
als; this makes pre-transplantation immunization especially 
important [ 22 ,  71 ,  72 ]. Second, not only should immuniza-
tions be administered pre-transplantation, but they are most 
effective when administered earlier in the course of disease 
[ 73 ]. Given the suboptimal response to immunizations in 
certain patients with end-stage organ disease, physicians 
may consider confi rming vaccine effi cacy in patients who 
report prior immunization. Serologic testing for hepatitis A 
virus, HBV, VZV, measles, mumps, and rubella can be per-
formed to ensure that patients maintain adequate levels of 
protection [ 74 ]. 

 Even after transplantation, patients should ensure that they 
are current on their immunizations. Typically, immuniza-
tions are not given until at least 3–6 months post- 
transplantation when immunosuppression is reduced 
suffi ciently to allow for improved immune response, 
although there may be exceptions to this, especially during 
epidemics (e.g., infl uenza) [ 22 ]. Transplant recipients as well 
as their family members and close contacts should receive 
yearly infl uenza vaccination. Strategies for pneumococcal 
vaccination include using conjugate pneumococcal vaccine 
followed by polysaccharide capsule vaccine [ 75 ]. Live atten-
uated vaccinations, including intranasal infl uenza, VZV, and 
MMR, are generally avoided in transplant recipients due to 
an increased risk for possible dissemination; however recent 
reports suggest that Varicella zoster vaccine may be safe in at 
least some  pediatric recipients [ 22 ,  76 ].  

7.3.2     Avoidance of Infectious Exposures 

 There are certain measures that can minimize the risk of 
infection among transplant recipients. In the hospital setting, 
patients should adhere to basic  infection control measures  . 
This includes washing hands frequently and limiting expo-
sure to sick visitors and staff. When transplant recipients 
return home, these basic infection control measures need to 
be augmented with avoidance of potential environmental 
hazards. Transplant recipients should watch their diet, avoid-
ing untreated water, undercooked meats, unwashed produce, 
and unpasteurized dairy products, soft cheeses, and juices. 

Other preventive measures include circumventing areas 
undergoing active construction, refraining from changing lit-
ter boxes, engaging in safe sexual practices including using 
latex condoms in non-monogamous sexual contacts or dur-
ing periods of increased immunosuppression, and limiting 
hobbies such as gardening that may put them at risk for novel 
infectious pathogens [ 77 ,  78 ].  

7.3.3     Prophylaxis 

   Prophylactic strategies following transplantation have also 
included the administration of anti-infective agents for more 
common or potentially serious pathogens during high-risk 
periods (Table  7-2 ). Prior to the initiation of prophylaxis, 
approximately 10–12 % patients developed PCP infection 
2–6 months post-transplantation [ 1 ]. Most centers, therefore, 
provide PCP prophylaxis to all their transplant recipients 
for at least the fi rst 6–12 months, using  trimethoprim- 
sulfamethoxazole (TMP-SMZ)   as fi rst-line therapy. TMP- 
SMZ not only provides excellent protection against PCP but, 
when given daily, may provide protection against urinary 
tract infections in renal transplant recipients,  T. gondii , 
 Nocardia  species, and  L. monocytogenes  [ 78 – 80 ]. TMP- 
SMZ is inexpensive and usually well tolerated.

   For patients who are unable to tolerate TMP-SMZ, second- 
line agents include dapsone, atovaquone, inhaled pentami-
dine, and a combination of clindamycin and pyrimethamine 
[ 81 ]. These alternatives, however, may not be as effective 
against PCP and do not provide equivalent protection against 
additional pathogens like TMP-SMZ [ 3 ]. If second- line ther-
apy with dapsone is needed, it is recommended that glucose-
6-phosphate dehydrogenase (G6PD) levels should be 
checked prior to administration since hemolytic anemia and 
methemoglobinemia may occur at higher rates in transplant 
recipients compared to HIV patients. However, some studies 
suggest that these complications may occur even in the set-
ting of normal G6PD levels [ 82 ,  83 ]. The duration of  prophy-
laxis      varies. Renal, heart, and liver transplant recipients on 
routine immunosuppression typically discontinue PCP pro-
phylaxis at 6 months to 1-year post-transplantation, while 
lung transplant recipients and small bowel recipients, who 
are at higher risk, typically remain on lifelong prophylaxis 
[ 81 ]. Physicians should also consider reinitiating prophy-
laxis during periods of increased immunosuppression (i.e., 
episodes of rejection) or prolonging prophylaxis for patients 
with chronic rejection. 

 One of the most important infections in solid organ trans-
plantation is caused by CMV. The risk for infection is 
 predicted by donor and recipient serostatus and varies 
depending on the organ transplanted and the choice of immu-
nosuppression [ 48 ]. The highest risk occurs when a seroneg-
ative recipient receives an organ from a seropositive donor 
(D+ R−). This not only places the transplant recipients at 
60–75 % risk of primary CMV infection but also at increased 
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risk of infection with ganciclovir-resistant CMV and possi-
bly recurrent CMV [ 84 ,  85 ]. The risk of infection is signifi -
cantly lower when the recipient is CMV seropositive. In 
addition, CMV risk varies based on the organ transplanted. 
Lung, small intestine, and pancreas transplant recipients are 
at the highest risk of CMV infection when compared with 
kidney transplant recipients who are at the lowest risk [ 48 ]. 

 Two different strategies, universal prophylaxis versus pre-
emptive therapy, are typically used for CMV prevention [ 68 , 
 86 ]. In universal prophylaxis, an antiviral agent is adminis-
tered to all transplant recipients to prevent the development 
of  CMV infection  . In contrast, preemptive therapy involves 
close surveillance of CMV viral shedding (typically in the 
blood) in transplant recipients with therapy initiated when 
positive levels are detected. CMV DNA testing has sup-
planted antigen testing at most transplant centers. Meta- 
analyses suggest that compared to preemptive therapy, 
universal prophylaxis is associated with decreased rates of 
allograft rejection, opportunistic infections, and mortality 
[ 87 ,  88 ]. Randomized controlled trials in kidney transplant 
recipients have reported lower rates of graft loss [ 89 ] and 

lower rates of acute rejection among patients in the universal 
prophylaxis arm [ 90 ] but an increase in late CMV infection 
[ 91 ], higher medication costs, and increased medication- 
related toxicity [ 86 ]. 

 Antiviral agents used for CMV prophylaxis include ganci-
clovir, valacyclovir, and valganciclovir. Valganciclovir, a 
prodrug of ganciclovir, administered once daily has become 
increasingly popular for prophylaxis in transplant recipients. 
The use of valganciclovir, however, may be less effective in 
liver transplant recipients, where there may be a higher inci-
dence of tissue-invasive disease [ 92 ]. CMV hyperimmuno-
globulin is used infrequently for CMV prophylaxis. One 
meta-analysis reported no differences between CMV dis-
ease, infection, or all-cause mortality in patients who 
received prophylaxis with an antiviral alone or in combina-
tion with CMV immunoglobulin [ 93 ]. Another meta- analysis 
reported that while the rates of CMV infection and rejection 
did not differ between groups, those that received CMV 
immunoglobulin had lower rates of CMV disease, overall 
mortality, and CMV-related mortality [ 94 ]. Duration of pro-
phylaxis varies but is given for at least 90 days post- 

   TABLE 7-2.     Prophylaxis      frequently administered after solid organ transplantation   

 Indication  Medication and dose a   Duration 

 CMV b   Valganciclovir 900 orally mg once 
daily 

 3–12 months b  

 Ganciclovir 5 mg/kg intravenous 
administration daily 

 Valacyclovir 2 g orally 4 times daily 

 Fungal c   Nystatin 5 mL swish and swallow four 
times a day 

 At least 1 week–3 months (all) 

 Fluconazole 400 mg orally daily  Variable 

 Voriconazole 400 mg orally twice 
daily × 2 doses, then 200 mg twice 
daily 

 Amphotericin 10 mg/mL inhaled daily 
(lung recipients) 

  Pneumocystis jirovecii   Preferred  TMP/SMZ SS orally daily or DS 
orally three times a week 

 6–12 months for non-lung 
transplant recipients (longer if 
chronic rejection issues) 

 TMP/SMZ SS orally daily  Lung transplant recipients remain 
on lifelong prophylaxis 

 Sulfa allergic  Dapsone 100 mg orally daily 
Atovaquone 

 6–12 months for non-lung 
transplant recipients (longer if 
chronic rejection issues) 

 1500 mg orally daily Aerosolized 
pentamidine 

 Lung transplant recipients remain 
on lifelong prophylaxis 

 300 mg inhaled monthly 

 Tuberculin test positive without 
active infection d  

 Isoniazid (INH) 300 mg orally daily 
and pyridoxine 50 mg orally daily c  

 9 months 

   a Assumes normal renal function. 
  b CMV prophylaxis varies based on the organ transplanted and donor and recipient CMV status. 
  c Guidelines for antifungal prophylaxis vary with organ, the presence or absence of specifi c risk factors, and the choice of immunosuppression. See Chaps. 
  39     and   41     for more details. 
  d Timing of treatment of latent infection with respect to transplant may vary depending on the type of organ transplant and whether the patient is a recent 
converter. An alternative to INH is 4 months of rifampin if given prior to transplantation. Fluoroquinolone-based regimens may be considered for patients 
with hepatotoxicity from INH or rifampin.  
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transplantation, with longer durations for CMV-seronegative 
recipients of seropositive donor organs and for lung recipi-
ents [ 86 ]. Transplant care providers should consider reinitiat-
ing prophylaxis during episodes of rejection necessitating 
enhanced immunosuppressant therapy, particularly with 
antilymphocyte antibodies [ 48 ]. 

 Fungal infections are associated with signifi cant compli-
cations in the solid organ transplant population. Overall, the 
most common cause of invasive fungal infections is  Candida  
species, followed by  Aspergillus  species [ 95 ]. Data from the 
 Transplant Associated Infection Surveillance Network 
(TRANSNET)   reported that the most common  Candida  spe-
cies was  Candida albicans , followed by  Candida glabrata , 
which has a higher rate of fl uconazole resistance [ 95 ]. Liver 
transplant recipients are particularly prone to invasive candi-
diasis, especially if they have two or more of the following 
classic risk factors: prolonged operation time, high transfu-
sion requirements (>40 units of blood products), Roux-en-Y 
biliary anastomosis, renal insuffi ciency (preoperative serum 
creatinine > 2 mg/dL), re-transplantation or reoperation, and 
colonization with  Candida  species [ 96 ]. Potential risk fac-
tors that include further validation include antibiotic prophy-
laxis with a fl uoroquinolone for spontaneous bacterial 
peritonitis and patients with iron overload [ 97 ]. Among all 
transplant recipients, lung transplant recipients appear to be 
at highest risk for invasive fungal infections with organisms 
other than with  Candida  species [ 95 ]. This population is at 
increased risk for infection with  Aspergillus  species, particu-
larly at the site of anastomosis. Although voriconazole or 
aerosolized amphotericin B is often used, there are no large- 
scale, multicenter, randomized studies to direct guidelines 
regarding the role of antifungal prophylaxis in this popula-
tion. Nevertheless many centers favor the use of antifungal 
prophylaxis especially for patients with risk factors includ-
ing airway ischemia,  Aspergillus  colonization, CMV infec-
tion, and augmented immunosuppression [ 98 ]. 

 Despite conclusive data to support the use of prophylactic 
antifungal agents, most transplant centers choose to provide 
antifungal prophylaxis to certain transplant recipients who 
are at the highest risk of invasive fungal infections (e.g., liver 
transplant recipients with the aforementioned risk factors 
and lung transplant recipients  ).   

7.4     Summary 

 Infections are serious complications of solid organ trans-
plantation that are largely determined by two factors: the 
transplant recipient’s net state of immunosuppression and 
the epidemiologic exposures (including those in the pre-, 
peri-, and post-transplant settings). Diagnosis and manage-
ment of infections in this population may be challenging. 
The recipient’s immunosuppressed state not only makes him 
or her susceptible to a broad range of infectious pathogens 
but may also alter the presentation and affect treatment and 

outcomes. Given the signifi cant morbidity and mortality 
associated with infections, preventive measures as well as 
early diagnosis and treatment are vital in improving out-
comes in this patient population.     
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   Donor-Derived Infections: Incidence, 
Prevention, and Management                     
     Nicole     Theodoropoulos       and     Michael     G.     Ison     

8.1           Introduction 

 Solid organ transplantation is an ever evolving fi eld, with 
signifi cant advances in the management of recipients of 
solid organ transplantation, including enhanced immune 
suppression and antimicrobial prophylaxis for at-risk 
patients [ 1 ,  2 ]. In order to increase the number of avail-
able organs, and, in turn, save more lives of those on the 
transplant wait list, the donor pool must continue to 
expand [ 3 ]. Donors refl ect the diverse US population; 
there are an increasing number of donors born in, who 
have resided in, or who have traveled to underdeveloped 
areas of the world or areas with geographically restricted 
infections [ 4 ]. As such, these donors are exposed to patho-
gens that can potentially be transmitted to recipients of 
the donor’s organs. Additionally, there are newer tech-
niques to identify many pathogens that may be transmit-
ted from the donor to the transplant recipients [ 5 ,  6 ]. 
Finally, high-profi le reports of several donor-derived 
infections have heightened awareness of donor-derived 
infections and have likely contributed to increased recog-
nition [ 7 – 19 ]. In this chapter, the incidence, methods of 
identifi cation and prevention, and management of unex-
pected donor-derived infections will be reviewed. Often, 
donors are expected to transmit infection (i.e., CMV 
donor seropositive, recipient seronegative) because of 
information known by the transplant team posttransplant. 
In most cases, such information will lead to interventions 
to reduce the incidence and severity of transmitted disease 
and is reviewed elsewhere in this text. 

 In the United States, the  Organ Procurement and 
Transplantation Network (OPTN) policy   sets up the frame-
work for minimizing and tracking cases of donor-derived 
infection transmission. This policy includes language that 
defi nes donors at enhanced risk of disease transmission 
(Table  8-1 ); the need to obtain special informed consent 
before using organs from donors with known transmissible 
disease or risk factors for disease transmission; the need to 
develop local polices for screening recipients for transmitted 
disease posttransplant, if appropriate; and the need to report 

proven or potential disease transmission; policy also defi nes 
the requirements for living and deceased donor screening 
(  http://optn.transplant.hrsa.gov/governance/policies/    ). The 
Council of Europe has also developed a similar guidance 
document that is updated regularly to provide similar 
 guidance on donor screening and risk mitigation (  https://
www.edqm.eu/en/organ-transplantation-mission-67.html    ). 
Likewise, the European Union and national governments 
have established laws and directives that regulate these same 
functions outside the United States.

8.2        Donors at Increased Risk 
of Infectious Disease 
Transmission 

 Experience has demonstrated that donors  with   documented 
infections pose a risk of transmission of the infection from 
the donor to the recipient. While the risk of transmission var-
ies (i.e., low risk with appropriately treated documented bac-
terial meningitis or  Naegleria  encephalitis, high risk with 
active HIV infection), the fact that there is a risk of disease 
transmission requires several key steps: 

    1.    The organ procurement organization must inform the 
recipient center of the potentially transmissible infection.   

   2.    The recipient center must assess if the benefi t of trans-
plantation outweighs the risk of disease transmission.   

   3.    The recipient center must obtain special informed consent 
to use the organ from the donor with recognized risk of 
disease transmission.   

   4.    The recipient center must develop a plan to treat the 
recipient, if appropriate, to prevent disease transmission 
and monitor the recipient for evidence of transmitted 
infection.    

Specifi c details of these key steps will be discussed in 
greater detail later in the chapter. 

 Some donors do not have documented infection but 
instead have engaged in behaviors or have other  characteristics 

http://optn.transplant.hrsa.gov/governance/policies/
https://www.edqm.eu/en/organ-transplantation-mission-67.html
https://www.edqm.eu/en/organ-transplantation-mission-67.html
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that place the donor at increased risk of infection with patho-
gens, such as HIV, hepatitis B, and hepatitis C, that can, in 
turn, be transmitted to the recipient. These donors have been 
defi ned by the OPTN and US Public Health Services (PHS) 
as donors at increased risk of disease transmission, termed 
increased risk donors. The PHS updated their guidance 
related to increased risk donors in 2013, and this guidance 
has been adopted as the standard for most transplant systems 

globally [ 20 ]. This updated guideline refi ned prior guidance 
taking into account current knowledge of the epidemiology 
of HIV, HBV, and HCV in the community and the limitations 
of our contemporary screening practices (Table  8-2 ). The 
guideline focuses on three key core recommendations:

     1.    Screening:
    (a)    There is no single standardized and validated tool for 

collecting the donor’s medical and social history, 
although many US OPOs are utilizing the Uniform 
Donor Risk Assessment Interview Tool (  http://www.

   TABLE 8-1.    Known conditions that may be transmitted by the donor 
organ that must be communicated to the transplant center prior to 
transplantation   

  •  Infections 

    ○  Syndromes 

      ▪   Unknown infection of central nervous system (encephalitis, 
meningitis) 

      ▪  Multisystem organ failure due to overwhelming sepsis 

    ○  Bacterial infections 

      ▪  Bacterial meningitis 

      ▪  Bacteremia 

      ▪  Pneumonia 

      ▪  Syphilis 

      ▪  Tuberculosis 

    ○  Fungal infections 

      ▪   Endemic mycoses: blastomycosis, histoplasmosis, 
coccidioidomycosis 

      ▪  Cryptococcal infection 

      ▪  Fungal sepsis (e.g.,  Candidemia ) 

    ○  Parasitic infections 

      ▪   Trypanosoma cruzi  

      ▪   Leishmania  

      ▪   Naegleria fowleri  

      ▪  Strongyloides 

      ▪  Toxoplasmosis 

    ○  Prion disease, including Creutzfeldt–Jakob disease 

    ○  Viral infections 

      ▪  Active hepatitis A, B, or C 

      ▪  Herpes simplex encephalitis or documented viremia 

      ▪  Human immunodefi ciency virus/AIDS 

      ▪  HTLV-I 

      ▪   History of JC virus infection (progressive multifocal 
leukoencephalopathy) 

      ▪  West Nile virus infection 

      ▪  Cryptococcal infection of any site 

      ▪  Rabies 

      ▪  SARS, MERS-CoV, infl uenza 

      ▪  Malignancies 

    ○  Any known or history of malignancies 

    ○  Melanoma, Merkel cell, and Kaposi’s sarcoma 

    ○  Hodgkin’s disease and non-Hodgkin’s lymphoma 

    ○  Multiple myeloma 

    ○  Leukemia 

    ○  Aplastic anemia agranulocytosis 

  •  Inborn errors of metabolism 

  •  Drug or food allergies 

   TABLE 8-2.    Risk factors for recent HIV, HBV, or HCV infection/
increased risk donor criteria [ 20 ]   

 Criteria  Characteristics 

 Behavior and history  1. People who have had sex with a person 
known or suspected to have HIV, HBV, or 
HCV infection in the preceding 12 months 

 2. Men who have had sex with men (MSM) in 
the preceding 12 months 

 3. Women who have had sex with a man with 
a history of MSM behavior in the preceding 
12 months 

 4. People who have had sex in exchange for 
money or drugs in the preceding 12 months 

 5. People who have had sex with a person 
who had sex in exchange for money or 
drugs in the preceding 12 months 

 6. People who have had sex with a person 
who injected drugs by intravenous, 
intramuscular, or subcutaneous route for 
nonmedical reasons in the preceding 12 
months 

 7. People who have injected drugs by 
intravenous, intramuscular, or subcutaneous 
route for nonmedical reasons in the 
preceding 12 months 

 8. People who have been in lockup, jail, 
prison, or a juvenile correctional facility for 
more than 72 consecutive hours in the 
preceding 12 months 

 9. People who have been newly diagnosed 
with, or have been treated for, syphilis, 
gonorrhea,  Chlamydia , or genital ulcers in 
the preceding 12 months 

 Pediatric only criteria  1. A child ≤ 18 months of age and born to a 
mother known to be infected with, or at 
increased risk for, HIV, HBV, or HCV 
infection 

 2. A child who has been breastfed within the 
preceding 12 months and the mother is 
known to be infected with, or at increased 
risk for, HIV infection 

 HCV risk only  1. People who have been on hemodialysis in 
the preceding 12 months 

 Laboratory and other  1. Screening specimens are hemodiluted 

 2. Donor medical/behavioral history is 
unavailable 
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aatb.org/DRAI-Documents    ). Although living and 
deceased donors are considered to be equal risk in the 
guidelines, living donors are able to provide their 
own history, while histories from deceased donors 
are obtained from friends and relatives. These indi-
viduals may not know the fi ne details of the donor’s 
social situation (e.g., the mother of a college student 
who does not live at home). As such, the guideline 
recognizes these limitations and places donors with 
incomplete donor histories in the increased risk cate-
gory as risks may be present but unrecognized.   

   (b)    The 2013 guidelines newly recommend that all 
donors be screened with serology and nucleic acid 
testing (NAT) for hepatitis C, regardless of risk fac-
tors, and that all increased risk donors be screened 
with HIV NAT in addition to routine serology. At the 
present time, only serology is mandated for hepatitis 
B screening, although this serologic assessment 
includes hepatitis B surface antigen (HBsAg) which 
allows for direct detection of the virus. The addition 
of NAT screening to serology will allow increased 
detection of acute infections as NAT decreases the 
length of time between initial infection and the ability 
of the test to detect the infection, referred to as the 
window period (Figure  8-1 ).

       (c)    The guideline also recognizes that living donors may 
continue to engage in behaviors that place them at 
increased risk of disease transmission between 
screening and donation. As such, the guidelines rec-
ommend that living donors are screened as close to 
the donation procedure as possible, not to exceed 28 
days. The feasibility of this recommendation has 
been demonstrated clinically [ 21 ].       

   2.    Consenting: Any patient who is to receive an organ from 
a patient with risk factors should understand the risk and 
agree to receive the organ based on that risk assessment. 
A specialized informed consent for increased risk donor 
organ use is mandated by policy.   

   3.    Follow-up testing: Perhaps one of the most important 
 recommendations of the PHS guidelines is the need to do 
posttransplant testing of recipients that received increased 
risk donor organs to ensure that a disease transmission 
has not occurred. Early testing may affect outcomes if 
a transmission is identifi ed, as available effective 
 therapy can be introduced sooner after transmission. 
Recommendations include HIV NAT (or combined anti-
body–antigen assay), HCV NAT, HBV NAT, and HBsAg 
at 1–3 months posttransplant and HBV serology at 12 
months posttransplant (including hepatitis B surface anti-
body, hepatitis B core antibody, and either HBV NAT or 
HBsAg) [ 20 ]. However, data as of 2011 show that post-
transplant testing is not reliably performed [ 22 ]. Using 
assays that directly detect the virus in the posttransplant 
period is critical, and serology may not be reliable because 
recipients frequently fail to seroconvert due to transmit-
ted infections. In all cases of HCV transmission identifi ed 
in the United States, for example, all recipients have been 
seronegative but NAT positive even when tested nearly 1 
year posttransplant [ 23 ,  24 ].    

  These guidelines are helpful in defi ning donors at increased 
risk of disease transmission by identifying donors with 
higher likelihood of HIV, HBV, and HCV infections. Review 
of existing data clearly demonstrates that the risk of HIV and 
HCV infection varies signifi cantly by risk behavior 
(Table  8-3 ). Given the enhanced risk, it is important to real-
ize that patients may acquire infection in the NAT window, 
the period of time between infection and when NAT can 
detect infection (see below). As such, while NAT decreases 
the risk of disease transmission, residual risk remains and 
has clearly been demonstrated by three recent transmissions 
of HCV from donors engaged in nonmedical drug use prior 
to death with negative donor NAT testing [ 23 ].

8.3        Incidence of Unexpected 
Donor- Derived Infections 

 To date, there are  limited   prospectively collected data on the 
incidence of donor-derived infections. Prior to the establish-
ment of the OPTN/United Network for Organ Sharing 
(UNOS) Ad Hoc Disease Transmission Advisory Committee 
(DTAC) in 2005, there were no systems in place to prospec-
tively collect data to estimate the incidence of donor-derived 
infections; data was only available from published case 
reports. Underreporting to DTAC was common initially, but 
recent data show a substantial increase in the numbers of 
reports (Table  8-4  and Figure  8-2 ) [ 24 ,  25 ]. In the era of cur-
rent screening, the following unexpected transmissions have 
been reported: numerous bacterial species (including gram- 
positive cocci and gram-negative rods),  Ehrlichia chaffeen-
sis , legionella, syphilis,  M. tuberculosis, Candida  spp., 

  FIGURE 8-1.    Interval between infection, detection of virus, and 
detection of antibody response to infections.       
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histoplasmosis, zygomycosis,  Aspergillus  spp., scedosporio-
sis, coccidioidomycosis, cytomegalovirus, HIV, HBV, HCV, 
adenovirus, coxsackievirus, human T-lymphotropic virus, 
lymphocytic choriomeningitis virus and a related arenavirus, 
West Nile virus (WNV), rabies, schistosomiasis, strongyloi-
des,  Trypanosoma cruzi , microsporidiosis, and  Balamuthia  
spp. [ 7 – 9 ,  11 – 13 ,  15 – 19 ,  23 – 38 ]. From the available data 
from the US and French systems, donor-derived disease is 
transmitted in less than 1% of transplants, with approxi-
mately 0.03% of recipients dying from the transmitted dis-
ease [ 24 ,  25 ].

    There are several key points that can be learned from the 
data collected to date. While confi rmed bacterial transmis-
sions are not the most commonly reported transmission, they 
likely represent the most common form of disease transmis-
sion. Most of the confi rmed cases of bacteria transmissions 
involve highly resistant gram-positive and gram-negative 
infections. From a series of historical studies, 5–9% of abdom-
inal organs and up to 63% of thoracic organs appear to be 
contaminated with bacterial pathogens at the time of procure-
ment [ 25 ,  39 – 42 ]. Use of perioperative antibiotics reduces the 
risk of disease transmission, although under- recognition and 
underreporting of bacterial transmissions are likely. Given the 
high rate of contamination and the increasing prevalence of 

highly resistant bacteria in hospitals globally, bacterial 
 transmissions will increase over time [ 25 ,  39 – 42 ]. As such, 
diligence is important among transplant teams. 

 Although there have been attempts to estimate the risk of 
donor-derived infections, none can be considered accurate as 
there is no formal screening process to identify potential 
transmissions, and the issues of under-recognition and under-
reporting of transmissions remain. It is critical, and required 
by current UNOS Policy, that everyone caring for transplant 
recipients considers the potential of donor origin in all infec-
tions, particularly early posttransplant, and has a plan in 
place to report this concern to the local OPO and to UNOS 
[ 43 ]. Organ vigilance systems, similar to the OPTN/UNOS 
Patient Safety System, contribute to more rapid communica-
tion. Effi cient and timely communication is associated with 
a lower rate of recipient adverse events, including death [ 44 ]. 
As such, regions without organ vigilance systems should 
establish formal systems, as has recently been required by 
the EU directive, to improve patient outcomes and poten-
tially improve the safety of the transplant system.  

8.4     Prevention of Infectious 
Transmissions 

 The mainstay of infection prevention in organ transplantation 
is the use of donor and recipient screening. Despite best 
efforts to screen for potential infections and in a timely man-
ner, the transplanting physicians and organ recipients must 
understand there always remains a risk for infectious trans-
mission. The goals of screening donors and recipients prior to 
transplant are to identify conditions that disqualify the donor 
or recipient from the transplant, to identify and treat active 
infections pre-transplant, and to allow for risk mitigation 
strategies to minimize posttransplant infections. Screening 
occurs in many forms including acquisition of a careful his-
tory, detailed physical examination, detection of latent or 
unknown active infections by laboratory testing, examination 

   TABLE 8-4.    Summary of reported cases to the OPTN/UNOS Ad 
Hoc Diseases Transmission Advisory Committee, 2005–2014   

 Disease type 
 # of donor 
reports 

 # of recipients 
with confi rmed 
transmission 

 # of donor-derived 
disease-attributed 
recipient deaths 

 Malignancies  374  79  28 

 Viruses  366  80  18 

 Bacteria  313  55  13 

 Mycobacteria  95  11   3 

 Fungi  165  45  15 

 Parasites  62  41  14 

 Other diseases  73  6   1 

 Total  1448  317  92 

   TABLE 8-3.    Residual risk of undiagnosed human immunodefi ciency virus (HIV) and hepatitis C virus (HCV) infection per 10,000 donors 
at increased risk of infection [ 60 ,  61 ]   

 Risk factor 

 HIV  HCV 

 Serology alone  Serology + NAT  Serology alone  Serology + NAT 

 Men who have sex with men  8.3  3.4  36.0  3.8 

 Nonmedical intravenous, intramuscular, or 
subcutaneous drug use 

 12.9  5.3  350.0  37.8 

 Hemophilia  0.05  0.02  0.46  0.05 

 Persons who have had sex in exchange for money or 
drugs 

 2.9  1.2  107.8  11.5 

 Partners with any of the above risk factors  2.7  1.1  126.2  13.5 

 Individuals who have been exposed to blood or blood 
products from someone with HIV or HCV 

 1.3  0.5  22.0  2.3 

 Incarceration  1.5  0.6  68.6  7.3 

  Residual risk is the rate of undetected infection depending on risk factor and testing strategy.  
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and pathologic evaluation of the organ at the time of procure-
ment and implantation, and posttransplant monitoring of 
recipients. There are policies that have been developed by the 
OPTN that mandate which screening tests must be done in all 
donors and recipients (see Tables  8-5  and  8-6 ). A number of 
guidelines and consensus conferences have further refi ned 
the screening of donors and recipients [ 20 ,  45 – 55 ].

8.4.1        Donor Screening Methods 

 While donors undergo a range  o     f screening, including review 
of the donors’ medical and social history and physical exam-
ination of the donor and their organs, most attention is paid 
to tests that are performed on the donors blood to risk stratify 
the donor. Mandated screening of blood has traditionally 
focused on detection of antibodies or antigens present in 
donors, typically using  enzyme-linked immunosorbent 
assays (ELISA)   for most infectious disease screening. As of 
2011, molecular screening methods using NAT for HIV, 
HBV, and HCV screening had been implemented by most 
US organ procurement organizations [ 56 ]. In 2014, OPTN 
policy was updated to mandate HCV NAT for all deceased 
donor screening and HIV NAT for screening of increased 
risk organ donors [ 20 ,  57 ]. 
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  FIGURE 8-2.    Potential donor-derived disease transmission reports to the OPTN/UNOS Ad Hoc Disease Transmission Advisory Committee.       

    TABLE 8-5.    Infectious disease screening tests recommended for all 
organ donors   

 Required by 
OPTN policy 

 HIV 1/2 antibody  or  HIV antigen/antibody 
combination test a  

 Cytomegalovirus (CMV) antibody b  

 Hepatitis B surface antigen (HBsAg) a  

 Hepatitis B core antibody (HBcAb) a  

 Hepatitis C antibody a  

 Hepatitis C NAT 

 Syphilis test b  

 Epstein–Barr virus (EBV) antibody b  

 Blood and urine cultures 

 Sputum gram stain (lung transplant donors only) 

 Toxoplasma antibody test result or appropriate donor 
sample to be tested at transplant hospital (heart 
donors only) 

 Recommended 
donor 
screening 

 Coccidioidomycosis serology c  

 Strongyloides c  

 TB screening (PPD or interferon-γ release assay) c  

  Trypanosoma cruzi  serology c  

 West Nile virus testing c  

 Serologies to help guide pre-transplant vaccination: 
tetanus, diphtheria, measles, mumps, and  S. 
pneumoniae  

   a Must be an FDA-approved, cleared, or licensed donor screening tests. 
  b Can be donor screening  or  diagnostic test. 
  c See text for detailed recommendations on testing situations.  

    TABLE 8-6.    Infectious disease screening tests recommended for all 
organ recipients   

 Recommended 
recipient 
screening tests 
for all donors 

 HIV 1/2 serology a  

 Anti-cytomegalovirus antibody 

 Hepatitis B surface antigen (HBsAg) 

 Hepatitis B surface antibody (HBsAb) 

 Hepatitis B core antibody (HBcAb) 

 Hepatitis C antibody 

 VDRL or RPR 

 EBV serology 

 Varicella-zoster virus antibody 

 Toxoplasmosis antibody (for heart recipients) 

 TB screening (PPD or interferon-γ release assay) 

 Recommended 
recipient 
screening tests 
for selected 
donors 

 HSV 1/2 IgG antibody 

  Trypanosoma cruzi  serology 

 Strongyloides serology 

 Coccidioidomycosis serology 
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 The indirect ELISA is used to detect antibodies (i.e., 
HBcAb) while the sandwich ELISA is used to detect anti-
gens (i.e., HBsAg). In the indirect ELISA (  http://www.paho.
org/hq/index.php?option=com_topics&view=article&id=10
&Itemid=40743    ), a known antigen is fi xed to the bottom of a 
plastic surface, usually a multi-well plate. Serum is then 
added and if antibodies that react to the antigen are present, 
they bind to the antigen. The plates are then washed and a 
detection antibody (usually an anti-IgG or anti-IgM anti-
body) that is conjugated to a substrate-specifi c enzyme is 
applied to each well. After washing, a substrate is then 
applied and is converted by the enzyme conjugated to the 
detector antibody, typically resulting in a colorimetric 
change. The intensity of this change provides a semiquanti-
tative measurement of the presence of the antigen-specifi c 
antibody. To detect an antigen, a sandwich ELISA is used in 
which a capture antibody (one which is specifi c for the anti-
gen of interest) is bound to the plates. The patient’s serum is 
applied and if antigen is present, it is bound by the capture 
assay. The plates are then washed and antigen-specifi c anti-
bodies are applied—creating an antibody–antigen–antibody 
sandwich. Detection antibodies and substrate are added as 
above and the resultant colorimetric change is read. Both of 
these methods have relatively rapid turnaround times, are not 
subject to a signifi cant risk of contamination, and can usually 
be done by either an automatic machine or with minimal 
technical skills. 

 As discussed below, there are clear challenges to these 
serological assays. To detect infection earlier, before anti-
bodies have been created, NAT is used for screening of cer-
tain infections. NAT refers to a wide range of polymerase 
change reaction (PCR), transcription amplifi cation testing 
(TMA), and branched DNA tests. PCR is the most widely 
used test in which primers that code for complimentary 
regions of a pathogen-specifi c gene of interest are selected. 
For RNA viruses, the RNA is fi rst reverse transcribed to 
create a complementary DNA (cDNA) based on the RNA 
template. At this point, PCR for both RNA and DNA 
viruses are the same. The source nucleic acids are then 
mixed with the selected primers, DNA polymerase, deoxy-
nucleoside triphosphates, and buffer materials. An initial-
ization step activates the polymerase, and then a denaturation 
step melts the DNA into two single strands so that the prim-
ers may anneal. Extension or elongation then occurs and 
repeated cycles proceed to amplify the presence of the gene 
of interest. The presence of DNA can be detected in one of 
several ways. In real-time PCR, fl uorescent dyes are used 
to intercalate into the double-stranded DNA to quantita-
tively detect the target DNA. NAT is challenged by longer 
turnaround time than serologic tests, greater technical 
expertise to perform the test, and risk of contamination that 
may result in false- positive test results, especially in low-
volume laboratories.  

8.4.2     Challenges to Current Screening 
Techniques 

 Once an individual is infected with a viral infection, there is 
typically local replication of the virus with subsequent vire-
mia (see Figure  8-1 ) [ 58 ]. The period of time between initial 
infection and detectable viremia is referred to as the eclipse 
period. Once viremia is present, the immune system can rec-
ognize the virus and produce neutralizing antibodies to 
components of the virus [ 58 ]. The period between initial 
infection and the fi rst detection of these antibodies is 
referred to as the window period [ 59 ]. Transmission of both 
HIV and HCV from donor to recipient has been reported to 
UNOS during both the eclipse and serologic window peri-
ods [ 17 ,  23 ,  24 ]. The window period differs for each virus 
and has been shortened over time with improved serologic 
tests that are able to detect antibodies earlier after initial 
infection (Table  8-7 ) [ 60 ,  61 ].

   Unfortunately, even once antibodies are formed, it may be 
challenging to detect these antibodies. First, some donors 
require transfusion of blood and blood products or receive 
large volumes of fl uids to replete their intravascular compart-
ments. This may dilute the concentration of the antibodies, 
antigens, or viral particles to below the limit of detection; this 
process is referred to as  hemodilution      [ 62 ]. There are a num-
ber of ways in which hemodilution can be assessed, and no 
one method is currently considered the gold standard; a sim-
ple guideline is that testing may be less reliable if the donor 
has received greater than 2 L of blood or crystalloid within 
48 h of blood sampling or greater than 1 L of crystalloid 
within 1 h of sampling in adults; recommendations are more 
strict for pediatric donors [ 62 ,  63 ]. Second, some donors may 
lose their  serologic response   to certain infections over time, 
particularly if they are immunosuppressed. Thirdly, in infant 
donors, serologic testing may detect the presence of maternal 
antibodies without active infection of the child [ 64 ].  

8.4.3     Donor Types 

 The type of donor  affect  s testing as well. In general, there are 
two types of donors: living and deceased donors. The major 
differences between these donor types are the potential 
 quality of the donor history and the time frame during which 

   TABLE 8-7.    Interval between initial infection and detection of infec-
tion by current molecular and serologic testing methods [ 136 ,  137 ]   

 Pathogen 
 First detection by NAT 
(days) 

 First detection by serology 
(days) 

 HIV   7  22 

 HBV  20  59 

 HCV   7  70 
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donor screening may take place. In the case of living dona-
tion, the actual donor is interviewed, which may allow for 
collection of a more accurate medical and behavioral history. 
The quality of the medical and behavioral history is more 
challenging in deceased donation in which the histories are 
obtained from friends and family members who may not 
know all of the medical or behavioral details—especially if 
there was limited contact between the donor and the  historian. 
Often, the clinical circumstances leading to the death of the 
deceased donor may contribute to this limitation—often 
donors are found down and accurate history about the pre-
ceding events may be limited [ 13 ,  15 ]. Likewise, donors may 
have undergone extensive resuscitation and/or a prolonged 
hospitalization that will affect donor screening and infec-
tious risk—secondary to hemodilution as discussed above or 
by introduction of infection at the time of transfusion [ 7 ,  11 ]. 
There may be a signifi cant time frame between initial screen-
ing and organ donation in the case of a living donor. As such, 
consideration of repeat testing closer to the time of the trans-
plantation should be considered, and current policy recom-
mends that HIV, HBV, and HCV screening of all living 
donors be performed within 28 days of the transplant [ 65 ]. 
When time allows, donors may be treated for potentially 
transmissible infections, such as latent TB, prior to the trans-
plant, decreasing the transmission risk. Lastly, the period of 
time between initial evaluation and transplantation allows 
one to screen living donors with risk factors for contracting 
blood-borne viral infections, such as HIV, HBV, and HCV. In 
increased risk living donors, as defi ned by the 2013 Public 
Health Services Guidelines [ 20 ], counseling to abstain from 
the increased risk behaviors and repeat NAT and serologic 
testing over a period of time similar to the window period for 
the virus of interest should be considered to minimize the 
risk of an occult transmission [ 20 ].  

8.4.4     Universal Donor Screening 

 As previously stated,  screening   of the potential organ donor 
is critical to identify pathogens that can be transmitted to a 
recipient. Current OPTN policy requires that screening be 
done for certain pathogens (see Table  8-5 ) and that enhanced 
cultures be obtained in the setting of hospitalization of ≥72 h 
[ 66 ]. Current policy requires only sputum gram stain and 
description of sputum for lung donors and does not require 
collection of BAL specimens for cultures (although only 
bacterial cultures are frequently done by some OPOs, viral, 
fungal, and mycobacterial cultures are typically not obtained) 
[ 66 ]. As of December 2014, NAT is required for HCV 
screening of all donors and for HIV screening of increased 
risk donors only. Positive NAT results suggest active vire-
mia; as such appropriate measures need to be in place for 
appropriate consent and prophylaxis of and follow-up of 
recipients for transmission events if viremic donor organs are 
to be used. Negative NAT does not rule out infection, 
although it may suggest a lower risk of transmission.  

8.4.5     Donor Screening for Endemic 
Infections 

 Over time, new pathogens have become signifi cantly preva-
lent and recognized as having transmission potential via 
organ transplantation. Screening for these types of pathogens 
should be considered based on local prevalence of the dis-
ease. Endemic pathogens that have increasingly been recog-
nized to result in disease transmission and likely should be 
screened for in donors from endemic regions include: Chagas 
disease ( Trypanosoma cruzi ), coccidioidomycosis, strongy-
loides, and WNV. 

8.4.5.1     Chagas Disease ( Trypanosoma cruzi ) 

 Chagas disease  is      caused by the parasite   Trypanosoma cruzi    
and is endemic to regions of Central and South America [ 67 , 
 68 ]. Since testing for Chagas is required for all blood donors, 
seroprevalence in the United States is known, and signifi cant 
geographic variability is recognized [ 53 ]. Available US 
guidelines recommend targeted  T. cruzi  screening of poten-
tial donors born in Mexico, Central America, and South 
America. Given the high rate of false-positive results, donors 
with initially reactive results should have confi rmation with 
a second test. These guidelines suggest that programs can 
consider transplantation of kidneys and livers from  T. cruzi - 
infected donors with informed consent from recipients but 
do not recommend the use of heart transplantation from 
infected donors [ 53 ]. Recipients of  T. cruzi -infected donors 
should be monitored posttransplant with PCR-based screen-
ing with institution of antitrypanosomal treatment if recipi-
ent infection is detected [ 53 ].  

8.4.5.2     Coccidioidomycosis 

 While there is a low but true risk of disease transmission 
with all endemic fungal infections, the risk appears highest 
for  coccidioidomycosis     . This is likely because of the risk of 
donor transmission as well as recipient reactivation of dis-
ease.  Coccidioidomycosis   is endemic to the Sonoran desert 
in the Southwest of the United States and Northwest of 
Mexico in addition to Central and South America. Donors 
and recipients from endemic regions should be screened for 
seropositivity by enzyme immunoassay (EIA), complement 
fi xation (CF), or immunodiffusion (ID). If the donor or 
recipient is seropositive, prophylaxis with fl uconazole, typi-
cally 400 mg initially (3–12 months) followed by 200 mg 
daily, is recommended [ 69 ].  

8.4.5.3     Strongyloides 

 There have been an  increasing         number of donor-derived 
strongyloides transmissions in the United States, likely sec-
ondary to a large pool of potential donors with latent infec-
tion and increasing use of steroids for donor maintenance 
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[ 27 ]. Strongyloides is endemic in tropical or subtropical 
regions of the world, where seropositivity may exceed 80% 
in some locations. Historically, high rates of strongyloides 
(~3.8%) have been documented in Appalachia and the south-
eastern United States. Current guidelines recommend rou-
tine screening of donors from endemic regions for 
strongyloides IgG. Living donors should be treated with 
ivermectin 200 μg/kg daily on two separate days prior to 
donation, whereas recipients of deceased donors with posi-
tive strongyloides antibodies should receive ivermectin post-
transplant [ 54 ,  70 ].  

8.4.5.4     West Nile Virus 

 All US blood donors are screened for  WNV  . The presence of 
 antibodies   to  WNV   does not predict risk of infection, as they 
are present in those with prior WNV infection or related fl a-
viviruses. As such, detection of virus in the blood by molecu-
lar testing predicts increased risk of transmission, although 
there have transmissions with negative NAT [ 7 ,  11 ,  71 ]. A 
2008 survey revealed that 11/58 OPOs were currently testing 
donors for WNV by PCR, typically performing testing in 
seasons when virus would be predicted in the donor service 
area [ 72 ]. Universal testing may be associated with loss of 
organs and net loss of life in transplant candidates [ 73 ]. A 
more effective screen is to avoid the use of donors with 
unexplained encephalitis or unexplained mental status 
change, but unfortunately donors may be completely asymp-
tomatic and carry the infection [ 7 ,  11 ,  68 ]. Since transmis-
sion of other neuropathogens and malignancies has been 
associated with patients with unexplained encephalitis, 
avoidance of these donors is prudent in general [ 13 ,  15 ,  16 , 
 31 ,  74 ,  75 ]. If donor testing is utilized, it should be restricted 
to NAT of the donor blood during periods of time when there 
are WNV cases in the region from which the donor resided 
[ 54 ]. Use of donor WNV serology or testing of urine for 
WNV is not recommended at this time.   

8.4.6     Recipient Screening 

 Just as  dono  r screening is critical to minimize the risk of 
posttransplant infectious complications, recipient screening 
may contribute to prevention of donor-derived disease trans-
mission (Table  8-6 ). This is particularly important for CMV 
and, in the case of potential heart recipients, toxoplasmosis, 
where the risk of disease and prophylactic plans are fre-
quently determined by donor and recipient serostatus. In 
addition, all potential recipients should be screened for 
tuberculosis using medical history (to assess for potential 
exposure, prior testing, and prior treatment), radiologic 
examination (baseline chest radiograph), and testing for 
latent tuberculosis using either the PPD, with a 5 mm cutoff 
for positivity, or a TB-specifi c interferon-γ release assay 
(such as QuantiFERON-TB Gold, Cellestis Inc., Victoria, 

Australia) [ 51 ,  76 ,  77 ]. All potential recipients should also be 
screened either clinically or serologically for a history of 
exposure to varicella-zoster virus to allow pre-transplant 
vaccination of unexposed candidates [ 51 ,  78 ]. 

 Recipients may have been exposed to pathogens with 
regional endemicity. Careful travel and residence history 
should be obtained from all potential recipients to determine 
if specialized testing is indicated. Chagas disease can reacti-
vate in asymptomatic, latently affected recipients [ 67 ]. Since 
Chagas is endemic throughout much of Mexico and Central 
and South America, consideration of screening potential can-
didates from affected countries should be considered. Since 
the approved serologic tests lack specifi city, confi rmatory 
testing is recommended; patients with confi rmed positive 
serologic screening should be evaluated by an expert in 
Chagas disease before proceeding for transplantation [ 53 , 
 67 ]. Strongyloides is a parasitic infection that is endemic to 
tropical and subtropical regions of the world. Infection may 
remain latent after initial infection with risk of potentially 
lethal hyperinfection in immunosuppressed patients, particu-
larly those who receive steroids [ 79 ]. Reactivation with asso-
ciated mortality has been well described in the setting of 
solid organ transplantation [ 79 ,  80 ]. As a result, serology for 
strongyloides and/or testing of stool for ova and parasites 
should be considered in all at-risk transplant candidates [ 80 ]. 
Lastly, some centers test patients who have lived in areas 
with high endemicity for  Coccidioides immitis  for serologic 
exposure to the fungus [ 81 ]. There is no role in testing recipi-
ents by serology for histoplasmosis or blastomycosis [ 82 ]. 

 Certain transplant candidates may have underlying organ 
diseases that predispose to pathogens that warrant special 
screening—this is especially true among lung transplant can-
didates. Patients with a history of cystic fi brosis may be colo-
nized with pathogens that are highly resistant to usual 
antibiotics; as such, regular screening cultures from BAL 
and nasal washes may allow the tailoring of specifi c periop-
erative antibiotic regimens to minimize the risk of posttrans-
plant infections with these resistant pathogens [ 83 ,  84 ].   

8.5     Management 

8.5.1     Vaccination 

 Recipient serology should  be      a strong driver of pre- transplant 
vaccination. Detailed recommendations about transplant 
candidate and recipient vaccination are made elsewhere (see 
Chap.   48    ). Patients who do not have evidence of hepatitis B 
immunity should receive three doses of HBV vaccine unless 
contraindicated. Although the traditional regimen of vacci-
nation at months 0, 1, and 6 is used by most centers, there is 
evidence that an accelerated regimen using double doses of 
vaccine (at days 0, 7, and 21 or weeks 0, 2, 4, and 6 or months 
0, 1, and 2) may provide similar effi cacy in a shorter period 
of time [ 85 – 87 ]. Serologic evidence of protection, as 
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 demonstrated by HBs antibody seropositivity, would poten-
tially allow the use of a core-positive alone or HBV-infected 
organ in a protected recipient. Likewise, patients without 
prior exposure to varicella-zoster virus are at increased risk 
of severe infection if exposed posttransplant. Nonimmune 
transplant candidates should be vaccinated against varicella 
unless they have a contraindication to vaccination. Lastly, 
although there are not a lot of data regarding measles and 
mumps posttransplant, given recent outbreaks of these dis-
eases in the United States and abroad, measles and mumps 
immunity should be ensured prior to transplantation, espe-
cially in candidates born after the vaccine era (after 1963).  

8.5.2     Recipients of Organs from Increased 
Risk Donors 

 As of 2015, 19.5% of all organ donors in the United States 
are at increased risk of having undetected HIV, HBV, and/or 
HCV (increased risk donors) [ 88 ]. The 2013 PHS guidelines 
suggest that “even though attempts should be made to ensure 
the highest level of safety, organ donor and recipient selec-
tion practices and policies should not be restrictive, consid-
ering the clinical need… informed decision-making is an 
important part of this process for transplant clinicians and 
their patients” [ 20 ]. Data suggest that there may be net ben-
efi t to using increased risk donor organs, especially in 
patients on  hemodialysis   who have a risk for acquiring these 
infections already, particularly when further screened using 
NAT [ 89 ]. Per current OPTN policy, “if additional donor dis-
ease or malignancy transmission risk is identifi ed pre-trans-
plant, the transplant program must … explain the risks and 
obtain informed consent from the potential transplant recipi-
ent … before transplant, document this consent in the poten-
tial recipient’s medical record and follow any recipient of the 
deceased or living donor organs for the development of 
potential donor-derived disease after transplantation” [ 43 ]. 
Policy also states that “if a donor is found to have an 
increased risk for transmitting blood borne pathogens, the 
transplant program must offer recipients of the donor 
organs…., additional post-transplant testing for HIV, hepati-
tis C, and hepatitis B as appropriate … [and] every transplant 
hospital must develop and implement a written protocol for 
post-transplant testing … [as well as] treatment of or prophy-
laxis for the transmissible disease, when available” [ 43 ]. 
Policy also requires that the host OPO maintain “blood spec-
imens appropriate for serologic and … NAT, as available, for 
each deceased donor for at least 10 years after the date of 
organ transplant, and ensuring these samples are available 
for retrospective testing” [ 66 ]. The 2013  PHS guidelines   out-
line how recipients of increased risk donor organs should be 
followed and recommend that baseline serology be drawn 
immediately pre-transplant and the following tests at 1–3 
months posttransplant: HIV NAT (or combined antibody–
antigen assay), HBV NAT and HBsAg, and HCV NAT [ 20 ]. 

Additionally, the following tests are recommended at 12 
months posttransplant: HBsAb, HBcAb, and either HBV 
NAT or HBsAg [ 20 ]. 

 Transmission without seroconversion, especially in the 
case of HCV, has occurred in the majority of the donor- 
derived transmissions to date, and therefore, posttransplant 
testing of recipients of increased risk donor organs must use 
both serologic and molecular methods [ 17 ,  20 ,  23 ]. Any 
documented disease transmission must be reported to the 
local OPO and to UNOS and should warrant further evalua-
tion as well as referral for management of the transmitted 
infection [ 43 ].  

8.5.3     Recognition and Management 
of Potential Donor-Derived Infection 
Transmissions 

 There are currently a number  of   limitations to the recogni-
tion of potential donor-derived transmission events. Often, a 
single donor provides organs to recipients at multiple differ-
ent centers or recipients that are cared for by different man-
agement teams at the same center. As a result, multiple 
recipients may present with similar clinical illnesses, but the 
clustering of this illness goes unrecognized [ 16 ]. Likewise, 
pathogens that are commonly recognized as causing nosoco-
mial infections may not be recognized as a potential donor- 
derived infection [ 41 ,  42 ]. Finally, onset of disease may be of 
variable severity in individuals and may present with vari-
able onset posttransplant, further challenging the recognition 
of donor-derived transmission [ 11 ,  15 ,  90 ]. To overcome 
these challenges, it is critical that all transplant centers:

    1.    Maintain a high level of suspicion for donor-derived 
infection in all early infections or unexplained clinical ill-
nesses. Any early infection or unexplained clinical illness 
should lead to an inquiry as to the clinical status of other 
recipients. This is most easily done through contact with 
the local OPO. This is especially true for patients with 
unexplained neurological or severe illness within the fi rst 
30–60 days posttransplant.   

   2.    Develop a plan for reporting concern for a potential 
donor-derived infection transmission. This plan should 
include a local contact at the transplant center and at the 
OPO when there is concern for a potential donor-derived 
infection transmission. Likewise, it is important to con-
sider the transplant center’s risk management policies to 
determine if others within your institution need to be 
alerted. This plan should also include whom the OPO 
should contact at your center if there are questions about 
the status of recipients based on queries generated from 
other centers. Some have found appointing a specifi c sur-
geon and transplant infectious disease consultant as the 
early points of contact facilitate the clear transmission of 
data.   
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   3.    Provide timely feedback about your patients when infor-
mation is requested by the OPO.   

   4.    Seek outside expertise, through your local health depart-
ment, UNOS’s Disease Transmission Advisory 
Committee, and the Center for Disease Control’s Offi ce 
of Blood, Organ, and other Tissue Safety. These groups 
can advise on optimal testing, help collect appropriate 
specimens, and may provide insight into similar cases 
that allow the local center to make more informed treat-
ment decisions.    

8.5.4       Management of Recipients of Organs 
from Infected Donors 

 As previously discussed, all organ donors are currently 
screened with serology for HIV 1/2, CMV, EBV, HBV, and 
HCV and also with HCV NAT as currently required by 
OPTN policy [ 66 ]. Although the recent passing of the  HIV 
Organ Policy Equity Act   allows for research to be performed 
in using organs from donors that are HIV-1/2 infected, the 
use of these organs for transplant is not yet allowed outside 
of a research protocol in the United States [ 66 ,  91 ]. 

 Donors seropositive for CMV and EBV are universally 
used, although  donor and recipient serologic status   may 
determine monitoring and prophylaxis plans. The risk of 
developing CMV viremia and diseases is greatest in sero-
negative recipients of seropositive organs as described later 
in this text [ 92 ,  93 ]. Universal prophylaxis and preemptive 
therapy can reduce the risk of viremia and disease in at-risk 
patients [ 92 ,  93 ]. Development of  posttransplant lymphopro-
liferative disorder (PTLD)   has been described, particularly 
in young EBV seronegative recipients of EBV seropositive 
donors [ 94 – 96 ]. Careful monitoring and intervention, as 
described later in this text, may reduce the risk of PTLD in 
this setting [ 94 – 96 ]. 

 Current mandated donor screening for hepatitis B includes 
detection of  HBV surface antigen (HBsAg)   and core anti-
body (HBcAb). HBsAg is a marker of active viremia while 
HBcAb is a marker of exposure to hepatitis B virus. Since 
HBV vaccine only contains hepatitis B surface antigen, vac-
cinated donors should only have HBV surface antibody 
(HBsAb), but not HBcAb. If HBsAg is measured early after 
vaccination, it can be detected in the blood [ 97 ,  98 ]. The risk 
of transmission of HBV to a nonimmune recipient is high in 
HBsAg-positive donors [ 99 ]; use of these organs is discussed 
further in the chapter on Hepatitis B. Although HBsAg- 
positive donors may have been deferred in the past, advances 
in the use of hepatitis B immune globulin and anti-HBV anti-
virals now allow the selective use of these organs [ 99 ]. 
Donors that have isolated HBcAb positivity may represent 
latently infected individuals or a false-positive result. The 
risk of transmission of HBV in liver transplant recipients is 
higher than in non-liver recipients [ 100 ]. The risk of trans-
mission of HBV from a donor with and isolated HBcAb is 

estimated to be less than 5% for non-liver recipients [ 55 , 
 101 ,  102 ]. Additional testing of these donors with HBcore 
IgM and HBV DNA NAT would further stratify the risk of 
transmission, with the highest risk in the IgM+ and NAT+ 
donor [ 55 ]. Some centers use these organs, particularly in 
patients who have been vaccinated against hepatitis B [ 55 ]. 
When used in nonimmune patients, posttransplant vaccina-
tion is often combined with the use of either anti-HBV anti-
viral prophylaxis or hepatitis B immune globulin infusions 
[ 55 ]. All recipients, especially liver recipients, of HBsAg+ or 
HBcAb+ donors should be monitored closely for the pres-
ence of active viral replication with expansion of therapy 
based on these results [ 55 ,  103 ,  104 ]. 

 Detection of HCV  antibodies   suggests prior infection with 
hepatitis C, but about 15–20% of those infected with HCV 
will clear the virus, and the HCV serology test has a rela-
tively high known false-positive rate [ 105 ,  106 ]. Therefore, 
the use of HCV NAT in donor screening allows for differen-
tiation between prior HCV infection and active infection 
with viremia. Use of HCV-positive donors for HCV-negative 
recipients is currently considered only in life- threatening 
situations; however, HCV-positive donor organs should be 
considered in HCV-infected recipients [ 106 – 109 ]. Small, 
likely clinically insignifi cant, decreases have been found in 
transplant graft and patient survival when HCV+ organs are 
used for HCV-infected recipients, but these are offset by the 
concomitant decrease in transplant waiting list time [ 108 ]. 
Mortality appears to be higher among heart recipients, so the 
use of HCV seropositive donors is less frequently considered 
[ 110 – 112 ]. One concern relates to infecting a recipient with 
an additional HCV genotype that may be less responsive to 
antiviral therapy, since genotype results are typically not 
known at the time of transplant. With the advent of new and 
evolving data regarding direct-acting antivirals and inter-
feron-free HCV regimens, the options to treat HCV before 
and after transplant are continuously changing. 

 It should be noted that the only required bacterial screen-
ing in organ donors is blood and urine cultures of donors and 
screening for syphilis. OPOs are required to determine if 
additional culture-based testing has been conducted on the 
donors prior to procurement. Unfortunately, there are current 
challenges to this—once the donor is declared deceased, 
they are often “discharged” from the hospital and then read-
mitted under a new account under the care of the OPO until 
procurement. When cultures come up positive, the labora-
tory may not realize that the deceased patient has become a 
donor and that they have to inform the OPOs of the donor 
result. Some hospitals may stop working up cultures on 
“deceased” patients so that no further results are obtained. 
Lastly, follow-up cultures of bacteremic donors may not be 
available at the time of procurement. 

 In general, donors with positive blood cultures may be 
used if they have received an appropriate antimicrobial and 
have had a clinical response to therapy; often a complete 
course of therapy is given to the recipient posttransplant. 
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Transmission of particularly virulent organisms, such as 
  Staphylococcus aureus    and   Pseudomonas aeruginosa ,   has 
been described [ 37 ,  40 ,  113 ]. Donor bacteremia or  candi-
demia   mandates treatment of all recipients with a minimum 
of 14 days of appropriate, active systemic therapy, and 
experts recommend 4 weeks of recipient therapy when 
receiving organs from donors bacteremic with   Staphylococcus 
aureus    [ 114 ]. Non-bacteremic localized infections from 
other sites only require treatment if transmission in the trans-
mitted organ is plausible (i.e., positive urinary cultures 
require therapy in kidney recipients; sputum cultures require 
therapy for lung recipients but not other recipients unless 
bacteremic; etc.). 

 In patients with proven bacterial meningitis, even with 
 bacteremia  , organs can be safely used as long as the patient 
has received at least 24 h of appropriate antibiotics and 
antibiotics are continued in the recipient [ 115 – 118 ]. Donor 
bacterial colonization of lung donors is common. Donor 
lung sample, including donor bronchoscopy at the time of 
lung transplantation, may allow for directed antimicrobial 
therapy. 

 All donors are tested for latent infection with syphilis per 
OPTN policy. A recent survey of OPOs revealed that 87% 
used RPR for testing and 81% of OPOs confi rmed positive 
initial tests with a confi rmatory test; a high rate (41%) of 
positive RPR results was negative on confi rmatory testing 
[ 119 ]. Transmission of syphilis by organ transplantation has 
been rare and is not a contraindication to organ donation 
[ 120 – 122 ]. Recipients are typically treated as latent syphilis 
of unknown duration with 3 weekly 2.4 million unit doses of 
benzathine penicillin G [ 51 ,  122 ]. 

 Lastly, sometimes perfusate or transport media may 
become contaminated with bacteria or fungi. As with other 
infections, this is a risk factor for systemic infection and for-
mation of mycotic aneurysms at the site of vascular anasta-
moses. A full 14-day course of active antibiotic is 
recommended for recipients to minimize the risk of trans-
mission [ 123 – 125 ]. 

 In general, screening for   Mycobacteria tuberculosis    is not 
done in deceased donors, but should be performed in all liv-
ing donors [ 51 ,  54 ,  126 ,  127 ]. Active  tuberculosis   in any 
donor is a contraindication to donation; if a deceased donor 
is thought to possibly have tuberculosis, their organs should 
not be used unless active TB infection can be defi nitively 
ruled out [ 126 ,  128 – 131 ]. Donor-transmitted TB accounts 
for 4% of all posttransplant cases of tuberculosis [ 132 ]. 
Testing for TB can be done by the PPD placed using the 
Mantoux method or via a TB-specifi c interferon-γ release 
assay (such as QuantiFERON-TB Gold, Cellestis Inc., 
Victoria, Australia) [ 133 ]. Positive testing by either method 
should result in careful assessment for active disease, includ-
ing chest imaging and, if appropriate, sputum and/or urinary 
AFB cultures. Some centers will provide latent TB treatment 
to the recipient of organs from these donors; this decision 
can be individualized as transmission if not universal [ 77 , 

 129 ,  132 ]. If the recipient does not receive treatment for 
latent TB, a note about the donor’s testing should be promi-
nent in the recipient chart to trigger aggressive evaluation 
with the appropriate clinical presentations (i.e., sterile pyuria, 
pneumonia). 

  Toxoplasmosis   is a parasite that remains dormant predom-
inantly in muscle tissue. As such, the risk of transmission is 
greatest in heart donation [ 68 ]. Routine screening of all 
donors for toxoplasmosis is not done at many OPOs, but 
policy requires that serum is procured at the time of explant-
ing the heart to perform toxoplasmosis serology at the recipi-
ent center [ 66 ,  134 ]. Positive serology is not a contraindication 
for transplantation. In the setting of heart transplantation, 
donor and recipient  toxoplasma serostatus   may affect pro-
phylactic and monitoring strategies [ 134 ,  135 ]; generally, 
prophylaxis is not modifi ed in non-heart recipients of toxo-
plasmosis seropositive donors [ 135 ].   

8.6     Conclusion 

 Donor-derived infections are increasingly recognized as 
causes of morbidity and mortality that typically present in 
the early posttransplant period. Careful screening of donors 
through history, physical examination, and serologic and 
molecular testing may minimize the risk of infection trans-
mission. It is impossible to screen for all potential pathogens, 
and our current screening practices have clear limitations. As 
a result, the possibility of donor origin should be considered 
for all early infections and patients with atypical clinical 
courses. Reporting of proven or suspected donor-derived 
infections is currently mandated as part of OPTN policy.     
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 Transplant Infections in Developing Countries                     
     Clarisse     M.     Machado     

9.1           Introduction 

 A signifi cant number of developing countries are located in 
the tropical or subtropical regions thereby having epidemio-
logical characteristics different from developed countries 
with temperate climates. Along with the social and economic 
challenges, these countries are characterized by the occur-
rence of endemic infections and diseases that are absent or 
rare in developed countries. 

 The rising success rate of solid organ (SOT) and hemato-
poietic stem cell transplantation (HSCT) together with mod-
ern immunosuppression make transplants the fi rst therapeutic 
option for many diseases affecting a considerable number of 
people worldwide. Thus, populous developing countries 
have faced a growing need of transplant procedures and 
struggled to develop public fi nancing programs for SOT and 
HSCT to assure universal accessibility and avoid any kind of 
commerce [ 1 ]. 

 Some  developing countries   are among the top ten countries 
performing the highest absolute number of kidney and liver 
transplants worldwide. In 2013, 5433 kidney and 1723 liver 
transplants were performed in Brazil, behind only the United 
States. Mexico and South Korea were also among the ten 
countries performing the highest absolute number of kidney 
transplants worldwide. Argentina, China, India, and South 
Africa, have also shown a sustained economic growth and the 
amplifi cation of transplant programs is now a reality [ 2 ]. 

 In recent years,  developing countries   had to adjust interna-
tional transplant guidelines to their epidemiological charac-
teristics, including the local policies and management of 
tropical diseases. 

 Table  9-1  shows the most prevalent tropical infectious  dis-
eases   in developing countries. Although highly prevalent in 
general population in these countries, some of them have not 
been described in transplant recipients or do not seem to con-
fer an increased risk in this population. Others, such as 
Chikungunya and Zika virus, have been recently recognized 
as potential threats to be confi rmed in the next years.

   This chapter reviews the epidemiology of viral, bacterial, 
and protozoan tropical diseases with greatest disease burden 
that have affected transplant recipients in developing coun-
tries or may represent a threat to transplant recipients living 
in other regions. Endemic mycosis and soil and water- 
associated tropical infections are reviewed in the other chap-
ters of this book.  

9.2     Viral Infections 

9.2.1     Dengue 

   Dengue   is the most rapidly spreading mosquito-borne viral 
disease in the world and  occurs   both as an endemic or epi-
demic disease. In the last 50 years, incidence has increased 
30-fold  with    increasing geographic expansion to new coun-
tries and, more recently, from urban to rural areas. An esti-
mated 50 million dengue infections occur annually and 
approximately 2.5 billion people live in areas where dengue 
viruses can be transmitted [ 3 ]. 

  Dengue virus (DEN)   is a small single-stranded RNA virus 
comprising four distinct serotypes (DEN1, DEN2, DEN3 
and DEN4). These closely related serotypes of the dengue 
virus belong to the genus Flavivirus, family Flaviviridae, 
which are transmitted by mosquitoes of the genus Aedes, 
such as  Aedes aegytpi  and  Aedes albopictus . 

 Infection by one serotype provides lifelong immunity 
against that serotype but only partial and transient protection 
against subsequent infection by the other three. In the immu-
nocompetent population, there is good evidence that second-
ary infection increases the risk of more serious disease 
resulting in dengue hemorrhagic fever (DHF) or dengue 
shock syndrome (DSS). Patients with severe dengue have 
elevated circulating levels of T-cell activation markers, such 
as IL-8, IL-10, TGF-β, and interferon-γ [ 4 ]. Therefore, a 
robust immunologic response is a prerequisite for the devel-
opment of DHF or DSS. 
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 Dengue has a wide clinical spectrum varying from asymp-
tomatic to severe and non-severe clinical manifestations. It is 
recognized that the number of asymptomatic carriers is at 
least three times that of dengue fever (DF) cases. After the 
incubation period, the illness begins abruptly as a fl u-like ill-
ness. Symptomatic dengue virus infections are grouped into 
three categories: undifferentiated fever, dengue fever (DF), 
and DHF. DSS is the most severe forms of DHF (severity 
grades III and IV). Warning signs for dengue complications 
are abdominal pain or tenderness, persistent vomiting, clini-
cal fl uid accumulation, mucosal bleeding, lethargy, liver 
enlargement >2 cm, and increase in hematocrit concurrent 
with rapid decrease in platelet count. However, it is impor-
tant to highlight that dengue may have several clinical pre-
sentations, often with unpredictable clinical evolution and 
outcome. The absence of warning signs does not preclude 
the possibility of severe disease and lethal outcome [ 3 ]. 

9.2.1.1     Geographic Distribution 

 More than 70% of  the   population at risk for dengue world-
wide lives in  the   South-East Asia Region and Western 
Pacifi c Region. In the region of the Americas, an interrup-
tion of dengue transmission was temporarily reached during 
the 1960s and early 1970s, as a result of the  Ae. aegypti  
eradication campaign. However, vector surveillance and 
control measures were not sustained and there were subse-
quent re- infestations of the mosquito, followed by outbreaks 
in the Caribbean, and in Central and South America. In the 
last 13 years, dengue outbreaks were reported in Brazil, 
Honduras, El Salvador, Equator, India, Indonesia, Southwest 

Indian Ocean, Cape Verde, Crimean-Congo, Pakistan, and 
Madeira Island. Only in Brazil, three outbreaks occurred 
during this period, in 2002, 2008, and 2015 [ 5 ]. 

 In the region of the Americas, 871,150 cases of dengue/
severe dengue and 272 deaths were reported up to May 8th 
2015 (epidemiological week 16), with a case-fatality rate of 
0.03. More than 85% of those cases occurred in Brazil [ 6 ].  

9.2.1.2     Transmission in Transplant Recipients 

  Several   countries in the aforementioned  regions   have active 
transplant programs. In the last 5 years, an increasing num-
ber of dengue cases have been described in transplant recip-
ients, as a consequence of the growing incidence of dengue 
in several countries [ 3 ]. So far, more than 150 dengue cases 
have been reported [ 7 – 18 ]. The numbers may be even higher 
since most of the cases are mild and presenting as a fl u-like 
syndrome. Thus, many cases have certainly been underdiag-
nosed in transplant population from endemic areas. Dengue 
can be transmitted by mosquito bite, blood transfusion, or 
by the graft. 
   Mosquito bite   . The most frequent mode of dengue trans-
mission in transplant recipients is through mosquito bite. 
According to the published cases, more than 95% of the 
transplant recipients were living in or have traveled to an 
endemic area and acquired dengue by vector transmis-
sion [ 8 – 19 ]. 
  Graft transmission .  Graft transmission   is more rare and has 
been well documented in two cases of HSCT [ 7 ,  20 ]. In 
2001, Rigau-Pérez et al. described a case of dengue in a 
HSCT recipient during the 1994–1995 dengue epidemics in 

   TABLE 9-1.    Distribution of tropical infectious diseases according to region a    

 Region  Viruses  Bacteria  Parasites 

 North Africa  Hepatitis A, rabies  Plague, tuberculosis, typhoid, and 
paratyphoid fever 

 Leishmaniasis 

 Sub-Saharan Africa  Dengue, zika virus, yellow fever, 
chikungunya, rabies, hepatitis A, 
hepatitis B, poliomyelitis, other viral 
hemorrhagic fevers 

 Diphtheria, tuberculosis, plague, 
leprosy 

 Leishmaniasis, malaria, 
schistosomiasis, trypanosomiasis 

 Mexico, Central America  Dengue, hepatitis A  Leptospirosis, typhoid, and 
paratyphoid fever 

 Leishmaniasis 

 Latin America  Dengue, zika virus, chikungunya, yellow 
fever, rabies, hepatitis A, hepatitis B, 
measles, hantavirus, other viral 
hemorrhagic fevers 

 Tuberculosis, leprosy, leptospirosis, 
plague 

 Leishmaniasis, malaria, 
schistosomiasis, trypanosomiasis 

 South-East Asia  Dengue, Zika virus, hepatitis A, 
hepatitis B 

 Leptospirosis, plague, Tuberculosis  Filariasis, malaria, schistosomiasis 

 South Asia  Chikungunya, hepatitis A, hepatitis B, 
rabies 

 Leptospirosis, plague, tuberculosis  Filariasis, leishmaniasis, malaria 

 East Asia  Hantavirus, hepatitis A, hepatitis B  Leptospirosis, plague, tuberculosis 

 Northern Asia  Hantavirus, hepatitis A, hepatitis B, 
rabies 

 Diphtheria, tuberculosis 

 Middle East  Hepatitis A, hepatitis B  Tuberculosis  Leishmaniasis 

   a (*) Include only diseases with widespread transmission, epidemic activity or high risk for infection in some areas.  
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Puerto Rico. The patient, a 6-year-old child, died 11 days 
after transplantation and DEN4 was detected in blood, ascitic 
fl uid and tissue samples. The donor developed fever 2 days 
after marrow harvesting and dengue was diagnosed by the 
presence of specifi c IgM antibodies. DEN4 serotype was 
confi rmed in donor samples [ 7 ]. The other case of graft 
transmission was recently reported in a HSCT recipient from 
Germany whose unrelated donor had returned from Sri 
Lanka 3 days before donation. Despite the predictable risk, 
the recipient was in urgent need of the transplant and the 
transplant was consented through a Declaration of Urgent 
Medical Need [ 20 ]. Graft transmission was also reported but 
less well documented in a renal transplant recipient from 
Singapore whose living donor had acquired dengue 6 months 
before donation. As Singapore is an endemic area and den-
gue virus does not persist in the host for so long time after 
infection resolution, dengue was more likely to have been 
transmitted by mosquito bite [ 11 ]. 
   Blood transmission   : Dengue transmission by blood has been 
increasingly demonstrated as a consequence of the expand-
ing areas of dengue transmission and more frequent out-
breaks. The majority of dengue cases are well known to be 
asymptomatic. These individuals may offer to donate blood, 
and consequently viremic donors have been observed during 
outbreaks in all investigated areas [ 21 – 23 ]. The transmission 
of dengue to naïve blood recipients have also been detected 
during outbreaks. Recently, one case of blood- transmitted 
dengue was documented in a patient with severe aplastic 
anemia after platelet transfusion from a regular platelet 
donor who was asymptomatic at the time of donation, but 
seroconverted (both IgG and IgM) in the following month. 
The other recipient of the same platelet donation did not 
develop dengue [ 24 ].  

9.2.1.3     Pretransplant Management 

 Dengue control  is   based on vector control and community- 
based  programs   to keep the environment free of potential 
breeding sources, mainly artifi cial water containers such as 
discarded tires, uncovered water storage barrels, fl ower 
vases, etc. The mosquitoes breed in limpid water. In endemic 
regions, transplant patients should receive information about 
dengue transmission and  Aedes  habits to avoid exposure. 
The incidence, morbidity and mortality of dengue fever and 
its complications are diffi cult to estimate, as no prospective 
seroepidemiological study has been performed in transplant 
recipients from endemic areas. Seropositive patients have a 
theoretical risk of developing severe dengue in case of rein-
fection during outbreaks. Pretransplant screening for dengue 
is currently not recommended, but prospective studies are 
necessary to evaluate the cost effectiveness of serological 
assessment before transplantation.  

9.2.1.4     Posttransplant Management 

  Clinical fi ndings : In general,    case reports are more prone to 
describe severe cases  of   dengue in detriment of mild ones. 
Thus, among nine publications of dengue cases, six reported 
severe clinical presentations, DHF, or DSS [ 7 – 9 ,  11 ,  13 ,  18 , 
 20 ]. On the other hand, in published case-series of dengue 
from Brazil (27 cases) and Singapore (6 cases), both in renal 
transplant recipients, a benign course was generally observed 
and death probably due to DSS was registered in 1 of the 27 
patients (3.7%) from the Brazilian series [ 10 ,  12 ]. More 
recent case-series publications confi rm that mild cases are 
more frequent than severe cases in solid organ and stem cell 
transplant recipients. In 2013, 102 cases of dengue in renal 
transplant recipients from Pakistan were retrospectively 
reviewed. Forty-four patients (43%) had primary and 58 
(56.8%) had secondary dengue infection. Thrombocytopenia 
was seen in 95% of the cases, with a mean duration of 11 ± 9 
days. Most of the patients presented fever (80%), which was 
less frequently seen in patients receiving high-dose steroids 
(>7.5 mg). DF occurred in 90 (88%), and DHF/DSS occurred 
in 12 (11.7%). High dose of steroid use had a negative impact 
in those with primary but not in secondary infection. Graft 
dysfunction occurred in 68 (66.7%) of the patients. 
Interestingly, patients on a CSA-containing regimen had sig-
nifi cantly less severe disease [ 17 ]. Studies have shown that 
CSA can be a potential drug for the treatment of fl avivirus 
infections [ 25 ]. 

 Dengue mortality rates vary from 0.026% in classic den-
gue fever up to 5% in DHF in the immunocompetent popula-
tion. In addition, the paucity of reports of DHF or DSS in 
transplant recipients may refl ect the T-cell immunosuppres-
sion induced in this population and the consequent low 
infl ammatory response. 
   Diagnosis : Before   day 5 of illness, virus isolation, nucleic 
acid or antigen detection can be used to diagnose dengue. 
NS1 antigen detection kits can be used in laboratories with 
limited equipment and yield results within a few hours. At 
the end of the acute phase of infection, serology is the method 
of choice for diagnosis. IgM antibodies are the fi rst immuno-
globulin isotype to appear and are detectable in 50% of 
patients by days 3–5 after onset of illness, increasing to 80% 
by day 5 and 99% by day 10. IgM levels peak about 2 weeks 
after the onset of symptoms and then decline generally to 
undetectable levels over 2–3 months. Anti-dengue serum 
IgG is generally detectable at low titers at the end of the fi rst 
week of illness, increasing slowly thereafter, with serum IgG 
still detectable after several months, and probably even for 
life [ 3 ]. 
  Treatment : There is  no   specifi c antiviral drug and manage-
ment of dengue should follow a stepwise approach including 
overall assessment (history, symptoms, physical examina-
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tion, mental assessment, and laboratory tests), diagnosis, and 
assessment of disease severity. On the basis of evaluations of 
the history, physical examination and/or full blood count and 
hematocrit, clinicians are able to determine whether the dis-
ease is dengue, which phase it is in (febrile, critical or recov-
ery), whether there are warning signs, the hydration and 
hemodynamic status of the patient, and if the patient requires 
admission. Hydration is the mainstay of dengue treatment. 
According to some case series, immunosuppression did not 
seem to affect the outcome and there is no evidence to rec-
ommend decreasing immunosuppression. 

 In conclusion, there should be a high index of suspicion 
for dengue illness in transplant recipients presenting with 
thrombocytopenia in endemic areas, even if afebrile. 
Prolonged thrombocytopenia (more than 10 days) is expected 
and has been observed in transplant recipients with dengue 
in comparison to general population (around 3 days). During 
epidemics, the cost benefi t of screening organ donors and 
blood products in hyperendemic regions needs to be assessed, 
since studies conducted during epidemics have detected 
DEN viremia by PCR in 0.04–0.3% of in asymptomatic 
blood donors [ 21 ,  22 ].   

9.2.2     Yellow Fever 

 Yellow fever (YF) is a vector-borne disease caused by yellow 
fever virus, a RNA virus belonging to the family  Flaviviridae , 
genus  Flavivirus , transmitted to humans by the bite of 
infected mosquitoes. YF virus infects humans and monkeys 
in three types of transmission cycle: sylvatic (jungle), savan-
nah, and urban. 

 In  the   jungle cycle of South America, monkeys infected 
by  sylvatic   mosquitoes  Haemagogus  pass the virus to other 
mosquitoes that fed on them. Humans are sporadically 
exposed when enter the transmission cycle of the agent. In 
the savannah cycle, the virus is transmitted by semidomestic 
mosquitoes  Aedes  (mainly  Ae. africanus ) that infect both 
monkeys and humans and produce small-scale epidemics in 
African rural areas. In the urban cycle, monkeys are not 
involved and infection is transmitted among humans by the 
mosquito  Aedes aegypti , generally causing explosive epi-
demics in populous areas [ 26 ,  27 ]. 

 After an incubation period of 3–6 days, immunocompe-
tent patients develop fever, muscle pain, headache, shiv-
ers, loss of appetite, nausea and vomiting, characterizing 
the acute phase of yellow fever. Most patients improve 
and symptoms disappear in few days. Around 90% of the 
cases are mild or asymptomatic. However, between 15 
and 20% go into a severe toxic phase with reappearance of 
fever and the development of jaundice and sometimes 
bleeding. About 50% of patients in toxic phase die within 
10–14 days [ 27 ]. 

9.2.2.1     Geographic Distribution 

 Over  900   million people are at the risk of being infected in 
 the   tropical areas of Africa and South America. Thirty three 
countries in Africa that are located between 15 latitude north 
and 10 latitude south of the equator, are at risk of yellow 
fever. Sudan is the only country in Eastern Mediterranean 
Region in the yellow fever zone. Large epidemics have been 
reported in Sudan in 1940, 1959, 2003, 2005, 2012, and 2013 
[ 28 ]. In the Americas, from 1985 to 2012, 95% of all yellow 
fever cases were reported by four countries: Peru (54% of all 
cases), Bolivia (18%), Brazil (16%), and Colombia (7%). 
The other countries with conditions for yellow fever trans-
mission are Argentina, Ecuador, French Guiana, Guyana, 
Panama, Paraguay, Suriname, Trinidad and Tobago and 
Venezuela. From 2000 to 2013, more than 1100 laboratory- 
confi rmed cases were reported in the Americas, with the 
largest numbers reported from Brazil and Peru [ 29 ]. 

 The annual estimated cases per year in at risk areas are 
200,000, causing 30,000 deaths. Fatal cases of yellow fever 
have been reported among unvaccinated tourists from the 
United States and Europe who visited endemic areas of yel-
low fever [ 30 ,  31 ].  

9.2.2.2     Transmission in Transplant Patients 

 No case of  yellow   fever has been reported in solid organ  or 
  stem cell transplant recipients. However, the occurrence of 
the disease in the transplant population in developing coun-
tries can be just a matter of time, in the case of urban yellow 
fever resurgence. The control of yellow fever is based on 
mosquito eradication and vaccination of people living in or 
traveling to risk areas.  

9.2.2.3     Pretransplant Management 

 Since live- attenuated   vaccines are contraindicated after 
transplant,  SOT   candidates from endemic regions are recom-
mended to receive yellow fever vaccine (YFV) before trans-
plant. This practice should be encouraged as pretransplant 
immunization elicits prolonged YF immunity in SOT 
patients, as recently demonstrated. A prospective study con-
ducted in 53 SOT recipients (29 kidney, 18 liver, 1 heart, 2 
kidney–liver, 2 pancreas–kidney, and 1 heart–liver) showed 
that protective YF antibody level was detectable in 98% of 
the recipients vaccinated before transplantation. The median 
time from vaccination to assessment of YF immunity was 13 
years, varying from 3 to 32 years [ 32 ].  

9.2.2.4     Posttransplant Management 

 The live-attenuated YFV  is   contraindicated  in   transplant 
recipients due to the potential risk of severe adverse events, 
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mainly encephalitis [ 30 ,  33 ]. Extremely rare cases of 
 viscerotropic disease following YFV have been reported in 
general population [ 34 ]. 

 Although contraindicated, some transplant patients may 
inadvertently receive the vaccine. Recently, an increase in 
the number of reported human YF cases occurred in Brazil, 
from 2 cases in 2006 to 46 in 2008. This increase prompted 
health authorities to expand the area of vaccine recommen-
dation. These facts were widely reported by the media and 
caused a rush to health services to receive the vaccine, 
including some individuals for whom YFV is contraindi-
cated. The safety of YFV in SOT recipients inadvertently 
vaccinated against YF was evaluated through a questionnaire 
sent to physicians affi liated to the Brazilian Society of Organ 
Transplantation. Nineteen SOT (14 kidneys, 3 hearts, and 2 
liver) received YFV by mistake and only 1 patient had a 
slight reaction at the site of YFV injection. No one had sys-
temic reactions or required hospitalization [ 35 ]. However, no 
recommendation for YFV safety can be made based on this 
data due to the small number of patients studied. SOT recipi-
ents should, if possible, not travel to endemic areas, and, if 
exposure is likely, the benefi ts of YF immunization should 
be evaluated and a decision should be taken carefully on a 
case-to-case basis [ 36 ]. 

 A slightly different scenario is observed in HSCT recipi-
ents as immunosuppression is progressively decreased over 
time and live-attenuated vaccines may be used after 2 years 
of HSCT, if the patient is not receiving immunosuppressive 
drugs. Thus, YFV may be considered for HSCT recipients 
under those circumstances and living in areas of great risk of 
YF. In other situations vaccination is contraindicated and 
should be avoided [ 37 ]. 

 More than 20 cases of YF vaccination have been reported 
in HSCT recipients without side effects [ 16 ,  38 ,  39 ]. In 2008, 
when an expanded area for YFV recommendation was deter-
mined in Brazil, a seroepidemiological survey was con-
ducted in 27 HSCT recipients living in the expanded areas to 
identify those susceptible to YF. Information about previous 
vaccination was available for 24 of them. These patients 
underwent HSCT at a median of 406 days, ranging from 21 
to 2334 days. Sixteen had received YFV before HSCT and 
persistent YF immunity was detected in 14 of them (87.5%). 
Seven patients (29.1%) were susceptible to YF despite the 
pretransplant vaccination in two of them. Three were within 
the fi rst 2 years of HSCT, and consequently were not eligible 
to YF vaccination. The remaining four HSCT recipients 
received YFV without adverse events [ 16 ]. Interestingly, 
among the eight HSCT recipients who did not receive YFV 
before transplantation, three (37.5%) were immune. The 
presence of YF antibodies after HSCT may refl ect passive 
immunity from the donor or recipient exposure to YF virus. 
Asymptomatic or mild cases of YF are common in immuno-
competent hosts and may possibly also occur in HSCT recip-
ients [ 16 ]. 

 It is important to stress that vaccine strain viremia fre-
quently occurs in healthy persons during the fi rst week of 
primary YF vaccination. In booster doses, vaccine strain 
viremia is unlikely [ 30 ,  40 ]. In the case of donor vaccination, 
it is prudent to wait at least 1 week to stem cell or marrow 
harvesting or organ donation. 

 Transplant recipients from developed countries traveling 
to endemic regions of YF should be advised of the risks 
posed by such travel, instructed in methods for avoiding vec-
tor mosquitoes, and supplied with vaccination waiver letters 
by their physicians [ 30 ].   

9.2.3     Measles 

 Measles virus belongs to the  Paramyxoviridae  family, which 
infects primate species, but can only be maintained in human 
populations.    Measles is an acute illness and one of the most 
contagious diseases as almost all susceptible persons acquire 
the disease once exposed to the virus. The virus spreads from 
person to person within aerosol droplets generated during 
coughing. Measles tends to result in epidemics that cause 
many deaths, especially among young malnourished chil-
dren. Characteristic symptoms such as fever, dry cough, 
coryza, rash, conjunctivitis and photophobia initiated 10 
days after infection [ 41 ]. 

 More than 20 million people are affected by measles each 
year. Poverty impacts lethality rates. While global measles 
deaths have decreased by 75% worldwide in recent years, 
from 544,000 deaths in 2000 to 146,000 in 2013, more than 
95% of measles deaths occur in countries with low per capita 
incomes and weak health infrastructures [ 42 ]. 

  Vaccination   is the best way to control measles and has a 
major impact on measles deaths. A safe and effective live- 
attenuated virus vaccine is available for the past 40 years. 

9.2.3.1     Geographic Distribution 

 Measles has not  been   eliminated from most countries and is 
the fi rst disease  to   reappear when vaccine coverage falls. As 
a result of decreased measles vaccination coverage, devel-
oped countries have also registered epidemics of measles in 
recent years: Ireland and the Netherlands in 2000, Korea in 
2001, Italy in 2002, Switzerland in 2006, Japan in 2007, 
Austria and United States in 2008. During 2011, 115 measles 
outbreaks were reported in 36 of the 53 member states in the 
European Region. More than 26,000 measles cases had been 
reported as of October 26th 2011. France reported the largest 
number of cases (>14,000); these occurred predominantly 
among older children and young adults who had not been 
vaccinated or whose vaccination history was unknown. The 
primary reason for the increased transmission and outbreaks 
of measles in Europe is failure to vaccinate [ 43 ]. Although 
measles elimination has been declared in the US in 2000, a 
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total of 159 cases were reported from January 4th to April 
2nd, 2015 [ 44 ]. In 2014, more than 96,000 cases of 
laboratory- confi rmed measles were reported in all WHO 
regions.  

9.2.3.2     Transmission in Transplant Patients 

  Measles has been   diagnosed in transplant patients as a result 
 of   community outbreaks or recent travel to endemic or epi-
demic regions. As measles epidemics resurge, susceptible 
transplant recipients from developed and developing coun-
tries become an easy target for measles and its complica-
tions. Previous and/or donor-transferred immunity wanes 
over time and measles antibodies titers are expected to fall 
below the protective level during follow-up. Up to 55% of 
HSCT and 22% of SOT recipients lose measles immunity by 
24 and 6 months after transplant, respectively [ 45 ,  46 ]. 

 Protection against measles in transplant recipients strongly 
relies on herd immunity, since live-attenuated vaccines have 
restricted use in this population. In SOT recipients, measles 
vaccination is recommended before the transplant, and in the 
setting of HSCT, measles vaccine can be safely used after 24 
months of transplantation in patients not receiving immuno-
suppressive drugs [ 47 ]. 

 The largest series of measles cases in transplant popula-
tion was described in HSCT recipients during an outbreak in 
Brazil. In view of the limitations to the use of live-attenuated 
vaccines in these patients, a serological survey was per-
formed and identifi ed 54 susceptible to measles, 8 of which 
acquired measles in the fi rst 3 months of the outbreak (attack 
rate 14.8%). One patient developed measles pneumonia. No 
patient developed CNS complications during follow-up or 
died of measles [ 45 ]. To interrupt measles transmission 
among susceptible patients, a protocol of early measles vac-
cination (1 year after HSCT) was successfully instituted and 
no more cases were seen up to the end of the outbreak which 
lasted 2 years [ 48 ]. During the 2000–2001 measles epidem-
ics in Korea, one fatal case of measles pneumonia was 
reported in a 39-year-old HSCT recipient with chronic 
GVHD [ 49 ]. 

 In the setting of SOT, fi ve cases of measles-associated 
encephalitis have been reported in renal transplant recipi-
ents, at a median of 5 years after transplantation (range 3–11 
years) [ 50 – 53 ]. Preceding measles infection was reported in 
three of the fi ve patients, 6 weeks to 4 months before the 
appearance of neurological symptoms. In the remaining two 
patients, measles diagnosis was retrospectively performed 
by serology in one case and by necropsy in the other case. 
Three patients had received one dose of measles vaccine in 
infancy, one had not been vaccinated and in the remaining 
one, vaccination status was not informed. Three patients 
(60%) died as a consequence of CNS complications and the 
other two patients survived with sequelae [ 53 ]. More 
recently, a case of measles was diagnosed in a 31-year-old 

liver transplant recipient during an outbreak in public schools 
in Salzburg, Austria. Liver biopsy revealed portal infl amma-
tion and endothelialitis as well as alteration of the cholan-
gium suggestive of mild acute transplant rejection triggered 
by measles infection [ 54 ].  

9.2.3.3     Pretransplant Management 

 Measles is diffi cult  to   eradicate as sustained elimination 
requires  the   maintenance of more than 90% one-dose cover-
age among preschool children and more than 95% two-dose 
coverage among school-aged children [ 55 ]. Due to decreased 
coverage rates of measles vaccination, the disease has reap-
peared in developed countries. 

 Facing this scenario, vaccination status for measles 
should be checked and updated in patients awaiting 
SOT. The recent Infectious Diseases Society of America 
(IDSA) guideline states that live-attenuated vaccines can be 
administered to SOT candidates at 6–11 months of age if 
they are not immunosuppressed and if the transplantation is 
not anticipated in the ensuing 4 weeks [ 56 ]. However, the 
presence of maternal antibodies may interfere in the anti-
body response. A recent study in liver transplant candidates 
vaccinated prior to transplantation, showed a 12.5% rate of 
sustained immunity after transplant in children who received 
measles vaccine before 12 months of age and 63.6% in those 
older than 12 months [ 57 ].  

9.2.3.4     Posttransplant Management 

 In addition to  the   pretransplant assessment of immunity and 
vaccination update, clinicians should have in mind that anti-
body levels decline rapidly in the fi rst 12 months following 
transplantation. Despite the restricted use of measles vaccine 
in transplant populations, there is growing evidence of its 
safety in situations where the risk of measles complications 
outweighs the risk of adverse events of vaccination. Taking 
into account the current epidemiological situation of measles 
worldwide, regular monitoring of posttransplant antibody 
levels to measles should be considered in transplant recipi-
ents, and if loss of protective antibody level is detected, reim-
munization might be an option. Several groups have reported 
that post-transplant measles vaccination could be effi cacious 
and safe [ 58 – 60 ]. 

 Measles vaccine administered after the 12th month of 
transplant was safe and effective during the 1997–1999 mea-
sles epidemics in Brazil. Around 53% of the patients were 
receiving immunosuppressive drugs. No moderate or severe 
adverse events were observed and vaccination was the strat-
egy used to interrupt measles transmission among suscepti-
ble HSCT recipients [ 48 ]. 

 The safety of measles vaccine beyond its recommended 
use has also been evaluated after solid organ transplantation. 
In two studies recently reviewed [ 61 ], 31 patients received 
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measles vaccination between 1.5 and 65 months after 
 transplantation. No adverse event was noted among 29 chil-
dren. In the remaining two children (6.4%), signs of organ 
rejection were observed 3 weeks after fi rst vaccination, but 
the possible association of vaccination and rejection remains 
elusive. Seroconversion rates were higher in patients who 
had received measles vaccine before transplant (85%) as 
compared to children immunized only after transplantation 
(41%). Similarly, sustained immunity was observed in 64% 
of the patients previously vaccinated in comparison to 29% 
of the patients who were vaccinated only after transplanta-
tion [ 61 – 63 ]. In another study, overall responses rates of 
73% were observed in 26 children receiving primary measles 
vaccination after liver transplantation. However, 18 patients 
required multiple doses [ 58 ]. 

 Thus, although transplant guidelines do not recommend 
live-attenuated vaccines after solid organ transplantation, 
some groups have indicated measles, rubella, mumps and 
varicella vaccines in patients fulfi lling the following criteria: 
(1) at least 1 year of transplant and stable general condition; 
(2) no use of systemic steroids to treat acute rejection within 
the last 6 months; (3) exclusive use of tacrolimus as an 
immunosuppressive drug, and serum through concentration 
of tacrolimus <5 ng/mL (indicating that rejection reaction 
was under control); (4) no severe immunosuppression 
according to blood examinations; and (5) provision of writ-
ten informed consent from all patients or guardians [ 64 ]. 

 In conclusion, compliance to vaccination guidelines is 
strongly recommended in both SOT and HSCT recipients. 
Periodical evaluation of measles immunity identifi es suscep-
tible patients eligible to revaccination. During epidemics, 
clinicians should have a high index of suspicion for measles 
in transplant recipients with respiratory symptoms, as rash 
may be absent or atypical. In epidemic situation when the 
risk of measles complications may overweigh the risk of 
adverse events, measles vaccination may be considered in 
individuals receiving immunosuppressive drugs.   

9.2.4     Rabies 

 Rabies is a  zoonotic   viral disease which infects domestic and 
wild animals. Rabies virus causes acute and progressive 
encephalitis. It is transmitted to humans through close con-
tacts with saliva from infected animals, usually a dog, cat, 
raccoon, skunk, mongoose, or bat. Domestic dogs cause over 
99% of all human deaths from rabies. Bites are the most 
common mode of contamination, even though the contact of 
infected saliva with scratches, licks on broken skin and 
mucous membranes may also cause rabies [ 65 ,  66 ]. After the 
virus is inoculated into humans, it is taken up through peripheral 
nerves and infects the central nervous system causing 
encephalitis. This process may take weeks or months. The 
fi rst symptoms of rabies are usually nonspecifi c and suggest 

involvement of the respiratory, gastrointestinal and/or central 
nervous systems. 

 An average of 60,000 people die from rabies annually, and 
more than 15 million people receive postexposure prophy-
laxis every year. Bat rabies variants of genotype 1 have dif-
ferent tissue tropisms and patients with bat lyssavirus 
variants may show clinical manifestations different from 
what is seen in humans infected with canine rabies. 

9.2.4.1     Geographic Distribution 

 Rabies is  widely   distributed on all continents except 
Antarctica.  Most   industrialized countries have eliminated 
rabies from domestic dog populations. However, in the 
majority of developing countries, rabies remains endemic, 
poorly controlled and certainly underreported [ 67 ]. The 
actual incidence is unknown as several countries do not 
include rabies among notifi able diseases. Dog bites are the 
most frequent mode of transmission in most countries of 
Africa, Asia, Latin America, and the Middle East. In con-
trast, in North America, most documented human rabies 
deaths occurred as a result of infection from bat rabies virus 
[ 68 ].  

9.2.4.2     Rabies in Transplant Recipients 

 The transmission  of   rabies virus through cornea transplanta-
tion has been described,    but transmission through solid organ 
transplantation was not recognized before 2004. Seventeen 
cases of rabies have been reported in transplant recipients, 
and to date, all have been transmitted through the trans-
planted tissue or organ. Nine cases followed corneal trans-
plantation, including eight deaths. 

 Two clusters (Texas in 2004 and Germany in 2005), total-
ing seven rabies cases, have occurred following SOT [ 69 , 
 70 ]. Each of the donors died of an illness compatible with or 
proven to be rabies, even though the diagnosis was only sus-
pected when the recipients died of rabies [ 71 ]. These cases 
followed the transplantation of liver, lung, kidney, kidney- 
pancreas, and iliac artery grafts. Donor-transmitted rabies 
may have a long incubation period. Patients developed 
encephalitis between 30 and 60 days post-transplant, and all 
symptomatic patients died. Patients in Germany received 
postexposure prophylaxis (PEP) and antiviral treatment, 
though not until postoperative day 45. The liver recipient in 
this cluster had been previously vaccinated (around 20 years 
before) and never developed disease [ 69 ]. 

 In the SOT cases, the donors had a recent history of bat 
and dog bite which were not elicited or considered impor-
tant. Since bat teeth are very fi ne, bat bites may be unde-
tectable and the epidemiological risk underestimated. 
Recently, the investigation of a donor-transmitted rabies to 
a kidney transplant recipient highlighted the donor contact 
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with raccoons and wildlife [ 72 ]. Thus, a detailed history of 
bites, in contact with bats and wildlife should be obtained 
from organ donors’ relatives and friends. In the absence of 
a clear history, physical signs and reliably performed rabies 
diagnostic tests, the safest strategy is to exclude any donor 
with neurological symptoms and signs .    

9.3     Bacterial Infections 

9.3.1     Tuberculosis 

  Tuberculosis ( TB) remains   a major global health problem, 
ranking as the second leading cause  of   death from an infec-
tious disease worldwide after the human immunodefi ciency 
virus (HIV). 

 Although the TB  incidence rates   (new cases per 100,000 
population per year) are decreasing in most parts of the world 
and the TB mortality rate (deaths per 100,000 population per 
year) has fallen by 45% since 1990, the numbers are still 
impressive. The latest estimates show that there were 9.0 
million new TB cases in 2013 (13% of those among people 
living with HIV) and 1.5 million TB deaths (1.1 million 
among HIV-negative people). Most of the estimated number 
of cases in 2013 occurred in Asia (56%) and the African 
Region (29%); smaller proportions of cases occurred in the 
Eastern Mediterranean Region (8%), the European Region 
(4%) and the Region of the Americas (3%). India and China 
alone accounted for 24% and 11% of global cases, respec-
tively [ 73 ]. 

 Since the rate of TB cure is lower among HIV-positive 
patients (74%) in comparison to HIV-negative (88%), trans-
mission is facilitated in places where HIV infection is highly 
prevalent [ 73 ]. Other immunocompromised hosts, including 
solid organ and stem cell transplant recipients, are also more 
prone to reactivation of  Mycobacterium tuberculosis  infec-
tion [ 74 ]. 

 One of the components of the WHO program for  TB   elim-
ination is the recognition and treatment of  latent tuberculosis 
infection (LTBI)  . There is clear evidence of benefi t from sys-
tematic testing and treating of LTBI in the following groups: 
people living with HIV, adult and child contacts of pulmo-
nary TB cases, patients preparing for organ or hematologic 
transplantation, patients initiating anti-TNF treatment, 
patients receiving dialysis and patients with silicosis [ 75 ]. 
Among transplant patients, lung transplant recipients have 
the highest risk, although the local incidence of infection 
better defi nes the risk rather than the organ transplanted [ 76 ]. 

 The six countries that stand out as having the largest num-
ber of TB incident cases in 2013 were India (2.0–2.3 mil-
lion), China (0.9–1.1 million), Nigeria (340,000–880,000), 
Pakistan (370,000–650,000), Indonesia (410,000–520,000) 
and South Africa (410,000–520,000) [ 73 ]. Almost all devel-
oping countries with active transplant programs, such as 
Argentina, Brazil, China, Egypt, India, Iran, Nigeria, 
Pakistan, South Africa, Taiwan, Thailand, Turkey, among 

others, have reported TB cases in transplant recipients, nicely 
reviewed in some publications [ 77 – 79 ]. The majority of the 
reports are in solid organ transplant recipients, especially 
after renal transplantation. 

9.3.1.1     Transmission in Transplant Recipients 

 Tuberculosis  among   transplant recipients may arise  from 
  reactivation of quiescent foci of  M. tuberculosis , transmis-
sion by the graft or contamination by actively infected per-
sons. Graft transmission has been documented in renal, lung 
and hepatic transplantation, but accounts for less than 5% of 
all TB cases in transplant recipients [ 76 ,  77 ]. Cross- 
transmission of TB has led to an outbreak in a renal trans-
plant unit but also appears to be a rare event [ 80 ]. Reactivation 
of LTBI accounts for the vast majority of TB cases reported 
in transplant recipients, and largely refl ects the local inci-
dence. In North America, the prevalence of LTBI among 
renal transplant recipients is 0.5–1%, in Northern Europe is 
1–4%, and can reach 15% in India and Pakistan [ 81 ,  82 ]. 

 Few studies have adequately described the incidence rate 
in the transplantation setting. The risk of TB in transplant 
recipients is estimated to be 20–50 times higher than in gen-
eral population, even in developed countries. In Europe, 
recent series have shown an incidence varying from 0.45 to 
0.9% [ 83 ,  84 ]. The highest incidence (2.6–6.4%) is observed 
in lung transplant recipients [ 85 ,  86 ]. Although mortality 
rate may have decreased due to better diagnostic techniques, 
it remains high varying from 9.5 to 17% in some series [ 79 ].  

9.3.1.2     Pretransplant Management 

   Epidemiological risk : In   recent years, a growing number  of 
  transplant programs have been implemented in developing 
countries where prevalence rates of TB are high. In these 
places, prompt investigation of epidemiological risk for 
LTBI is mandatory. Previous TB infection or contact with 
infected persons should be particularly investigated as well 
as careful radiological evaluation to check for images sug-
gestive of previous healed TB. 
  Diagnosis of LTBI :  LTBI   can also be evaluated through the 
tuberculin skin test (TST), a delayed type hypersensitivity 
reaction to intracutaneous injection of antigens isolated 
from culture fi ltrate by protein precipitation. The sensitivity 
of the TST is lower in immunocompromised hosts and indu-
ration ≥5 mm is considered positive [ 75 ]. The specifi city of 
TST in transplant patients from developing countries is also 
impaired because the delayed type hypersensitivity reaction 
may indicate infection with non-tuberculous mycobacteria 
or previous vaccination with the Bacille Calmette-Guérin 
(BCG), a live-attenuated mycobacterial strain derived from 
 Mycobacterium bovis  [ 87 ]. The role of TST as well as the 
new interferon gamma release assays (IGRAs) in the evalu-
ation of LTBI in transplant recipients has not been fully 
 investigated and prospective studies evaluating the predic-
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tive value of those tests in the development of tuberculosis 
are lacking. A recent prospective study comparing TST and 
IGRA in HSCT candidates showed a substantial agreement 
between tests (Kappa index = 68.5%) [ 88 ]. 

 The indication for screening with TST and/or IGRA 
should be guided by local incidence of TB in transplant 
recipients. Preventive chemotherapy against TB without 
prior screening for LTBI may be appropriate for all trans-
plant candidates in regions of high TB incidence (≥100 per 
100,000 population). In regions of medium TB incidence 
(≥20 per 100,000 population or in regions with medium 
local TB burden), all candidates should be screened for the 
presence of  M. tuberculosis  specifi c immune responses. In 
regions of low TB incidence, a decision for screening of 
transplant recipients for the presence of  M. tuberculosis  spe-
cifi c immune responses should include an individual risk 
assessment for LTBI [ 89 ]. 
  Donor screening : While  the   majority of posttransplant TB 
occurs secondary to reactivation in recipients with unrecog-
nized or untreated LTBI, transmission of  M. tuberculosis  
through the allograft can occur. The management of TB in all 
organ donors requires accurate historical, clinical and labo-
ratory data, which can be challenging especially with 
deceased donors. The following general recommendations 
were proposed by the Consensus Conference Report of 
donor-derived infections, endorsed by American Society of 
Transplantation, Canadian Society of Transplantation and 
The Transplantation Society [ 76 ]:

•    Rule out active TB in the donor with any identifi ed his-
torical or epidemiologic risk factors. For suspected or 
confi rmed TB, donation should be deferred except in dire 
circumstances.  

•   All SOT donors should have a careful epidemiologic 
and personal medical history, physical and a chest 
radiograph.  

•   TST and IGRA should be cautiously interpreted taking 
into account the epidemiologic history and chest radio-
graph fi ndings. A negative result on TST or IGRA does 
not rule out active TB.  

•   For lung donors, bronchoscopy specimens should be 
obtained for mycobacterial testing for TB and atypical 
mycobacteria (AFB smear and culture) prior to donation.  

•   Molecular methods for mycobacterial culture and species 
identifi cation are preferred to standard culture if avail-
able, due to the shorter turn-around time.  

•   There is insuffi cient evidence to recommend IGRA 
testing of all SOT donors. Further research is needed, 
especially in deceased donors where the tests have 
potential utility for identifi cation of moderate or high 
risk of TB donors.  

•   Donation need not be deferred for the diagnosis of LTBI 
in any SOT donor including lung donors.  

•   Urinalysis with microscopy, genitourinary imaging and 
urine AFB smear and culture should be considered for 
organ donors in intermediate and high-risk countries, 
especially for kidney donors.    

  Prophylaxis :  INH    prophylaxis   reduces the risk of develop-
ment of active disease [ 90 ,  91 ]. All candidates from regions 
of high TB incidence (≥100 per 100,000 population) or 
those screened with a positive TST or IGRA test should 
receive preventive chemotherapy to reduce the risk for the 
development of TB. A preventive chemotherapy regimen of 
isoniazid 5–10 mg/kg  per  day for 6–9 months or longer is 
recommended [ 89 ,  91 ]. Alternative schedules may be con-
sidered on individual basis. 

 Fear about toxicity has hampered the implementation of 
INH prophylaxis especially in the setting of liver trans-
plantation. However, previous and recent studies have 
shown that INH prophylaxis is effective and safe also in 
this population [ 92 – 95 ]. At most, toxicity is similar to 
expected in general population (less than 20%) with nor-
malization of liver function tests after drug discontinuation 
[ 96 ]. A recent meta- analysis demonstrated that isoniazid 
prophylaxis was associated with reduced reactivation of 
tuberculosis in liver transplant recipients at risk for TB 
(0.0% versus 8.2%,  p  = 0.02), and isoniazid-related hepa-
totoxicity occurred in 6% of treated patients, with no 
reported deaths [ 90 ]. In general, liver biopsies often show 
chronic rejection, recurrent hepatitis C, or other causes 
when INH toxicity is suspected [ 97 ]. 

 Living donors with a positive TST or IGRA should also be 
offered treatment for latent TB prior to donation. As comple-
tion of this treatment may delay the transplant and adversely 
impact the recipient, the prophylaxis need not be completed 
before the transplant occurs. In this case, the recipient should 
also receive INH prophylaxis [ 76 ].  

9.3.1.3     Posttransplant Management 

  Risk factors and clinical fi ndings : In  areas   of  high   preva-
lence of TB, a high index of suspicious should be kept in the 
fi rst months after transplantation. About one-third to one-
half of all cases of active TB after solid organ transplanta-
tion are disseminated or occur at extrapulmonary sites, 
compared to about 15% of cases in immunocompetent per-
sons [ 76 ]. In HSCT recipients, lung is the organ more fre-
quently affected [ 16 ,  95 ,  98 ,  99 ]. Extrapulmonary forms 
include renal, ganglionar, pleural, central nervous system, 
bone marrow, and miliary TB [ 100 ]. 

 Risk factors for TB in SOT recipients include pulmonary 
images suggesting previous TB infection, the use of T-cell 
depleting antibodies, enhanced immunosuppression in the 
setting of rejection, chronic renal insuffi ciency or 
 hemodialysis for kidney transplant recipients, diabetes mel-
litus, hepatitis C virus infection for kidney transplant recipi-
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ents, chronic liver disease, or increased recipient age [ 77 ,  78 , 
 84 ,  89 ,  101 ,  102 ]. By multivariate analysis, the RESITRA 
(Spanish network of infection in transplantation) identifi ed 
recipient age (RR, 1.05; 95% CI, 1.0–1.1) and receipt of a 
lung transplant (RR, 5.6; 95%, 1.9–16.9) as independent risk 
factors for tuberculosis. In the setting of HSCT recipients, 
the intensity of immunosuppression, unrelated or mis-
matched related transplants, acute or chronic graft versus 
host disease (GVHD) and total body irradiation increase the 
risk of TB reactivation after HSCT [ 89 ,  95 ,  98 ]. 
  Diagnosis and treatment : Diagnosis of TB is based on clini-
cal grounds and laboratory confi rmation by bacilloscopy and 
culture,    and real-time PCR. Novel generations of automated 
nucleic acid amplifi cation tests, such as the Xpert MTB/RIF 
test (Cepheid, CA, USA), could potentially improve the 
rapid diagnosis of TB in transplant patients. WHO currently 
recommend this test as the initial diagnostic test for adults 
and children suspected of having HIV- associated TB, in sub-
stitution to conventional microscopy and culture [ 73 ]. 
Treatment of TB is made for at least 6 months, with three 
(isoniazid, rifampicin, and pyrazinamide) or four drugs 
depending on the rate of isoniazid (INH) resistance. 
Ethambutol should be added if the rate of INH resistance is 
greater than 4%. A longer duration of therapy (12 months) 
has been recommended for the treatment of miliary disease, 
bone and joint disease and meningitis in infants and children. 
Also, longer treatment should always be considered if the 
response to treatment is slow and is mandatory if second-line 
drugs are used to replace fi rst-line drugs. 

 The fi eld of tuberculosis in transplant populations is rap-
idly evolving and some of the current worries will probably 
be answered in the next years. However, it is important to 
highlight the unsatisfactory compliance with the LTBI pre-
ventive recommendations, as shown by literature data. A 
recent study demonstrated that about one-third of the trans-
plant recipients did not complete the screening for LTBI and 
isoniazid prophylaxis was given to only 46% of the high-risk 
patients [ 91 ]. Previous studies have already expressed the 
same concerns [ 84 ,  98 ].   

9.3.2     Leprosy 

 Leprosy is a  chronic   infectious disease that affects the skin, 
the  peripheral   nerves, eyes, and upper respiratory tract 
mucosa. The infection is caused by  Mycobacterium leprae , 
an acid-fast rod-shaped bacillus discovered by G.A. Hansen 
in 1873. Humans are the principal reservoir of  M. leprae  and 
the disease spreads by aerosolized droplets from multibacil-
lary patients, and less commonly through direct skin contact 
[ 103 ]. Recent studies have suggested that direct contact with 
wild armadillos may contribute to the transmission of lep-
rosy in some areas [ 104 ,  105 ]. 

 The onset of leprosy can be insidious and the disease 
may be diffi cult to recognize. In a susceptible host, a skin 

lesion may develop after an incubation period averaging 
2–4 years, varying from 3 months to 40 years [ 103 ]. This 
initial phase is called intermediate leprosy and in many 
patients the lesions can heal spontaneously or progress to a 
clinical spectrum depending on the host immune response 
to  M. leprae . 

 According to the type of T-cell response, the granuloma-
tous spectrum of leprosy is classifi ed in tuberculoid (TT), 
characterized by few skin lesions and low bacterial loads, 
borderline tuberculoid (BT), borderline (BB), borderline 
lepromatous (BL) and lepromatous (LL), characterized by 
diffuse skin lesions and high bacterial loads [ 103 ]. A pre-
dominant T-helper 1 (Th1) response to  M. leprae  is encoun-
tered in lesions of patients with TT and BT forms, in contrast 
to the Th2 profi le found in disseminated lesions of patients 
with BB, BL, and LL forms of leprosy. Patients are classi-
fi ed as having one of two leprosy types, paucibacillary (PB) 
or multibacillary (MB). Classifying leprosy is important to 
ensure appropriate treatment particularly for the MB form 
of the disease [ 106 ]. 

9.3.2.1     Geographic Distribution 

 The  vast   majority of the world’s population is  not   suscep-
tible to leprosy. Susceptibility appears to be determined by 
genetic characteristics [ 107 ]. Since the introduction by the 
WHO Leprosy Elimination Program of multidrug therapy 
(MDT) free of charge to all patients worldwide, most pre-
viously highly endemic countries have reached leprosy 
elimination (registered prevalence rate < 1 case per 10,000 
population) [ 108 ]. Since 2000, the focus has moved from 
leprosy prevalence to incidence of new cases. A dramatic 
and sudden decline in new case detection of over 60% was 
observed from 2001 to 2005. However, the new case detec-
tion trends between 2010 and 2013 are remarkably stable 
suggesting stagnation in leprosy control [ 109 ]. Among the 
18 countries reporting more than 1000 cases in 2011, 
India, Brazil, and Indonesia have the highest number of 
cases. Trends in new- case detection from 2004 to 2011 
show that India and Brazil had a very slow decline since 
2006 and 2007, respectively. Indonesia, after a plateau 
since 2006, had a signifi cant increase in 2011. These three 
countries represented 83% of the new cases detected in 
2011, with India contributing 58%, Brazil 16%, and 
Indonesia 9% [ 110 ].  

9.3.2.2     Transmission in Transplant Recipients 

 In  SOT   recipients, 25 cases of leprosy have been described, 
21  in   renal, 3 in heart and more recently, 1 case was reported 
in a liver transplant recipient [ 111 – 115 ]. All cases occurred 
in patients who were living or had lived in leprosy endemic 
areas. The majority of the cases was exposed to  M. leprae  
many years before transplantation and developed leprosy 5 
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months to 12 years after transplantation. In the scenario of 
HSCT, six cases of leprosy were reported in Brazil, all in 
allogeneic HSCT recipients [ 116 ]. Three patients did not 
report a previous history or had contact with persons with 
leprosy, and the source of  M. leprae  was unknown. The 
remaining three had leprosy before HSCT and the disease 
reappeared after transplant, two cases as BL and one as TT 
leprosy.  

9.3.2.3     Pretransplant Management 

  Epidemiological risk :    Leprosy should be inquired in  trans-
plant   candidates and donors who live or have lived in endemic 
areas. A pro-active attitude to get information on epidemio-
logical risks is needed to overcome social stigmas related to 
leprosy [ 117 ].  

9.3.2.4     Posttransplant Management 

  Clinical fi ndings : So far,    there are no guidelines for the man-
agement  of   leprosy in transplant recipients. Physicians need 
to be trained in the differential diagnosis of skin lesions in 
their patients and to identify at least two cardinal signs of 
leprosy: anesthetic skin lesions and enlarged nerves [ 112 ]. 
This involves training, supervising and monitoring primary 
healthcare staff as well as continued education. Diagnosis 
based only on an anesthetic patch is likely to miss about 30% 
of the MB cases [ 108 ]. Leprosy should be investigated in all 
patients with erythema nodosum, especially in endemic 
areas; although leprosy cases have also been reported from 
areas of low endemicity [ 118 ]. 
  Treatment : PB leprosy should be treated with the combina-
tion of rifampicin and dapsone (PB multidrug therapy or 
PB-MDT) for 6 months, and MB leprosy should be treated 
with the triple drug combination of rifampicin, dapsone and 
clofazimine (MB multidrug therapy or MB-MDT) for 24 
months. According to the WHO recommendation, the rifam-
picin and part of the clofazimine component should be taken 
monthly under supervision. 

 Apparently, immunosuppression did not adversely affect 
the treatment of leprosy in most SOT patients. While most 
prescribed MDT as recommended by WHO for multibacil-
lary disease, alternative drug schedules have been used 
because of fear of adverse effects of clofazimine and rifam-
picin [ 111 ,  119 ]. Other drug schedules include minocycline, 
moxifl oxacin, and ethionamide [ 111 ,  118 ]. However, mino-
cycline and ofl oxacin should only be recommended in pres-
ence of adverse effects or drug interactions. 

 In the scenario of HSCT, 2 of the 6 patients responded to 
the treatment, even though a tempestuous course was 
observed in one of them. The remaining patient died soon 
after HSCT due to MRSA pneumonia and the response to the 
treatment could not be evaluated. Two patients (LL and BL 

forms, respectively) had a good response to the treatment, 
and in the remaining one (BT), the skin lesions had not 
healed after 8 months of clofazimine. Similar to SOT leprosy 
cases, alternative drug schedules were used in the HSCT 
recipients to avoid possible adverse events [ 116 ]. 

 Almost 30% of MB patients develop reactions, which are 
acute immunological phenomena that occur during the nor-
mal course of the disease. Reactions can be disastrous as 
they cause acute nerve damage. It is important to recognize 
reactions early and initiate treatment with steroids that 
improves outcomes for about 50% of patients. It is essential 
that the primary healthcare staffs are trained to recognize and 
treat reactions early  [ 112 ].    

9.4     Protozoan Infections 

9.4.1     Chagas Disease (American 
trypanosomiasis) 

   Chagas disease   is caused by  Trypanosoma cruzi , a protozoan 
parasite fi rstly described by Carlos Chagas, in 1909. The 
parasite is generally transmitted by feces of infected triato-
mine  insects   through penetration of the parasite into the bite 
wound, conjunctiva or other mucous membrane [ 120 ]. 
Transmission can also occur from mother to child, by organ 
transplantation, blood transfusion, laboratory incident, and 
more recently, some outbreaks due to the ingestion of con-
taminated food or drink have been reported [ 121 ,  122 ]. 

9.4.1.1     Geographic Distribution 

  Chagas disease is   endemic in the Americas, from the south 
of  the   United States to the south of Latin America. In areas 
with intra-domiciliary vector transmission, typically chil-
dren <5 years of age are infected [ 123 ]. In the last two 
decades, the countries more affected by the zoonosis devel-
oped successful programs to reduce vector and blood 
transmission. 

 In 1991, the Southern Cone Initiative against Chagas dis-
ease proposed the interruption of transmission by the elimi-
nation of domestic vectors and the screening of blood donors 
in Argentina, Brazil, Chile, Paraguay and Uruguay. Uruguay 
was declared free of Chagas disease transmission by 
 Triatoma infestans  in 1997, Chile in 1999 and Brazil in 2006. 
Transmission has been effectively eliminated also in sub-
stantial areas of Argentina, Bolivia and Paraguay. Similar 
initiatives took place in 1997 for the Central America and 
Andean Pact countries, and in 2004 for the nine countries of 
the Amazon basin [ 124 ]. Thus, global disease prevalence has 
been reduced from the 1990 estimates of 16–18 million 
people infected six million to seven million worldwide, 
mostly in Latin America [ 124 ,  125 ].  
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9.4.1.2     Transmission in Transplant Recipients 

 Although  all   modes of transmission  are   observed in endemic 
and non-endemic areas, transplant recipients from non- 
endemic countries are more likely to acquire  T. cruzi  infec-
tion through blood transfusion or by an infected graft, whereas 
infected recipients from endemic regions are at risk of reacti-
vation of latent infection during immunosuppression. 

 Currently, migration within and beyond endemic countries 
is the main factor in Chagas disease transmission. In 2006, 
after a series of reports of blood- and donor- transmitted 
Chagas disease, the US Food and Drug Administration 
approved the Ortho  T. cruzi  ELISA Test System to screen 
blood donors in the United States. Two positive tests are nec-
essary for serological confi rmation of  T. cruzi  infection. In 
case of test disagreement, a third technique is recommended. 
By mid-2008, more than 500 confi rmed  T. cruzi -infected 
donations were reported [ 126 ]. 

 Thus, both in endemic and non-endemic areas a careful 
investigation of the epidemiological risk of latent Chagas 
disease is mandatory. Are at great risk of  T. cruzi  infection: 
(1) Native population from endemic areas; (2) population 
who have received blood transfusion in endemic areas; (3) 
offspring of a mother who are native from endemic country; 
(4) population who have lived in an endemic area for more 
than 3 months [ 127 – 129 ]. 
   Blood-borne transmission   : Blood transmission is considered 
as the second most important method of acquiring Chagas 
disease. With the exception of blood derivatives, all blood 
components are infective. Transmission by blood transfusion 
was fi rst suggested by Mazza in Argentina in 1936, and the 
fi rst cases of transfusion-associated Chagas disease were 
published in Brazil in 1952. The true number of reported 
cases is possibly underestimated since no more than 350 
cases have been published [ 130 ]. In non-endemic countries, 
cases of transfusion-associated transmission can go unde-
tected because acute infections are often asymptomatic and 
the level of awareness of Chagas disease among clinicians is 
low. In endemic countries where mandatory screening tests 
have been implemented since 1991, the residual risk of infec-
tion is calculated to be around 1:200,000 units [ 131 ]. 
  Transmission via graft : The fi rst strong evidence of trans-
mission via a graft was reported in Brazil in 1981 [ 132 ]. 
Four renal transplant recipients developed Chagas disease; 
all four had received grafts from infected donors in chronic 
phase of  T. cruzi  infection [ 133 ]. Other series have been 
published, mostly from Argentina and Brazil, which per-
form the greatest number of renal and liver transplants in 
South America [ 134 ,  135 ]. In the US, from 2001 to 2011, 
transplant transmission of  T. cruzi  was confi rmed in 9 of the 
19 recipients of organs from 6 donors. The median interval 
from transplantation to diagnosis of infection was 8 weeks 
(range 3–29 weeks) [ 136 ]. Although uninfected recipients 
who receive an organ from a  T. cruzi -infected donor may 
develop acute  T. cruzi  infection, transmission under these 

circumstances is not universal and appears to vary by organ 
type. According to the reported series, prospective monitor-
ing and prompt treatment seems to be a safe and effective 
strategy and is currently recommended rather than prophy-
laxis [ 136 ,  137 ]. It is important to highlight the results of a 
recent randomized study comparing benznidazole versus 
posaconazole in the treatment of patients with chronic 
Chagas disease and positive  T. cruzi  PCR. A sustained para-
sitic response (for at least 120 days after the end of treat-
ment) was observed in the benznidazole group. By the end 
of follow-up, 94% of the patients receiving benznidazole 
were PCR negative in comparison to only 20% of the 
patients receiving high dose of posaconazole ( p  < 0.001) 
[ 138 ]. Thus, it seems reasonable to treat Chagas positive liv-
ing donors with benznidazole for 30–60 days before dona-
tion to decrease the risk of transmission [ 128 ]. 
  Reactivation : Reactivation may occur in  T. cruzi- infected 
patients receiving immunosuppressive drugs. Risk of Chagas 
reactivation is higher after heart transplantation (up to 75%). 
A study from Brazil evaluated the risk factors for Chagas’ 
disease reactivation, which occurred in 26.5% of previously 
infected heart transplant recipients. Multivariate analysis 
showed that the number of rejection episodes, neoplasms, 
and use of mycophenolate mofetil were the risk factors inde-
pendently associated with reactivation [ 139 ]. In Argentina, 
where blood monitoring is routinely performed in SOT and 
HSCT recipients with previous  T. cruzi  infection, reactiva-
tion rates of 9–16% have been observed in kidney transplan-
tation, 50–100% in heart transplantation, and 17% and 40% 
in autologous and allogeneic HSCT, respectively [ 140 ]. 

 Pretransplant treatment in transplant candidates with 
Chagas disease has been suggested by some authors [ 120 ]. 
However, no study has evaluated if treated candidates have a 
decreased risk of reactivation after transplantation. Moreover, 
experts from endemic countries who have managed Chagas 
disease patients for decades consider that  T. cruzi  monitoring 
in blood, followed by preemptive introduction of benznida-
zole is a safe and effective strategy [ 140 ].  

9.4.1.3     Pretransplant Management 

  Epidemiological risk :  The   investigation of the  epidemiologi-
cal   risk of Chagas disease in donor and transplant candidates 
is mandatory. The following questions are suggested: Was 
the donor/recipient born in Latin America (South America, 
Central America or Mexico)? Was the donor/recipient born 
in, or did s/he spend signifi cant time in Latin America? Was 
the donor’s mother born in Latin America? [ 129 ]. 
   Serological tests : In   endemic areas, serological tests for  T. cruzi  
are routinely performed. Due to the increase of migrant popula-
tion in non-endemic areas, this routine has been extended to 
those locations as well. Two positive results with different sero-
logical techniques are necessary to consider a patient to be 
infected. If the tests are not available, posttransplant monitor-
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ing is strongly recommended in transplant recipients with epi-
demiological risk of  T. cruzi  infection. 
  Management of    T. cruzi-infected donors   : Individuals who 
died of acute Chagas disease should be excluded from dona-
tion. Cadaveric donors chronically infected by  T. cruzi  are 
excluded from donation of heart and intestines. In the case of 
cardiac transplantation, the use of a heart from a patient with 
chronic Chagas disease is an absolute contraindication due to 
the risk of chagasic myocarditis during the period of immu-
nosuppression. Other organs can be accepted provided that a 
close monitoring is ensured, preferably with molecular 
methods (PCR). Living donors chronically infected by  T. 
cruzi  should receive benznidazole 5–7.5 mg/kg orally for 
30–60 days before donation. A careful monitoring of the 
donor is necessary due to benznidazole-related adverse 
events [ 128 ]. If  T. cruzi  infection is confi rmed or suspected 
in the donor, all recipients should provide appropriate 
informed consent concerning the risk of receiving a poten-
tially infected organ [ 128 ,  129 ].  

9.4.1.4     Posttransplant Management 

  Monitoring of T.    cruzi     infection    or     reactivation : In case of 
positive Chagas serology in the donor or transplant candi-
date, parasitemia surveillance is required after transplanta-
tion to prompt detection of  T. cruzi  primary infection or 
reactivation. Hemoculture, microhematocrit, and the Strout 
method can be used, but currently quantitative PCR is the 
method of choice [ 132 ,  141 ]. Monitoring for acute infection 
is recommended weekly for 2 months, every 2 weeks for the 
third month, and then monthly until at least 6 months post 
transplantation [ 126 ]. Few modifi cations such as biweekly 
surveillance until the sixth month and yearly thereafter have 
been proposed by other groups [ 128 ]. If the serologic status 
of recipient or donor is not available, monitoring is indicated 
in native population from endemic areas (Latin America 
countries), in population who received blood transfusion in 
endemic countries or who have lived in an endemic area for 
more than 3 months [ 128 ]. 
  Diagnosis and treatment of    Chagas disease   : In the diagnosis 
of posttransplant  T. cruzi  infection, the Strout method and 
PCR are more frequently used. Serological tests are only 
useful in seronegative patients who have received an organ 
from a seropositive donor (seroconversion). In recipients 
already infected by  T. cruzi  (positive pretransplant serology), 
a positive result in the Strout method is considered as a sign 
of reactivation. In the case of PCR, a positive result in 
patients with previous negative PCR is considered as a sign 
of reactivation. However, if the previous PCR was also posi-
tive, reactivation is determined by the increase in the parasit-
emia level [ 128 ]. In symptomatic patients, parasitological 
tests may be performed on samples from skin lesion biopsy 
or endomyocardial biopsy or on cerebrospinal fl uid (CSF). 
Among transplanted patients, the most common symptoms 

of acute Chagas disease are subcutaneous nodules (cha-
goma), panniculitis, and myocarditis with signs of heart fail-
ure, fever, meningitis, encephalitis, and stroke. Prompt 
treatment with benznidazole or nifurtimox should be started 
if parasitemia is detected. The standard course for adults 
consists of benznidazole 5–7.5 mg/kg orally for 30–60 days 
or nifurtimox 8–10 mg/kg for 90–120 days. 

 The recommendation for prophylaxis is controversial both 
in cardiac or other transplant recipients [ 140 ,  142 ]. Protocols 
that recommend prophylaxis with benzonidazole both pre- 
and immediately posttransplantation, do not have clear 
advantages according to the clinical experience [ 143 ]. In 
other transplant recipients, preemptive treatment should be 
started if there is evidence of reactivation.   

9.4.2     Leishmaniasis 

 The term  leishmaniasis   designates a group of diseases caused 
by the genus  Leishmania . Leishmaniasis is primarily a zoo-
notic infection, which includes animal reservoir hosts in the 
transmission cycle. Anthroponotic forms of leishmaniasis 
have been increasingly observed as humans enter the trans-
mission cycle of the parasite and get infected. In anthroponotic 
forms, man is the sole source of infection for the vector. 

 The protozoan is transmitted to humans through the bite of 
an infected female mosquito from the genus  Phlebotomus  (in 
the Old World) or  Lutzomya  (in the New World). However, 
incidental transmission by blood transfusions or by needle 
sharing among intravenous drug addicts has also been described 
[ 144 ,  145 ]. There are two  main   clinical presentations of the 
disease, cutaneous or mucocutaneous leishmaniasis (CL) and 
visceral leishmaniasis (VL), also known as  Kala azar  . 

 Based on recent estimates, approximately 0.2–0.4 million 
VL cases and 0.7–1.2 million CL cases occur each year 
[ 146 ]. There is growing evidence that the true incidence of 
the disease is underestimated, especially in hyperendemic 
regions [ 147 ]. Assuming a case-fatality rate of 10%, it is 
estimated that VL causes 20,000–40,000 per year. Mortality 
estimates have more uncertainty than incidence estimates as 
a large proportion of VL deaths occur outside of health 
facilities and the cause likely never recognized [ 146 ]. 

 The disease is emerging in immunocompromised patients 
undergoing hematopoietic stem cell or solid organ transplan-
tation or treatment with biologic drugs [ 16 ,  147 ,  148 ]. In 
transplanted patients, VL is the clinical presentation more 
frequently reported accounting for more than 85% of the 
leishmaniasis cases. 

9.4.2.1     Geographic Distribution 

 In the Old World,    CL are caused by  Leishmania tropica ,  L.  
  major    and  L. aethiopica , and VL are caused by the 
 Leishmania donovani  complex, which includes two species, 
 L. donovani  and  L. infantum . In the Americas, various leish-
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mania species are able to produce cutaneous leishmaniasis, 
such as:  L. braziliensis ,  L. amazonensis ,  L. guianensis, L. 
pananmensis  and  L. mexicana . Visceral leishmaniasis in the 
New World is caused by  L. chagasi  [ 149 ]. 

 According to a recent publication, a total of 98 countries 
and 3 territories on 5 continents reported endemic 
Leishmaniasis transmission. More than 90% of global VL 
cases occur in just six countries: India, Bangladesh, Sudan, 
South Sudan, Brazil, and Ethiopia [ 146 ]. 

 The control of leishmaniasis is based in the control of the 
anthroponotic foci which are the source of severe and life- 
threatening VL epidemics. Dogs are the main source of 
infection and canine enzooty usually precedes the occur-
rence of cases in humans. Policies include early treatment of 
humans cases of VL, passive and active notifi cation of canine 
leishmaniasis, vector control, use of screens in doors and 
windows, continuous education, and if necessary, humanitar-
ian elimination of infected dogs. 

  The   diagnosis of VL can be performed by microscopy of 
bone marrow aspirates, culture, serology and/or PCR. 
Microscopy of bone marrow aspirates is the preferred 
method with a sensitivity of more than 80%. Leishmania 
culture is laborious and subjected to contamination. 
Moreover, the low sensitivity in asymptomatic patients pre-
cludes its use as a screening test. Sensitivity of serology is 
variable and specifi city can be unsatisfactory as it may pres-
ent a cross- reaction with other protozoa [ 150 ]. PCR is the 
most effective test for the diagnosis and follow-up of VL, is 
less invasive than bone marrow aspirates, and is superior to 
serology to detect cases of infection [ 151 ]. In addition, PCR 
has been reported to be useful in the follow-up of treatment 
effi cacy, also in immunocompromised patients [ 152 ]. Thus, 
PCR or the combination of techniques is regarded as pre-
ferred method in the diagnosis and follow-up of VL trans-
plant recipients [ 148 ].  

9.4.2.2     Transmission in Transplant Patients 

 According to a recent review,    more  than   100 cases of leish-
maniasis have been described in organ transplant recipients 
[ 153 ]. Most of the cases have been described in renal trans-
plant recipients, possibly refl ecting the greater number of 
renal as compared to other organ transplants worldwide. 

 Leishmaniasis in transplant recipients may occur due to 
(1) reactivation of latent infection in a previously infected 
recipient during immunosuppression; (2) de novo infection 
in transplant recipients living in or traveling to areas of 
endemicity [ 154 ]; (3) transfusion-associated leishmaniasis, 
as routine serology for blood or organ donors is not per-
formed even in areas of high endemicity [ 144 ]; (4) via an 
infected graft, as asymptomatic infection is more frequent 
than symptomatic disease even in endemic areas [ 148 ]. This 
route of transmission is more likely to occur in organs that 
form part of the reticuloendothelial system, such as liver. A 
study conducted in an endemic area of Brazil, showed that 

23.5% of blood, 17.7% of liver and 6% of spleen samples 
from asymptomatic liver donors tested positive for  L. infan-
tum  by PCR [ 150 ].  

9.4.2.3     Pretransplant Management 

  Epidemiological risk .    Evaluation of  donor   and recipient’s 
epidemiological risk of leishmaniasis is required. Patients 
who live in or have travelled to endemic areas of the disease 
are at risk of developing disease. Spain, Brazil, France, and 
Italy have the highest number of reported cases [ 148 ,  153 ]. 
In countries like Brazil, the great number of reports just 
refl ects local endemicity [ 155 ] whereas in European coun-
tries, VL cases have occurred in migrant transplant recipients 
or in SOT recipients from non-endemic areas who have trav-
elled to an endemic region of leishmaniasis [ 156 ]. 
  Screening : Pretransplant screening is not routinely recom-
mended because the value of serologic or molecular screen-
ing of asymptomatic donors and recipients remains unclear.  

9.4.2.4     Posttransplant Management 

  Risk factors and clinical fi ndings :     Clinical signs and symp-
toms   of VL are prolonged fever, weight loss, hepato-
splenomegaly, and pancytopenia. However,    atypical forms, 
such as mucosal and cutaneous forms, have occasionally 
been reported [ 148 ]. The median time of VL occurrence is 
25 months (range, 1–118). Serology, direct detection of 
leishmania amastigotes in bone marrow biopsy samples 
and PCR should be performed in suspected cases [ 148 , 
 150 ,  151 ]. 

 A recent collaborative case-control study performed in 
Spain and Brazil evaluated the risk factors, clinical features 
and outcomes of VL in SOT recipients. Thirty-six VL cases 
were identifi ed among 25,139 SOT recipients (0.1%) with a 
crude mortality rate of 2.8% [ 157 ]. Parasites were identifi ed 
in 89% of the patients; the remaining cases were diagnosed 
by serology. Fever, hepatosplenomegaly and pancytopenia 
were present in 86%, 81% and 47% of the patients, respec-
tively. Patients were diagnosed over 1 month after symptom 
onset in 25% of cases. VL occurred 5.7-fold more frequently 
in Brazil than in Spain, presenting at a median time of 11 
months after transplantation. Treatment with high-dose 
prednisone in the preceding 6 months was the only factor 
signifi cantly associated with VL. Interestingly, induction 
therapy with antilymphocyte globulins or intensity of base-
line immunosuppression was not related to the occurrence 
of VL. The same was observed in a recent publication of 30 
cases of VL in renal transplant recipients [ 151 ]. 
  VL    monitoring   : If a donor or a recipient is known to be posi-
tive, strict monitoring in the post-transplant period is advised 
not only for this potential life-threatening condition, but also 
for the potential role of VL in graft dysfunction and loss. 
Monitoring  Leishmania  DNA levels every 3–6 months for 
the fi rst 24 months after an episode of VL is advisable, as 
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most of the recurrences occur in the fi rst 2 years after the 
initial episode. 
  Treatment : Liposomal amphotericin is the drug of choice in 
the treatment of VL. Other drugs such as  N -methyl- glucamine 
and miltefosine have been less frequently used. Side effects 
are the main obstacles to the use of pentavalent antimony. 
Miltefosine is an oral drug approved for  the   treatment of VL 
and for cutaneous leishmaniasis for more than one decade in 
some developing countries, such as India. Initial cure rates of 
more than 95% have been reported in nontransplant popula-
tion, but an increase in the rate of VL relapses in patients 
treated with oral miltefosine is of concern [ 158 ]. Few infor-
mation is available concerning to the use and effi cacy of 
miltefosine in the setting of transplantation. 
  VL    relapses   : Transplant recipients also have an increased 
risk of disease recurrences, varying from 1 to 5 (median 1.7) 
relapses after treatment, occurring at a median of 13 months 
(range, 1–60) after the initial episode [ 159 ]. Frequency of 
VL relapses may vary but in general is around 25%. Two 
recent studies observed VL relapses in 25.7% and in 26.7% 
of solid organ and kidney transplant recipients, respectively 
[ 151 ,  157 ]. The use of secondary prophylaxis to avoid 
relapses did not show signifi cant benefi t in a retrospective 
case-control study. Relapse was observed in 1 (8.3%) of the 
12 patients receiving prophylaxis and in 8 (34.8%) of the 23 
patients not receiving prophylaxis ( p  = 0.19) [ 157 ]. 

 Since no prospective studies are available, the real inci-
dence, risk factors, morbidity and mortality of cutaneous 
and visceral leishmaniasis in different transplant popula-
tions, are unknown. So far, no strong recommendation can 
be made concerning to the use of secondary prophylaxis to 
avoid VL relapses.   

9.4.3     Malaria 

 Malaria is an  acute   systemic illness caused by infection with 
 Plasmodium falciparum ,  Plasmodium vivax ,  Plasmodium 
malariae , or  Plasmodium ovale,  which are the human 
malaria species.  P. falciparum  tends to be more virulent than 
other species. Globally, an estimated 3.3 billion people in 97 
countries and territories are at risk of being infected with 
malaria. Since 2000, a decrease in malaria incidence and 
mortality rates of 30% and 47%, respectively has been 
observed. Still, 198 million cases of malaria occurred glob-
ally and the disease led to approximately 584,000 deaths in 
2013 [ 160 ]. 

 Malaria primarily affects low- and lower-middle income 
countries. Within endemic countries, the most severely 
affected are the poorest and most marginalized communities, 
which have the least access to appropriate prevention, diag-
nosis, and treatment. Thus, malaria control is intimately 
linked with health system strengthening, infrastructure 
development, and poverty reduction. The burden is heaviest 
in Africa, where an estimated 90% of all malaria deaths 

occur, and in children aged under 5 years, who account for 
78% of all deaths [ 160 ]. 

   Plasmodium  species   are transmitted to humans by female 
 Anopheles  mosquitoes. The life cycle of the parasites has 
two phases; an asexual replicative phase in humans and a 
phase of sexual replication in the mosquito. In the human 
body, the parasites multiply in the liver, and then infect red 
blood cells. The symptoms, signs, and pathological features 
of malaria are caused by the asexual erythrocytic stage of the 
parasites that invade and replicate in erythrocytes over 2–3 
days, rupture these cells and reinvade normal erythrocytes. 
This exponential parasite replication in the bloodstream 
increases parasite density by 5 to 30-fold every 2–3 days. In 
the case of  P. vivax  and  P. ovale , a proportion remains dor-
mant (hypnozoites) inside the hepatocytes and these forms 
are responsible for late relapses [ 161 ]. 

9.4.3.1     Geographic Distribution 

 People in 97  countries    around the world are at risk of malaria 
infection,    mostly in Africa, Asia, and in Central and South 
America [ 160 ]. Awareness of  Plasmodium  species endemic-
ity is important to early introduction of appropriate treat-
ment.  Plasmodium falciparum  is found in sub-Saharan 
Africa, South-East Asia, and the Indian subcontinent as well 
as in South America, Haiti, the Dominican Republic, Jamaica 
and areas of Oceania.  P. malariae  and  P. ovale  are present in 
sub-Saharan Africa.  Plasmodium vivax  is prevalent in areas 
of South-East Asia, the Indian Subcontinent, and Central and 
South America [ 160 ,  161 ].  

9.4.3.2     Transmission in Transplant Recipients 

 In  transplant   recipients, malaria may be  transmitted   through 
infected blood products, via an infected organ or by natural 
exposure to  Plasmodium- infected mosquitoes in endemic 
regions. In transfusion-associated malaria, symptoms gener-
ally develop earlier (1–3 days) than if the infection is trans-
mitted through infected cells within the organ (more than 1 
week) [ 161 ]. 
   Blood-borne transmission   : Transfusion-transmitted (TT) 
malaria is severe and often fatal. The use of antibody tests in 
the prevention of TT-malaria varies worldwide. In a recent 
international forum evaluating the preventive measures taken 
in non-endemic areas, only 4 of the 14 participating  countries 
perform malaria antibody tests routinely (United Kingdom, 
Denmark, Finland, and New Zealand). In Brazil, the Amazon 
region is considered as endemic, whereas the rest of the 
country is considered non-endemic. In non- endemic areas, 
testing is not required nor performed. Donors are prevented 
from donating for 6 months if they have been to endemic 
areas or 3 years if they had had malaria or lived in endemic 
area, and defi nitely rejected for  P. malariae  infection at any 
period of their lifetime. In endemic areas an index of parasit-
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emia (IPA) is provided according to each municipality and 
district. This IPA allows donors to be classifi ed into low-, 
medium- or high-risk. Donors from high-risk areas are 
rejected, whereas medium and low-risk are submitted to a 
predonation test that may be a rapid test (antigenic) or the 
thick smear. Positive donors are excluded from donating for 
1 year and referred for treatment. After 1 year they are 
allowed to donate provided they present a negative parasito-
logic test [ 162 ]. 
   Graft transmission   :  Plasmodium  species are capable of sur-
viving more than 24 h in blood at 4 °C. Therefore, the time 
of cold preservation is generally not enough to prevent trans-
mission, especially in heart and liver transplantation that 
requires shorter cold preservation time: 3–4 h for heart and 
less than 12 h for liver, in comparison to 24–48 h for kidney. 
The reports of malaria cases following multi-organ donation 
have supported the hypothesis of the graft as a source of 
 Plasmodium  in transplant recipients [ 163 – 167 ]. Malaria 
deaths in SOT recipients are generally associates with  P. fal-
ciparum  infection. In HSCT recipients, past geographic 
exposure of both donor and recipients seems to be the main 
source of  Plasmodium  infection, even though transmission 
by blood transfusion has also been reported [ 166 ,  168 ]. In 
most cases, the diagnosis was made by the identifi cation of 
the parasite in blood smears of febrile patients with unex-
plained hemolysis and thrombocytopenia. 

 Persistent malaria is the greatest challenge in the pretrans-
plant screening or blood transfusion policies. Donors or 
transplant candidates, who were born or have lived in an 
endemic area, harbor the highest risk of malaria infection. 
Those individuals generally have high levels of infection and 
frequent exposure to malaria parasites, leading to a dynamic 
balance between the infection and the immune response to it. 
Such individuals are categorized as “semi-immune,” as they 
are asymptomatic, have high-titer antibody and the majority 
have a resolved infection. However, a small number may still 
be infected with a persistent low-level parasitemia [ 169 ]. 
We recently report a case stressing the diffi culty in eradicating 
 P. vivax  parasitemia from a semi-immune HSCT donor who 
had nine episodes of malaria during his lifetime [ 170 ]. 

 Clinicians caring for transplant recipients in developing 
countries of known endemicity should take into account that 
the parasite may persist in humans who survived to untreated 
malaria. In case of semi-immune transplant recipients, post- 
transplant immunosuppression disrupts the balance between 
persistent infection and immune response and a bout of para-
sitemia may occur. Persistence is estimated to be 1 year for 
 P. falciparum,  3–5 years for  P. vivax  and  ovale  and as long as 
40 years for  P. malariae  [ 170 ]. Some reports have described 
persistent  P. falciparum  malaria in immigrants currently liv-
ing in non-endemic areas for more than 9 years [ 171 ,  172 ].  

9.4.3.3     Pretransplant Management 

  Epidemiological risk :    Investigation of the epidemiological 
risk  for   malaria is mandatory for both donors and recipients. 

In developing countries, a past history of malaria is not a 
contraindication for organ or stem cell donation. Donors 
who have traveled to or lived in endemic areas should be 
deferred from donation for 6 months and 3 years, respec-
tively. Of the only donor available, empirical treatment 
before donation should be considered. 
  Diagnosis : Identifi cation of  Plasmodium  species is impor-
tant to guide treatment. If possible, serology, rapid antigen 
tests and/or blood smear examination should be considered 
for all patients and donors at risk. Thick and thin blood fi lm 
microscopy examination remains the gold standard for 
diagnosis, but specifi c antibody-based rapid diagnostic 
tests that detect PfHRP2, pan-malaria or species-specifi c 
lactate dehydrogenase, or aldolase antigens in fi ngerpick 
blood are now used widely [ 173 ]. Because of their simplic-
ity and speed, rapid diagnostic tests are particularly valu-
able in epidemic investigations and surveys. However, they 
are expensive and do not quantify parasitemia. Molecular 
methods such as PCR have been used mainly as a research 
tool [ 170 ].  

9.4.3.4     Posttransplant Management 

  Clinical fi ndings :  Clinicians   must be aware that malaria not 
always has  the   typical paroxysmal or cyclic pattern in 
transplant recipients and a high index of suspicion should 
be maintained when caring for patients with identifi able 
risk factors. Fever, anemia, and neurological alterations are 
frequent fi ndings of malaria in transplant recipients. 
Mortality rates vary from 10 to 40%. Malaria is more harm-
ful in naïve recipients from non-endemic areas. The prog-
nosis of posttransplant malaria depends on the delay in 
diagnosis and initiation of treatment, the species of 
 Plasmodium  involved, the type of organ transplanted, and 
the type of immunosuppressive therapy. The majority of 
deaths are associated to  P. falciparum . Especial attention 
should be paid to splenectomized patients who may develop 
more severe disease because the spleen is responsible for 
the removal of parasitized cells from the circulation. 
  Treatment :  P. falciparum malaria  is treated with artemisinin- 
based combined therapy (artemether 20 mg) and lumefan-
trine (120 mg), piperaquine (160 mg) or mefl oquine (1250 
mg). Mefl oquine is still used in areas of susceptible  P. falci-
parum. P. vivax  and  P. ovale  are treated with chloroquine (25 
mg/kg for 3 days), which is still used in some countries in the 
Region of the Americas and primaquine (0.5 mg/kg/day for 
≥7 days), currently the only drug available to treat the liver 
stage (hypnozoite) of  P. vivax  infection [ 160 ]. If donors or 
recipients have history of mosquito exposure in regions of 
 Plasmodium vivax  or  P. ovale , clinicians should have in mind 
that the parasites’ exoerythrocytic schizogony in the liver 
makes eradication more diffi cult. The dormant hypnozoites 
forms can cause relapse up to 12 months later. Primaquine is 
not necessary in blood or graft-transmitted malaria, as 
hepatic hypnozoites are not established in these cases. 
Mefl oquine, doxycycline, chloroquine, and primaquine may 
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increase calcineurin inhibitors levels. G6PD defi ciency 
should be investigated before the use of primaquine to avoid 
hemolysis [ 160 ]. 

 In conclusion, we are living in an increasingly globalized 
world in which transmission of infectious diseases has no 
boundaries. Tourism travels, international commerce, and 
immigration have acted as important factors for the emer-
gence and re-emergence of specifi c infectious diseases. An 
important proportion of migrant population will naturally 
become part of the working force as well as part of blood 
bank, transplant donor, or transplant recipient population in 
destination countries. 

 Many of the pathogens that cause tropical diseases can be 
either transmitted via graft or blood transfusions or reacti-
vated during immunosuppression. Healthcare workers in the 
fi eld of transplantation need to be prepared to recognize the 
epidemiological risks and to manage tropical infections in 
transplant recipients .       
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   Risks and Epidemiology of Infections 
Associated with Ventricular Assist 
Devices and Heart Transplantation                     
     Amanda     R.     Vest      ,     David     DeNofrio      , and     David     R.     Snydman     

       The infectious complications of  heart transplantation   are 
similar to that seen in other solid organ transplants with 
respect to risk factors and timing. However, there are a num-
ber of unique aspects to the types of infections that occur in 
heart transplantation, by virtue of the location and type of 
surgery necessary to replace the organ, as well as the fact 
that cardiac muscle can carry certain unique pathogens, 
such as  Toxoplasma gondii  and  Trypanosoma cruzi . In addi-
tion, the increasing utilization of ventricular assist devices 
(VADs) prior to transplantation provides its own unique 
challenges and often complicates the post-transplant course. 
Finally, the immunologic effects of viral infections such as 
cytomegalovirus (CMV) as well as other viruses can have 
profound impact on the coronary vascular system, contrib-
uting to allograft vasculopathy as well as acute and chronic 
rejection. 

 Infectious complications are very common in  cardiac 
transplantation  . In an analysis of 620 consecutive patients 
followed over a 16-year period at Stanford, approximately 
1.67 infections occurred per patient to [ 1 ]. Infection was sec-
ond to rejection as a cause of early death, but was the most 
common cause of late death. Among the episodes of infec-
tion, bacteria caused 43.6%, viruses 41.7%, fungi 10.2%, 
 Pneumocystis jiroveci  4%, and protozoa 0.6%. Over the 
course of the study period, the authors noted marked 
improvements in outcome due to the prophylactic use of 
antivirals, antibacterials, and antifungals with a reduction of 
many of these infectious complications. This chapter will 
review those aspects of infection that are unique to cardiac 
transplantation. Donor screening, vaccination, and prophy-
laxis will generally be the same as that recommended in 
other solid organ transplant recipients. However, there are 
some unique aspects to donor screening cardiac transplanta-
tion that will be discussed in this chapter. The reader is 
referred to other chapters as appropriate for specifi c details 
as they pertain to general concepts of screening and 
prevention. 

10.1     Continuous-Flow Left Ventricular 
Assist Devices and Total Artifi cial 
Hearts 

 Approximately 40% of patients in the United States undergo 
heart transplantation while supported with a surgically 
implanted VAD and therefore, an understanding of the infec-
tious complications and management of such devices is 
essential. Heart failure affects approximately fi ve million 
people in the United States and remains a highly fatal disease 
[ 2 – 4 ]. Despite improvements in medical therapy, it is esti-
mated that over 250,000 people have refractory end-stage 
systolic heart failure [ 3 – 6 ]. 

 The “gold standard” management of refractory end-stage 
heart failure is heart transplantation, but this intervention is 
limited by donor organ availability, limited to around 2400 
transplants in North America annually [ 7 ]. In contrast, dura-
ble mechanical circulatory support utilization has risen 
exponentially over the past decade, with 3472 continuous-
fl ow left ventricular assist device (LVAD) implants reported 
to the Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) in 2013 [ 8 ,  9 ]. The 
infl ow  LVAD   cannula is implanted into the apex of the left 
ventricle, through which blood is drawn into pump, and then 
delivered to the aorta via and outfl ow graft that anastomoses 
to the proximal aorta (Figure  10-1a ). The driveline is a per-
cutaneous conduit that carries electrical wires from the 
pump, through the abdominal cavity and subcutaneous tis-
sues to the skin and then outside the body to the LVAD sys-
tem controller worn externally. In recent clinical trials, 
LVADs have been demonstrated to both control heart failure 
symptoms and improve survival when placed either as a 
“bridge to transplantation” (BTT) or as “destination therapy” 
(DT) for individuals who are not transplant eligible. Major 
challenges to the success of LVADs are device infection, pump 
thrombosis, strokes, and gastrointestinal bleeding [ 8 – 10 ]. 
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  FIGURE 10-1.    ( a ) Components of the HeartMate II left ventricular assist  device   system. Reprinted from Journal of the American College of 
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Although the rates of these complications are overall much 
lower in the current era of continuous-fl ow LVADs, as com-
pared to original pulsatile devices, they remain a signifi cant 
limitation to fully realizing the potential of this therapy.

   The  fi rst   generations of LVADs were pulsatile and were 
associated with large diameter drivelines, large abdominal 
pockets, and limited long-term mechanical durability. These 
devices have been superseded by continuous-fl ow technology. 
In 2007, a non-randomized study was published of 133 
patients with end-stage heart failure awaiting heart transplan-
tation who received a continuous-fl ow HeartMate II LVAD 
(Thoratec Corporation, Pleasanton, CA) [ 11 ]. This high-speed 
axial-fl ow, rotary pump was signifi cantly smaller and lighter 
than the prior pulsatile pumps, with a reduced driveline diam-
eter. At 180 days, 100 patients (75%) reached the principle 
outcome of heart transplantation, cardiac recovery, or survival 
with ongoing mechanical support and eligibility for transplan-
tation. The survival rate was 68% at 12 months. At 3 months, 
there were signifi cant improvements in New York Heart 
Association functional class, 6-min walk test results, the 
Minnesota Living with Heart Failure and Kansas City 
Cardiomyopathy questionnaires. Subsequently, the HeartMate 
II LVAD was FDA approved in April 2008 for use as durable 
BTT support [ 12 ]. The  HeartMate II   investigators also demon-
strated the superiority of continuous-fl ow LVADs over pulsa-
tile devices, in a DT cohort who were ineligible for heart 
transplantation [ 13 ]. The HeartMate II patients had superior 
actuarial survival rates at 2 years (58% vs. 24% in the pulsatile 
LVAD group,  p  = 0.008). Mechanical failure, valve malfunc-
tion, infection, and the need for pump exchange were less fre-
quent in patients receiving the continuous- fl ow device. 
Furthermore, there were signifi cant improvements in quality 
of life and functional capacity in both groups. The extended 
results from the initial BTT trial were also published in 2009, 
with 222 of 281 patients (79%) reaching the endpoint of trans-
plantation, LVAD removal for cardiac recovery, or ongoing 
LVAD support at 18-month follow- up [ 14 ]. This extended 
HeartMate II LVAD BTT study reported localized non-device-
related infection in 30% of patients, sepsis in 17%, driveline 
infection in 14%, and pump pocket infection in 2%. 

  Subsequent   continuous-fl ow LVAD publications demon-
strated increasingly encouraging survival and infection rates. 
The HeartWare HVAD (HeartWare Inc., Framingham, MA) 
BTT trial studied a newer, smaller intra-pericardial 
continuous- fl ow LVAD with a centrifugal mechanical pump 
(Figure  10-1b ) [ 15 ]. This was a non-randomized trial com-
paring HVAD recipients to a contemporaneous cohort of 
HeartMate II LVAD patients. A total of 140 patients received 
the HVAD pump, and 499 patients received a commercially 
available LVAD. Success, defi ned as survival on the origi-
nally implanted device, transplantation, or removal of the 
device for ventricular recovery at 180 days, occurred in 
90.7% of HVAD recipients and 90.1% of HeartMate II 
LVAD controls, establishing non-inferiority of the investiga-
tional pump ( p  < 0.001). At 6 months, median 6-min walk 
distance improved by 128.5 m, and both disease-specifi c and 

global quality-of-life scores improved signifi cantly. Sepsis 
and driveline infections occurred in 11.4% and 12.1% of 
HVAD recipients, respectively. More recently, the HVAD 
has demonstrated non-inferiority to the HeartMate II LVAD 
for DT therapy in a preliminary report of the ENDURANCE 
trial [ 16 ]. Approximately 40% of LVADs are now implanted 
with a DT strategy, which brings with it an older and more 
comorbid group of patients who are more prone to infectious 
complications during support [ 8 ]. The high infection rate in 
the DT LVAD population of patients emphasizes the need for 
further studies directed toward effective antibiotic prophy-
laxis protocols prior to, at the time of, and following the 
LVAD procedure. Unlike the BTT population, the permanent 
therapy population does not have the opportunity to have the 
infected device explanted at the time of transplant, thus 
removing the source of infection and allowing adequate 
treatment of the infection. However, overall survival in 
continuous- fl ow LVAD recipients continues to improve, 
with the Sixth INTERMACS Annual Report describing actu-
arial survival among patients with continuous-fl ow pumps of 
80% at 1 year and 70% at 2 years; DT survival exceeds 75% 
at 1 year and 50% at 3 years [ 8 ]. 

 In patients who suffer refractory biventricular failure, it is 
sometimes necessary to mechanically support the right ven-
tricle in addition to the left ventricle. This strategy is only 
pursued for BTT, not DT, patients. Depending on the clinical 
scenario and implanting center experience, the patient may 
receive a durable implantable right ventricular assist device 
(RVAD) in addition to their LVAD (thus requiring two drive-
line exit sites) or alternatively may undergo cardiac explana-
tion and implantation of a total artifi cial heart (TAH). Patients 
requiring biventricular support (BiVAD) currently have infe-
rior survival to LVAD recipients, with just under half of 
BiVAD patients alive at 12 months in the Sixth INTERMACS 
Annual Report [ 8 ]. Initially,  all   TAH  recipients   were con-
fi ned to hospital until transplantation; however, with the 
introduction of a portable driver system some centers have 
successfully transitioned patients to home on the SynCardia 
TAH (SynCardia Systems Inc., Tuscan, AZ) [ 17 ]. One report 
of 47 recipients from centers across the world described sys-
temic infection requiring intravenous antibiotics in 25 
patients (53%). Driveline infections occurred in 13 patients 
(27%); in 2 of these patients (4%) the infection ascended into 
the mediastinum resulting in death. Five patients died of sep-
sis with multiorgan failure. There was an association between 
smaller body surface area and increased risk of infectious 
complications [ 18 ].  

10.2     Left Ventricular Assist Device 
Infections 

  Infection remains  a   frequent complication in patients receiv-
ing continuous-fl ow LVAD support with incidence estimates 
ranging from 10 to 50% depending on the study cohort, time 
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frame, and diagnostic classifi cations. For example, the Sixth 
INTERMACS Annual Report describes 9.96 device infec-
tions per 100 patients-months in the fi rst 12 months after 
continuous-fl ow LVAD or BiVAD surgery [ 8 ]. The extended 
HeartMate II LVAD BTT study reported localized non- 
device- related infection in 30%, sepsis in 17%, driveline 
infection in 14%, and pump pocket infection in 2% of 
patients enrolled. In the HeartWare HVAD BTT trial sepsis 
occurred in 11.4% and driveline exit site infections in 12.1% 
of recipients, which equates to 0.24 and 0.29 events per- 
patient- years, respectively [ 14 ,  15 ]. A single center study of 
81 LVAD recipients reported that 51.9% of the cohort had at 
least one type of infection during continuous-fl ow LVAD 
support with a mean follow-up period of 9.2 months [ 19 ]. 

 In the above report (Topkara et al.), patients with positive 
blood cultures, but no signs of systemic infl ammatory 
response syndrome were categorized under systemic infec-
tions as a separate entity from sepsis. Local infections (non- 
LVAD related) were defi ned as those limited to any organ 
system or region without evidence of systemic involvement 
that requires treatment or is ascertained by standard clinical 
method. The LVAD-related infections (driveline or pump 
pocket) were defi ned as those that required treatment with 
antimicrobial therapy, when there is clinical evidence of 
infection such as pain, fever, drainage, and/or leukocytosis 
(Figure  10-2 ). Subgroup analysis revealed that post- 
implantation sepsis was signifi cantly associated with 
increased mortality in the continuous-fl ow LVAD cohort 
(61.9% vs. 18.0% at 2 years, respectively, in septic and non-
septic patients,  p <  0.001). Resistant  Staphylococcus  and 
 Pseudomonas  species were the most common pathogens 
leading to device- and non-device-related local infections; 

however, development of driveline or pocket infection had 
no effect on survival in patients with continuous-fl ow assist 
device support ( p =  0.193).

   Sepsis especially early post-implant, VAD- related   infec-
tive  endocarditis   and  mediastinitis   can have devastating con-
sequences and have been associated with mortality rates as 
high as 70% [ 20 ]. Conversely localized driveline infections 
are often of limited clinical consequence if diagnosed and 
treated appropriately with local wound care and antibiotics. 
Infections in the abdominal wall pocket holding the device 
(for HeartMate II LVAD) or surrounding the pericardial loca-
tion (for both HeartMate II LVAD and Heartware HVAD) 
require more aggressive treatment, including open drainage, 
debridement, and rerouting of the driveline through a fresh 
exit site. There is also limited experience with the implanta-
tion of antibiotic-coated beads to aid in control of the subcu-
taneous infection [ 21 ]. So long a device-related infection is 
controlled, it is not a contraindication to transplantation [ 22 ], 
and is often an indication for  United Network Organ Sharing 
(UNOS)   1A transplantation status listing by exception. 
However, all device-related infections require careful review 
for appropriate ongoing management at the time of 
transplantation. 

 The  International Society of Heart and Lung Transplantation 
(ISHLT)   does not specify which antimicrobials should be 
administered as prophylaxis, but give class I recommenda-
tions for broad-spectrum Gram-positive and Gram-negative 
coverage, with at least one dose prior to surgery administered 
within 60 min of the fi rst incision, and maintained in the ther-
apeutic range throughout the duration of their use but not 
extended beyond 24–48 h (Table  10-1 ). They also support 
topical treatment for methicillin-resistant  Staphylococcus 

  FIGURE 10-2.    LVAD  driveline infections  . Photos of driveline infections in a patient with a HMII device ( a ) and a HVAD device ( b ), 
respectively.       
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aureus  if a preoperative nasal swab is positive [ 23 ]. Other 
perioperative prevention strategies include making the drive-
line tunnel as long as possible. Once the lead has been tun-
neled in place, it is currently recommended that the 
Dacron-velour, which stimulates subcutaneous growth and 
sealing of the skin, is kept in the subcutaneous space so that 
only silicone is in contact with skin at exit site [ 23 ].

   An  ISHLT   Infectious Diseases Working Group has sought 
to standardize the defi nitions and criteria for “VAD-specifi c 
infections,” “VAD-related infections,” and “non-VAD infec-
tions” (Table  10-2 ) [ 24 ]. Many studies have failed to eluci-
date risk factors for the development of LVAD infections. 
Obesity is one feature that may increase infection risks per a 
single-center report [ 25 ]. Patients who developed device- 
related infections had a signifi cantly higher body mass index 
compared with the control group and continued weight gain 
over the course of LVAD therapy. Another potential contrib-
utor, although diffi cult to quantify, is driveline trauma, which 
is thought to contribute to infection onset due to loss of tissue 
in-growth at the exit site [ 26 ]. Patient and caregiver attention 
to the driveline site is clearly an important factor, although 
again diffi cult to quantify. Interestingly, one perspective 
multicenter study found that a history of depression was the 
strongest independent predictors of VAD infection (adjusted 
hazard ratio = 2.8, 95% CI 1.3–6.0,  p  = 0.007) [ 27 ].

   Although bacterial infections predominate,    fungal VAD 
infections are certainly not insignifi cant and carry a high 
morbidity and mortality rate. One center followed 300 VAD 
patients of which 108 developed a device-related infection; 
85 were bacterial and 23 were fungal [ 28 ]. The most com-
mon bacteria were  Staphylococcus aureus , coagulase- 
negative staphylococci, enterococci, and  Pseudomonas 
aeruginosa . The most common fungal infection was  Candida 

albicans . Only the use of total parenteral nutrition was asso-
ciated with the development of a fungal VAD infection in 
multivariate analysis (odds ratio, 6.95; 95% confi dence 
interval, 1.71–28.16,  p  = 0.007). Patients who experienced 
fungal VAD infection were less likely to be cured (17.4% vs. 
56.3%,  p  = 0.001) and had greater mortality (91% vs. 61%, 
 p  = 0.006), compared with those who experienced bacterial 
VAD infection. 

 Recipients of LVADs are prone not only to device-related 
infection, but also to nosocomial infections, of which is com-
monest are respiratory tract infections [ 29 ]. The former 
occur as a result of the percutaneous driveline exiting the 
skin allowing the entrance of bacteria, LVAD pocket bacte-
rial seeding at the time of surgery, or tracking of bacteria 
from the driveline site, and endovascular infections of the 
blood-contact device components that become seeded from 
transient bacteremia [ 30 ]. It is hoped that a future totally 
implantable VAD system that does not require a percutane-
ous driveline may markedly reduce rates of such infections. 
Nosocomial infections occur as a result of the patient’s pro-
longed hospitalization, suboptimal nutritional status, immo-
bilization, endotracheal intubation, and need for multiple 
intravascular and bladder catheters. Furthermore, there may 
be LVAD-associated defects in cellular and humoral immu-
nity, including selective reduction in the number of CD4 +  T 
cells, defective proliferative responses of peripheral mono-
nuclear cells, increased apoptosis of CD4 +  and CD8 +  T cells 
and B-cell hyperreactivity. However, these potential 
 mechanisms of immunologic susceptibility to infection were 
identifi ed in the pulsatile VAD era and may not be contribu-
tors in the setting on continuous-fl ow support  [ 31 – 34 ].  

10.3     Left Ventricular Assist Device 
Effect on Post-transplant 
Outcomes 

  There  is   confl icting data regarding the impact of LVAD 
bridging on subsequent post-transplant outcomes. Early 
reports included a  Cardiac Transplant Research Database 
(CTRD)   review of over 5880 patients transplanted between 
1990 and 1997, comparing 502 patients receiving pulsatile 
LVAD support to 2514 patients receiving only intravenous 
inotropic support at the time of heart transplantation [ 35 ]. 
Survival between the two groups was comparable. The most 
frequent post-transplant causes of death in the LVAD patients 
were infection (27%), followed by early graft failure (18%) 
and acute rejection (10%). Interestingly in this analysis, the 
LVAD patients had a signifi cantly lower overall freedom 
from fi rst infection compared with medical therapy patients. 
Other studies from this era had similar fi ndings, including 
that device-related infection was unassociated with post- 
transplant mortality [ 36 ,  37 ]. 

   TABLE 10-1.    Recommendations for  antimicrobial prophylaxis   regi-
men from the 2013  International Society of Heart and Lung 
Transplantation Guidelines     

  Class I  

 1. Patients should receive preoperative antibiotics with broad-spectrum 
Gram-positive and Gram-negative coverage, as appropriate, prior to 
durable mechanical circulatory support implantation 

 Level of evidence: C 

 2. Routine antibiotic prophylaxis should include at least one dose prior 
to surgery administered within 60 min of the fi rst incision, remain in 
the therapeutic range throughout the duration of their use, and not 
extend beyond 24–48 h 

 Level of evidence: C 

 3. Patients should have a nasal swab to screen for methicillin-resistant 
 Staphylococcus aureus and  receive topical treatment if positive prior 
to durable mechanical circulatory support implantation 

 Level of evidence: C 

  Reprinted from J Heart Lung Transplant, 32(2), Feldman D, Pamboukian 
SV, Teuteberg JJ, Birks E, Lietz K, Moore SA, et al., The 2013 International 
Society for Heart and Lung Transplantation Guidelines for mechanical cir-
culatory support: Executive summary, 157–87, Copyright 2013, with per-
mission of Elsevier.  
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 However,  UNOS   data on patients transplanted between 
1995 and 2004 has a small excess in mortality in the fi rst 6 
months (hazard ratio 1.20, 95% confi dence interval 1.02–
1.43) and then also beyond 5 years post-transplant for those 
bridged by pulsatile LVADs [ 38 ]. In contrast to prior reports, 
infection appeared to be part of the reason for excess mortal-
ity during the early post-transplant period in the LVAD 
patients. The risk of infection-related mortality in the fi rst 12 
months following transplant was increased for patients with 
an LVAD (HR [95% CI], 1.41 [0.98–2.03]) compared to non-
LVAD patients (Table  10-3 ). Similar results were obtained 
by a 2006–2012 UNOS data analysis focusing on continu-

ous-fl ow LVAD patients who were UNOS status 1A at the 
time of transplantation [ 39 ]. A total of 2113 LVAD- supported 
status 1A transplant candidates were divided based on the 
presence (45%) or absence (55%) of device- related compli-
cations (DRCs). Device-related infection was the stated 
DRC in 513 patients (54% of DRC group). During the study 
period, the prevalence of Status 1A patients supported with 
continuous-fl ow LVADs whose listing status was attributable 
to DRCs increased from 20% in 2006 to 55% in 2012. 
Although all types of DRC increased over time, most of the 
increase was noted in the device-related infections category. 
Post-transplant survival was inferior for the DRC group 

   TABLE 10-2.    Defi nitions  of   ventricular assist device-specifi c percutaneous driveline infection   

 Surgical/histology  Microbiology  Clinical  General wound appearance 

  A. Superfi cial VAD-specifi c percutaneous driveline infection  

  Proven —Surgical/histology 
criteria ± other criteria 

  •    Involvement of tissues 
superfi cial to the fascia and 
muscle layers of the 
incision documented 

  •   Aseptic skin culture 
positive or not 
cultured 

  •   Local increase in 
temperature around the 
exit site 

  •   Purulent discharge 
from the incision but 
not involving fascia or 
muscle layers or 

  •   Erythema spreading 
around the exit site a  

  Probable —No surgical/
histology criteria with 
purulent discharge ± other 
criteria 

  •    Surgical debridement not 
performed 

  •   Aseptic skin culture 
positive or negative 
but patient already on 
antibiotic or had 
antiseptic used to 
clean wound 

  •   Local increase in 
temperature around the 
exit site and 

  •   Purulent discharge 
from the incision but 
not involving fascia or 
muscle layers or 

  •  No histology   •   Treated as superfi cial 
infection with clinical 
response 

  •   Erythema spreading 
around the exit site a  

  Possible —No surgical/histology 
or purulent discharge ± other 
criteria 

  •   Surgical debridement not 
performed 

  •   Aseptic skin culture 
positive or negative 
and patient not on 
antibiotics or had 
antiseptic used to 
clean the wound 

  •   Local increase in 
temperature around the 
exit site and 

  •  No discharge 

  •  No histology   •   Treated as superfi cial 
infection with clinical 
response 

  •   Erythema spreading 
around the exit site a  

  B. Deep VAD-specifi c percutaneous driveline infection  

  Proven —Surgical/histology 
criteria ± other criteria 

  •   Involves deep soft tissue 
(e.g., fascial and muscle 
layers) on direct 
examination or on direct 
examination during 
reoperation 

  •   Culture positive or 
histology puncture 
positive for infection 

  •   Temperature 
>38 ºC 

  •   A deep incision 
spontaneous 
dehiscence 

  •   An abscess is found on 
direct examination during 
reoperation 

  •   Localized pain or 
tenderness 

  •   Abscess deep to the 
incision around the 
driveline 

  Probable —No surgical/
histology criteria with 
spontaneous 
dehiscence ± other criteria 

  •  No surgical debridement   •   Culture negative but 
patients already on 
antibiotics or had 
antiseptic used on exit 
site 

  •  Temperature >38 ºC or   •   An incision 
spontaneous 
dehiscence 

  •  No histology   •   Localized pain or 
tenderness and 

  •   Treated as a deep 
infection 

  Possible —No surgical/histology 
criteria with positive 
ultrasound ± other clinical 
criteria 

  •  No surgical debridement   •  Cultures not reserved   •   Localized pain or 
tenderness and 

  •   Positive ultrasound 

  •  No histology   •   Treated as a deep 
infection with clinical 
response 

   VAD  ventricular assist device.  
 Reprinted from J Heart Lung Transplant, 30(4), Hannan MM, Husain S, Mattner F, Danziger-Isakov L, Drew RJ, Corey GR, et al., Working formulation for 
the standardization of defi nitions of infections in patients using ventricular assist devices, 375–84, Copyright 2011, with permission from Elsevier. 
  a Erythema excluding stitch abscess (minimal infl ammation and discharge confi ned to the points of suture penetration).  
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compared to those without DRCs at 1 year (85.6% vs. 89.9%, 
 p  = 0.0143) and at 3 years (77.9% vs. 82.7%,  p  = 0.0116). Of 
the fi ve categories of DRCs, survival was lower than in the 
non-DRC group only for the device-related infections cate-
gory, both at 1 year (85% vs. 89.9%) and at 3 years (77% vs. 
82.7%,  p  = 0.01). This small decrement in early postopera-
tive survival associated with LVAD infections may be related 
to the frequency of pre-transplant device infections resulting 
from impaired cellular immunity described in LVAD patients 
[ 30 ]. An alternative explanation could be that the sicker 
transplant candidates require more inpatient and outpatient 
hospital visits and are at increased of contracting and/or 
being diagnosed with a device-related infection. It is impor-
tant to note that the same bacteria isolated pre-transplant 
may be found as a pathogen following transplantation and 
prophylaxis or treatment should be directed at the previously 
identifi ed pathogen .

10.4        Anatomic and Surgical-Related 
Infections 

 Post-transplant  mediastinitis   is a potential complication of 
 heart transplantation  , occurring in approximately 5–10% of 
patients. Orthotopic heart transplant recipients have a higher 
risk of mediastinitis compared to other cardiothoracic proce-
dures. Factors associated with an increased risk of mediasti-
nitis include prior heart transplant, UNOS status 1 designation 
(the sickest patients), diabetes mellitus, reoperation for 
mediastinal bleeding, and coronary artery disease in addition 
to heart failure. In addition, the presence of  S. aureus  pneu-
monia postoperatively, or the need for treatment for rejection 
increase the risk [ 40 ,  41 ]. VAD infections that precede trans-
plantation may also be a predisposing condition. One retro-
spective study of deep sternal wound infections found that 
body mass index over 30 kg/m 2 , previous heart surgery, and 
previous VAD were associated with infection [ 41 ]. In-hospital 
mortality was increased in patients with this complication. If 
one can successfully treat the deep sternal wound infection, 

the long-term prognosis is comparable to patients who do not 
suffer this complication [ 42 ]. 

 In a prospective observational study by the Spanish 
National Hospital Network (RESITRA) of 282 heart trans-
plant recipients, 4.8% developed incisional surgical site 
infections, of which only one developed mediastinitis [ 43 ]. 
The median time from transplant to incisional site infection 
was 14 days (range 3–75 days). The organisms were mostly 
the patient’s own fl ora,  S. aureus , or coagulase-negative 
staphylococci predominate. But other pathogens can occur, 
including  Candida . The prognosis with incisional site infec-
tions, other than mediastinitis, in the Spanish series was 
good. 

 Therapy of mediastinitis following heart transplantation is 
similar to that following other cardiac surgery. Debridement, 
a prolonged course of antibiotics, and potential use of mus-
cle fl aps or skin grafts may be necessary [ 42 ]. However, 
deep-seated wound infections can be devastating.  

10.5     Other Bacterial Infections 

  Pneumonia   is  another   common complication following heart 
transplantation. It may occur in up to 30% of patients [ 43 – 45 ]. 
In an analysis from the Mayo Clinic, the incidence was 
shown to decrease over three 5-year periods from 40 to 18%. 
Despite improvements in prevention of pneumonia, occur-
rence of pneumonia was independently predictive of mortal-
ity in heart transplant recipients. 

  Bacteremia   following heart transplantation has been dem-
onstrated to occur in approximately 16% of all heart trans-
plant recipients [ 43 ]. Most common sources of bacteremia 
were lower respiratory (23%), urinary (20%), and intravas-
cular catheter (16%). In this series from Spain, Gram- 
negative organisms were slightly more common than Gram 
positives. Risk factors for blood stream infection included 
the need for hemodialysis, prolonged intensive care require-
ments (defi ned as more than 5 days), and viral infections. 
Blood stream infection in heart transplant recipients was an 

   TABLE 10-3.    Comparison of  specifi c   causes of death among patients with VAD vs. those within the fi rst 12 months after transplant   

 Cause of death 

 Number of deaths  Hazard ratio (95% CI) a  

 UNOS status 1 
( n  = 9455) 

 Intracorporeal VAD 
( n  = 1433) 

 Extracorporeal VAD 
( n  = 448)  Intracorporeal VAD  Extracorporeal VAD 

 Rejection  173  21  10  0.91 (0.54–1.55)  1.34 (0.67–2.69) 

 Infection  276  49  23  1.41 (0.98–2.03)  2.17 (1.35–3.46) 

 Cardiovascular  246  33  19  0.89 (0.59–1.35)  1.55 (0.93–2.58) 

 Pulmonary   75  7   5  0.60 (0.25–1.41)  1.48 (0.56–3.91) 

 Malignancies   23  3   1  1.17 (0.28–4.83)  2.36 (0.28–19.96) 

 Other  568  104  54  1.07 (0.83–1.37)  1.66 (1.21–2.26) 

  Reprinted from J Am Coll Cardiol, 53, Patolla V, Patten RD, DeNofrio D, et al. The effect of ventricular assist devices on post-transplant mortality: An 
analysis of the United Network for Organ Sharing Thoracic Registry, 264–271, Copyright 2009, with permission of Elsevier. 
  a Compared to other UNOS Status 1 patients.  
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independent predictor of mortality (odds ratio of 1.8, with 
95% confi dence interval between 1.2 and 2.8). This increased 
risk of mortality from bacteremia has been demonstrated in 
other types of organ transplant recipients as well [ 46 ]. 

  Endocarditis   can occur following orthotopic heart trans-
plantation. In one analysis, mortality was higher with a 
shorter median survival compared to patients who were not 
heart transplant recipients [ 47 ]. 

 Among bacterial infections, the most common site of 
infection is the lung (35%), followed by the urinary tract 
(24%), blood stream (7.7%), and intra-abdominal (5.8%). 
 Escherichia coli  and  S. aureus  are the two most common 
pathogens, although  Pseudomonas ,  Klebsiella , and 
 Enterobacter  species were quite common. The list of com-
mon bacterial pathogens generally follows what one might 
see as the list of common hospital acquired pathogens, 
refl ecting the fact that most of the bacterial infections are 
nosocomially acquired. 

 Other less common bacterial infections, such as  Legionella , 
 Listeria , and  Nocardia , which occur in immunocompro-
mised hosts, are covered in more detail elsewhere (see Chaps. 
  20     and   23    ). In cardiac transplantation series,  Legionella  
occurred in approximately 5% of the bacterial infectious epi-
sodes, as did  Nocardia  [ 48 – 51 ]. For  Legionella  and  Nocardia , 
the lung was the most common site of involvement.  Listeria 
monocytogenes  occurred in approximately 2.5% of bacterial 
infectious episodes. There are no presentation or manage-
ment issues that are unique to heart transplantation for these 
organisms. 

  Mycobacterial infection   is a generally rare occurrence in 
cardiac transplantation in the United States [ 52 ]. Cases can 
occur at any time post-transplant. In one series only three 
cases of  Mycobacterium tuberculosis  were documented to 
occur in 620 transplant recipients. Atypical mycobacterial 
disease was more than twice as common, with eight cases 
being seen [ 53 ]. A recent observational cohort study of heart 
transplant recipients demonstrated that previous cardiac 
valve disease and chronic obstructive pulmonary disease was 
a risk factor for late infection, defi ned as that occurring more 
than 6 months post-transplant [ 54 ].  

10.6     Fungal Infections Following Heart 
Transplantation 

    Aspergillus  is  the   most signifi cant fungus to affect cardiac 
 transplant   recipients [ 1 ,  55 ]. Among 109 fungal infections 
identifi ed over a 20-year period (which did not include  P. jir-
oveci ),  Aspergillus  represented about 50%. The most com-
mon site was the lung, with disseminated disease occurring 
in 35% of cases.  Aspergillus  occurred most frequently in the 
fi rst 3 months post-transplant. When dissemination does 
occur, the brain is often the most common site, and the pres-
ence of such an abscess or disseminated disease can be quite 

silent.   Aspergillus    is associated with the highest attributable 
mortality of any infection, and in one series disseminated 
disease had a mortality rate of 90%, and pulmonary disease 
of 40% [ 1 ]. In another series of  Aspergillus  infections post-
cardiac transplantation, sepsis, multiorgan failure, and death 
were notable. Early onset cases (within 90 days of trans-
plant) had traditional risk factors of hemodialysis, thoracic 
reoperation, and the presence of another case in the institu-
tion (refl ecting perhaps a nosocomial problem). Later onset 
cases also included the need for hemodialysis as well as the 
need for augmented immunosuppression [ 56 ]. Targeted anti-
fungal prophylaxis with caspofungin was shown to reduce 
invasive Aspergillosis in one outbreak among heart trans-
plant recipients [ 57 ]. 

   Candida  infections   are the second most common fungal 
infection in cardiac transplantation. In the Stanford series, 
about 33% of the fungal infections were due to  Candida . 
Usually, the most common manifestation is mucosal infec-
tion of the oropharynx and in the Stanford experience this 
did represent one-third of all  Candida  infections. Other sites 
include dissemination, which can occur from esophagitis, or 
from an infection of an intravascular catheter, or from the 
driveline infection from the LVAD. The infections with 
 Candida  tend to occur in a more broadly distributed tempo-
ral pattern after the transplant. Often cases may be seen many 
months post-transplant. Most of these are mucosal in nature. 

  Coccidiomycosis   and  cryptococcosis   occur rarely. They 
represent about 4% of the fungal infections seen at Stanford. 
In other series other endemic mycoses, such as histoplasmo-
sis and blastomycosis, seem to affect cardiac transplant 
recipients at a rate similar to that seen in other types of solid 
organ transplantation [ 55 ]. 

   P. jiroveci  infection   occurred in approximately 4% of all 
cardiac transplant recipients [ 1 ]. This complication has been 
reduced dramatically with the introduction of routine 
trimethoprim- sulfamethoxazole prophylaxis [ 58 ]. Cases still 
can occur many years post-transplant, and with any increase 
in immunosuppression, reactivation can occur. 

 Prevention strategies for fungal infections in heart trans-
plantation are similar to other types of solid organ transplant 
recipients. Strategies include the use of mucosal prophylaxis 
such as nystatin swish and swallow, environmental controls, 
inhaled amphotericin B, or use of prophylactic systemic anti-
fungals such as fl uconazole, caspofungin or other echinocan-
dins, or voriconazole. Since invasive fungal infection in 
cardiac transplantation is not as common as lung or liver 
transplants, routine use of systemic antifungal prophylaxis is 
not warranted. However, when patients are being treated for 
rejection, or have coexisting comorbidities, such as need for 
dialysis for renal failure, prophylaxis may be warranted. And 
as indicated above in an outbreak situation in which nosoco-
mial cases of aspergillosis have arisen, some form of prophy-
laxis might be warranted. Routine use of 
trimethoprim-sulfamethoxazole for the fi rst-year post- 
transplant is warranted, both for  P. jiroveci  prevention as 
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well as toxoplasmosis prevention (see antimicrobial prophy-
laxis). For a more detailed discussion of fungal infections, 
the reader is referred to Chaps  .   39    ,   41     and   42    .  

10.7     Cytomegalovirus 

  Cardiac transplantation,    like other forms of organ transplan-
tation, carries with it a signifi cant risk of CMV infection. 
CMV is the most important infectious factor that leads to a 
favorable or unfavorable outcome. In fact, the Stanford group 
described 20 years ago the impact of CMV infection on 
patient and graft survival [ 59 ].  The   clinical risk factors for 
CMV in heart transplantation are identical to those seen in 
other forms of organ transplantation [ 60 ,  61 ]. The clinical 
presentation is also similar to that seen in other forms of 
organ transplantation with a couple of exceptions. One, 
CMV infection has been linked to coronary vasculopathy 
and accelerated atherosclerosis in heart transplant recipients, 
in contradistinction to the transplantation of other organs 
[ 59 ,  62 ]. The theory is that CMV can infect endothelial cells, 
and infl uence smooth muscle growth as well as migration, 
with proliferation within the coronary vasculature [ 63 ]. We 
also know that CMV infection upregulates proinfl ammatory 
cytokines, which leads to enhanced production of growth 
factors. There is also a procoagulant response which may 
also lead to vascular thrombosis [ 64 ]. This manifestation of 
the indirect effects of CMV is most pronounced in animal 
models and human studies. Two, there has been an associa-
tion of CMV and left ventricular dysfunction as well [ 65 ]. 
There is evidence that effective CMV prevention strategies 
will actually reduce the incidence of intracoronary athero-
sclerosis, improve survival [ 66 ], as well as decrease the risk 
of opportunistic infections [ 67 ]. 

  Another   clinical feature of CMV in heart transplantation 
is the occurrence of myocarditis [ 68 ]. This is a relatively 
uncommon complication of CMV infection, but is generally 
seen only in and is unique to heart transplant recipients. 

  Prevention of   CMV infection and disease in cardiac trans-
plantation is similar to that recommended for other organs. 
 Prophylaxis   or preemptive therapy has been mainstay of pre-
vention, depending upon program resources and patient pop-
ulation. Early studies with intravenous ganciclovir 
demonstrated that 1 month of intravenous ganciclovir dra-
matically improved the risk of CMV disease in all groups, 
but the CMV donor seropositive to recipient CMV seronega-
tive mismatch [ 69 ]. Subsequent studies examining prophy-
laxis with oral ganciclovir as well as valganciclovir have 
demonstrated that CMV infection and disease can be pre-
vented to a great extent in cardiac transplantation [ 70 ]. 

 One difference in  the   prevention of CMV in cardiac trans-
plantation compared to kidney or liver transplantation is the 
adjunctive use of CMV immune globulin, which is recom-
mended by some authorities due to improvement in the 
degree or frequency of coronary vasculopathy in those 

receiving CMV immune globulin [ 71 ]. Limited data suggest 
that the use of CMV immune globulin with ganciclovir or 
valganciclovir is associated with an increase in the lumen 
size of coronary arteries as assessed by intracoronary ultra-
sound when compared to patients who just receive antiviral 
prophylaxis alone [ 67 ]. Further studies are needed to confi rm 
these fi ndings. In addition, there are cohort studies based on 
large patient registry sources of cardiac transplantation that 
show that antiviral CMV prophylaxis is associated with a 
decreased likelihood of graft loss [ 72 ] as well as improved 
survival [ 73 ]. A more complete discussion of CMV in solid 
organ transplantation is provided in Chap.   25    . Regimens for 
CMV prophylaxis are outlined in Chap.   25    . 

  Treatment of CMV   disease, when it occurs in the heart 
transplant recipient, is the same as treatment given to other 
solid organ transplant recipients. The presentation of CMV 
disease, when it occurs, may be slightly different than that 
seen with other organs in that accelerated atherosclerosis, 
and even myocardial infarction may be a presenting sign or 
symptom of CMV infection. In addition, as mentioned ear-
lier, myocarditis may occur as well, albeit rarely.   

10.8     Other Viral Infections 
Following Heart Transplantation 

   Other  viral infections in heart    transplantation   contribute to 
morbidity and mortality. It has been demonstrated that viral 
infections, including a variety of respiratory viruses contrib-
ute to the development of coronary vasculopathy and graft 
loss, presumably by upregulating infl ammatory markers 
much like CMV [ 74 ]. One study of 553 endomyocardial 
biopsy specimens from 149 pediatric heart transplant recipi-
ents demonstrated the presence of viral genomes in the 
heart. Positive PCR for a viral genome was associated with 
an increase in cardiac adverse events over the ensuing 
months. Adenovirus was the most common viral genome 
detected [ 74 ]. 

  Viral hepatitis   can occur after heart transplantation, but 
transmission of hepatitis B is generally uncommon from the 
donor heart since donor screening to eliminate hepatitis B 
surface antigen (HBsAg) positivity is performed. Recipients 
with active hepatitis B carriage will reactivate in the setting 
of immunosuppression [ 75 ,  76 ]. Cardiac donors who are 
isolated anti-hepatitis B core (anti-HBc) positive can be 
used for heart transplantation with relatively little risk to the 
recipient [ 77 ]. Heart transplant recipients who are either 
hepatitis B or hepatitis C positive at the time of transplant 
tend to have a good prognosis, and their survival seems 
comparable to those without such infection according to 
several analyses [ 77 ,  78 ]. 

  Post-transplant lymphoproliferative disease (PTLD)  , due 
to  Epstein–Barr virus (EBV)  , has been reported to occur in 
about 3% of all heart transplant recipients, second to lung 

10. Risks and Epidemiology of Infections Associated with Ventricular Assist Devices and Heart Transplantation

http://dx.doi.org/10.1007/978-3-319-28797-3_39
http://dx.doi.org/10.1007/978-3-319-28797-3_41
http://dx.doi.org/10.1007/978-3-319-28797-3_42
http://dx.doi.org/10.1007/978-3-319-28797-3_25
http://dx.doi.org/10.1007/978-3-319-28797-3_25


160

transplant recipients in terms of risk [ 79 ,  80 ]. The exact rea-
son for this increased risk is not entirely clear. Risk factors 
for PTLD in heart transplant recipients, namely primary 
EBV infection, as well as treatment with lymphocyte- 
depleting antibodies is similar to other types of organ trans-
plants. Presentation of PTLD and treatment of PTLD does 
not differ from other forms of solid organ transplantation 
(see Chap.   24    ). It should be noted that the allograft may be 
involved when disease presents early, that is, less than 1-year 
post-transplant. 

  Human immunodefi ciency virus (HIV)   was previously 
considered an absolute contraindication to solid organ trans-
plantation, but since the developed of anti-retroviral therapy 
there has been limited experience with heart transplantation 
in patients with HIV. Furthermore, there have been legal 
moves to prevent discrimination of potential transplant 
recipients based solely on HIV status [ 81 ]. An initial case 
report described a young male with prior opportunistic infec-
tions whose HIV viral load was undetectable prior to trans-
plantation [ 82 ]. He had no opportunistic infections for the 
fi rst 2 years post-transplant, but did have several asymptom-
atic cellular rejection episodes, anemia, thrombocytopenia, 
and fl uctuations in his CD4 count. A single center subse-
quently reported 7 cases of HIV infection in heart transplant 
recipients; 5 were diagnosed with HIV before transplanta-
tion and 2 patients seroconverted after transplantation (at 1 
and 7 years post-transplant) [ 83 ]. Five patients experienced 
asymptomatic rejection episodes. Cardiac allograft function 
remained normal in 6 patients. One patient who seroconver-
ted to HIV-positive status 7 years after transplantation was 
diagnosed with cardiac allograft vasculopathy 5 years after 
transplant, resulting in ischemic cardiomyopathy. All 
patients were alive at a mean follow-up of 30 months (range, 
3–88 months). The two patients who seroconverted to HIV- 
positive status after receiving transplant were initiated on 
anti-retroviral therapy. No AIDS-defi ning illness, low CD4 
count, or detectable viral loads were documented in any 
patients post-transplant. A woman who seroconverted to 
HIV 1-year post-transplant also subsequently experienced 
cellular rejection, but was reported to have normal allograft 
function at 10 years post-transplant   [ 84 ].  

10.9     Parasitic Infections 
Following Heart Transplantation 

   A  major   distinction  between   heart transplant recipients and 
other organ transplants is the extent to which parasitic infec-
tion may occur due to transmission from the transplanted 
heart.  T. gondii  persists in cardiac muscle tissue and is thus 
transplanted via the donor organ. Thus, heart transplant recip-
ients have the highest risk of toxoplasmosis. Among those 
who are mismatched serologically, that is, the toxoplasma 
antibody positive donor heart to the toxoplasma antibody 
negative recipients, 75% will develop primary toxoplasma 

infection in the absence of any intervention or prophylaxis 
[ 85 ,  86 ]. Among those who are seropositive for toxoplasma 
infection at the time of transplantation, reactivation can also 
occur [ 87 ]. The disease in cardiac transplants can be fatal 
disseminated disease, or myocarditis [ 88 ]. There has been 
some recent debate in the literature about the  prognostic 
signifi cance of toxoplasma serology on outcome following 
cardiac transplantation. Two reports suggested that being 
toxoplasma seronegative at the time of transplant was asso-
ciated with a worse prognosis, but a subsequent study refuted 
those data in a larger cohort [ 89 – 91 ]. Prophylaxis with bac-
trim has fortunately reduced the risk of toxoplasmosis dra-
matically and is effective [ 1 ,  86 ]. Since it is used routinely 
for  P. jiroveci  prophylaxis, an added benefi t is the prevention 
of toxoplasmosis. For more detailed discussion, the reader is 
referred to Chap.   44    . 

  T. cruzi  [ 92 ] is also quite important in heart transplantation 
since the parasite is dormant in cardiac tissue. Especially in 
Brazil and Argentina, a high proportion of organ donors will 
be seropositive for  T. cruzi , and are capable of transmission 
[ 93 ]. Among those recipients with a donor who is seroposi-
tive for  T. cruzi , about 20% will develop parasitemia within 
the fi rst 6 months post-transplant [ 94 ]. In addition with 
immunosuppression reactivation may occur [ 95 ]. Intervention 
is possible with benznidazole. In addition, patients with 
 T. cruzi  cardiomyopathy may require transplantation. A 
recent analysis in the United States demonstrated a high 
number of patients having unrecognized Chagas cardiomy-
opathy having emigrated from endemic countries [ 96 ,  97 ]. 
Studies performed over the past two decades indicate that 
with proper management, that is, screening for parasitemia, 
and treatment with benznidazole 10 mg/kg/day for 60 days, 
mortality related to  T. cruzi  infection is very low and survival 
rates are comparable to heart transplants not infected with 
 T. cruzi  [ 97 ]. However, this agent is not available in the 
United States; only nifurtimox, a nitrofuran derivative is 
available through the Centers for Disease Control and 
Prevention. If patients do develop clinical Chagas disease, 
they may develop disseminated disease with myocarditis, 
subcutaneous nodules, and dissemination to other organs  .  

10.10     Hypogammaglobulinemia 
Following Heart Transplantation 

  Hypogammaglobulinemia   has been shown to occur follow-
ing cardiac and other organ transplantation [ 98 ,  99 ].  Severe 
  hypogammaglobulinemia (defi ned as IgG levels < 350 mg/
dL) occurred in 10% of heart transplant recipients followed 
prospectively at Cleveland Clinic [ 98 ]. Those with severe 
hypogammaglobulinemia were more likely to have treatment 
for more episodes of cellular rejection during the fi rst 6 
months post-transplant than those without such treatment. 
Severe hypogammaglobulinemia has been associated with 
an increased risk of bacterial and opportunistic fungal infec-
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tions. In another study of heart transplant recipients, pre- 
transplant levels of IgG, below median values of 1140 mg/dL 
were shown to be associated with an increased risk of devel-
oping infections [ 100 ]. In addition, levels at 7 days post- 
transplant below the median value of 679 mg/dL were 
markedly associated with an increased risk for infection. 
These studies raise the question of the need for more inten-
sive and routine monitoring of immunoglobulin levels. 

 Studies of replacement therapy with intravenous immune 
globulin, including CMV immune globulin, in the presence 
of severe defi ciency have been shown to reduce the incidence 
of opportunistic infections and even rejection episodes in 
heart transplant recipients [ 101 ]. In cardiac transplant recipi-
ents it may be especially important to screen for the presence 
of hypogammaglobulinemia post-transplant to avoid such 
complications and to administer intravenous immune globu-
lin to restore immunity and reduce the risk of infectious 
complications [ 101 ].  

10.11     Antimicrobial Prophylaxis 
for Heart Transplantation 

 At the time  of   cardiac surgery,    patients should receive anti-
microbial surgical prophylaxis in accordance with  Surgical 
Care Improvement Program (SCIP)   guidelines. Forty-eight 
hours is all that is recommended. The use of trimethoprim- 
sulfamethoxazole, a single strength of 80 mg/400 mg per day 
for 6–12 months, or three times a week with the double 
strength, has been effective in reducing the risk of  P. jiroveci , 
 T. gondii , and even  Listeria monocytogenes  as well as 
 Nocardia . The trimethoprim-sulfamethoxazole regimen has 
even been effective in preventing disseminated toxoplasmo-
sis among the toxoplasma mismatched seropositive donor to 
seronegative recipient [ 102 ]. 

 The recommendations for CMV prevention in general are 
outlined in Chap.   25    . Among heart transplant recipients, pro-
phylaxis with valganciclovir 900 mg orally once a day for 3 
months is suffi cient if one chooses this modality. For CMV 
seropositive donor to CMV seronegative mismatches, a recent 
study, which included heart transplant recipients, demonstrated 
that 6 months of prevention with valganciclovir is superior to 3 
months, with a reduction in late onset disease [ 103 ]. Because of 
the potential immunomodulatory benefi ts of CMV immune 
globulin in cardiac transplantation, with reductions in allograft 
vasculopathy, some authorities recommend combining valgan-
ciclovir with CMV immune globulin for those patients who 
receive a CMV seropositive donor heart [ 72 ].  

10.12     Immune Monitoring 

 There is an emerging body  of   literature that has looked at 
CD4 counts as well as other forms of immune monitoring. 
One analysis of T lymphocyte subsets suggests an indepen-

dent association of opportunistic infections and CD4 nadir 
counts [ 104 ]. In another analysis from a program in Tel Aviv, 
the Immuknow assay (Cylex Inc., Columbia, MD) was used 
prospectively to follow patients at risk for rejection or infec-
tion [ 105 ]. The authors demonstrate a relationship between 
the assay, the development of opportunistic infection or 
rejection [ 105 ]. Subsequent follow-up of patients on everoli-
mus confi rm the utility of the assay for infection [ 106 ] but 
not rejection. If confi rmed, assays such as these may become 
important to balance the level of immunosuppression to 
avoid both infection and rejection. Confi rmatory studies with 
larger numbers of patients are clearly warranted but these 
data look promising. Another group has pursued the devel-
opment of an immunologic score to refl ect the level of immu-
nosuppression. The score consists of an analysis of 
lymphocyte subsets at 1-week post-transplant along with 
immune globulin levels and complement levels [ 107 ]. They 
purport a very high hazard ratio for infection risk. These 
attempts to quantify levels of immune suppression and infec-
tion risk are promising, but require further analysis in large 
cohorts.  

10.13     Summary 

 Infections in cardiac transplantation have declined over the 
past 30 years. The incidence of bacterial and fungal infec-
tions has declined quite dramatically, with rates dropping 
fi vefold and sixfold, respectively. In addition, rates of CMV 
disease have also declined. Much of this is attributed to the 
routine use of prophylactic agents listed above as well as 
improvements in the surgical technique, intensive care unit 
management, and diagnosis of many of these infections. 

 The research agenda for the future includes the need for 
studies of optimal prevention and management of left ven-
tricular assist device infections, including antibiotic prophy-
laxis. In addition, improvement in management of chronic 
graft rejection and vasculopathy are warranted.     
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   Risks and Epidemiology of Infections After 
Lung or Heart–Lung Transplantation                     
     Oscar     Len      ,     Antonio     Roman      , and     Joan     Gavaldà     

11.1           Introduction 

 Currently,  lung transplantation (LT)   is an established thera-
peutic option for patients who have severe respiratory insuf-
fi ciency [ 1 – 5 ]. Nevertheless, complications do frequently 
occur, and they can lead to intermediate-term or long-term 
graft dysfunction and decreased survival. According to the 
International Society for Heart and Lung Transplantation 
(ISHLT) registry, survival rates at the fi rst, second, and fi fth 
years are 80%, 65%, and 53%, respectively [ 6 ]. The progno-
sis of lung transplant recipients (LTR) has improved consid-
erably in recent years, thanks to the careful selection of 
donors and recipients, advances in surgical techniques and 
postoperative care, and better methods for graft preservation. 

 LT can be either unilateral or bilateral. Single-lung trans-
plantation is generally used for non-septic lung diseases, 
whereas double-lung transplantation is mandatory for septic 
lung diseases, such as cystic fi brosis (CF) and bronchiecta-
sis. Infections and episodes of acute rejection are both sig-
nifi cant complications soon after LT. Moreover, the main 
obstacle to the long-term success of LT remains chronic 
rejection, characterized histologically as bronchiolitis oblit-
erans. It occurs in up to two thirds of patients [ 7 ]. The most 
relevant risk factor for the development of bronchiolitis 
obliterans syndrome (BOS) after the number of previous 
acute rejection episodes and the incidence of persistent rejec-
tion is cytomegalovirus (CMV) infection and disease [ 8 ]. 
Recent evidence also suggests a possible role for respiratory 
viruses (RV) as risk factors for chronic rejection in LTR [ 9 , 
 10 ]. Finally, a restrictive allograph syndrome came up as a 
novel phenotype of chronic rejection with worse prognosis 
than BOS [ 11 ]. 

 Infectious complications are a frequent cause of morbidity 
and mortality and the most prominent cause of death the fi rst 
year. More than two thirds of them affect the respiratory tract 
[ 6 ,  12 ]. 

 This chapter focuses on the epidemiology and prevention 
of bacterial, viral, and fungal infections in lung or lung–heart 
transplant recipients. Additionally, it addresses specifi c 
aspects of donor, residual, or native lung infection or coloni-

zation, as well as issues involving recipients with CF. One of 
the main problems with dealing with infection in LT is the 
paucity of randomized, controlled studies. So more con-
trolled studies are needed to answer the questions regarding 
infection in LTR.  

11.2     Risk Factors for Infection 

 The risk of infection in an LTR is determined by interrela-
tionships among numerous factors related to the recipient, 
associated with the type of transplant and the surgical proce-
dure, and inherent to the infecting microorganism and the 
state of permanent therapeutic immunosuppression required 
to avoid graft rejection. Table  11-1  summarizes these risk 
factor groups.

11.2.1       Recipient-Related Factors 

 The  recipient’s   pre-transplantation clinical status is impor-
tant; patients with renal failure, those on mechanical ventila-
tion, and those with morbid obesity or malnutrition have a 
higher incidence of infection after LT [ 12 – 15 ]. Advanced 
age is also associated with an increased risk [ 16 ]. In some 
programs, mechanical ventilation is a major contraindication 
to LT as airway colonization with bacteria may lead to 
 nosocomial infection and the associated respiratory muscle 
deconditioning may require prolonged postoperative ventila-
tory support. However, recent results have shown that pre- 
transplantation mechanical ventilation is not associated with 
a higher risk of later bacterial infection [ 17 – 19 ]. In fact, 
nowadays, most programs accept mechanical ventilation as a 
bridge for LT for candidates previously included on the wait-
ing list. 

 Various treatments administered to the candidate before 
LT as well as underlying diseases (such as diabetes mellitus) 
may be relevant to the type and severity of infection after 
LT. Candidates treated with corticoids or antimicrobial 
agents before transplantation have a higher incidence of 
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infections due to bacteria and  Candida  spp. [ 16 ,  20 ]. On the 
other hand, low-dose pre-transplantation corticosteroid treat-
ment has proved to be even benefi cial; it allows LT in patients 
who cannot be completely weaned from such therapy [ 21 ]. 
In cases of single-LT plus pre-transplantation corticosteroid 
treatment, the remaining native lung may harbor opportunis-
tic microorganisms, including  Aspergillus  spp. (IA), tuber-
culosis, or  Pneumocystis jirovecii  [ 22 ]. Therefore, performing 
a histopathologic study and culture of the resected lung to 
rule out these infections and to provide treatment when they 
are detected is extremely important. Finally, the indiscrimi-
nate use of antimicrobial agents before transplantation can 
lead to the selection of multidrug-resistant (MDR) strains 
that are diffi cult to treat. This often occurs in recipients with 
CF, as discussed below. 

 The absence of specifi c immunity in the recipient to some 
viral infections, especially CMV or Epstein–Barr virus 
(EBV), implies a higher risk of acquiring these infections 
when the donor lung harbors latent infection by these viruses. 
Such primary infection produces disease with greater fre-
quency and more severity than do cases of reactivation. 

  Vitamin D defi ciency   is frequent in LT candidates and 
greater than in general population. Vitamin D plays a role in 
cell-mediated immunity as well as in innate immune 
response. A retrospective cohort study showed that 80% of 
LTR were defi cient for vitamin D. Infectious episodes due to 
bacteria, CMV, fungi, and non-tuberculous mycobacteria 
(NTM) in this group were more frequent than in the non- 
defi cient group within fi rst year after transplantation (5.41 
vs. 3.15;  p  > 0.001) [ 23 ].  

11.2.2     Transplant-Related Factors 

 Initial  dysfunction   of the transplanted organ caused by arte-
rial ischemia or severe preservation lesions secondary to a 
prolonged interval of ischemia infl uences the frequency and 
severity of post-transplant infections. Similarly, alloreactiv-
ity reactions against the graft make it more prone to infection 
by certain viruses. The most frequent sites of infection in the 
immediate postoperative period are the lung, the pleura, and 
the extrapulmonary chest cavity, since the integrity of the 
visceral pleura is not restored and the mediastinal space is 
lost due to communication with the pleural spaces. 

 With respect to the interval of graft ischemia, Fiser et al. 
[ 24 ] showed that a cold ischemia time longer than 6 h did not 
increase the risk of reperfusion injury, acute rejection, CMV 
infection, bacterial or fungal pneumonia, BOS, 1-month 
mortality, 1-year mortality, or 5-year mortality, after review-
ing data from 136 LTR over a 10-year period. These fi ndings 
have not been supported by results from other groups [ 16 ]. 

 The length and the need for repeated surgery are the most 
important surgery-related risk factors for the development of 

   TABLE 11-1.    Risk  factors   for infection in recipients of a lung or 
heart–lung transplantation   

 Recipient 

   Underlying conditions such as diabetes or hepatitis 

   Older age 

   Absence of specifi c immunity to CMV, HSV, VZV, EBV 

   Colonization of the recipient by bacteria or fungi 

   Latent infection due to TB, CMV, VZV, HSV, EBV 

   Previous therapy with antimicrobial agents, corticoids, or other 
immunosuppressors 

   Clinical state of the recipient at the time of transplantation: 

    Renal failure 

    Malnutrition 

    Low vitamin D levels 

    Obesity 

    Mechanical ventilation 

 Transplantation 

   Preservation lesion 

   Surgical factors: 

    Duration of procedure, meticulous technique 

     Surgical complications: suture dehiscence, hemorrhage, arterial 
ischemia 

    Repeated surgery required 

   Postoperative instrumentation: 

    Duration of mechanical ventilation 

    Intravascular catheters 

    Urethral catheter 

   Continuous exposure to the external environment 

   Denervation of allograft: 

    Diminished cough refl ex 

    Abnormal mucociliary clearance 

    Reactive hyperresponsiveness 

   Interrupted lymphatic drainage (especially during fi rst weeks) 

   Anastomosis site: 

    May enhance colonization 

    Airway dehiscence and mediastinitis 

   Bronchial stenosis and postobstructive infection 

   Donor lung may transmit infections: 

    From prolonged mechanical ventilation 

    From latent infections (TB, CMV, VZV, HSV, EBV) 

    From previous bacterial or fungal colonization 

   Native lung after single-lung transplantation: 

     Occult pretransplant infection (TB,  Aspergillus  spp.,  Pneumocystis 
jirovecii , etc. especially with immunosuppression before 
transplantation) 

   Sinus infection in cystic fi brosis and ciliary dysfunction syndromes 

   Bronchiolitis obliterans: 

    Enhanced immunosuppression 

    Impaired clearance 

    Bronchiectasis 

 Immunosuppression 

 Immunomodulating viruses 

 Graft rejection 

   Abbreviations :  CMV  cytomegalovirus,  HSV  herpes simplex virus,  VZV  var-
icella-zoster virus,  EBV  Epstein–Barr virus,  TB  tuberculosis.  

O. Len et al.



169

bacterial or invasive fungal infection (IFI) during the imme-
diate post-transplantation period [ 16 ]. 

 In LT, several special predisposing factors for the appear-
ance of bacterial pneumonia are present. The state of isch-
emia for several hours after donor lung extraction, and 
reimplantation without reestablishment of the graft’s lym-
phatic drainage and innervation clearly affect the graft’s 
defense mechanisms. The airway mucosa is damaged, and 
the mechanism of mucociliary clearance is paralyzed. 
Anastomosis of the airway also decreases the clearance of 
respiratory secretions. Graft denervation eliminates the 
cough refl ex, allowing secretions to accumulate. The inter-
ruption of lymphatic drainage prevents the immune system 
effector cells of the regional lymph system from reaching the 
lung, which in turn alters the immune response against anti-
gens deposited in the lung [ 25 ]. Moreover, the graft’s micro-
environment consists of human leukocyte antigen 
incompatibility between the host alveolar macrophages and 
the donor alveolar lymphocytes [ 26 ]. Additionally, small 
inoculum of microorganisms extracted with the graft can 
produce severe pneumonia in the already immunosuppressed 
recipient [ 27 ]. Finally, the lung is in constant contact with 
ubiquitous airborne bacteria. 

 Finally, the most important predisposing condition for 
post-transplantation infection is BOS. LTR with BOS are 
usually profoundly immunosuppressed, and their lung func-
tion and mucus clearance are often markedly impaired. In 
fact, the most common cause of death in patients suffering 
from BOS is infection.  

11.2.3     Lung Transplant Donor 

 Almost  all   donor lungs harbor microorganisms at the time of 
procurement [ 28 ]. Thus, the risk of donor-to-host transmis-
sion of infection is inherent; this has repercussions on donor 

selection and on the choice of prophylactic regimens admin-
istered to the recipient of a lung or heart–LT. 

 The authors’ group has recorded data from donors of lung 
allografts transplanted to 49 recipients surviving at least 24 h 
after LT [ 28 ]. Overall incidence of donor infection was 
73.4%. The types of donor infection included isolated con-
tamination of preservation fl uids (17.9%), graft colonization 
(69.2%), and bacteremia (12.8%). Donor infection rates did 
not differ statistically between those mechanically ventilated 
for 48 h or less or more than 48 h. Donor-to-host transmis-
sion of bacterial or fungal infection occurred in 15 (7.6%) 
LTR (Table  11-2 ). In our experience, 25% of donors with 
bacteremia and 14.1% of colonized grafts were responsible 
for transmitting infection. Two patients died because of 
transmitted infection (Table  11-2 ). Microorganisms for 
which it is extremely diffi cult to design effective prophylac-
tic regimens caused fi ve cases of infection:  A. fumigatus , 
 Stenotrophomonas maltophilia  and methicillin-resistant 
 Staphylococcus aureus  (MRSA). Excluding these cases, pro-
phylaxis failure occurred in 5.6% of procedures (5.6%).

   Similarly, Low et al. [ 29 ] reported that 28 of 29 bronchial 
washings taken from donors grew at least one microorgan-
ism. The most common microorganisms identifi ed were 
 Staphylococcus  spp. and  Enterobacter  spp. In 43% of these 
cases, similar microorganisms were isolated from the recipi-
ent tracheobronchial tree, and, of these, 21% had subsequent 
invasive pulmonary infections. Waller et al. [ 30 ] performed a 
retrospective comparison of the outcome of 123 donors in 
125 consecutive, technically successful lung or heart–
LT. Microbial contamination of routine donor bronchial 
lavage was about 60%. Five recipient deaths were due to 
donor-transmitted pneumonia. 

 A bronchial washing or aspiration for microbiologic sam-
pling should be routinely performed in the lung donor to 
guide the choice of adequate recipient prophylaxis. Gram, 

    TABLE 11-2.    Description of infection episodes due to donor-to-host transmission   

 Microorganism  Type of donor infection  Type of recipient infection  Outcome  Prophylaxis 

  A. fumigatus   Colonization  Tracheobronchitis  Cured  A–A 

  A. fumigatus   Colonization  Tracheobronchitis  Cured  A–A 

  A. fumigatus   Colonization  Mediastinitis  Died  A–A 

  S. viridans   Colonization  Pneumonia  Cured  A–A 

 MRSA  Colonization  Pneumonia  Died  A–A 

  S. aureus   Colonization  Pneumonia  Cured  Cefuroxime 

  S. aureus   Bacteremia  Tracheobronchitis  Cured  A–A 

  S. aureus   Colonization  Tracheobronchitis  Cured  Cefuroxime 

  S. aureus   Colonization  Tracheobronchitis  Cured  A–A 

  S. aureus   Colonization  Cutaneous lesions  Cured  A–A 

  S. maltophilia   Colonization  Tracheobronchitis  Cured  A–A 

  P. aeruginosa   Colonization  Tracheobronchitis  Cured  Cefuroxime 

  P. aeruginosa   Colonization  Tracheobronchitis  Cured  A–A 

  P. aeruginosa   Colonization  Tracheobronchitis  Cured  A–A 

  K. pneumoniae + E. coli   Bacteremia  Pneumonia  Cured  A–A 

   Abbreviations :  MRSA  methicillin-resistant  Staphylococcus aureus ,  A-A  amoxicillin-clavulanate + aztreonam.  
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methenamine silver, calcofl uor (for fungi identifi cation), and 
Ziehl–Neelsen staining; and specifi c cultures for bacteria, 
fungi, and mycobacteria should all be conducted [ 31 ]. The 
main problem is that culture results may not be available 
soon enough. Nevertheless, the fi nding of positive Gram 
stain or scanty purulent secretions should not be contraindi-
cations for accepting the lung for transplantation [ 31 ] 
because the outcome of these marginally suitable lungs is 
similar to that obtained with ideal grafts [ 32 ]. However, most 
groups consider the existence of pneumonia, aspiration of 
gastric juice, abundant purulent secretions that persist after 
bronchial washing, or the growth of fi lamentous fungi on a 
culture of fi ber-optic bronchoscopy samples to be contraindi-
cations to transplantation. Since two of the authors’ patients 
who received lungs contaminated with  Aspergillus  spp. 
developed invasive aspergillosis (IA) and died, the group 
excludes lungs for which calcofl uor stain evidences hyphae. 
The heavy growth of  Candida  species in the donor bronchus 
makes these lungs risky because of the potential involvement 
of the vascular sutures or large vessels, which could lead to 
mycotic aneurysms and consequent rupture [ 33 ]; therefore, 
this represents a signifi cant obstacle for accepting these 
organs. This is more important for heart–LTR. So, the graft 
should be excluded if the culture is pure and highly abun-
dant. If this is not the case, an echinocandin should be initi-
ated immediately after transplantation. 

 An experimental study in canine LT has provided evidence 
that antibiotic treatment of donors showing bacterial con-
tamination prevents the development of pneumonia in recipi-
ents [ 34 ]; nevertheless, no consensus has been reached on 
whether antimicrobial treatment should be used in all human 
lung donors. Although this measure might decrease the risk 
of early bacterial pneumonia, it might also induce false nega-
tive results in cultures and thus may make recipient manage-
ment after transplantation more diffi cult.  

11.2.4     Cystic Fibrosis 

 Chronic  infection   of the respiratory tract  before   transplanta-
tion distinguishes patients with CF from patients with other 
diseases. Nonetheless, several studies report that recipients 
with CF receiving bilateral lung transplants do not have a 
higher risk of infection after the procedure despite the com-
mon presence of airway pathogens ( Pseudomonas  spp.,  S. 
aureus , and molds). Many patients show the same strains of 
 P. aeruginosa , as demonstrated by electrophoretic DNA 
analysis, after transplantation, probably due to contamina-
tion during surgical graft placement or from the chronic 
sinusitis occurring in these patients [ 35 ]. Although the effi -
cacy of surgical sinus drainage has not been established, 
some recommend this procedure [ 2 – 4 ,  36 ]. 

 Some centers exclude patients with certain respiratory 
pathogens, such as  P. aeruginosa  resistant to all antibiotics, 
or those with other MDR bacteria, including  B. cepacia ,  S. 

maltophilia , or  Alcaligenes xylosoxidans . However, data 
demonstrating post-transplantation infection and survival 
rates that are similar to those of patients with sensitive strains 
suggest that this policy is unwarranted [ 2 ,  37 – 39 ]. The pres-
ence of  B. cepacia  is considered an absolute contraindication 
to LT in some centers because of its high associated risk of 
severe and often lethal postoperative pneumonia and sepsis 
and because transmission between patients is well docu-
mented [ 40 ]. Recent reports have documented lower survival 
in recipients previously colonized by  B. cepacia , and specifi -
cally, by  B. cepacia  genomovar III strains [ 41 ,  42 ]. 

  Aspergillus  spp. is recovered from respiratory tract cul-
tures in up to 50% of patients with CF. Its presence is not, 
however, predictive of subsequent allograft infection, and it 
should not be considered a contraindication to transplanta-
tion unless evidence shows mycetomas adhering to the chest 
wall. 

 An increase incidence of NTM has been observed [ 43 ]. All 
patients with CF should be evaluated for NTM pulmonary 
disease before LT. Patients with NTM disease should begin 
treatment before transplant listing. In case of progressive pul-
monary or extrapulmonary disease despite optimal therapy or 
an inability to tolerate it, LT is a contraindication [ 44 ].  

11.2.5     Native Lung 

 In single-LTR,    the residual native lung can give rise to a large 
number of post-transplantation complications. In addition to 
bacterial or fungal pneumonia and bronchial anastomosis 
infections leading to dehiscence, the native lung can have 
noninfectious problems such as severe overinfl ation, perfu-
sion mismatch, or pneumothorax. The incidence of native 
lung infectious complications in single-LTR ranges from 20 
to 50% [ 15 ]. In patients with idiopathic pulmonary fi brosis 
treated with high-dose steroids, infection of the native lung 
by  M. tuberculosis ,  P. jirovecii , and  A. fumigatus  may go 
unnoticed in the evaluation of the candidate and may result 
in a serious exacerbation of infection after transplantation. 
Pathologic and histologic analyses of the resected lung are 
essential. Native pulmonary aspergillosis is the most feared 
complication because it is diffi cult to diagnose and practi-
cally impossible to treat unless a pneumonectomy can be 
performed. Moreover, primary prophylaxis for IA is com-
plex because of the problems in reaching acceptable concen-
trations of therapeutic drugs and the fact that nebulized 
amphotericin B (AFB) is not properly distributed in a lung 
with signifi cant ventilation and perfusion defects.  

11.2.6     Immunosuppression 

 LTR have a permanent defi cit  of   immunity due to the immu-
nosuppressive treatment required indefi nitely to avoid 
rejection. 

O. Len et al.



171

 The use of OKT3 as an induction agent is now very lim-
ited due to an increase risk of infection [ 45 ]. In contrast, anti-
thymocyte globulin (ATG) and basiliximab do not increase 
the rate of infections and have been associated with a sur-
vival benefi t [ 46 ]. 

 In patients treated with cyclosporine (CsA) or tacrolimus, 
the incidence of infection is quite similar [ 47 ]. The University 
of Pittsburgh performed a study that compared the effects of 
tacrolimus and CsA. The prevalence of bacterial infection 
was 1.5 episodes per 100 patient days in the CsA group and 
0.6 episodes per 100 patient days in the tacrolimus group, 
although with no statistical signifi cant difference. The preva-
lence of CMV and fungal infection were also similar in both 
groups [ 48 ]. 

 The role of antimetabolites such as mycophenolate mofetil 
(MMF) and inhibitors of the mammalian target of rapamycin 
(mTOR) such as sirolimus or everolimus is discussed below 
when assessing CMV infection. 

 The incidence of serum immunoglobulin defi ciencies can 
be as high as 44% in LTR and has been associated with 
community- acquired respiratory viral infections, IFI and 
BOS [ 49 ,  50 ]. However, a randomized, double-blind, 
placebo- controlled trial of immune globulin intravenous 
administration in LTR with hypogammaglobulinemia failed 
to demonstrate a reduction in the short-term risk of bacterial 
infection [ 51 ]. 

 Infection by immunomodulating viruses, such as CMV, 
increases the net state of immunosuppression favoring the 
development of opportunistic infections [ 52 ]. An extensive 
study performed at the University of Pittsburgh assessed the 
risk factors for infection other than CMV in 250 transplanta-
tions (99 single lung, 102 bilateral lung, and 49 heart–lung) 
[ 16 ]. Early post-transplantation risk factors for infection 
included CMV mismatch (donor is CMV-positive, recipient 
is CMV-negative [D + /R − ]), among others. Risk factors for 
late infection included again CMV mismatch, the absence of 
CMV prophylaxis, and CMV disease, among others [ 16 ].   

11.3     Bacterial Infection 

11.3.1     Epidemiology 

   Bacterial infection   is the most  frequent   infectious complica-
tion for lung and heart–LTR. The rate of bacterial infections 
(mainly respiratory) is much higher than that observed in 
other SOTR. Of the total infections observed in different 
series, 35–66% were bacterial, and 50–85% of recipients 
presented a bacterial complication after transplantation. 
Frequently, patients experienced more than one bacterial 
infection and bacterial respiratory infection occurred most 
frequently [ 1 ,  5 ,  6 ,  12 ,  13 ,  16 ,  53 ,  54 ]. Beginning with persis-
tent colonization, lung and heart–LTR can present with any 
of the clinical forms of this process (tracheobronchitis, 
sinusitis, pneumonia). 

 Factors related to bacterial infections presenting in the 
immediate and late post-transplantation are depicted in 
Table  11-3 .

   The most  frequent   causal agents of nosocomial pneumo-
nia are  P. aeruginosa , Enterobacteriaceae and  S. aureus  [ 57 , 
 58 ]. Other prevalent Gram-negative nosocomial bacteria 
include  Acinetobacter  spp. and  Stenotrophomonas malto-
philia . The period of maximum risk spans the fi rst 3 weeks 
after transplantation. Nevertheless, its incidence during this 
interval has markedly decreased with the implementation of 
antibiotic prophylaxis; most cases of bacterial pneumonia 
now occur in the intermediate and late postoperative period. 
In fact, health care-associated pneumonia is more frequent 
than hospital-acquired pneumonia [ 58 ]. Stable, ambulatory 
transplant recipients after the postoperative phase can 
develop pneumonia from infection with microorganisms 
prevalent in the community (e.g.,  Mycoplasma pneumoniae , 
 Haemophilus infl uenzae , or  Streptococcus pneumoniae ). 
Infection due to MDR bacteria is a widespread problem, 
especially early after the procedure in the setting of hospital-
acquired/ventilator- associated pneumonia (VAP). Its appear-
ance is associated with high rates of morbidity and mortality 
[ 59 ]. These bacteria (e.g., MRSA, MDR  P. aeruginosa  or  B. 
cepacia ) may colonize the recipient before transplantation 
(e.g., patients with CF) or can also be acquired after surgery 
(e.g., MDR  Acinetobacter baumannii ). Our group reviewed 
VAP incidence, etiology, and outcome in our cohort of 
LTR. VAP was diagnosed in 20% of LTR.  P. aeruginosa  was 
the most frequent microorganism isolated (60% MDR), fol-
lowed by Enterobacteriaceae. Mortality was signifi cantly 
higher in those patients diagnosed with VAP (OR 9, CI 3.2–
25.1,  p  < 0.01) [ 60 ]. In another study performed in RESITRA 
(Spanish Research Network for the Study of Infection in 
Transplantation), evaluating 85 pneumonia episodes in 236 
LTR (with an incidence of 72 episodes per 100 patients-per- 
year), bacterial pneumonia (82.7%) was more common than 
fungal (14%) or viral (10.4%). Gram-negative bacilli were 
the etiology in 34 cases ( P. aeruginosa  in 14 and  A. bauman-
nii  in 8). The absence of pneumonia caused by  Legionella 
pneumophila  was noteworthy and likely due to the effect of 
cotrimoxazole prophylaxis [ 61 ]. 

 The physician must remember that even the growth of 
normal oral fl ora in a respiratory sample in the early trans-
plantation period is considered a risk factor for bacterial 

   TABLE 11-3.    Factors related to  bacterial infections   in LTR   

 Immediate post-transplant period  Late post-transplant period 

 Pre-transplantation colonization 
[ 55 ] 

 Increased immunosuppression 
due to rejection 

 The surgical procedure itself and 
technical complications (e.g., 
bronchial anastomosis 
dehiscence) [ 13 ] 

 Invasive diagnostic procedures 

 Intubation and/or prolonged 
hospitalization [ 16 ] 

 Development of BOS [ 16 ,  56 ] 
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pneumonia. Therefore, laboratory workups should identify 
and perform susceptibility study of all strains isolated. In 
addition, the clinician should determine whether the anasto-
mosis shows signs of ischemia. If these are present, they 
imply a greater risk of both infections to the anastomosis 
and suture dehiscence, and they might be an indication for 
the use of nebulized antibiotics to treat respiratory coloniza-
tion or infection. 

  Deep   surgical site infections (SSI) are an uncommon com-
plication in LTR. In a retrospective study at a single center, 
5% of LTR developed SSI [ 62 ]. Empyema was the most 
common (42%), followed by wound infection (29%) and 
mediastinitis (16%). However, the term “thoracitis,” rather 
than mediastinitis, is more accurate because the mediastinal 
space does not exist as such; during lung implantation, the 
visceral pleura are not joined to create separate mediastinal 
space. Therefore, when infection occurs in this extra- 
parenchymal thoracic space, the entire thoracic cavity 
becomes infected with purulent collections in several loca-
tions. Interestingly, 23% of SSI was due to pathogens colo-
nizing recipients’ native lungs at the time of transplantation 
suggesting surgical seeding [ 62 ]. One-year mortality associ-
ated with SSI was 35% [ 62 ]. 

 Bacteremia  in LTR   is an early complication after trans-
plantation almost related to catheter. The etiology is equally 
distributed between Gram-negative and Gram-positive bac-
teria. Nearly half the isolates correspond to MDR microor-
ganisms [ 63 ]. 

 Infections caused by   Mycobacterium tuberculosis    are 
reported because of reactivation, occult disease in the 
remaining native lung after single-lung transplantation, or 
transmission by the graft [ 64 ]. Within the authors’ transplant 
program, pulmonary tuberculosis is diagnosed in about 6% 
of LTR. The mean post-transplantation interval at which  M. 
tuberculosis  is detected is 115 days. In 40% of the cases, the 
diagnosis was obtained from the explanted lungs. Despite 
immunosuppression, an adequate response to antitubercu-
lous treatment and a low incidence of adverse side effects is 
observed [ 65 ]. 

 Episodic isolation of NTM is common in LTR with an 
incidence rate of 9/100 person-years [ 66 ].  Previous   NTM 
colonization and treated acute rejection are risk factors for 
NTM disease [ 67 ]. The most common NTM isolated is 
 Mycobacterium avium complex  (69.8%), followed by 
 Mycobacterium abscessus  (9.4%), and  Mycobacterium gor-
donae  (7.5%). Most isolates occur among asymptomatic 
patients and are transient. Nevertheless, NTM disease rate is 
higher among LTR than in the other SOTR [ 68 ]. Moreover, 
infection due to  Mycobacterium abscessus  is a diffi cult-to- 
treat infection. The ISHLT published a study including 5200 
LTR. Seventeen patients (0.33%) were identifi ed with  M. 
abscessus  infection affecting the pulmonary allograft in 12, 
the skin/soft tissue in 3, or both in 2. Therapies included mul-
tiple antibiotics in 16, surgical debridement in 2, interferon- 
gamma in 1, or no therapy owing to presumed colonization 

in 1. Ten of 17 patients were considered cured while 2 
patients died due to infection [ 69 ]. More recently, NTM 
infection has been associated with increased risk of mortality 
independent of BOS [ 67 ]. 

  Nocardia  spp.    infections are uncommon in lung, or heart–
LTR. Specifi c risk factors are shown in Table  11-4 . One ret-
rospective review of 540 heart, lung, or heart–LTR examined 
10 patients (1.9%) with nocardia infection. It occurred at a 
median of 13 months after transplantation. All the patients 
had pulmonary disease and no evidence of extrapulmonary 
involvement. Nocardia infection did not contribute to patient 
deaths directly. Coinfection with other pathogens was pres-
ent in six patients, and two had sequential infections [ 70 ]. A 
chart review from 1990 to 2007 revealed  Nocardia  spp. 
infections in 4 of 410 LTR despite prophylaxis [ 71 ]. All 
infections were confi ned to lung and occurred at a median of 
315 days after transplantation.  Nocardia nova  was isolated in 
two patients,  Nocardia farcinica  in one, and unspecifi ed 
 Nocardia  spp. in one. All isolates were susceptible to cotri-
moxazole [ 71 ].

   The incidence of   Clostridium diffi cile  infection (CDI)   is 
rising in recent years up to 22.5% in LTR [ 72 ] and is higher 
than in other SOTR with the exception of pancreas [ 73 ]. Half 
the cases presents within the fi rst month after transplanta-
tion. Previous administration of cephalosporins and cortico-
steroid use before transplantation has been considered as risk 
factors for CDI which, in turn, is not predictive of mortality  
[ 72 ,  73 ].  

11.3.2     Specifi c Features of Antibiotic 
Treatment 

   The forthcoming  treatment   recommendations, as well  as 
  many of the other found in this chapter, are based mainly on 
the authors’ experience in managing these patients and not 
only on scientifi c data. 

 No standardized regimen or guidelines exist regarding the 
choice of perioperative antibiotic therapy. Antibiotic prophy-
laxis in LTR should be initiated with broad-spectrum antimi-
crobials to cover  P. aeruginosa , and  S. aureus . For initial 
prophylaxis, the authors’ group uses combined amoxicillin- 
clavulanate, 2 g, plus aztreonam, 2 g, every 3 h during sur-
gery, and every 8 h thereafter. Recipients with septic lung 
disease (e.g., CF or bronchiectasis) should receive antimi-
crobial agents tailored according to their pre-transplantation 
sputum cultures. In this case, the authors also recommend 
nebulized tobramycin from the patient’s arrival to the ICU 

   TABLE 11-4.    Specifi c risk factors for   Nocardia  spp  . infection in LTR   

 Frequent episodes of rejection 

 High-dose corticosteroid treatment 

 Renal impairment 

 Prolonged respiratory support 
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after surgery. The duration of prophylaxis depends on the 
results of donor and recipient respiratory sample cultures at 
the time of LT. When cultures are negative, prophylactic 
agents are withdrawn on the third to fi fth days. When cul-
tures are positive or in recipients with septic lung disease, 
antibiotic treatment is adjusted and maintained for 2 weeks 
or until cultures are negative. With this approach, the inci-
dence of bacterial pneumonia in the early post- transplantation 
period (fi rst 3 months) in the authors’ lung transplant popula-
tion is approximately 10%. 

 Whenever a clinically signifi cant microorganism is iso-
lated in a respiratory sample within the fi rst 3 months, 
 specifi c intravenous antibiotic therapy is started, even if the 
patient is asymptomatic. The only situations in which treat-
ment should not be started are colonization with oral strepto-
cocci or plasmocoagulase-negative staphylococci. Combined 
and aminoglycoside treatment should be used for pneumo-
nia. In the case of tracheobronchitis due  P. aeruginosa , the 
authors combine a β-lactam with nebulized tobramycin at a 
dose of 100 mg every 12 h. Other indications in the authors’ 
hospital for nebulized tobramycin or colistin include coloni-
zation with MDR Gram-negative bacilli, particularly 
 Acinetobacter  spp.,  Pseudomonas  spp., and  S. maltophilia ; 
and episodes of tracheobronchitis in which signs of anasto-
motic ischemia are found. 

 From the third to sixth month after transplantation, only 
symptomatic episodes of infection are treated. Colonization 
is only treated when the microorganism is demonstrated in 
two respiratory samples taken at 1-week interval  .   

11.4     Fungal Infections 

11.4.1     Epidemiology 

 Among SOTR, the lung  and   heart–lung have the highest 
associated  incidence   of fungal infection. The etiology is 
characteristically  Aspergillus  spp., in contrast to others in 
which infection by  Candida  spp. is the most common. A 
large study observed a 12-month cumulative incidence of 
5.5% of IFI with  Aspergillus  spp. as the leading etiology 
(72.7%) [ 74 ]. Aspergillus infection in LTR is manifested in 
several ways, including airway colonization and various 
forms of tracheobronchitis (simple or ulcerative, with or 
without pseudo-membrane formation). Colonization with 
 Aspergillus  spp. occurs in 22–85% of LTR at some time after 
transplantation [ 36 ,  75 ]. Without prophylaxis, the incidence 
of IA ranges from 13 to 26%, and the related mortality is 
high (41–100%). With prophylaxis, the incidence of IA is 
2–8% [ 75 – 77 ]. The incidence of tracheobronchitis is about 
4–12% [ 75 ]. In our center, the incidence of IA and tracheo-
bronchitis in 104 LTR given nebulized liposomal amphoteri-
cin B (n-LAB) prophylaxis was 0.9% and 1.9%, respectively. 
IA was classically considered a complication of the immedi-
ate post-transplant period, but a RESITRA study demon-

strated that its incidence remains high after this period [ 76 ]. 
However, about two thirds of the episodes of ulcerative tra-
cheobronchitis and IA occur at 6–9 months after transplanta-
tion. Mortality for tracheobronchitis is around 25%, but for 
IA rises to 67–82% [ 78 ]. 

  Signifi cant   risk factors for the development of IA in LTR 
are listed in Table  11-5 . Surprisingly, no relationship with 
rejection or augmented immunosuppression has been recog-
nized, but this possibility cannot be ruled out. BOS is a risk 
factor for IA but, on the other hand, LTR colonized with 
small conidia  Aspergillus  spp. ( A. fumigatus ,  A. nidulans , 
and  A. terreus ) are prone to developing BOS [ 81 ]. Patients in 
whom  Aspergillus fumigatus  was isolated from airway sam-
ples during the fi rst 6 months were 11 times more likely to 
develop IA than were those not colonized [ 79 ]. The relation-
ship between colonization and invasive disease at 6 months 
to 1 year after transplantation is not so evident. No difference 
in the frequency of postoperative colonization is established 
between recipients with CF and recipients without [ 75 ]. The 
authors’ transplant group does not consider previous coloni-
zation by  Aspergillus  spp. to be a transplant contraindication; 
however, in these patients, bilateral lung transplant is manda-
tory, and chest computed tomography (CT) scanning must be 
performed to rule out the adherence of mycetomas to the 
chest wall.

    Tracheobronchitis   is a characteristic type of aspergillosis 
almost exclusive to LTR [ 75 ,  82 ].  A   spectrum of disease 
occurs, from simple bronchitis to pseudomembranous, nodu-
lar, and fi nally ulcerative tracheobronchial aspergillosis that 
is considered a form of IA. The anastomotic site is often 
affected, and this can lead to suture dehiscence, severe hem-
orrhage, or disseminated disease, invariably being fatal. 
Distinguishing between asymptomatic colonization and tra-
cheobronchitis can be diffi cult as clinical symptoms may be 
absent or attributed to a concurrent clinical process (e.g., 
bacterial infection, rejection). When  Aspergillus  spp. is iso-
lated from respiratory samples in the fi rst 6–9 months, the 
authors perform a bronchoscopic study to rule out pseudo-
membranous or ulcerative tracheobronchitis. Likewise, early 
isolation of  Aspergillus  spp. from the airways identifi es LTR 
at increased risk for the development of endobronchial 
abnormalities such as exuberant granulation tissue or stric-
ture formation [ 83 ]. The authors believe that initiating treat-
ment is mandatory whenever this microorganism is isolated 
from respiratory samples. 

   TABLE 11-5.    Risk factors for   Aspergillus  spp  . infection in LTR   

 Previous colonization with  Aspergillus  spp. [ 73 ] 

 CMV pneumonitis [ 22 ,  78 ,  79 ] 

 Airway ischemia 

 Single-lung procedure [ 13 ,  22 ] 

 Single-nucleotide polymorphisms in the genes encoding interleukin-1β 
and β-defensin-1 [ 80 ] 

  Bronchiolitis obliterans  syndrome 
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 The diagnosis  of   IA is problematic because of the risk of 
colonization and contamination and the low predictive value 
of respiratory sample cultures (mainly sputum). For LTR, the 
presence of a new or progressive infi ltrate or consolidation 
can be taken into consideration for diagnosis, although clas-
sical radiological criteria include the appearance of dense, 
well-circumscribed lesions, cavitations, or endobronchial 
lesions [ 84 ].     Galactomannan (GMN)   detection in bronchoal-
veolar lavage (BAL) is useful in diagnosing IA. The role of 
GMN quantifi cation was assessed in a study of BAL samples 
in 116 LTR. The authors found a sensitivity of 60% and a 
specifi city of 95%, based on a cutoff of 0.5, that raised to 
98% when the cutoff was 1.0 [ 85 ]. Another study reported 
sensitivity and specifi city of GMN in BAL of 100% and 
almost 91%, respectively, using an index >1.0 as cutoff [ 86 ]. 
Finally, the ISHLT includes pan- Aspergillus  PCR in BAL 
together with compatible symptoms and radiological imag-
ing for the diagnosis of probable IFD in LTR based on a 
study that reported a sensitivity and specifi city for diagnos-
ing IA of 100% and 88%, respectively [ 87 ]. Nevertheless, 
the authors consider that PCR techniques warrant further 
studies and should not be used for routine daily diagnosis or 
treatment monitoring until standardization is performed. 

 Another distinctive issue is IA of the native lung in single- 
LTR. This may develop immediately after transplantation 
because of preexisting disease that was not detected, or it 
may represent de novo infection in patients with destroyed 
native lungs [ 13 ,  22 ,  88 ]. At times, IA is extremely diffi cult 
to diagnose. It occurs in patients with unilateral grafts who 
are diagnosed with  Aspergillus  tracheobronchitis; because of 
the unstructured nature of the native lung parenchyma, alter-
ations are diffi cult to visualize on CT until the process is well 
advanced. This type of disease has poor prognosis, since 
achieving therapeutic concentrations of antifungal agents in 
the residual lung parenchyma is virtually impossible. In 
cases of tracheobronchitis in single-LTR, the authors employ 
BAL of each lung and initiate the same treatment used for IA 
when selective BAL of the native lung culture is positive. It 
is advisable to perform a native lung pneumonectomy if pos-
sible because it probably represents the only way to cure an 
established process. 

 Most cases  of   candidiasis occur during the fi rst months 
after surgery. The main portal of entry is the gastrointestinal 
tract, followed by endovascular catheters and the urinary 
tract.  Candida infections   can manifest as peritonitis, empy-
ema, candidemia [ 89 ], urinary tract infection, necrotizing 
bronchial anastomotic infection [ 90 ], mediastinitis, or 
esophagitis. Graft-transmitted candidiasis, which ends most 
often in fungal arteritis, has been described in heart and so 
can be in heart–lung transplantation [ 33 ]. 

 The incidence  of    P. jirovecii  pneumonia varies greatly 
among centers [ 13 ]. A prevalence of up to 88% has been 
described in patients without prophylaxis. Cotrimoxazole 
prophylaxis is effective in nearly 100% of patients, so its 
administration is mandatory. About one-third of  P. jirovecii  

infections occur after the fi rst postoperative year. Then, since 
recipients maintain steroid treatment, the authors recom-
mend lifelong prophylaxis [ 91 ]. Dapsone may be an alterna-
tive for patients with contraindications or intolerability to 
trimethoprim-sulfamethoxazole. 

 The incidence  of    cryptococcosis   ranges between 0 and 
1.5% in American and European series of SOTR, and it is the 
third most common infection after candidiasis and IA [ 92 ]. 
The antifungal activity of calcineurin inhibitors may explain 
this low incidence [ 93 ] which, in turn, is higher in heart than 
in lung transplantation.  Cryptococcus neoformans  var.  grubii  
has no particular geographical predilection and causes the 
most infections.  C. neoformans  var.  neoformans  is prevalent 
in northwestern Europe. and  C. gattii , has emerged in the 
Pacifi c Northwest [ 94 ] and in Europe [ 95 ]. Patients who 
receive high doses of corticosteroids or monoclonal antibod-
ies such as alemtuzumab and infl iximab have the highest risk 
[ 96 ]. Cryptococcosis is typically a late-occurring infection; 
the time to onset usually ranges from 16 to 21 months post-
transplantation. More than half of SOTR have disseminated 
disease or CNS involvement and as many as 33% have 
fungemia [ 97 ]. The mortality of cryptococcosis ranges from 
14 to 27% [ 92 ,  93 ]. 

 The incidence of infections by molds other than  Aspergillus  
spp. has increased in recent years [ 98 ]. Most are caused by 
Mucorales (mucormycosis or zygomycosis), although infec-
tions by  Fusarium  spp. [ 99 ] and  Scedosporium  spp. are also 
recorded. Recent American and European series reported a 
frequency of mucormycosis lower than 3% among all SOTR 
with fungal infection [ 92 ,  100 ]. Renal insuffi ciency, diabe-
tes, and previous administration of voriconazole or caspo-
fungin have been described as independent risk factors for 
mucormycosis [ 101 ]. The most common site of mucormyco-
sis is the lung, with a mortality of 45–50% [ 101 ]. Mortality 
can reach 73% in cerebral forms [ 102 ]. Infections by 
 Scedosporium apiospermum  account for 25% of IFI caused 
by molds other than  Aspergillus  spp., especially in single 
LTR and CF [ 103 ]. 

  Endemic mycoses   can potentially cause infection in 
LTR. These are especially important in endemic areas of the 
United States such as the Midwest for histoplasmosis. The 
fi rst year is the period of highest risk for histoplasmosis as a 
consequence of reactivation of a latent infection, new expo-
sure or donor-derived infection [ 104 ]. Urinary antigen appears 
to be a better diagnostic tool than the fungal antibody serol-
ogy in LTR [ 105 ]. In patients whose explanted lung is found 
to have histoplasmosis, antifungal prophylaxis seems effec-
tive at preventing reactivation [ 105 ]. Coccidioidomycosis is 
typically acquired when patients are exposed to the desert soil 
of the Southwestern United States and Northern Mexico. The 
most common mechanism of infection in LTR is reactivation, 
but donor-derived transmission has also been reported. 
Patients, in whom there is evidence of prior coccidioidomy-
cosis, either radiographically or serologically, may require 
lifelong antifungal prophylaxis [ 106 ].  
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11.4.2     Specifi c Features of Antifungal 
Treatment 

  The fi rst  pointto   remember regarding fungal infection is that 
the risk period—a minimum of 1-year post-transplantation—
for developing IA is quite long. This fact makes the paren-
teral administration of antifungal treatment unfeasible. Thus, 
two alternatives, nebulized AFB and oral voriconazole, 
remain. 

 Universal prophylaxis against  Aspergillus  spp. is gener-
ally accepted in lung and heart–LTR (Table  11-6 ) [ 107 ]. 
Since most  Aspergillus  infections in LTR affect the respira-
tory tree and airway colonization by the conidia precedes the 
infection, nebulized AFB appears to be an attractive 
approach. The authors’ group conducted a study to evaluate 
the pharmacokinetics and distribution of nebulized AFB in 
LTR [ 108 ]. Airway concentrations of AFB after nebulization 
with 6 mg of AFB deoxycholate theoretically offer adequate 
protection. Concentrations in the alveolar lining were higher 
than those found in the proximal bronchial tree, but the latter 
were still suffi cient to protect anastomoses. Additionally, 
distribution studies using ventilation and perfusion gammag-
raphy imaging with technetium-99 m-labeled AFB deoxy-
cholate were performed. All demonstrated acceptable 
delivery of the agent to native lungs and allografts in amounts 
proportionate to their degree of ventilation. Prophylaxis with 

nebulized AFB decreased the incidence of IA below 3% 
[ 108 ]. In the authors’ experience, the incidence of any kind 
of  Aspergillus  spp. infection in 226 consecutive LTR was 
7.5%. However, administration of nebulized AFB every 
8 h day after day is a considerable drawback. With the aim of 
prolonging the dosing interval, our group determined the air-
way concentrations of the drug after nebulization of 24 mg of 
the liposomal formulation (Ambisome ® ) [ 109 ]. We could 
demonstrate that AFB concentrations after n-LAB remained 
high enough for prophylaxis of  Aspergillus  spp. infection 
over 14 days. There was no signifi cant systemic absorption 
of the drug and no effect was observed on respiratory func-
tion. Thus, the main advantages of nebulized prophylaxis are 
the lack of drug–drug interactions, the cost-effectiveness 
relationship, and the ability to achieve high levels of lung 
antifungal concentrations without systemic side effects 
[ 109 ]. One disadvantage is local irritation that leads to cough 
or bronchospasm. These effects occur in fewer than 10% of 
patients. The use of salbutamol or halving the drug concen-
tration can improve the symptoms. Other disadvantages are 
the need for appropriate equipment and for the patient or 
family members to know how to administer it. The possibil-
ity of irregular distribution of the drug in the lung is another 
potential limitation [ 110 ]. Voriconazole is an alternative 
although there is also a lack of randomized studies [ 111 ]. 
Moreover, an increase in liver enzymes has been observed in 
up to 60% of LTR receiving voriconazole leading to discon-
tinuation of the drug in 14% of them [ 112 ]. Skin cancer has 
also been reported in LTR with its prolonged use [ 113 ].

   Colonization with  Aspergillus  spp. must be treated to pre-
vent IA. The authors recommend n-LAB 25 mg/24 h for 7 
days, then 25 mg/72 h, or nebulized AFB lipid complex 
50 mg/24 h once every 2 days. In the case of intolerance, 
voriconazole should be considered (loading dose 400 mg/12 h 
PO, then 200 mg/12 h PO). 

 In the case of nodular or ulcerative tracheobronchitis, 
voriconazole plus nebulized lipid formulations at the doses 
above mentioned are recommended. A bronchoscopy should 
be performed every week or every 2 weeks to evaluate the 
extension of disease and to clear necrotic debris and fungus 
balls. A high-resolution CT scan should also be performed to 
rule out parenchymal extension. 

 In LTR with anastomotic tracheobronchitis due to  Candida  
spp. the recommended treatment is n-LAB 25 mg three times 
a week, or nebulized AFB lipid complex every other day plus 
removal of the debris by repeated bronchoscopies. 
Echinocandins may be more effective than azoles for 
 Candida  spp. growing in the biofi lms of the anastomoses. 

 When dehiscence of the bronchial anastomosis occurs, 
both surgical resection and stent placement may be neces-
sary in addition to antifungal therapy, although the prog-
nosis is poor. Other indications of surgery are shown in 
Tabl e  11-7 .

   TABLE 11-6.     Prophylaxis   for   Aspergillus    spp. in the lung and heart–
lung transplant recipient [ 107 ]   

 Target population  Antifungal drug  Duration 

 All recipients  Nebulized liposomal 
amphotericin B 
25 mg a  

 Indefi nite or 
for a 
minimum of 
12 months  Recommended strategy  Three times a week 

until resolution of 
bronchial suture 

 Once a week from 2 to 
6 months 

 Once every 2 weeks 
thereafter 

 or  Guided prophylaxis  in case of the presence of risk factors 

 Induction with aletuzumab 
or thymoglobulin 

 Nebulized liposomal 
amphotericin B 
25 mg 

 Determined by 
the presence 
of risk 
factors  Acute rejection  Three times a week for 

2 weeks then once a 
week 

 Single-lung transplant 

  Aspergillus  spp. 
colonization 

 Acquired 
hypogammaglobulinemia 
(IgG <400 mg/dL) 

   a Considered also nebulized amphotericin B lipid complex 50 mg.  
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11.5         Viral Infections 

11.5.1     Epidemiology 

   The second  most   frequent cause of infection after LT is 
CMV.  The   overall incidence of replication and disease with-
out prophylaxis ranges from 53 to 75% [ 114 ], a much higher 
rate than those associated with other SOTR with the excep-
tion of small bowel transplantation. In patients without pro-
phylaxis, the incidence of pneumonitis approaches 100% in 
CMV D + /R −  cases, but, in contrast to other types of trans-
plant, CMV-positive recipients also have a high incidence, 
estimated at 60–75%. 

 The  risk factors for CMV   disease (Table  11-8 ) have not 
been extensively studied in LT, but knowledge obtained in 
other SOTR can be applied. The most important risk factor 
for the development of CMV disease is CMV mismatch, 
which confers more than 50% risk in the absence of antivi-
ral prophylaxis or preemptive treatment strategies [ 119 ]. 
However, cell-mediated immunity is known to be more 
important than humoral immunity in controlling CMV. CMV 
infection elicits a strong virus-specifi c CD4 +  and CD8 +  
T-cell response that, currently, can be measured [ 120 ,  121 ]. 
As an example, those LTR considered negative or indeter-
minate to Quantiferon-CMV are at risk of developing CMV 
disease [ 115 ,  116 ]. In a trial comparing sirolimus to azathio-
prine, the overall incidence of any CMV event was lower in 
the sirolimus arm at 1 year (RR = 0.67, CI 0.55–0.82, 
 p  > 0.01) [ 122 ]. The relationship between CMV disease and 
other risk factors such as co-infection with Human 
Herpesvirus 6 (HHV-6) [ 123 ], hypogammaglobulinemia 
[ 124 ], polymorphisms in toll-like receptors (TLR2 and 
TLR4) [ 125 ], or low levels of mannose-binding lectin [ 126 ] 
has been demonstrated in other types of SOTR rather than 
lung. Thus, HHV-6 was not detected in 145 samples from 26 
LTR, even though 30% of the samples were from 9 CMV 
DNA-positive patients in whom 13 episodes of CMV pneu-
monitis were recorded [ 127 ].

   Transplantation of organs containing a large number of 
certain cells that can harbor latent or replicating CMV (e.g., 
macrophages and lymphoid cells) may provide the recipient 
with a higher initial CMV viral load, which then undergoes 
reactivation. Similarly, recipients with active CMV infection 
at the time of transplantation have a higher risk of post- 
transplantation CMV disease [ 128 ]. CMV viral load is an 

important and clinically useful correlate of CMV pneumoni-
tis in LTR [ 129 – 131 ]. 

 CMV  pneumonitis   is the second leading cause of pneumo-
nia [ 15 ] and the most frequent disease in LTR without pro-
phylaxis. The use of prolonged valganciclovir prophylaxis 
has changed the incidence of pneumonitis that has decreased 
in contrast with the viral syndrome that has increased. In 
addition, the time at which the disease appears is from 2 to 4 
weeks after stopping prophylaxis. In the authors’ experience, 
approximately 10% of episodes has a late onset, appearing 
during the second year. Encountering CMV disease after the 
second year is exceptional. CMV pneumonitis has an insidi-
ous onset, which is manifested by constitutional symptoms 
and fever, with a later progression to dyspnea and tachypnea. 
The only relevant sign in an otherwise normal respiratory 
auscultation is tachypnea. Arterial hypoxemia is almost 
always present. The clinician should remember that, when a 
sudden deterioration of respiratory function is observed dur-
ing treatment for CMV pneumonitis, superinfection by 
Gram-negative bacilli or fungi must be investigated. The 
radiologic manifestations of CMV pneumonia are diverse. 
Bilateral, symmetric, interstitial, and/or alveolar infi ltrates 
predominating in both lung bases are the most common 
radiologic features. 

 The diagnosis of  CMV   disease is based on the defi nitions 
that were established by Ljungman et al. [ 132 ]. Several stud-
ies have shown that quantifi cation of the CMV load in the 
plasma or blood can be helpful in making the diagnosis and 
that it can even be used to anticipate the development of 
CMV disease [ 129 – 131 ,  133 ]. 

 Ganciclovir-resistant  CMV infection  , an emerging prob-
lem in the transplantation setting, has been associated with 
CMV D + /R −  status, a high CMV load, and prolonged expo-
sure to ganciclovir. Limaye et al. described a nearly 10% rate 
of ganciclovir-resistant CMV infection, as defi ned by a 
UL97 mutation, and this was more frequent among D + /R −  
patients despite preemptive antiviral therapy or prophylaxis. 
Compared with other SOTR, ganciclovir-resistant CMV in 
LTR include an earlier onset (median of 4.4 vs. 10 months) 
and less-prolonged exposure to ganciclovir (median of 100 
vs. 194 days) [ 134 ]. A trend toward more frequent detection 
of MDR and co-circulation of multiple resistant strains has 
been also shown in LTR [ 135 ]. 

 CMV infection has also an indirect effect on the patient’s 
immune state. The immunomodulation exerted by CMV has 

   TABLE 11-7.     Indications for   surgery in IA   

 Massive hemoptysis 

 Hemoptysis due to lesions located near large vessels 

 Isolated or cavitated pulmonary lesions that progress despite the 
administration of appropriate antifungal treatment 

 Sinus disease 

 Infi ltration of the pericardium, large vessels, bone, or subcutaneous 
thoracic tissue while receiving treatment 

   TABLE 11-8.    Risk factors related to CMV replication and disease 
in LTR   

 CMV serology mismatch: positive donor and negative recipient 

 Absence of specifi c cell-mediated immunity [ 115 ,  116 ] 

 Cytolytic agents such as OKT3 [ 117 ] or antithymocyte globulin [ 118 ] 

 Acute rejection and its subsequent treatment with corticosteroids 

 MMF when the dose exceeds 2 g/day 

 mTOR inhibitors is associated with a lower risk 
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two demonstrated effects. CMV infection induces a transient 
state of additional immunosuppression that makes the host 
more susceptible to the development of infection by opportu-
nistic microorganisms [ 136 ], and it seems to play a role in 
the pathogenesis of graft rejection [ 114 ,  137 ]. The detection 
of CMV DNA in the BAL is associated with the develop-
ment of BOS irrespective of the magnitude of viral replica-
tion, the presence of tissue invasive disease or whether viral 
replication is symptomatic or asymptomatic [ 138 ]. The asso-
ciation between augmented antiviral prophylaxis and reduced 
cellular rejection has been also identifi ed in LTR [ 139 ,  140 ]. 
Although antiviral drugs adequately suppress CMV replica-
tion, LTR remain vulnerable to both clinical and subclinical 
CMV replication on cessation of prophylaxis that is associ-
ated with BOS. However, other studies [ 141 ] reported no 
increased risk of BOS in a cohort of patients with beta her-
pesvirus (CMV, HHV-6, and HHV-7) replication within the 
lung allograft. 

 Respiratory viruses have been increasingly recognized as 
common pathogens in LT. Previous cohorts have reported an 
incidence of RV infections in LT in the range of 7.7–64% 
[ 142 ,  143 ]. Our group conducted a 5-year prospective study 
including 98 LTR that demonstrated an overall incidence of 
RV of 0.85 per patient-year. Our results are similar to data 
recently published in another large prospective study [ 144 ]. 
Seasonal patterns of RV circulating in LT are comparable to 
those observed in the community. Picornaviruses (mainly 
rhinovirus), coronaviruses, and infl uenza virus were the 
most common etiological agents, accounting for 76.5% of 
microbiologically confi rmed symptomatic infections. 
Rhinoviruses are the leading cause of RV infections. 
Rhinovirus were associated not only with mild self-limiting 
upper respiratory tract infection but also with lower respira-
tory tract infection, mainly in form of tracheobronchitis. 
Patients with paramyxovirus (especially respiratory syncy-
tial virus) and infl uenza infection had a higher incidence of 
pneumonia and hospitalization rate [ 145 – 147 ]. The relation-
ship between RV infections and acute rejection has not been 
clearly established in previous studies [ 144 ,  148 ,  149 ]. Our 
data showed a trend toward a signifi cant clinical link between 
RV and biopsy- proven acute lung rejection including the 
acute phase of the viral infection (with no relation to clinical 
presentation) and a follow-up period of 3 months. It has also 
been advocated that patients with documented community 
respiratory viral pneumonitis are predisposed to high-grade 
BOS development [ 150 ]. Finally, RV infections have been 
described as a risk factor for developing bacterial and fungal 
superinfection [ 151 ]. 

 The incidence of  pneumonitis   due to HSV type 1 ranges 
from 5 to 10% in LTR without prophylaxis [ 12 ]. Most of 
them are reactivations that appear in the fi rst 2 months, but 
they can occur as early as 5–10 days after transplantation. 
HSV pneumonitis is often associated with bacterial or CMV 
pneumonia. In contrast to CMV pneumonitis, pulmonary 
involvement by HSV type 1 provokes respiratory insuffi -

ciency and bilateral alveolar infi ltrates in the majority of 
patients affected. Valganciclovir prophylaxis for CMV dis-
ease also protects against HSV infection. 

 The incidence of EBV-related  post-transplant lymphopro-
liferative disorders (PTLD)   varies greatly, ranging from 2 to 
33% [ 152 ,  153 ]. These differences are probably due to varia-
tions in immunosuppression regimens, the number of EBV 
seronegative recipients, and the percentage of pediatric 
patients included in the series. The risk for developing PTLD 
is higher in EBV seronegative LTR. However, late onset 
PTLD tends to present in seropositive recipients. Early onset 
PTLD involves predominantly the transplanted lung, whereas 
late onset PTLD does not [ 154 ]. Possible enhancement of 
EBV activity by the β-herpesviruses, such as CMV, HHV-6, 
or HHV-7, has not been conclusively established. Monitoring 
EBV DNAemia does not predict PTLD [ 153 ]. 

 The incidence of  pneumonitis   due to adenovirus is quite 
low, affecting about 1% of all adult LTR. It tends to appear in 
the fi rst 3 months after transplantation. It induces severe dis-
ease with progressive respiratory failure; in most cases, the 
clinical course is fatal. In contrast, adenovirus infection is a 
widespread problem in the pediatric LTR. The attack rate is 
almost 50%, and at least half of the patients die of respiratory 
failure because of diffuse alveolar damage. BOS develops 
uniformly in the survivors. 

 Recently, the experiences of 239 LTR with herpes zoster 
infection have been published. The calculated incidence was 
55.1 cases per 1000 person-years of follow-up. The cumula-
tive probability of herpes zoster was 5.8% at 1 year, 18.1% at 
3 years, and 20.2% at 5 years’ post-transplantation. Only 
5.7% of the patients had disseminated cutaneous infection 
and none had visceral involvement. Recurrence of herpes 
zoster was observed in 13.8% of patients. Postherpetic neu-
ralgia was detected in 20% of cases   [ 155 ].  

11.5.2     Specifi c Features of Antiviral 
Treatment 

   Two strategies  exist   for the prevention of CMV  disease   in 
SOTR. The fi rst is prophylaxis, in which an antiviral agent is 
administered immediately after transplantation to those recip-
ients at high risk for CMV disease (e.g., D + /R −  cases or 
patients who require the administration of conventional T-cell 
receptor antibodies). The second strategy, preemptive ther-
apy, consists of the administration of an antiviral agent when 
nucleic acid testing (NAT) evidences a level of viral replica-
tion highly predictive of CMV disease. An international sur-
vey showed the lack of uniformity when managing with CMV 
infection in LT. Although prophylaxis is the most commonly 
used preventive strategy, its duration is extremely variable 
(from 3 months to indefi nite). Half the centers routinely 
decreased immunosuppression at the time of viremia while 
the other half did not take any measure [ 156 ]. In an attempt to 
avoid this issue, guidelines have been published [ 157 ]. 
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 The authors believe that prophylaxis plus preemptive ther-
apy is the best strategy for the prevention of CMV disease in 
LTR. The authors’ recommendation is intravenous ganciclo-
vir at a dose of 5 mg/kg every 24 h until oral intake is toler-
ated, followed by a switch to valganciclovir at a dose of 
900 mg once a day until 180 days after transplantation for 
seropositive recipients and 360 days for CMV mismatch. 
Valganciclovir at reduced doses to avoid toxicity should not 
be administered due to its association with CMV disease and 
increased risk of emergence of resistance [ 158 ]. During pro-
phylaxis, we do recommend monitoring of viral load by NAT 
due to the possibility of breakthrough disease, particularly in 
seronegative recipients [ 158 ]. Once prophylaxis ends, sur-
veillance should continue at every medical visit until the sec-
ond year after transplantation and preemptive therapy with 
valganciclovir should be initiated. Treatment is initiated in 
the following situations: (1) in D + /R −  transplant recipients, 
whenever evidence of viral replication is found, and (2) in 
CMV-seropositive recipients, when viral load is high (e.g., 
>5000 UI/mL in plasma) or when an increase is registered in 
two consecutive analyses. When the viral load is under the 
established cutoff for initiation of preemptive therapy, the 
analyses should be repeated within 1 week. The duration of 
preemptive therapy has not been established, but the authors 
prefer a minimum of 7–10 days when viral replication is 
negative. 

 When CMV disease is diagnosed, treatment is started with 
ganciclovir at 5 mg/kg every 12 h. Generally, tacrolimus and 
prednisone doses are not reduced, except in cases of pneumo-
nitis, in which they are progressively tapered. MMF is with-
drawn or the dose is halved. If ganciclovir-associated 
leukopenia develops and the polymorphonuclear count drops 
below 500 cells/mL, the patient is treated with granulocyte- 
stimulating factor until the polymorphonuclear count increases 
to more than 1000 cells/mL. In patients with pneumonitis, 
gammaglobulins at a dose of 200 mg/kg every 48 h are added 
during the fi rst week of treatment. The viral load should be 
monitored, and a signifi cant increase after the fourth or fi fth 
day of treatment should raise the suspicion of ganciclovir-
resistant CMV infection. However, an increase in viral load 
during the fi rst 2 or 3 days of treatment is not infrequent. The 
duration of therapy is usually 15 days, except in cases of pneu-
monitis, in which therapy is prolonged to 21 days. Generally, 
viral replication is negative at the end of treatment. 

 Current evidence, although not based on high-quality 
studies, suggests that some benefi t is derived from the use of 
oral ribavirin in LTR with non-infl uenza RV infections [ 159 ], 
especially respiratory syncytial virus   [ 160 ].   

11.6     Conclusion 

 Despite several advances in surgical technique, immunosup-
pression and prophylaxis, infection continues to be an impor-
tant cause of disease and death in LTR. Avoidance of these 

infectious complications may not only lead to a decrease in 
the direct consequences of infection but also to a reduction in 
the subsequent causes of ultimate graft failure including both 
acute and chronic rejection. There is a need to explore new 
fi elds such as the relationship between microbiome and 
BOS, or to fi nd new and better antivirals, especially for RV 
infections. But, without forgetting that there are current con-
cerns that must be addressed such as the growing problem of 
antimicrobial resistance for which careful antibiotic steward-
ship is mandatory.     
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       Kidney transplantation is the most common type of trans-
plant performed worldwide. Since 1988, more than 370,000 
kidney transplants have been performed in the United States 
[ 1 ]. Kidney transplantation has been shown not only to ben-
efi t a patient’s quality of life but is also more cost effective 
than dialysis. Transplantation can be performed using 
deceased or living donor kidneys. The native kidneys are 
generally left in situ and the transplant kidney is grafted in 
the right lower abdominal quadrant. The transplant proce-
dure generally consists of anastomoses of the renal artery 
and vein to the native external iliac artery and vein, respec-
tively. The donor ureter is anastomosed to the recipient 
bladder. 

  Posttransplant infections   in renal transplant recipients 
occur in 44.9–81 % patients and include urinary tract infec-
tions (UTIs), bacteremia, pneumonia, wound infection, and 
cytomegalovirus (CMV) infection [ 2 – 6 ]. Severe sepsis post-
transplant often causes graft dysfunction [ 7 ]. Although there 
is no specifi c classifi cation of infections post kidney trans-
plant, these generally follow the timeline of infections post 
solid organ transplant described previously by Fishman and 
Rubin [ 6 ,  8 ], with some caveats specifi c to renal transplanta-
tion. The specifi c infections unique in some aspect to kidney 
transplantation will be the focus of this chapter. Other infec-
tions that are common to all transplant patients are discussed 
briefl y and serve to provide a contextual basis for under-
standing the global infectious disease burden in kidney 
transplant recipients. 

 Postoperative complications and early UTIs are seen in 
the fi rst month posttransplant. Donor-derived infection 
should also be considered early in the posttransplant period. 
During months 1–6, opportunistic infections such as reacti-
vation of herpesviruses, BK virus, and fungal and mycobac-
terial infections are seen. However, it is important to note 
that with ongoing prophylaxis and the use of potent antire-
jection therapies, the initial onset of some infections such as 
> Pneumocystis jirovecii  and cytomegalovirus reactivation 
can occur after 6 months. 

12.1     Pretransplant Evaluation 
of the Kidney Recipient 

  The  pretransplant   evaluation of the kidney transplant patient 
includes obtaining a history of infectious diseases, infectious 
exposures, and immunizations [ 9 ]. Generally, active infec-
tious diseases should be resolved and/or adequately treated 
prior to undergoing kidney transplant. During the evaluation 
for transplant, serologic screening for human immunodefi -
ciency virus (HIV), hepatitis C virus (HCV), hepatitis B 
virus (HBV), human T-cell lymphotropic virus (HTLV), 
CMV, EBV, herpes simplex virus (HSV), Varicella-Zoster 
virus (VZV), and syphilis is done and each result needs to be 
carefully evaluated. HIV is no longer a contraindication to 
kidney transplant and is discussed further in section Kidney 
Transplantation in the HIV-Positive Recipient [ 10 ]. The 
knowledge of CMV and Epstein–Barr virus (EBV) serologic 
status is important to guide antiviral prophylaxis posttrans-
plant. Hepatitis C antibody and hepatitis B surface antigen 
positivity are not contraindications to renal transplant but the 
extent of liver disease should generally be delineated with 
pretransplant liver biopsy. If possible, attempts to treat these 
viruses should be made prior to transplant. Studies indicate 
that treatment of HCV with interferon-α and ribavirin post-
transplant leads to a 60–70 % rate of allograft rejection [ 11 , 
 12 ]. However, this is not an issue with the new protease 
inhibitors for HCV [ 13 ]. On the other hand, hepatitis 
C-positive recipients could be considered for a kidney trans-
plant from a hepatitis C-positive donor. 

 Persons who are  HTLV-I   or -II positive should be assessed 
on an individual basis. In endemic areas, there is a risk of 
progression of 2–4 % to HTLV-I-associated myelopathy/
tropical spastic paraparesis [ 14 ]. A positive  syphilis  screening 
test   should lead to a confi rmatory test specifi c for syphilis 
antigens. If a confi rmatory test is positive, the patient should 
be treated prior to transplant. Tuberculosis (TB) skin testing 
should be routinely performed although a positive skin test is 
not a contraindication to transplant. False negative skin tests 



186

can occur in hemodialysis patients [ 15 – 18 ]. Interferon-γ 
release assays (IGRAs) for TB may also be used for screen-
ing in this population. These include the QuantiFERON-TB 
Gold and T.Spot.TB, both of which measure the amount of 
interferon-γ released in response to ex vivo cell stimulation 
with TB-specifi c antigens. Recent studies have shown that 
these assays may have improved test characteristics in the 
hemodialysis population when compared to the tuberculin 
skin test (TST) [ 15 ,  16 ]. Patients found to have latent TB can 
be initiated on therapy prior to transplant and complete the 
course posttransplant if necessary. This consists of isoniazid 
5 mg/kg once daily or 900 mg thrice a week (plus vitamin 
B6) for 9 months [ 18 ]. A shorter 4-month course of rifampin 
may also be effective; however, rifampin will have signifi -
cant drug interactions with immunosuppressives if transplant 
occurs while on treatment. An immunization record should 
also be obtained to ensure routine vaccinations are up to date 
[ 19 ]. Pretransplant, patients should have received tetanus 
toxoid and pneumococcal vaccine. Immunity to varicella, 
measles, mumps, and rubella should be determined. If immu-
nity is absent, then varicella and MMR vaccines should be 
given; however, since these are live vaccines, the transplant 
should be on hold for 4 weeks after vaccine is given. Hepatitis 
A and hepatitis B vaccines should also be updated prior to 
transplant .  

12.2     Donor Screening and Donor-
Derived Infections 

   There are  some   important considerations with regard to donor 
infections and transmission in the context of kidney trans-
plantation, which may be unique compared to other organs. 
First, since an alternative exists to kidney transplantation, that 
is, dialysis, the willingness of physicians or patients to under-
take potential risks of infectious diseases transmission associ-
ated with certain types of donors may be different than those 
for other organs. For example, the risk benefi t consideration 
for a critically ill patient with heart failure may be very differ-
ent than a patient on dialysis. Second, since for deceased 
donors, usually two kidneys are transplanted, the opportunity 
exists for early diagnosis of a donor- derived infection that 
may be transmitted through the allograft, since both recipi-
ents may become ill at similar times. 

 Deceased kidney donors require appropriate screening for 
infectious diseases [ 9 ]. A history should elicit cause of death 
as well as previous infectious exposures including those 
potentially acquired during previous travel such as malaria, 
TB, and rabies. Donor screening generally includes sero-
logic studies for HIV, HCV, HBV (surface antigen and total 
core antibody), CMV, EBV, and syphilis (discussed in detail 
in Chap.   7    ). Additional screening may include West Nile 
virus (WNV) nucleic acid testing (NAT), which may be 
dependent on local WNV activity, and the particular policies 

of the organ procurement organization. HTLV I and II 
screening is also done in some jurisdictions. Deceased 
donors should also undergo screening blood and urine cul-
tures. Donors with a history of high-risk behavior may 
undergo additional testing (NAT) to determine whether they 
are in the “window period” of seroconversion for HIV, HBV, 
or HCV. For some OPOs it may be routine to offer NAT test-
ing for all donors. Controversy exists whether organs from 
increased risk donors should be used for kidney transplanta-
tion or not. However, based on a decision analysis, utiliza-
tion of high risk organs is benefi cial even in kidney transplant 
recipients [ 20 ]. A standardized informed consent may 
increase patient acceptability of these organs [ 21 ]. Organs 
from HCV-positive donors may be considered for use in 
HCV-positive kidney transplant recipients. Alternatively, the 
situation may arise where a donor may have previously been 
treated for HCV and achieved sustained virologic response. 
In this case, it is controversial whether the kidney should be 
transplanted in a HCV-negative recipient, since the risk of 
transmission is largely unknown [ 22 ]. Recent consensus 
guidelines indicate that individual consideration should be 
given to use of isolated hepatitis B core antibody-positive 
donors with antiviral prophylaxis in the recipient as the risk 
of active hepatitis B is low [ 23 ]. It is impractical to screen 
donors for TB using TST; deceased donor screening with 
Quantiferon-TB in the research setting results in a high 
number of indeterminate tests [ 24 ]. Bacteremic donors are 
generally acceptable with antibiotic treatment of the recipi-
ent [ 25 ]. However, caution should be used when donors are 
bacteremic with multidrug-resistant organisms. 

 Unusual pathogens such as rabies and lymphocytic cho-
riomeningitis virus (LCMV)/arenavirus have been transmit-
ted to renal transplant recipients, although these cases are 
rare and diffi cult to predict [ 26 – 31 ]. There have been no 
LCMV seroprevalence studies in donors and it is unknown 
whether donors with rodents are at greater risk. To avoid 
transmission of unusual viruses, we recommend not to use 
organs from donors who had died of an unknown form of 
meningitis or encephalitis. Other pathogens that have been 
transmitted via donors to kidney transplant recipients include 
malaria and syphilis [ 32 – 35 ]. These are generally treated 
successfully if they are recognized early. Unusual fevers or 
illnesses posttransplant, especially in the fi rst month post-
transplant, are alerts for donor-derived infections. In these 
cases, it is important to revisit the original donor evaluation 
as well as to investigate whether recipients of other organs 
from the same donor are experiencing similar illness. 

 Living kidney donors also undergo screening similar to 
that of cadaveric donors. However, living donors should also 
be screened for latent TB using a TST. If determined to have 
latent TB infection, the donor should ideally complete ther-
apy for latent TB prior to donation [ 36 ]. As an alternative, 
the recipient can be treated with isoniazid for 9 months post-
transplant. In the latter case, treatment should be initiated as 
soon as possible posttransplant since the greatest risk of TB 
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reactivation is in the fi rst year [ 37 ].  Strongyloides  sp. anti-
body testing and screening for  Trypanosoma cruzi  (the agent 
of Chagas disease) should also be done in living donors from 
endemic areas   [ 38 ].  

12.3     Technical Complications Leading 
to Infection 

  Technical problems after   kidney transplantation can arise 
due to either vascular or nonvascular complications. 
Infections related to these complications usually, but not 
always, present in the early postoperative period. Overall, 
the risk of such complications is generally lower than that of 
other types of transplants. Surgical wound complications are 
probably the most common and include wound infection, 
dehiscence, incisional hernias, and lymphoceles [ 39 ,  40 ]. 
Ureteral complications include urinary leaks and ureteral 
strictures. Other postoperative issues include vascular throm-
bosis or bleeding and hematoma formation. In one retrospec-
tive study of 870 patients who underwent deceased donor 
kidney transplant, at least one surgical complication occurred 
in 34 % [ 40 ]. Wound complications occurred in 10.5 % with 
isolated lymphoceles in 6 %. Risk factors for wound compli-
cations include obesity, older age of donor and recipients, as 
well as certain immunosuppressive drugs such as mycophe-
nolate mofetil (MMF) and sirolimus [ 40 ,  41 ]. The incidence 
of posttransplant lymphocele is 0.6–18 %, the majority of 
which are small and asymptomatic [ 42 ]. However, approxi-
mately 6 % can be infected [ 43 ]. Generally, asymptomatic 
lymphoceles can be followed by ultrasound although clinical 
symptoms or unresolving lymphoceles should lead to further 
investigation with percutaneous aspiration and culture. 
Urinary leaks usually occur at the anastomosis (at the site of 
vesicoureteral junction) and may occur due to ischemia of 
the ureter, and can lead to the formation of a urinoma. 
Although uncommon, urinomas occasionally become 
infected primarily with Enterobacteriaceae, although other 
organisms may be seen [ 44 ]. Strictures also occur primarily 
at the anastomosis of the ureter to the bladder, and may be 
secondary to ischemia or rarely due to BK virus, and lead to 
recurrent graft pyelonephritis.  

12.4     Urinary Tract Infections 

 By far, the  most   common infection in a renal transplant 
 recipient   occurs in the urinary tract. Incidence has been esti-
mated to be 4–86 % in some series [ 45 – 47 ]. Risk factors for 
UTI can be divided into pretransplant, intraoperative, and 
posttransplant factors. Pretransplant factors include female 
sex, diabetes mellitus, pretransplant immunosuppression, 
urinary tract abnormality, and dialysis [ 45 ,  48 ]. Intraoperative 
factors include use of a JJ stent, prolonged catheterization, 

infected organ, and retransplantation. Routine ureteric stent-
ing during transplant has been shown to decrease the risk of 
urologic complications but results in a 1.5 times increase in 
relative risk of UTI [ 49 ]. Postoperatively, the risk of UTI is 
increased if graft dysfunction is present. UTIs can occur at 
any time posttransplant and timing may in part be dependent 
on the use of prophylaxis.     Symptomatic   patients with cystitis 
may have dysuria, hematuria, frequency, urgency, suprapu-
bic pain, or foul urinary odor. A urinalysis generally shows 
pyuria and a urine culture reveals signifi cant bacterial 
growth. Signifi cant growth in the nontransplant literature is 
generally defi ned as >10 5  colony forming units/mL of urine 
(or >10 8  cfu/L) of a single organism. Signifi cant pyuria is 
defi ned as >10 WBCs per hpf. However, lower bacterial col-
ony counts, and limited detection of pyuria, may also occur 
in renal transplant recipients with signifi cant infection. Acute 
allograft pyelonephritis is diagnosed if in addition to the 
abovementioned clinical picture, fever or tenderness over the 
allograft is present. Bacteremia and a decline in renal func-
tion may also be the features of acute pyelonephritis. Atypical 
presentations are common, and include isolated febrile syn-
dromes, isolated graft tenderness, and other presentations. 
Emphysematous pyelonephritis is a rare entity that can occur 
in kidney transplant recipients and often requires transplant 
nephrectomy in addition to antimicrobials [ 50 ,  51 ]. However, 
conservative management with antimicrobials and percuta-
neous nephrostomy has also been reported [ 52 ]. 

  Antimicrobial therapy   for simple UTIs or graft pyelone-
phritis should  be   directed at the organism recovered in urine 
culture. The duration of therapy for UTI in renal transplant 
recipients has not been well studied. Graft pyelonephritis can 
usually be treated with a 2- to 3-week course of appropriate 
antibiotic therapy. However, longer durations of antimicrobial 
therapy can generally be used for severe allograft pyelonephri-
tis, recurrent UTIs, and those with structural abnormalities, 
such as ureteric stents, ureteric strictures, and stones. 

 Several studies have examined the consequences of UTI in 
the kidney transplant population. In the fi rst 6 months, UTI 
appears to be associated with bacteremia and acute rejection 
[ 53 ]; UTI occurring after 6 months (termed late- onset UTI) 
is shown to be associated with death and graft loss in a large 
retrospective study [ 54 ]. Several mechanisms are postulated 
for impaired graft function including production of infl am-
matory cytokines and free radicals or associated acute rejec-
tion [ 45 ,  55 ]. Studies have shown that acute graft 
pyelonephritis can have a deleterious effect on long- term 
allograft function [ 56 – 59 ]. Giral et al. [ 57 ] reviewed 1387 
renal transplant recipients, of which 13 % developed allograft 
pyelonephritis during the follow-up. Pyelonephritis within 
the fi rst 3 months was signifi cantly associated with poorer 
graft outcome. Microbial virulence factors have also been 
associated with acute allograft injury. In one study character-
izing  Escherichia coli  isolates from kidney transplant recipi-
ents with UTI, the expression of P fi mbriae in these isolates 
was signifi cantly associated with acute allograft injury [ 60 ]. 
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 To prevent early  UTIs,    antibacterial prophylaxis with 
  trimethoprim- sulfamethoxazole (TMP/SMX) up to 1 year 
posttransplant has been advocated by some investigators 
[ 61 – 63 ]. A small randomized trial of low-dose versus high- 
dose TMP/SMX showed a signifi cant decrease in UTI occur-
rence in the high-dose TMP/SMX group (49.2 % versus 25 % 
patients,  P  < 0.05). This suggests that doses used for 
 Pneumocystis  sp. prophylaxis do not necessarily prevent 
UTI. This approach is also limited by rising antimicrobial 
resistance to TMP/SMX. In one single-center review of UTIs 
in 161 kidney transplant recipients, 25 % of patients devel-
oped UTI despite receiving TMP/SMX prophylaxis [ 64 ]. 
Ciprofl oxacin is also shown to be effective although quino-
lone prophylaxis would not prevent pneumocystis infections 
[ 65 ]. In a retrospective review comparing kidney transplant 
patients that received TMP/SMX versus ciprofl oxacin pro-
phylaxis, the latter group was found to have signifi cantly less 
UTIs at 1 year posttransplant [ 66 ]. However, rising rates of 
fl uoroquinolone resistance in solid organ transplant recipi-
ents were found in a study of gram-negative bacteremia and 
may also limit their use [ 4 ]. The increasing prevalence of 
multidrug-resistant organisms including carbapenem- 
resistant enterobacteriaceae is a major concern in many cen-
ters [ 67 ,  68 ]. In small case series, fosfomycin has been used 
safely to treat drug-resistant infections [ 69 ].  

12.5     Asymptomatic Bacteriuria 

 Many  kidney   transplant programs will do routine  urinalysis 
  and culture frequently in the initial postoperative period and 
continue to monitor at regular intervals thereafter. There is 
no clear consensus on whether to monitor and if done then 
how often to monitor the UTI [ 70 ]. In many cases, a urine 
culture may be obtained routinely at the time bloodwork is 
drawn regardless of patient symptoms. It is unclear how 
many cases of asymptomatic bacteriuria progress to symp-
tomatic infections or allograft pyelonephritis. However, 
many physicians will err on the side of treatment especially 
in the early posttransplant period [ 48 ]. Although there is lit-
tle evidence to support this approach, early in the postopera-
tive period, multiple factors may be present, such as induction 
immunosuppression, indwelling urinary catheters, urinary 
stents, and delayed graft function. One small study found 
that asymptomatic bacteriuria early posttransplant may be a 
risk factor for symptomatic UTIs—although not with the 
same organism [ 71 ]; others have found no benefi t of treating 
asymptomatic bacteriuria [ 72 ]. Ultimately, although there is 
no clear consensus whether asymptomatic bacteriuria should 
be treated, there is evidence to suggest that subclinical UTIs 
may cause allograft damage. One study has shown increased 
levels of urinary infl ammatory cytokines in patients with 
asymptomatic bacteriuria versus controls [ 55 ]. Dupont et al. 
[ 73 ] showed that allograft scarring could occur with asymp-

tomatic bacteriuria even in the absence of vesicoureteral 
refl ux and suggested prophylaxis for asymptomatic infec-
tion. Another situation where asymptomatic bacteriuria 
should be treated is in pregnant transplant recipients.  

12.6     Recurrent Urinary Tract Infections 

  Recurrent    UTIs   in a renal transplant recipient is defi ned as ≥3 
UTIs per year. Predisposing factors that should be ruled out 
 include   vesicoureteral refl ux, neurogenic bladder, structural 
abnormality such as the presence of a ureteric stricture or cal-
culi, or chronic bacterial prostatitis. A persistent renal or peri-
renal abscess could also serve as a focus of infection for 
recurrences. Patients with underlying polycystic kidney dis-
ease may have cyst infection of the native kidney. Ideally, 
abdominal imaging with a CT scan or ultrasound should be 
done to evaluate the transplanted and native kidneys. Referral 
to a urologist for cystoscopy may be necessary to rule out 
other structural abnormalities. In many cases, no correctable 
abnormality is found. If relapse occurs after a 2-week course 
of antibiotics, then a 4- to 6-week course of antibiotics can be 
attempted. In a few cases, patients will require long-term anti-
biotic prophylaxis. The goal is to suppress bacteriuria and one 
potential approach is to obtain routine cultures while on pro-
phylaxis to see if bacteriuria is suppressed. If prophylaxis is 
instituted, patients should be reevaluated at regular intervals 
(e.g., every 6 months) to determine the need for ongoing 
therapy. If bacteriuria persists or a relapse occurs while on 
prophylaxis, then this strategy needs to be re- evaluated. 
Prophylaxis options include amoxicillin, fl uoroquinolones, 
oral cephalosporins, TMP/SMX, and nitrofurantoin. 
Susceptibilities from the last urinary isolate can be used to 
guide prophylaxis. A major limitation of prophylaxis is the 
selection of drug-resistant organism, a common problem in 
these patients. One study showed that infection by a multi-
drug-resistant bacteria signifi cantly increased the risk of 
recurrent UTIs [ 74 ]. A reduction in immunosuppression, if 
possible, and optimal control of other variables such as diabe-
tes mellitus may also help. A summary of microbial etiology 
and management of various forms of urinary infection is 
provided in Table  12-1 .

12.7        Candiduria 

  Candiduria    is   defi ned as the presence of >10 5  Candida organ-
isms in mid-stream urine. There is no clear consensus on 
whether all candiduria in the kidney transplant setting should 
be treated. Safdar et al. [ 75 ] reviewed the epidemiology of 
candiduria in 192 renal transplant recipients. Predictors of 
candiduria in this population were similar to those in the 
general population and included female sex, intensive care 
unit admission, antibiotic use, and diabetes. Candiduria was 
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associated with decreased survival, likely refl ecting severity 
of illness; however, therapy of asymptomatic candiduria was 
not associated with increased survival. On the other hand, 
candiduria may be a marker of fungal aggregates along the 
urinary tract, which can cause obstruction [ 76 – 78 ]. An 
attempt should be made to reduce risk factors such as removal 
of urinary catheters or avoidance of broad-spectrum antibi-
otic therapy. Fluconazole can be used as empiric therapy 
although persistent candiduria should lead to abdominal 
imaging to rule out a persisting source and removal of uri-
nary catheter if present. If funguria persists, the yeast should 
be speciated and undergo susceptibility testing. If the isolate 
is found to be fl uconazole resistant, therapy can be escalated 
to expanded spectrum azoles or echinocandins depending on 
susceptibility patterns.  

12.8     Graft-Site Candidiasis 

 In a large  review   of 18,617 kidney transplants, the incidence 
of graft-site candidiasis was 1 per 1000 [ 79 ].  The   majority of 
these infections have occurred in the fi rst 3 months posttrans-
plant. Many of these infections involved a fungal arte rial 
aneurysm. Usually, these are secondary to a single  Candida  
sp. (primarily  C. albicans ) although bacterial coinfection has 
been found. Over 20 cases of fungal arterial aneurysm have 
been described in the literature from 1972 to 2015 [ 80 – 82 ]. In 
several, but not all, cases,  Candida  sp. was also recovered 
from organ preservation fl uid. The signifi cance of recovering 
 Candida  sp. from graft preservation fl uid is unclear. Matignon 
et al. [ 83 ] have shown that of eight kidneys transplanted 
where preservation fl uid was infected with  Candida  sp., none 
developed arterial aneurysm after 1–2 years of follow-up. 
Albano et al. [ 79 ] reviewed the cases of graft-site candidiasis 

in renal transplant centers in France from 1997 to 2005. Of 
the 18 cases found, 13 were due to  C. albicans  and others due 
to other  Candida  sp. Although most cases were that of fungal 
arteritis, infected urinoma, graft- site abscess, and surgical site 
infection also occurred. Treatment of fungal arteritis consists 
of antifungals and surgical ligation of the external iliac artery. 
Transplant nephrectomy is required in 50–70 % of cases and 
death has occurred in 17–50 % of cases especially where 
diagnosis is delayed. This is a serious complication of trans-
plantation and important to recognize since massive bleeding 
can quickly lead to death.  

12.9     Cytomegalovirus 

   CMV  remains   one of the most common opportunistic  infec-
tions   post kidney transplantation. While CMV is discussed 
in detail in Chap.   23    , there are several important aspects 
unique to kidney transplantation. CMV reactivates in up to 
50 % of renal transplant recipients depending on other risk 
factors such as donor/recipient serostatus, use of prophy-
laxis, and type of immunosuppression [ 84 ,  85 ]. In the current 
era, reactivation of CMV after renal transplantation most 
commonly presents as detection of asymptomatic viremia. 
In patients who present with symptoms, the majority has a 
fl u- like illness with one or more of fever, malaise, and myal-
gias termed “CMV syndrome.” CMV may also cause end-
organ disease including enteritis, hepatitis, and pneumonitis, 
and rarely allograft nephritis. CMV has also been shown to 
have “indirect” or “immunomodulatory” effects in the 
transplant population. In the renal transplant setting, CMV 
has been associated with acute kidney rejection although the 
association of CMV with chronic allograft dysfunction is 
less certain [ 86 – 89 ]. A study comparing CMV prophylaxis 

   TABLE 12-1.    Suggested management of various  clinical presentations   of urinary tract infection in renal transplant recipients   

 Clinical presentation  Microbial etiology  Suggested management 

 Symptomatic cystitis  Enterobacteriaceae,  Enterococcus  sp., 
staphylococci,  Pseudomonas  sp.,  Candida  sp. 

 Empiric oral therapy: fi rst line: ciprofl oxacin 500 mg PO 
b.i.d. ± amoxicillin 500 mg PO tid. Then directed therapy once culture 
results available. Treatment duration 5–7 days 

 Allograft pyelonephritis  As above, if culture is negative, consider unusual 
causes—e.g., adenovirus, mycoplasma (see 
“Sterile pyuria” row below) 

 Empiric therapy with IV or oral antibiotics as above. Directed therapy 
once culture results are available. Treatment duration 2–4 weeks 

 Recurrent UTI  As above  Rule out structural causes or persistent focus of infection. Consider oral 
antibiotic prophylaxis and re-evaluate in 6 months 

 Asymptomatic 
bacteriuria 

 As above  No need for empiric therapy. Await culture and susceptibility for 
directed therapy. Repeat culture to rule out contamination. Treat if 
stent is present or within 6 months posttransplant or persistent 
bacteriuria with same organism 

 Sterile pyuria   Mycobacterium  sp.,  Chlamydia trachomatis, 
Ureaplasma urealyticum , fungi 

 Urine culture for acid-fast bacilli, fungi, other special testing as 
indicated 

 Yeast   Candida  sp., unusual causes— Malassezia  sp., 
 Trichosporon  sp. 

 Remove risk factors (urinary catheter, broad-spectrum antibiotics), rule 
out fungal bezoar by imaging, repeat urine culture, if symptomatic or 
persistent funguria, treat with fl uconazole 400 mg daily. If fails to 
eradicate, then speciate and do susceptibility testing. Avoid 
amphotericin products 
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versus preemptive therapy demonstrated improvement in 
long-term graft survival with the use of prophylaxis [ 90 ]. 

 The greatest risk of reactivation is in patients who are sero-
negative but receive an organ from a seropositive donor (D+/
R−). For this group, universal prophylaxis with antivirals for 
3–6 months posttransplant has been suggested [ 85 ]. The 
majority of large randomized controlled trials have either had 
a majority of kidney recipients or included only kidney recip-
ients. In many instances, these results have been extrapolated 
to other transplant populations. The IMPACT trial compared 
3 months with 6 months of valganciclovir prophylaxis in 319 
D+/R− kidney transplant recipients. The incidence of CMV 
disease in the two arms was 36.8 % versus 16.1 %, respec-
tively [ 91 ]. Longer term follow-up of these patients did not 
reveal an increased incidence of late onset CMV disease 
beyond the fi rst year posttransplant in the group that received 
6 months prophylaxis [ 92 ]. Routine viral load  monitoring for 
CMV   after the prophylaxis period is employed by some cen-
ters although its utility is unknown [ 93 ,  94 ]. Other tools such 
as cell-mediated immunity assessment may be of better utility 
for predicting late-onset CMV disease [ 95 ]. Various regimens 
are available for prophylaxis and include oral valganciclovir, 
oral ganciclovir, and valacyclovir [ 96 ,  97 ]. However oral gan-
ciclovir is no longer available in many jurisdictions. 
Valacyclovir prophylaxis has only been extensively studied in 
the renal transplant population and appears to be effective 
[ 98 ]. Use of valacyclovir in D+/R− patients was also associ-
ated with a signifi cant reduction in acute rejection episodes 
[ 98 ] but this fi nding has not been replicated in more recent 
studies [ 91 ]. Recipients that are seropositive are also at risk 
especially when antithymocyte globulin preparations are used 
for induction immunosuppressive therapy. These patients are 
either given antiviral prophylaxis for the fi rst 3–6 months 
posttransplant or monitored at regular intervals with molecu-
lar assays (pre-emptive therapy) [ 85 ]. 

  Treatment of CMV   consists of induction doses of intrave-
nous ganciclovir 5 mg/kg b.i.d. or oral valganciclovir 900 mg 
b.i.d. until viremia is at a low or undetectable level. Thereafter, 
maintenance doses can be used. In a randomized, multicenter 
study of intravenous ganciclovir versus oral valganciclovir 
for CMV disease, success rates were not signifi cantly differ-
ent, and current recommendations suggest that oral therapy 
can be used fi rst line for mild to moderate CMV disease [ 84 , 
 99 ]. It is worth noting that the majority of patients included 
in randomized treatment study were renal transplant recipi-
ents. In addition, long-term clinical or virologic recurrences 
were not signifi cantly different between groups   [ 100 ].  

12.10     Polyomavirus 

   Polyomavirus-associated nephropathy (PVAN)    is  an   important 
cause of graft dysfunction and graft failure. The incidence of 
PVAN ranges from 1 to 10 %; the majority of infections are 
due to BK virus-associated nephropathy (BKVAN) and very 

rarely PVAN may be due to JC virus alone [ 101 ]. In the mod-
ern immunosuppressive era, BK virus is one of the most 
important causes of infections after kidney transplantation 
and is discussed fully in Chap.   30    . The pathogenesis, epide-
miology, and management are briefl y described in the follow-
ing text. 

 After primary infection, the virus establishes latency pri-
marily in the urogenital tract including renal cortex, medulla, 
urothelial cells, and bladder. The majority of viral reactiva-
tion occurs in the fi rst year posttransplant. Reactivation of 
polyomavirus in the ureter can lead to stenosis whereas blad-
der reactivation can manifest as hemorrhagic cystitis. 
However, both of these are uncommon complications after 
kidney transplantation. Reactivation, replication, and infl am-
mation within the kidney result in BKVAN. Usually, the only 
clinical manifestation is a rise in serum creatinine. A  defi nitive 
diagnosis of BKVAN is made by kidney biopsy that demon-
strates varying degrees of infl ammation and/or fi brosis, often 
with intranuclear viral inclusions. Immunohistochemical 
staining using antibody directed against the SV40 T antigen 
or VP capsid proteins shows a characteristic nuclear staining 
reaction. Since disease may be patchy, a biopsy may occa-
sionally be false negative. 

  Various   risk factors for BKVAN have been suggested in sev-
eral studies [ 102 – 106 ]. These include human leukocyte antigen 
(HLA) mismatches, history of acute rejection and use of anti-
lymphocyte therapy, recipient age > 55, and recipient seronega-
tivity. However, a large study of 1001 renal transplant recipients, 
4 % of whom developed BKVAN, did not fi nd any specifi c risk 
factors [ 107 ]. Recently, the use of more aggressive immuno-
suppression protocols such as with ABO incompatible trans-
plants have been associated with a higher risk for BKVAN 
[ 108 ]. In another study, BK viremia was associated with the 
use of tacrolimus-mycophenolic acid combination versus 
cyclosporine-based immunosuppression [ 109 ]. 

 The cornerstone  of   therapy for BKVAN is reduction in 
immunosuppression. All other options are less well studied 
and randomized controlled trials are lacking. Cidofovir, 
which is a nucleotide analogue of cytosine, has activity 
against DNA viruses. Results of case reports and series with 
cidofovir are diffi cult to interpret due to the concomitant 
decrease in immunosuppression [ 110 ]. Brincidofovir is a 
lipid conjugated oral formulation with decreased toxicity 
and appears to have activity against BK virus [ 111 ]. Further 
studies are ongoing. Lefl unomide also appears to have anti-
viral properties in addition to its immunosuppressive action. 
Josephson et al. [ 112 ] showed stabilization of renal function 
in the majority of patients with BKVAN treated with lefl uno-
mide [ 112 ]. However, in a study of 52 patients treated with 
lefl unomide, there was no association with viremia clearance 
and no correlation between serum concentrations of its 
metabolite A77 1726 and clearance [ 113 ]. Although lefl uno-
mide has been used as a treatment option, its adverse effects 
include hemolysis, transaminitis, and pancytopenia. Other 
experimental therapies that have been attempted or proposed 
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include fl uoroquinolones, intravenous immunoglobulin 
(IVIg), and rituximab [ 114 ]. However in a recent random-
ized trial of 3 months of levofl oxacin versus placebo for pre-
vention of BK viruria and viremia, no benefi t was 
demonstrated [ 115 ]. In addition, in a placebo controlled trial 
for treatment of BK viremia, in 39 patients, no benefi cial 
effort of levofl oxacin was observed [ 116 ]. Finally, the risk of 
recurrence after retransplantation for graft loss secondary to 
BKVAN does not appear to be increased [ 117 ]. 

 It is well established that  BK   viruria and viremia are a 
prerequisite for histologically proven BKVAN. Given the 
lack of specifi c treatment for BKVAN and the high inci-
dence of graft loss, routine screening for BK virus for early 
detection in the fi rst year posttransplant is now recom-
mended by most authorities [ 118 ]. Screening may be done 
by NAT testing of urine or plasma/blood. Detection of virus 
in the urine in itself has poor predictive value for BKVAN, 
but should trigger testing in blood or plasma. Detection of 
viremia is a better predictor of BKVAN and early intervention 
with judicious lowering of immunosuppression prevents the 
development of BKVAN.    

12.11     Other Viral Infections Post 
Kidney Transplant 

12.11.1     Adenovirus 

  Adenoviruses are   non-enveloped DNA viruses with at least 
 52   known serotypes that are capable of causing a variety of 
illness in immunocompetent  and   immunocompromised hosts 
[ 119 ]. This includes upper and lower respiratory tract infec-
tion, conjunctivitis, keratoconjunctivitis and pharyngocon-
junctival fever, hepatitis, and disseminated disease. Although 
adenovirus disease may manifest with these clinical syn-
dromes in kidney transplant patients, several cases of 
adenovirus- related disseminated disease, pyelonephritis and 
hemorrhagic cystitis have also been described [ 120 ,  121 ]. 
Hofl and et al. [ 122 ] reviewed 37 cases of adenovirus hemor-
rhagic cystitis in kidney transplant patients. All cases occurred 
within the fi rst year posttransplant and the majority presented 
with fever and dysuria and hematuria. Graft dysfunction was 
present in the majority of patients and viral changes or acute 
rejection may be seen in kidney biopsies. Adenovirus species 
B predominates with serotypes 7, 11, 34, 35 causing most of 
the diseases. Diagnosis can be made by indirect methods such 
as serology or methods that directly demonstrate the presence 
of virus such as plasma polymerase chain reaction (PCR) and 
culture. In situ hybridization, immunohistochemistry, or PCR 
of fi xed tissue can also identify adenovirus. Routine monitor-
ing for adenovirus is not benefi cial. In a surveillance study 
using blood PCR for adenovirus, it was found that self-lim-
ited adenoviremia can occur in 7 % of solid organ transplant 
patients with 58 % being asymptomatic [ 123 ]. There is no 
specifi c therapy for adenovirus, although clinical studies have 

focused on cidofovir and ribavirin. As discussed above, brin-
cidofovir is a new oral lipid-conjugated cidofovir that has 
in vitro activity against many DNA viruses including adeno-
virus, and may be an option in the future. Immune reconstitu-
tion plays an important role in the clearance of adenovirus; 
therefore, decreasing doses of immunosuppressive medica-
tion is important.  

12.11.2     Parvovirus B19 

 Parvovirus is  a   single-stranded DNA virus of the  genus 
   Erythrovirus . Although most infections are nonspecifi c fl u- 
like illnesses,  specifi c   clinical syndromes have been 
described. In children, parvovirus infection is termed “fi fth 
disease” that causes a facial rash resembling “slapped 
cheeks”; adults with parvovirus can develop a polyarthropa-
thy syndrome; the virus can also lead to transient aplastic 
crisis in those with chronic hemolytic anemia and hydrops 
fetalis leading to intrauterine fetal death in pregnant women. 
Infection in transplant recipients is unlike that of immuno-
competent patients in that viral replication can persist for 
prolonged periods of time [ 124 ]. Recurrent parvovirus infec-
tions have also been described [ 125 ]. Onset of parvovirus- 
associated syndromes can occur at any time posttransplant 
and has been described as early as 2 weeks. One study of 60 
adult kidney transplant patients showed a 10 % rate of parvo-
virus viremia in the fi rst year posttransplant [ 126 ]. The mode 
of acquisition of the virus is unknown in renal transplant 
recipients. Possibilities include inhalation of infected aero-
sols as in the immunocompetent host but also transmission 
from the donor. The possibility of viral reactivation also 
exists such as in the case of herpesviruses although little is 
known about parvovirus latency or cellular reservoirs. 
Parvovirus has well-established association with hemato-
logic abnormalities including pure red cell aplasia and acute 
or chronic anemia in kidney transplant recipients. Since ane-
mia is such a common problem in renal transplant recipients, 
it is important that physicians keep this diagnosis in mind 
especially for cases of severe, unexplained, or recalcitrant 
anemia. In one series, 3 out of 8 (38 %) of renal transplant 
patients with erythropoietin-resistant anemia (Hgb < 10 g/dL) 
were parvovirus positive by qualitative plasma PCR [ 127 ]. 
Other cell lineages may also be affected and lead to leucope-
nia and thrombocytopenia. Less well-developed associations 
exist with transient allograft dysfunction, collapsing glomer-
ulopathy, acute rejection, and thrombotic microangiopathy. 
Other associations in renal transplant recipients have also 
been described such as hepatitis, encephalitis, and cerebral 
angiitis. Serologic studies have limited utility since they can 
be hampered by transfusion or immunoglobulin therapy. 
In addition, transplant recipients may not mount an antibody 
response. Instead, direct detection of virus by qualitative or 
quantitative DNA PCR is the most useful method. There is 
no specifi c antiviral therapy for parvovirus infection although 
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various management options have been suggested. These 
consist of a decrease in immunosuppression and/or IVIg. 
Various dose regimens of IVIg have been used and range 
from 0.4 to 1 g/kg for 4–10 days.  

12.11.3     West Nile Virus 

 WNV is a  fl avivirus   that has established itself in  North 
  America. WNV is most  commonly   transmitted via mosquito 
bites but can also be transmitted through blood transfusion 
and organ donation. Several series of WNV infection trans-
mitted from infected donors to recipients have now been 
described with the majority of recipients developing enceph-
alitis [ 128 – 132 ]. Donor screening with WNV NAT has been 
instituted in most organ procurement organizations to reduce 
the risk of transmission. Donor screening is usually done 
during periods of high WNV activity or year-round. 
Community-acquired cases also continue to occur and WNV 
encephalitis has been described in several kidney and kid-
ney–pancreas transplant recipients [ 133 – 136 ]. A seropreva-
lence study in organ transplant recipients estimated the risk 
of neurologic disease to be 40 % compared to <1 % in immu-
nocompetent hosts [ 137 ]. Diagnosis of WNV is based on an 
appropriate clinical picture, a lymphocytic pleocytosis in the 
cerebrospinal fl uid (CSF), and WNV IgM in CSF and serum. 
A salient feature in transplant recipients is the absence of 
IgM or delayed positivity. In these cases WNV NAT may be 
used for diagnosis. There is no specifi c antiviral therapy for 
WNV although in the majority of the described cases, immu-
nosuppression was signifi cantly reduced. The successful use 
of WNV hyperimmune globulin obtained from healthy 
Israeli blood donors has been described for a liver transplant 
recipient who developed donor-derived WNV [ 138 ]. In addi-
tion, IVIg has been successfully used for transplant recipi-
ents with WNV [ 139 ]. Some studies suggest benefi t with 
ribavirin or interferon-α but this has not been specifi cally 
studied in the transplant setting [ 140 ,  141 ]. As a result, many 
transplant programs advise patients to use personal protec-
tion measures such as longsleeved clothing, insect repellent 
containing  N , N -diethyl-metatoluamide (DEET), and avoid-
ance of outdoor activity at dusk and dawn, a time when mos-
quitoes are most active.   

12.12     Kidney Transplantation 
in the HIV- Positive Recipient 

  Traditionally,  infection   with the HIV was considered to be a 
contraindication to transplant. However, in the last two 
decades, the increasing use of HAART (highly active antiret-
roviral therapy) has signifi cantly increased the life span of 
HIV-infected individuals [ 142 ]. Recent estimates indicate up 
to 2–17 % of HIV-positive patients have chronic renal disease 
although rates vary signifi cantly worldwide [ 143 ]. A major 

cause of end-stage renal disease in this population is  HIV-
associated nephropathy (HIVAN)  , which is a collapsing glo-
merulopathy that is more common in African Americans 
with HIV as well as focal segmental glomerulosclerosis. 
HIV itself may be a cause of IgA nephropathy. In addition, 
glomerulonephritis associated with HBV and HCV can also 
occur in coinfected patients. End-stage renal disease can also 
be compounded by toxicities of antiretrovirals such as indi-
navir, tenofovir, and ritonavir. 

 Recent studies have shown that both graft and patient sur-
vival of HIV-infected patients undergoing kidney transplant 
are similar to HIV-negative patients [ 144 ]. However, HIV- 
infected patients who are coinfected with HCV have signifi -
cantly lower 5- and 10-year graft and patient survival than 
HIV-negative/HCV-positive patients [ 144 ,  145 ]. Over time, 
kidney transplant outcomes for HIV-infected patients have 
improved [ 146 ]. Using the Scientifi c Registry of Transplant 
Recipients data from 2003 to 2011, Locke et al. determined 
that HIV+ patients have a twofold greater risk of acute rejec-
tion compared to the HIV-negative group; however, HIV+ 
patients that received antithymocyte globulin induction had 
2.6-fold lower rejection rates than those that received no 
induction [ 147 ]. Acute rejection rates have ranged between 
13 and 50 % of patients likely due to variability in patient 
selection and posttransplant induction and maintenance 
immunosuppressives [ 148 ,  149 ]. HIV viremia has generally 
been well controlled. Most centers performing transplants in 
HIV- positive setting have carefully selected patients for 
transplant based on CD4 counts, undetectable viral load, and 
lack of signifi cant opportunistic disease including progres-
sive multifocal encephalopathy, CNS lymphoma, chronic 
intestinal cryptosporidiosis, and visceral Kaposi’s sarcoma 
[ 149 ]. In addition, HIV genotypic and phenotypic testing 
predictive of suppression on HAART therapy as well as 
patient compliance are important factors in selection [ 150 ]. 

 Posttransplant, drug interactions between immunosup-
pressives and anti-retrovirals need to be considered. 
Maintenance immunosuppression consists of steroids, cal-
cineurin inhibitors (CNIs), and MMF. Although both CNIs 
can be used, patients on tacrolimus had lower rejection 
rates [ 149 ]. There is signifi cant interaction between CNIs 
and protease inhibitors that inhibit the cytochrome P450-3A 
system. In this case, CNI doses need to be reduced appro-
priately. Conversely, CNI doses need to be increased with 
non- nucleoside reverse transcriptase inhibitors (NNRTIs) 
such as efavirenz that induce cytochrome P450-3A. 
Nonetheless, frequent measurement of levels is required to 
reach the optimal dose. The management of adverse events 
such as bone marrow suppression is also complicated since 
HAART, transplant immunosuppressives, and prophylactic 
antimicrobials (e.g., TMP/SMX, valganciclovir) can be 
myelosuppressive. 

 Preventative strategies post kidney transplant in the HIV 
patient are similar to those in the HIV-negative transplant 
population with some exceptions. Antipneumocystis pro-
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phylaxis is usually given life long rather than the 6- to 
12-month prophylaxis regimen used by many centers. TMP/
SMX is the standard prophylaxis with alternatives such as 
dapsone and atovaquone for TMP/SMX intolerance or 
allergy. Patients with very low CD4 counts may require pro-
phylaxis for other organisms such as mycobacterium avium 
complex and toxoplasmosis. 

 Recently, transplantation of kidneys from HIV+ donors 
into HIV+ recipients has been studied in South Africa 
where the availability of dialysis is limited [ 151 – 153 ]. In 
their cohort of 27 transplants, Muller et al. have found 74 % 
and 84 % patient and graft survival, respectively, at 5-years. 
At 3-years, the rejection rate was 22 % and HIV viral loads 
remained undetectable. In the United States, approval of 
the HIV Organ Policy Equity (HOPE) act in 2013 will 
allow for increasing research in this emerging area [ 154 ]. 
The fi eld of transplanting HIV-positive patients is relatively 
young. Changes in selection of patients, optimal immuno-
suppression regimens, and knowledge of posttransplant 
infections will increase as results of ongoing studies 
become available .  

12.13     Infectious Risks of Transplant 
Tourism 

 Given the  limited   supply of deceased donor kidneys, a sig-
nifi cant proportion of patients from Western countries travel 
to Eastern countries where kidney transplantation can be per-
formed on a pay basis. Often this involves the illegal traffi ck-
ing of organs [ 155 ]. In this setting, a kidney is harvested 
from a live donor who needs money to support his/her family 
or repay debt. The transplant is performed for cash and the 
patient returns home to be managed by his/her transplant 
physician. Unfortunately, the standards for organ procure-
ment do not necessarily meet those of registered transplant 
centers worldwide. Often the patient returns home with no or 
minimal medical records. Basic information such as donor 
CMV, EBV, and hepatitis serologies may be unknown. There 
is an increased incidence of postoperative complications 
including wound infections, perinephric abscess, coloniza-
tion, and infection with multidrug-resistant organisms 
including extended-spectrum beta-lactamase-producing 
gram-negative bacteria [ 156 – 159 ]. Other issues, although 
less common, may include malaria (donor-derived or com-
munity acquired), donor-derived TB, fungal infections, 
acquisition of HIV, and hepatitis. To address the issue of 
organ traffi cking and transplant tourism, an international 
consensus took place in Istanbul that outlined the strategies 
needed to increase donation and ensure safety of living 
donors [ 160 ]. Physicians caring for individuals who have 
received transplants in this manner should be aware of the 
potential exposures.  

12.14     Antimicrobials 
and Nephrotoxicity 

 Given the  unique   susceptibility of the allograft to a number of 
insults, it  is   reasonable to avoid antimicrobial agents with a 
high risk of nephrotoxicity. Additive or synergistic nephrotox-
icity can occur with antimicrobials and immunosuppressive 
drugs, especially CNIs. Specifi c agents that can cause nephro-
toxicity include aminoglycosides (e.g., gentamicin, tobramy-
cin, amikacin), intravenous colistin, and standard amphotericin 
B as well as lipid amphotericin preparations. Routine use of 
these agents should be avoided especially if an alternative anti-
microbial agent can be used. Consideration should be given to 
the risks and benefi ts when using these agents with careful 
monitoring of renal function and drug levels when possible. 
Other agents such as vancomycin, high-dose TMP/SMX, and 
high-dose quinolones may be nephrotoxic when combined 
with potentially nephrotoxic immune suppressants. When 
possible, antimicrobial levels should be monitored.  

12.15     Posttransplant Vaccinations 

 Vaccinations in  renal   transplant recipients follow the guidelines 
for vaccinations in all solid organ transplant recipients [ 19 ]. 
Both inactivated and live vaccines (such as those for VZV 
(Varivax; Zostavax)) can be given prior to transplant. If the 
opportunity exists, a vaccine is likely more effective if given 
pretransplant as early as possible in the course of progressive 
renal disease. If a live vaccine is given pretransplant, one should 
wait approximately 4 weeks before transplantation to avoid 
vaccine-related disease. In the posttransplant period, vaccina-
tions generally begin no sooner than 3–6 months. Although 
vaccinations could be administered earlier, there are limited 
data regarding immunogenicity. Yearly infl uenza vaccine is 
recommended for all transplant patients. There is no evidence 
for a link between vaccination and allograft rejection. Renal 
transplant recipients appear to have a reasonable humoral 
response to a single dose of infl uenza vaccine whereas double 
dose vaccine does not appear to be benefi cial [ 115 ]. One study 
showed better graft survival in patients who received infl uenza 
vaccine in the fi rst year [ 161 ]. Family members and household 
contacts of the transplant patient should also be vaccinated with 
annual infl uenza vaccine. Pneumococcal vaccine is also rec-
ommended for renal transplant recipients. In a randomized trial 
of renal transplant recipients, the pneumococcal conjugate vac-
cine had an increased trend to greater humoral responses com-
pared to the polysaccharide vaccine [ 162 ]. There was a 
signifi cant decline in titers in the same cohort followed for 3 
years with either vaccine [ 163 ]. Therefore, most vaccine 
authorities now recommend one dose of conjugate vaccine fol-
lowed by one dose of polysaccharide vaccine with a minimum 
interval of 8 weeks [ 164 ]. Other inactivated vaccines generally 
follow the guidelines for non-transplanted individuals.  
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12.16     Pneumocystis Prophylaxis 

  Antimicrobial   prophylaxis is recommended post kidney 
transplant,    although there is a wide variety of practices [ 165 ]. 
Prophylaxis for  P. jirovecii  pneumonia (PCP) is generally 
instituted in the early posttransplant period. PCP appears to 
be more common in renal transplant recipients who have 
undergone treatment for multiple rejection episodes and 
received polyclonal/ monoclonal antibodies [ 166 ]. 
Corticosteroid use has classically been associated with the 
occurrence of PCP. However, anti- B-cell therapies such as 
rituximab for the management of antibody-mediated rejec-
tion in this population may also increase risk of PCP [ 164 ]. 
PCP prophylaxis is generally instituted for the fi rst 6 months 
to 1 year posttransplant. Consideration can be given to con-
tinuation or reinstitution of prophylaxis beyond this time if 
the patient remains on high-dose corticosteroids or receives 
monoclonal antibodies for rejection. In the past 5 years, clus-
ters of late PCP infections have been reported by some inves-
tigators suggesting re-emergence of this pathogen [ 167 – 169 ]. 
The primary agent for prophylaxis is TMP/SMX. Doses used 
are one single-strength tablet once daily or one double- 
strength tablet thrice a week. However, a proportion of 
patients will have toxicity such as leucopenia, rash, and 
drug-induced hepatitis. In addition, higher doses of TMP/
SMX can lead to renal dysfunction. Alternatives to TMP/
SMX are once monthly inhaled pentamidine, oral dapsone, 
or atovaquone [ 170 ].  

12.17     Summary 

 In summary, infectious complications continue to be an 
important cause of morbidity and graft dysfunction in kidney 
transplantation. With evolving immunosuppression regi-
mens, infectious etiologies are also changing. A prime exam-
ple of this is BK nephropathy, which has emerged as an 
important cause of graft loss only in the era of more modern 
immunosuppression. Traditional infections associated with 
kidney transplantation, such as CMV, also pose challenges 
but modern management strategies have reduced the burden 
of such infections signifi cantly. UTIs and related bacterial 
infections are very common in these patients and this is an 
area where clinical trials are needed to better defi ne appro-
priate therapeutic strategies.     
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 Risks and Epidemiology of Infections After 
Pancreas or Kidney–Pancreas Transplantation                     
     Atul     Humar      ,     Roberto     Lopez      , and     Abhinav     Humar     

       After experiencing continuous improved rates and growth in 
total numbers in the 1980s and 1990s, pancreas transplants 
have suffered a steady decline in procedures performed and 
new listings in the last decade [ 1 ]. Despite this, they still 
represent the most reliable way to consistently achieve eug-
lycemia for insulin-dependent diabetics, with islet transplan-
tation alone as a promising alternative [ 2 ]. For a diabetic 
patient who has progressed to  end stage renal disease 
(ESRD)  , the treatment of choice is a pancreas transplant (in 
conjunction with a kidney transplant). Dramatic improve-
ments in outcomes have resulted from refi nements in surgi-
cal technique, superior immunosuppressive regimens, and a 
better understanding of donor and recipient risk factors. By 
2010, nearly 36,000 pancreas (1 AG) transplants had been 
performed worldwide; however, the number of transplants in 
the USA has steadily decreased from 2000 performed in 
2004, to almost a 50 % decline in 2013 when just over a 1000 
cases were reported [ 3 ], despite the increase in half-life for 
an SPK pancreatic graft in the last 14 years [ 4 ,  5 ]. 

 The causes for this decrease are uncertain, but likely can 
be attributed to better glycemic controls with current insulin 
regimens, worsening in the donor quality due to the increased 
prevalence of obesity, or to more stringent controls in out-
come translating into an increased selectivity in donors and 
recipients for individual transplant centers. 

 Yet, despite the improvements, the incidence of complica-
tions remains high after a pancreas transplant. In fact, the 
surgical complication rate is the highest of all routinely per-
formed solid organ transplants [ 6 ].  Technical failure   is the 
most common cause of pancreas graft loss in the fi rst-year 
posttransplant, most notably manifesting as vascular throm-
bosis in half of the cases of technical graft loss or infections 
in close to one-fi fth of them [ 7 ]. 

 Pancreas recipients are at signifi cant risk for infectious 
complications posttransplant, which can lead to signifi cant 
morbidity and mortality. Numerous risk factors include long- 
standing diabetes with multi-organ involvement (especially 
renal failure), which can lead to an immunosuppressed state 

even before any immunosuppressive drugs are begun, 
impaired tissue healing, and poor vascular fl ow. The donor 
pancreas graft contains a hollow viscera (i.e., the duodenum) 
that is contaminated and is thus a potential source of infec-
tive organisms. The transplant surgery itself involves open-
ing non-sterile viscera in the recipient (i.e., either the bladder 
or the small bowel), with potential for further contamination. 
Posttransplant, higher levels of immunosuppression is gen-
erally required than other solid organ transplants. Moreover, 
pancreas recipients have an increased incidence of acute 
rejection, which requires bolus doses of immunosuppressive 
drugs. All of these factors combine to explain why pancreas 
recipients have the highest incidence of infections of all solid 
organ transplant recipients [ 8 ]. 

13.1     Spectrum and Classifi cation 
of Infections 

    The spectrum of possible  infections after a         pancreas trans-
plant is wide. No completely satisfactory classifi cation sys-
tem exists for the types of infections seen in pancreas 
recipients. They may occur in the early (0–30 days), interme-
diate (30–180 days), or late (beyond 180 days) posttrans-
plant period [ 9 ]. They may be related directly to the surgical 
procedure or to some complication that develops afterwards 
or may be opportunistic, resulting from the recipient’s over-
all immunosuppressed state (Table  13-1 ).

   Classifi cation by pathogen into bacterial, viral, or fungal 
infections is not always clinically useful. One type of patho-
gen may be involved in several different types of infections, or 
a number of different pathogens may be involved in a single 
infection (e.g., an intra-abdominal abscess with several differ-
ent bacterial and fungal pathogens). Classifi cation by timing 
posttransplant, into early, intermediate or late infections, has 
some merit, because many infections follow a typical tempo-
ral pattern. Again, however, this information may not be very 
useful when making clinical decisions about treatment. 
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 Classifi cation by the primary method of treatment, into 
surgical and medical infections, is useful in a broad sense. 
Surgical infections are those that require some invasive 
 intervention as an integral part of their treatment. These 
types of infections generally occur soon after the transplant 
operation itself and are usually related directly to it or to 
some complication occurring as a result of the operative pro-
cedure. Surgical infections are less likely to be related to the 
recipient’s overall immunosuppressed state, though obvi-
ously this plays some role. Typical examples of surgical 
infections include generalized peritonitis, intra-abdominal 
abscesses, wound infections, and, in bladder-drained pan-
creas grafts, recurrent UTIs. 

 In contrast, medical infections are primarily treated with 
antiviral, antibacterial, or antifungal agents. They tend to 
occur in intermediate and late posttransplant stage and are 
usually related to the recipient’s overall immunosuppressive 

state [ 9 ]. Typical examples include infections secondary to 
cytomegalovirus (CMV), polyomavirus-induced nephropa-
thy, pneumonias, and Epstein–Barr virus (EBV)-related 
posttransplant lymphoproliferative disorder (PTLD).     

13.2     Transplant Procedure 

   A brief review of the surgical  procedure      itself is necessary in 
order to better understand the infections (especially surgical 
infections) that may develop in these pancreas recipients (see 
Figures  13-1  and  13-2 ).

    Pancreas transplants are performed in insulin-dependent 
diabetics who may or may not have coexisting kidney failure 
from diabetic nephropathy. Most pancreas transplants in the 
USA are in diabetics with  ESRD   who also require a kidney 
transplant [ 5 ]. The two organs may be transplanted either 

   TABLE 13-1.    Summary of  infections after      pancreas transplant, risk factors, and methods of prevention   

 Infection  Risk factors  Preventive measures 

  Surgical  

 Intra-abdominal infections  • Older donor age  • Careful donor selection 

 • Donor obesity  • Minimize cold ischemia 

 • Prolonged cold ischemia  • Prompt diagnosis and treatment of duodenal leaks 

 • Recipient obesity 

 • Prolonged pretransplant peritoneal dialysis 

 • Graft pancreatitis posttransplant 

 • Duodenal leak posttransplant 

 Duodenal leaks  • Prolonged cold ischemia  • Minimize cold ischemia 

 • Duodenal devascularization during preparation of graft  • Careful attention to donor duodenum blood supply 

 • Impaired bladder emptying in recipient  • Pretransplant bladder assessment in recipient 

 • Late CMV infections of transplant 

 Recurrent UTI  • Bladder-drained graft  • Enteric drainage of graft if possible 

 • Neuropathic bladder  • Oversewing of exposed staple lines in bladder 

 • Foreign body exposed in bladder 

 Wound infections  • Longer operative procedures  • Prophylactic antibiotics preoperatively 

 • Intraoperative duodenal spillage  • Minimize recipient risk factors 

 • Recipient obesity 

 • Intra-abdominal infection 

  Medical  

 Cytomegalovirus  •  Pretransplant serostatus (D+/R− at highest risk; also 
frequent in D+/R+ and D−/R+ groups) 

 •  Multiple strategies, but usually universal 
prophylaxis to all at-risk patients 

 •  Degree of immunosuppression; especially use of 
antilymphocyte therapy 

 •  Usually oral valganciclovir for 3–6 months 

 •  Longer duration prophylaxis preferred for 
high-risk patients (e.g., 6 months) 

 EBV-related 
posttransplant 
lymphoproliferative 
disease 

 •  Intensity of immunosuppression (especially 
antilymphocyte therapy) 

 •  Uncontrolled studies suggest antiviral prophylaxis 
may be of benefi t 

 •  Pretransplant EBV serology (EBV D+/R− at highest 
risk) 

 •  Strategies to prevent CMV disease may also 
reduce EBV-related disease 

 • Minimize immunosuppression 

 • Avoid antilymphocyte therapy 

 •  Consider monitoring viral loads with preemptive 
changes to immunosuppression in response to 
increasing viral loads 
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simultaneously (SPK—simultaneous pancreas–kidney) or 
sequentially: fi rst the kidney transplant, followed at a later date 
by  the   pancreas (PAK—pancreas after kidney). For diabetic 
patients who retain kidney function, a  pancreas transplant 
alone (PTA)   may be indicated. Overall, SPK  transplantations   
accounted for approximately 72 % of total pancreas trans-
plants in 2010,    PAK for 17 %, and PTA for 7 % [ 1 ]. 

  Ideal   PTA candidates include those with widely fl uctuat-
ing glucose levels, hypoglycemic unawareness, frequent 
insulin reactions, or recurrent episodes of diabetic ketoacido-
sis. These three pancreas recipient categories—SPK, PAK, 
PTA—do not differ with regard to the possible infections 
that may result. Rather, as discussed later, the relative risk for 
certain infections may differ in the three groups. 

  Donor operation  [ 10 ]:   A pancreas  from      a deceased donor 
is removed en bloc with the duodenum and spleen. Many 
centers routinely fl ush the donor duodenum with some anti-
biotic solution to decrease the degree of contamination, but 
there is no good proof that doing so decreases the risk of 
subsequent intra-abdominal or wound infections [ 11 ]. Before 
the pancreas is implanted in the recipient, it is generally pre-
pared on the “back table.” A donor splenectomy is per-
formed, the donor duodenum is trimmed, and any vessels 
that may potentially bleed are oversewn or ligated. Careful 
preparation of the pancreas can help decrease the risk of sub-
sequent intra-abdominal infections. Trauma to the pancreas 
can lead to graft pancreatitis, a risk factor for  intra- abdominal 
infections   [ 12 ]. Similarly, large hematomas from unligated 
vessels may predispose to intra-abdominal infections.   

  Recipient operation  [ 13 ]:    Whether      the pancreas transplant 
is performed by itself or in conjunction with a kidney trans-
plant, the pancreas graft is placed in an intraperitoneal posi-
tion. This placement is important to keep in mind, as it 
infl uences the area of spread of subsequent infections origi-
nating around the graft itself. Usually, the pancreas graft is 
placed in the right lower quadrant, with infl ow and outfl ow 

Donor
pancreas

a b

Donor
pancreas

Recipient
small bowel

Recipient
bladder

Donor
duodenum

Donor
duodenum

  FIGURE 13-1.    ( a ) Pancreas transplant with enteric drainage of the pancreas. ( b ) Pancreas transplant alone with bladder drainage of the 
pancreas.       

Pancreatitis with
infection secondary

to peripancreatic
inflammation or

infected fluid 
collection

Vascular thrombosis
with secondary 

infection of 
necrotic tissue

Leak from
duodenal

stump

Leak from
enteric 

anastomosis

Urine leak from ureter
to bladder anastomosis

  FIGURE 13-2.    Potential sources of surgical infections after  simulta-
neous pancreas–kidney transplant.         
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of blood achieved by anastomosing the graft vessels to the 
recipient iliac artery and vein. Another option is to anasto-
mose the venous outfl ow of the graft to the recipient mesen-
teric vein, thus draining the endocrine secretions (i.e., 
insulin) into the portal (instead of systemic) circulation. The 
exocrine secretions (i.e., amylase) of the pancreas can be 
drained either into the bladder (BD—bladder-drained) or 
into the small bowel (ED—enteric-drained) (Figure  13-1 ). 
The method of drainage has important implications for com-
plications that may occur, especially graft duodenal leaks. 
ED is more physiologic, but a duodenal leak with ED grafts 
may lead to more devastating infections than seen with BD 
grafts. If a leak occurs with a BD graft, urine leaks within the 
peritoneal cavity; with ED grafts, enteric contents leak into 
the abdominal cavity. The choice of ED or BD varies with 
the clinical situation and with the individual center’s prefer-
ence. BD is associated with increased urologic complica-
tions (such as recurrent urinary tract infections (UTIs)) but 
makes monitoring the function of the graft easier (by mea-
suring the amount of amylase in the urine) [ 14 ]; however, 
reliance solely on clinical parameters such as hyperglyce-
mia, serum amylase and lipase, C-peptide levels, hemoglo-
bin-A1C, or (if bladder-drained) urinary amylase are 
insuffi cient because they are either too late or too nonspe-
cifi c, risking a graft rejection going undetected, which is 
associated with graft failure [ 15 ,  16 ]. ED does away with the 
urologic complications, but may be associated with more 
severe intra- abdominal infections. Most centers now gener-
ally drain all pancreas grafts into the small intestine. In 2010, 
ED was used in 91 % of SPK, 89 %  of   PAK, and 85 % of  PTA 
  patients [ 17 ]. Our preference is to wait until after reperfusion 
of the pancreas before making the fi nal decision. If there is 
evidence of signifi cant reperfusion injury of the graft with 
reperfusion pancreatitis or poor perfusion of the duodenum, 
it is generally safer to drain the graft into the bladder.      

13.3     Risk Factors for Infections 

   The  risk factors for infections      in pancreas recipients depend 
on the site and type of infection. For example, the factors 
predisposing to wound infections posttransplant are com-
pletely different from those associated with CMV infections. 
In general, risk factors can be classifi ed into those present in 
the recipient pretransplant, those related to the donor, those 
related to the recipient intraoperatively, and those that occur 
posttransplant. 

 Pretransplant latent infections or infectious exposures can 
reactivate or worsen early posttransplant, once heavy-dose 
immunosuppression is initiated. Pretransplant immunity, or 
lack of immunity, to certain viral pathogens can be an espe-
cially important risk factor for posttransplant infections. For 
example, recipients seronegative for CMV or EBV have a 
high incidence of posttransplant infections with these 
viruses, especially if the donor was seropositive [ 18 ,  19 ]. 
The recipient’s overall medical status may play an important 

role in posttransplant infections. All pancreas recipients 
have long-standing diabetes as a risk factor. In addition, 
some may have these additional risk factors as well: poor 
nutritional status (especially those who have brittle diabetes 
or who have been on dialysis long term); advanced periph-
eral vascular disease; or frequent hospitalizations pretrans-
plant. Recipient obesity is a well-known risk factor for 
posttransplant infectious complications, especially involv-
ing the wound [ 20 ]. 

 Donor factors may play an important role in patients at 
risk for posttransplant infections. Transmission of infections 
from the donor, especially bacterial, is very uncommon [ 21 ]. 
But viruses such as CMV, EBV, hepatitis B or C, and HIV 
can certainly be transmitted to any recipient who has not had 
previous exposure to them [ 22 ]. Besides direct donor trans-
mission, other donor variables may also affect posttransplant 
infections in the recipient. Older donor age (i.e., ≥45 years 
old) and donor obesity are both associated with increased 
risk for posttransplant complications such as pancreatitis and 
graft thrombosis, which can lead to intra-abdominal 
abscesses or wound infections [ 23 ,  24 ]. 

 Intraoperative risk factors for infections include a longer 
operative procedure with signifi cant bleeding, prolonged 
cold, and warm ischemia of the graft, and  the   SPK category 
of transplant type. Grafts with prolonged ischemia times are 
more prone to develop pancreatitis, duodenal leaks, and 
thrombotic complications—all of which may predispose to 
intra-abdominal infections and various other infectious com-
plications [ 25 ].  SPK   recipients generally have a higher inci-
dence of intra-abdominal and wound infections, as compared 
 with   PAK  or   PTA recipients [ 5 ,  8 ]. The possible reasons are 
that SPK recipients undergo a longer operative procedure 
(with more extensive dissection required), are often sicker at 
the time of the transplant, their poor nutritional status, and 
the fact that they receive not one but two transplanted organs 
that may develop complications. 

 Posttransplant risk factors for infection are generally 
related either to the development of posttransplant complica-
tions or to the level of immunosuppression. Almost any com-
plication that requires a reoperation will predispose to wound 
infections [ 26 ]. Complications such as pancreatitis or vascu-
lar thrombosis of the graft can result in fl uid collections or in 
devitalized, necrotic tissue, which can become secondarily 
infected. Clinically signifi cant  peripancreatic fl uid collec-
tions (PPFCs)   can be seen in 16 % of pancreas transplants, 
and are usually seen within 3 months after transplantation. 
Sometimes, they can be resolved by radiological drainage 
though often they will require laparotomy [ 27 ]. The stron-
gest risk factor for intra-abdominal infections posttransplant 
is a leak from the duodenal cuff or anastomosis [ 28 ]. The 
level of immunosuppression is an important risk factor, espe-
cially for opportunistic infections. The higher the level of 
immunosuppression, the greater the risk. Long induction 
regimens involving powerful antilymphocyte agents or bolus 
antirejection treatment have been clearly identifi ed as risk 
factors for a variety of infections [ 28 ,  29 ].    
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13.4     Immunosuppression 

   As mentioned earlier, higher levels of  immunosuppression      
are generally associated with a higher likelihood of infec-
tion, especially with opportunistic viral and fungal patho-
gens. The amount of immunosuppression given to an 
individual recipient is usually related to the immunologic 
risk.    PTA recipients generally have a higher risk of rejection 
than  do   SPK  or   PAK recipients, and therefore they tend to 
receive higher levels of immunosuppression [ 30 ]. The risk of 
rejection in all three pancreas recipient categories is highest 
early after the transplant; hence, most centers use induction 
therapy immediately posttransplant, generally an antilym-
phocyte intravenous agent such as anti-thymocyte globulin 
alemtuzumab, or basiliximab [ 31 ,  32 ]; the use of OKT3 for 
induction therapy has fallen out of favor over the past couple 
of decades due to the concern of possible increased PTLD 
risk [ 33 ]. After induction therapy, recipients are maintained 
on some combination of antirejection agents, usually a calci-
neurin inhibitor (cyclosporine or tacrolimus), an antimetabo-
lite (mycophenolate mofetil or azathioprine), and prednisone. 
Newer, more powerful agents are becoming available that 
more specifi cally inhibit the immunogenic response. There is 
concern, however, that higher level of immunosuppression 
seen with such agents may increase the risk of infection. 

 The level of maintenance immunosuppression may be dra-
matically increased if the recipient requires short-term treat-
ment for acute rejection. High-dose steroids or antilymphocyte 
preparations may be used. Infections may then develop.    

13.5     Intra-abdominal Infections 

    Of the  infections         that may develop after pancreas transplant, 
intra-abdominal infections are generally the most serious, 
and most likely to be life threatening. They may range from 
diffuse peritonitis to localized abscesses. Their presentation, 
management, and clinical course will, in part, depend on 
their location and on the recipient’s overall condition. 

 The incidence of  intra-abdominal infections   in this popu-
lation has steadily decreased over time. During the 1980s, 
the reported incidence was very high, close to 30 % [ 34 ]. 
The high incidence of mortality or graft loss in pancreas 
recipients who developed intra-abdominal infections was 
also very high. By the 1990s, the incidence of intra-abdom-
inal infections had decreased to 15–20 % [ 35 ]. By 2000, the 
 incidence of   major intra-abdominal infections had decreased 
to 5–10 % [ 36 ]. At present, this incidence has remained rela-
tively stable [ 37 ]. The exact reason for this lower incidence 
is likely multifactorial. Better surgical technique, better 
preservation methods, and better immunosuppressive regi-
mens (resulting in a lower incidence of acute rejection) have 
all likely played a role. 

 Although the  incidence   has decreased over time, intra- 
abdominal infections continue to be a major problem in pan-
creas recipients and are still a common technical reason for 
graft loss (other causes being vascular thrombosis, pancreati-
tis, and hemorrhagic pancreatitis) [ 38 ,  39 ]. Some of these 
infections probably originate because of contamination from 
the donor duodenum, which is opened during the transplant 
procedure. Some correlation has been shown between organ-
isms identifi ed from cultures of the donor duodenum and 
later cultures from the intra-abdominal infection [ 40 ]. 

  Duodenal leaks (DL)         are probably the most signifi cant 
risk factor for intra-abdominal infections, especially with ED 
grafts; in one recent study,    DLs were accountable for a quar-
ter of all 1-year graft losses [ 41 ]. But, donor factors also play 
an important role in one multivariate analysis of risk factors 
for intra-abdominal infections, older donor age was found to 
be a strong risk factor for intra-abdominal infections [ 36 ]: if 
the pancreas donor was older than 40 years, the incidence of 
intra-abdominal infections was 16.2 %; if younger than 40 
years, 2.9 % ( P  = 0.009). Donor obesity is another factor pre-
disposing the recipient to infectious complications. In one 
analysis, if the donor body mass index (BMI) was >25 kg/
m 2 , the incidence of intra-abdominal infections was 11.7 %; 
if the donor BMI was >30 kg/m 2 , the incidence was 21.0 % 
( P  = 0.07) [ 43 ]. Often, the pancreas from obese donors has a 
signifi cant amount of extra fatty tissue on the graft. This fat 
may become necrotic after the transplant and serve as a nidus 
for infection. Recipient risk factors for the development of 
intra-abdominal infections include obesity and the presence 
of occlusive peripheral vascular disease. This is an important 
issue given that the US donor population is becoming 
increasingly old, obese, and diabetic and only approximately 
15 % of US deceased donors in 2013 donated a pancreas for 
transplantation [ 42 ,  43 ]. 

 Graft pancreatitis developing early posttransplant may 
also lead to infection. Pancreatitis and hemorrhagic pancre-
atitis are important causes of technical failure of the pancreas 
graft [ 39 ]. Graft infl ammation and swelling early posttrans-
plant is likely a manifestation of reperfusion injury after cold 
ischemia. Infl ammation of the graft or the surrounding peri-
pancreatic tissue can lead to fl uid collections around the graft 
and often to subsequent infections. Necrotic pancreatic tis-
sue from severe pancreatitis can become secondarily 
infected; this almost always requires removal of the graft to 
manage adequately. 

 Other risk factors for  intra-abdominal infections   include 
the pancreas recipient category and the type and duration of 
dialysis pretransplant. Prolonged pretransplant dialysis, 
especially peritoneal dialysis, is associated with a higher 
incidence of posttransplant infections [ 44 ]. As with infec-
tions in general,    SPK recipients have a slightly higher inci-
dence of intra-abdominal infections than  do   PAK  or   PTA 
recipients [ 5 ]. 

13. Risks and Epidemiology of Infections After Pancreas or Kidney–Pancreas Transplantation
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 The  clinical presentation of   intra-abdominal infections 
will depend on their severity and location. Generalized  peri-
tonitis   is usually associated with some catastrophic event, 
such as graft duodenal leak with spillage of enteric contents 
or urine into the peritoneal cavity. It may also occur as a 
result of perforation of some other viscus, unrelated to the 
transplant (e.g., perforated gastric ulcer, perforated cecum). 
 Generalized   peritonitis is diagnosed clinically; the physical 
exam is the most helpful tool. Such patients appear ill, with 
tachycardia, elevated temperature, falling blood pressure, 
and diffuse tenderness with guarding on palpation of the 
abdomen.  A   plain fi lm or CT of the abdomen is not usually 
necessary, but may demonstrate free air. Treatment involves 
prompt return of the recipient to the operating room to deter-
mine the reason for the peritonitis and will often depend on 
the degree of contamination. If a  duodenal         leak is identifi ed 
and the spillage is of brief duration and localized, then a pri-
mary repair of the duodenal stump or anastomosis, followed 
by copious lavage of the abdomen, often has a good chance 
for success. However, if signifi cant infl ammation and con-
tamination is noted in and around the pancreas, the graft 
should probably be removed, to adequately deal with the 
inciting process. Again, depending on the degree of contami-
nation, the recipient may need to return to the operating 
room on several occasions, so that the abdomen can be ade-
quately “washed-out.” 

 Fortunately, most intra-abdominal infections do not fall 
into the generalized peritonitis category. Instead, most of 
them consist of localized fl uid collections in and around the 
pancreas graft. Presentation is usually systemic, with symp-
toms such as fever, nausea, vomiting, or abdominal disten-
tion, with localized pain and guarding over the region of the 
fl uid collection. A  CT scan   with contrast is the best diagnos-
tic tool in this clinical situation. 

 About half of these localized abscesses are monomicro-
bial; common isolates include  Enterococcus ,  Escherichia 
coli ,  Klebsiella , and  Pseudomonas  [ 45 ]. The others tend to 
be polymicrobial, containing two or more bacteria or both 
bacterial and fungal species. The most common fungal spe-
cies isolated was  Candida albicans , but recently  Candida 
kruzei  and  Candida glabrata  have been increasing in inci-
dence (likely related to the widespread use of agents such as 
fl uconazole for prophylaxis). One benefi t of routine prophy-
laxis has been that the incidence of intra-abdominal infec-
tions with fungal pathogens has signifi cantly decreased [ 36 ]. 

 Treatment of localized  intra-abdominal infections   involves 
adequate drainage and appropriate antimicrobial or antifun-
gal coverage. These infections can often be drained percuta-
neously under radiologic guidance, at least as a good initial 
approach. But if the infected fl uid is not adequately drained 
or if the recipient does not improve clinically,  a      laparotomy 
should be performed to achieve adequate drainage of all 
infected fl uid. The rate of early laparotomy for fi rst time pan-
creas transplantation has been reported be close to 30 % in 
pancreas transplant recipients [ 46 ]. If the pancreas graft is 

obviously involved with the infection or appears tenuous 
with areas of necrosis, a graft pancreatectomy should be per-
formed. Or, if despite adequate drainage of infected fl uid, the 
recipient continues to deteriorate, then the graft should be 
removed (in case there is infection within the graft itself). 

 Intra-abdominal infections, especially those that are fun-
gal in origin, can sometimes lead to uncommon complica-
tions, such as mycotic pseudoaneurysms of the iliac artery 
[ 47 ]. Usually, such pseudoaneurysms are at the site of the 
anastomosis of the “Y-graft” to the recipient iliac artery, but 
other locations are possible. These pseudoaneurysms may 
rupture into the abdominal cavity, causing hypotension, 
abdominal pain, and distention. Or, they may rupture into the 
pancreas graft, bladder, or small bowel, causing massive 
hematuria or gastrointestinal bleeding. Treatment in the case 
of rupture requires emergency laparotomy, and usually, 
removal of the graft and reconstruction of the artery. Usually, 
this reconstruction requires use of autogenous tissue such as 
saphenous vein because of the underlying infection. 

 The development of  intra-abdominal infections   after a 
pancreas transplant has a signifi cant detrimental impact on 
patient and graft survival. Adequate treatment of these infec-
tions requires graft removal in 50–60 % of recipients—even 
more if the infections are polymicrobial with fungus present 
[ 45 ]. In one series of 213 pancreas recipients, graft survival 
at 1-year posttransplant was 82 % in those without an intra- 
abdominal infection vs. 60 % in those with ( P  = 0.01) [ 12 ]. 
The mortality rate associated with intra-abdominal infec-
tions ranges from 6 to 20 % [ 45 ]. Again, higher mortality 
rates are associated with polymicrobial and fungal 
infections.     

13.6     Duodenal Leaks 

    Leaking from the  donor         duodenum may occur either at the 
site of anastomosis (to the bladder or bowel) or at the duode-
nal stumps. A leak results in spillage of pancreatic enzymes 
as well as either enteric contents (with ED) or urine (with 
BD). In either case, there is spillage of contaminated con-
tents, resulting in either a localized or a generalized intra- 
abdominal infection. 

 The reported incidence of duodenal  leaks   is between 5 and 
15 % [ 48 ,  49 ] and has not changed appreciably in the last 
10–15 years [ 41 ]. Most leaks occur early posttransplant, usu-
ally in the fi rst few weeks. Excluding a technical problem 
with the anastomosis or with the closure of the duodenal 
stumps, most leaks probably occur as a result of ischemia of 
the duodenum. Disruption of the blood supply to the duode-
num, especially at its ends, may occur during the back-table 
preparation of the graft. Prolonged cold ischemia with subse-
quent ischemic reperfusion injury of  the   duodenum is a defi -
nite risk factor for a subsequent leak. In one analysis of 294 
pancreas recipients, duodenal leaks developed in 23 (7.8 %) 
[ 25 ]. If cold ischemia time was <15 h, the incidence of leaks 
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was 1.4 %. But if cold ischemia was 15–20 h, the incidence 
increased to 5.8 %; 20–25 h, 14.1 %; and >25 h, 16.7 %. 

 Other  risk factors for   duodenal leaks include impaired 
wound healing caused by immunosuppressive therapy, most 
notably high-dose steroids or the newer immunosuppressive 
agents [ 50 ]. Other predisposing factors include bladder dys-
function with poor emptying, leading to high pressure 
within the bladder and to stress on the anastomosis of the 
BD graft [ 51 ]. 

 Duodenal leaks may also occur late posttransplant. In con-
trast to early leaks, late leaks are usually not due to technical 
causes, but rather due to ischemia or infection. CMV infec-
tions leading to duodenal ulcers and perforation have been 
described [ 41 ,  50 ]. 

  Clinical presentation   will vary, depending on whether BD 
or ED was used. With ED, a leak usually presents with gen-
eralized peritonitis as enteric contents spill into the perito-
neal cavity. With BD, symptoms are generally less severe; 
usually there is pain, often associated with elevated serum 
amylase level (both of which improve with placement of a 
Foley catheter). 

  Diagnosis is   based on the clinical presentation and radio-
logic imaging. With ED grafts, a leak can be diffi cult to diag-
nose with current imaging techniques.  A      CT scan may show 
some free air and fl uid in the peritoneal cavity, but these fi nd-
ings are not diagnostic. With BD grafts, however, a CT cysto-
gram or a fl uoroscopic cystogram are sensitive and specifi c. 

  Treatment of   duodenal leaks may be either surgical or 
medical. With ED grafts, all such leaks require operative 
repair. If there is signifi cant contamination and infection 
around the pancreas graft, a graft pancreatectomy should be 
performed. With BD grafts, leaks (especially small ones) 
may often be managed conservatively. A  Foley catheter   is 
inserted to decompress the bladder and left in place until 
imaging studies demonstrate no further leak. If catheter 
placement is not successful, or if the recipient is unwell clini-
cally, then operative repair is necessary. It may involve either 
direct repair of the leak site with some form of patch (most 
commonly omentum) or conversion to ED. About 20 % of 
duodenal leaks with BD grafts require operative repair [ 50 ].     

13.7     Recurrent Urinary Tract 
Infections 

     UTIs are very common  after            a pancreas transplant, especially 
with BD grafts. Common organisms include  Enterococcus , 
 Candida , and  Pseudomonas . Several factors may predispose 
the recipient to recurrent UTIs. The defense mechanism of 
the bladder may be altered by pancreatic secretions, leading 
to an increased chance for infections. Other risk factors 
include a diabetic neuropathic bladder with incomplete 
emptying, alkalization of the urine from bicarbonate in 
 pancreatic secretions, presence of a Foley catheter, and con-

tamination from the transplanted duodenum. Lastly, foreign 
bodies in the bladder, in the form of staples or sutures at the 
anastomosis, may serve as a nidus for infection [ 52 ]. 

 The incidence of recurrent UTIs in pancreas recipients 
ranges from 10 to 40 % [ 8 ,  53 ,  54 ]. The vast majority of these 
infections will respond to appropriate antibiotic therapy. If 
the infection is recurrent or if it does not respond to therapy, 
then cystoscopy should be performed. If foreign bodies, such 
as staples, are identifi ed that may be serving as a nidus for 
infection, they should be removed. If UTIs still persist, the 
graft should be converted into ED.     

13.7.1     Wound Infections 

    Infections involving  the         surgical wound are much more com-
mon after a pancreas transplant as compared with a kidney 
transplant alone. Most involve the layers of the abdominal 
wall superfi cial to the fascia. Sometimes, however, the fascia 
and muscle layers can be involved with a devastating, necro-
tizing type of infection. The reported incidence of wound 
infections is 7–35 % [ 8 ,  48 ,  55 ]. They may occur in isolation, 
but a signifi cant number of them are associated with deep, 
intra-abdominal infections. In one series of pancreas recipi-
ents, 38 (18 %) had wound infections. Of these 38 recipients, 
21 (10 %) had isolated involvement of the superfi cial wound 
and 17 (8 %) had a coexisting intra-abdominal infection [ 48 ]. 

 Several factors account for the higher incidence of wound 
infections after a pancreas transplant. Most prominent is the 
fact that the donor duodenum is a contaminated hollow vis-
cera; spillage from it while the anastomosis is being done 
can contaminate the surgical wound. With ED, enteric con-
tents can spill onto the wound. 

 The typical pancreas transplant recipients’ long-standing 
history of diabetes also plays a role; the general surgery 
literature shows diabetes to be a risk factor for wound 
infections [ 56 ]. Compared to kidney transplant recipients, 
these patients undergo a longer operative procedure, which 
is another risk factor. The even longer operative procedure 
 that   SPK (vs. PTA or PAK) recipients undergo is also asso-
ciated with a higher wound infection rate [ 4 ]. Another sig-
nifi cant risk factor for wound infections in pancreas 
recipients is obesity [ 43 ]. 

 The pattern of microbial agents found in wound infections 
depends on the existence of any underlying intra- abdominal 
infection. An isolated wound infection is usually monomi-
crobial, with Gram-positive bacteria being most commonly 
involved. But with an underlying intra-abdominal infection, 
more than 50 % of such wound infections are polymicrobial 
and may involve fungi (most commonly  Candida  species). 

 Local signs and symptoms include wound pain, erythema, 
and drainage from the wound. Treatment consists of opening 
the wound, regularly changing dressing, and packing the 
wound. Antibiotics are used if there are systemic signs of 
infection or signifi cant cellulitis around the opened wound. 
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A CT scan of the abdomen should be done to rule out an 
underlying intra-abdominal infection, especially in the pres-
ence of systemic symptoms.      

13.8     Prophylaxis 

    Infection  rates         remain high after pancreas transplants [ 8 ] but 
they have decreased signifi cantly in the last decade. One rea-
son is the use of better prophylaxis. Most centers now use 
some form of routine antibacterial, antiviral, and antifungal 
prophylaxis for all pancreas recipients. 

 The main purpose of antibacterial  prophylaxis   is to dimin-
ish the likelihood of wound infections. Generally, a wide 
spectrum antibiotic is used to target the Gram-positive and 
Gram-negative organisms that may contaminate the wound 
at the time of surgery. Many centers also routinely use anti-
fungal prophylaxis in all pancreas recipients. A typical regi-
men consists of copiously irrigating the abdominal cavity 
with amphotericin B solution, followed by 1 week of oral 
fl uconazole immediately after surgery. The incidence of fun-
gal intra-abdominal infections has decreased signifi cantly 
with use of routine prophylaxis [ 36 ]. Given the generally 
poor outcomes with fungal intra-abdominal infections, some 
form of antifungal prophylaxis is warranted. 

 Other preventative regimens include ganciclovir for CMV 
prophylaxis (for 3–6 months posttransplant, or for 6 weeks 
after bolus antirejection treatment) and trimethoprim/sulfa-
methoxazole for  Pneumocystis  prophylaxis.     

13.9     Cytomegalovirus Infections 

13.9.1     Epidemiology 

    Pancreas recipients are  generally         considered to be at high 
risk for CMV infection and disease. In addition to the stan-
dard risk factors such as pretransplant CMV serostatus (the 
highest risk being donor positive and recipient negative or 
D+/R− [ 57 ,  58 ]) several factors are more specifi c to pan-
creas transplants. The result may be higher rates of CMV 
infection and disease compared to some other solid organ 
recipients. Pancreas recipients often require higher levels of 
immunosuppression than do other solid organ recipients. 
They may also have an increased incidence of acute rejec-
tion, which requires more aggressive immunosuppressive 
therapy—specifi cally antilymphocyte products, known to 
be a major risk factor for CMV [ 57 ,  58 ]. Also, the amount of 
lymphoid tissue within the pancreatico-duodenal graft is 
quite high, probably serving as a source of donor-acquired 
latent CMV and resulting in a high viral inoculum into the 
recipient. Finally, many studies have reported a high rate of 
baseline recipient CMV seronegativity in pancreas recipi-
ents [ 59 – 62 ], which increases the number of CMV-
mismatched (D+/R−) recipients. 

 In the absence of specifi c CMV prophylaxis, the rate of 
CMV disease is quite high. In one study of 34 pancreas 
recipients on quadruple immunosuppression with antilym-
phocyte therapy induction but no CMV-specifi c prophylaxis, 
71 % of them developed CMV infection [ 59 ]. Of the total of 
34 pancreas recipients in the study, 17 (50 %) developed 
symptomatic CMV disease, at a mean of 43 days (range, 
15–63 days). Symptomatic CMV disease was most common 
in the CMV D+/R− group [ 59 ]. It was also frequent in the 
lower risk D+/R− and D+/R− groups and may also occur in 
D−/R− patients who receive unscreened or unfi ltered blood 
products. As in other solid organ recipients, CMV disease 
may present in pancreas recipients as a viral syndrome or as 
tissue-invasive disease. Tissue-invasive disease is relatively 
common (although likely lower in the current era of prophy-
laxis, and early treatment) and may include hepatitis, pneu-
monitis, and gastrointestinal disease; it may also involve the 
pancreas graft, resulting in CMV pancreatitis, although the 
latter is relatively infrequent compared to other forms of 
tissue- invasive disease such as colitis [ 59 ,  62 – 64 ]. Disease 
rates in pancreas recipients on specifi c CMV prophylaxis are 
lower, and disease tends to occur later in the posttransplant 
period. Moreover, reported disease rates and presentations 
may differ from center to center, depending on immunosup-
pressive regimens and on the type and duration of CMV 
prophylaxis.     

13.9.2     CMV Prevention 

    Given the high rates of  CMV         infection and disease in pancreas 
recipients, most centers use some form of universal antiviral 
prophylaxis. Generally, prophylaxis is given to all “at-risk” 
patients (donor or recipient CMV seropositive). Randomized 
controlled trials of CMV prophylaxis in pancreas recipients 
are scarce, and most studies are retrospective, single-center 
reviews or are trials involving predominantly kidney trans-
plant recipients with a small number of pancreas transplant 
patients included. 

 A number of agents are available for CMV prophylaxis 
but oral valganciclovir is likely the best option in these 
patients primarily based on data from large randomized trials 
in other groups of organ transplant recipients. In a large 
international trial comparing 3 months of valganciclovir pro-
phylaxis vs. oral ganciclovir prophylaxis for D+/R− patients, 
both regimens had similar effi cacy [ 65 ]. However, only a 
small number of pancreas transplant recipients were included 
in this trial. Nonetheless, these results have been supported 
by smaller nonrandomized trials. Oral ganciclovir is cur-
rently no longer available in many jurisdictions. Prior to gan-
ciclovir, acyclovir-based prophylaxis was commonly used. 
However, the use of acyclovir as CMV prophylaxis is no lon-
ger recommended [ 57 ]. 

 The major problem with prophylaxis in pancreas trans-
plant recipients appears to be the high incidence of late-onset 
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CMV disease [ 66 ]. That is, CMV disease occurs after the 
discontinuation of prophylaxis and early diagnosis may be 
missed if patients are no longer followed as closely by their 
primary transplant program. Fallatah et al. reviewed 130 
pancreas transplant recipients who received antiviral prophy-
laxis [ 67 ]. Despite prophylaxis the incidence of CMV infec-
tion or disease was 24 % and was especially high in the D+/
R− cohort (44 %). The median duration of prophylaxis was 
104 days CMV infection/disease occurred a median of 34 
days following discontinuation of prophylaxis. In a review of 
252 pancreas transplant recipients (the majority of whom 
received antiviral prophylaxis) by Parsaik et al. [ 62 ], the 
cumulative incidence of CMV infection/disease was 15 % at 
1 year and again was signifi cantly higher in the D+/R− 
group. The majority of infections occurred within 1 year of 
transplant although late infections were not infrequent. The 
risk of late CMV disease appears to be higher as compared 
with kidney recipients and liver recipients on similar prophy-
lactic regimens. In one study of 240 solid organ recipients 
given 3 months of oral ganciclovir, late CMV disease 
occurred in signifi cantly more D+/R− SPK recipients (42 %) 
as compared with D+/R− kidney recipients (10 %) and D+/
R− liver recipients (7 %) [ 68 ]. 

 The occurrence of late-onset CMV disease has led many 
centers to prolong antiviral prophylaxis beyond the standard 
3 months, especially in D+/R− patients [ 69 ]. In a study of 
326 D+/R− kidney transplant recipients, patients were ran-
domized to receive either 200 days vs. 100 days of valganci-
clovir prophylaxis [ 69 ]. The incidence of symptomatic CMV 
disease by 12 months posttransplant was 16.1 % vs. 36.8 % 
in the two arms, respectively ( p  = <0.0001). Although this 
trial did not include pancreas transplant recipients, a reason-
able strategy in D+/R− pancreas transplant recipients would 
be to prolong prophylaxis to 6 months. Another approach to 
prevention is preemptive therapy. In uncontrolled trials, pre-
emptive antiviral therapy (generally with oral valganciclovir 
or intravenous ganciclovir) in recipients given antilympho-
cyte therapy appears to be of some benefi t [ 70 ,  71 ]. More 
commonly, preemptive therapy refers to s virologic monitor-
ing (e.g., by PCR) with subsequent preemptive antiviral ther-
apy [ 72 ,  73 ]. This approach has its advantages and 
disadvantages compared to prophylaxis but has not been 
well studied in pancreas transplant recipients. Commonly 
many centers will use a hybrid approach in which frequent 
virologic monitoring is performed following a period of pro-
phylaxis [ 57 ]. Again, the benefi t of such a strategy has not 
been well evaluated in pancreas transplant recipients. 

 In summary,  CMV   prophylaxis is generally recom-
mended for all pancreas recipients at risk for CMV disease. 
Oral valganciclovir for 3–6 months is a reasonable strategy, 
with the 6-month duration likely preferable in those who are 
D+/R− or who have recurrent rejection or high intensity of 
immunosuppression.     

13.9.3     Management 

    Treatment of active  CMV         disease in pancreas and other solid 
organ transplant recipients is similar. Initial therapy is gener-
ally started with either intravenous ganciclovir or oral val-
ganciclovir. In a randomized trial comparing 3 weeks of 
intravenous therapy to oral valganciclovir in 321 patients, 
both regimens had similar rates of viral clearance [ 63 ]. In 
patients who are very ill, or in whom gastrointestinal absorp-
tion may be impaired, initial intravenous therapy is preferred. 
The duration of initial therapy is usually 2–4 weeks, but it 
should be based, in part, on clinical and virologic responses. 
Pancreas recipients may have a very high rate of CMV dis-
ease recurrence. In one study of 332 cases of CMV disease in 
kidney  and   SPK recipients, CMV disease recurred after an 
initial course of treatment in 31 % of them (all were initially 
treated with 2 weeks of intravenous ganciclovir, followed by 
10 weeks of oral acyclovir) [ 74 ]. However, the recurrence 
rate was signifi cantly higher  in   SPK recipients (39.8 %) than 
in kidney recipients (20.5 %). According to a multivariate 
analysis, this increased rate of recurrence was primarily 
attributed to increased treatment of acute rejection episodes. 

 Based on the high risk of recurrence, a reasonable strategy 
is to give secondary prophylaxis with oral valganciclovir, 
after initial treatment therapy, especially in recipients with 
recent or recurrent episodes of acute rejection. With the 
widespread use of prophylaxis, ganciclovir resistance may 
be a problem  in   SPK recipients. Oral ganciclovir, in particu-
lar, has a low bioavailability (6–9 %) and therefore may pro-
mote ganciclovir resistance in heavily immunosuppressed 
patients. In one review of 240 liver, kidney, and pancreas 
recipients, all on 100 days of oral ganciclovir prophylaxis for 
CMV, ganciclovir-resistant CMV disease was observed in 5 
(7 %) of 67 CMV D+/R− recipients [ 68 ]. Of these fi ve recipi-
ents, four were pancreas recipients. Thus, the rate of ganci-
clovir resistance in D+/R− pancreas recipients with CMV 
disease in that study was 21 % (4 of 19) and was attributed to 
high levels of immunosuppression. The use of high than nor-
mal doses of intravenous ganciclovir or foscarnet may be 
required to treat ganciclovir-resistant CMV disease. The 
ongoing development of investigational anti-CMV com-
pounds including brincidofovir, and letermovir, may ulti-
mately prove useful in this setting [ 75 ,  76 ].      

13.10     Epstein–Barr Virus 
and Posttransplant 
Lymphoproliferative Disease 

       EBV is  associated                  with most cases of PTLD [ 77 ,  78 ]. The 
 epidemiology of PTLD   may vary from center to center, 
again depending on immunosuppressive regimens and 
other factors. 
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 The largest single center study to date on pancreas recip-
ients and PTLD retrospectively reviewed a single center 
experience in 787 pancreas and 569 kidney–pancreas recip-
ients [ 79 ]. The 5-year cumulative incidence of PTLD 
ranged from 1.0 to 2.5 % with a trend towards increased 
rates in more recent times. PTLD tended to be more aggres-
sive in pancreas recipients compared with liver or kidney 
recipients, with multiple sites involved at the time of pre-
sentation. A signifi cant number of patients were noted to 
have T-cell lesions. 

 A recent study evaluated the UNOS database of pancreas 
transplants to identify factors that predicted PTLD [ 80 ]. In a 
total of 4205 pancreas transplants, the  incidence of PTLD   
was 1.0 % (43 patients). In a multivariate analysis, recipient 
EBV seronegativity, and use of an immunosuppression regi-
men that did not include tacrolimus were among the risk fac-
tors associated with the development of PTLD. 

 An additional  risk factor for PTLD   is the intensity of 
immunosuppression, particularly the use of antilymphocyte 
products [ 77 ]. In an analysis of French registry data [ 81 ] 
which gathered data on the 10 year cumulative incidence of 
PTLD in kidney transplant recipients,    SPK recipients had a 
higher likelihood of developing PTLD (adjusted hazard ratio 
2.52). Induction therapy, and EBV mismatch were also iden-
tifi ed as risk factors. Meador et al. [ 82 ] reviewed their cases 
of PTLD in pancreas recipients over a 6-year period. Of 337 
pancreas recipients, 8 (2.4 %) developed PTLD, including 5 
(2.8 %) of  179   SPK recipients, 1 (0.9 %) of  106   PAK recipi-
ents, and 2 (3.8 %) of  52   PTA recipients. PTLD occurred a 
mean of 137 days posttransplant (range, 34–348 days). 
 PTLD   involved the pancreas graft alone in three recipients, 
the graft and extra graft tissue in three, and extra graft tissue 
alone in two. Histologically, the tumors ranged from poly-
clonal B-cell hyperplasia to B-cell lymphoma. On ultrasound 
and CT imaging, fi ve of the eight recipients had a diffusely 
enlarged pancreas graft, a fi nding that may be radiographi-
cally indistinguishable from acute rejection or pancreatitis. 

 In a study of 52 cases  of   PTLD in pancreas recipients that 
included data from the Israel Penn International Transplant 
Tumor Registry, the mean time to diagnosis was 18.9 months 
(range, 0.9–91 months). Sites involved were the lymph nodes 
alone (15.3 %), the lymph nodes plus other sites (38.4 %), the 
pancreas or kidney graft (27 %), the central nervous system 
(19 %), the liver (19 %), the gastrointestinal tract (17 %), and 
the spleen (11.5 %). The overall mortality was 61 %; those 
with central nervous system disease had a worse survival [ 83 ]. 

 The available data  on   PTLD in pancreas recipients can be 
summarized as follows: The incidence of PTLD in most set-
tings is likely in the range of 1–2.5 %. Most early cases are 
EBV-related B-cell PTLD. The most important risk factor 
likely relates to the EBV D+/R− transplant in which primary 
infection occurs in the absence of preexisting host immunity. 
The intensity of immunosuppression, and specifi cally the use 
of antilymphocyte products, is a major risk factor for the 
development of PTLD (as in other solid organ recipients). 

The broad pathologic and clinical spectrum of PTLD is simi-
lar to that seen in other solid organ recipients. However, 
PTLD commonly involves the pancreas graft, where it may 
result in a diffuse infi ltrative pattern or in focal masses. 
Uncontrolled studies suggest that the use of antiviral prophy-
laxis may have some benefi cial effect for prevention of 
PTLD in pancreas recipients [ 84 ]. A case–control study has 
also suggested that ganciclovir, more than acyclovir, may be 
benefi cial for prevention of PTLD [ 85 ]. Also, because antivi-
ral therapy may lead to a reduction in CMV infection (an 
independent risk factor for PTLD) it may indirectly have a 
benefi cial effect on EBV and PTLD [ 86 ]. A potential 
approach is to measure EBV viral loads in high-risk patients 
(EBV D+/R−), with subsequent reductions in immunosup-
pression in patients with high or rising viral loads [ 78 ]. This 
strategy has not been well studied in pancreas transplant 
recipients. Once PTLD has occurred, treatment strategies, as 
with other solid organ groups, include reduced immunosup-
pression, antiviral therapy, rituximab, or chemotherapy, but 
mortality rate remains relatively high [ 78 ].        

13.11     Other Infections 

       Given their high levels of immunosuppression, pancreas 
recipients are at risk for infections caused by numerous other 
opportunistic and nonopportunistic pathogens, including 
other herpesviruses, community-acquired pneumonia organ-
isms, and environmental fungi [ 60 ,  87 ,  88 ]. Infections may 
occur because of environmental exposure or reactivation of 
endogenous latent organisms. The timeline is similar to that 
observed in other solid organ transplant recipients [ 88 ] 
although epidemiologic studies are lacking. 

 In the last decade,  polyomavirus nephropathy      or BK virus 
 nephropathy            (BKVAN) has been recognized as an important 
problem in kidney recipients. Large epidemiologic studies of 
polyomavirus infection of the kidney graft  in   SPK  or   PAK 
recipients are few in number and are generally retrospective. 
In a review of  146   SPK recipients, Lipshutz et al. [ 89 ] identi-
fi ed nine patients with BKVAN (calculated incidence 6.2 %), 
an average of 359 days posttransplant. In this cohort,       BKVAN 
was the leading cause of renal graft loss in the fi rst 2 years 
posttransplant. However, in another report, the incidence of 
BKVAN in  243   SPK recipients was 2.9 % with only three 
patients ultimately losing the kidney graft [ 90 ]. Pancreas 
graft involvement with polyomavirus has not been described. 
Interestingly, in  one   PTA recipient, polyomavirus nephropa-
thy and kidney dysfunction in the native kidneys has been 
reported [ 91 ]. Current guidelines [ 92 ] for the prevention of 
BK nephropathy in kidney transplant patients should be fol-
lowed  for   SPK patients and possibly  for   PAK patients who 
receive an augmentation in immunosuppression at the time 
of their pancreas transplant. This generally includes regular 
monitoring of plasma BK viral and reduction in immunosup-
pression in patients with high or rising viral loads.           
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   Risks and Epidemiology of Infections After 
Liver Transplantation                     
     Roberto     Patron      ,     Shimon     Kusne      , and     David     Mulligan     

       Liver transplantation is now a widely accepted mode of therapy 
for patients with end-stage liver disease. Despite the improve-
ment in surgical techniques, reduction in operative times, pro-
longed graft and patient survival, and progress in therapeutic 
treatment options over the last few decades, the rate of major 
infectious complications remains high in this population. Kusne 
et al. [ 1 ] and Paya et al. [ 2 ] reported rates of major infections of 
67 % and 54 %, respectively, in their two series from two 
decades ago. More recent studies [ 3 – 5 ] did not show much 
improvement in the rate of infectious complications; the infec-
tion rate in liver transplantation is substantially higher than that 
of renal and heart transplant recipients [ 6 ] but lower than that of 
lung and small bowel transplant recipients [ 7 ,  8 ]. The main 
determinants of infection risk in this population include the 
mechanical aspects of the surgery itself, a myriad of host and 
donor factors [ 9 ], and the effects of the immunosuppression. 

14.1     Infections Related to Mechanical 
Complications of Surgery 

14.1.1      Early Postsurgical Infections   

 Liver transplantation  is associated with a high rate of post-
surgical infectious complications due to the technical com-
plexity of the surgery and the frequent moribund state in 
which many of the recipients undergo the operation. 
Although the improved surgical techniques have resulted in 
shorter operative times, less blood product transfusions, 
reduced use of veno-venous bypass, and fewer biliary 
stents/T-tubes, the age and quality of the donors currently 
available for transplantation are much less favorable than 
the young trauma victims used most commonly previously 
[ 10 ]. The infections within the fi rst month of transplant are 
largely due to bacterial and fungal pathogens. Although 
liver transplant recipients suffer from routine postoperative 
complications, such as pneumonia, urinary tract infections, 
and line sepsis, the most common sites of infection by far 
are intra- abdominal and the surgical wound [ 1 ,  11 ]. In a 
study by George et al. [ 11 ], one third of bacterial infections 

occurred in the fi rst week after transplantation and more 
than one half within the fi rst 2 weeks. The incidence of 
bacteremia ranges between 21 and 33 % [ 1 ,  2 ,  6 ]. The cul-
prit organisms are usually enteric fl ora, including 
 Enterococcus  species and gram- negative  Enterobacteriaceae , 
along with  Staphylococcus aureus  and coagulase-negative 
 Staphylococcus  [ 3 ,  12 ]. The rate of infection with antibi-
otic-resistant pathogens, such as vancomycin-resistant 
enterococcus (VRE) and methicillin- resistant  S. aureus  
(MRSA), is high, as liver transplant candidates are often 
“antibiotic-experienced” with a history of frequent hospital-
izations. A lengthy posttransplant intensive care unit (ICU) 
stay and spillage from the gastrointestinal (GI) tract at the 
time of biliary anastomosis exacerbate this problem. 

 Invasive fungal infections (IFIs) also occur most fre-
quently in the fi rst few weeks after surgery. The incidence of 
IFI after liver transplantation ranges from 5 to 42 % in vari-
ous studies [ 1 ,  2 ,  12 – 16 ], with the case fatality ranging from 
25 to 69 %.  Candida  species are the most frequent organism 
involved, followed by  Aspergillus  species. Abdominal 
wound infection by  Candida  is often a part of polymicrobial 
sepsis by enteric bacterial pathogens. Pathogenesis of 
abdominal IFI starts with the colonization of the GI tract 
with yeast, with the subsequent breach in mucosal integrity 
due to surgery, leading to contamination and the infection of 
the peritoneum. The presence of indwelling urinary and 
intravascular catheters facilitates the direct invasion of fun-
gal organisms into the bloodstream. 

 The most consistently identifi ed risk factors in the early 
posttransplantation period are the duration of surgery and 
retransplantation [ 1 ,  3 ,  11 ]. Figure  14-1  shows that the fre-
quency of severe infection has an almost linear correlation 
with the total time spent in the operating room. Lengthy sur-
gery presumably refl ects technical diffi culties and an atten-
dant increase in stress from blood loss, hypothermia, tissue 
hypoperfusion, and prolonged exposure to microbiologic 
contaminants, whereas the tissue concentration of prophy-
lactic antibiotic falls. The intraoperative transfusion require-
ment is closely related to infectious complications [ 3 ,  11 – 14 , 
 17 ]. This is undoubtedly related to the duration and complex-
ity of surgery and, more specifi cally, to the amount of 
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 intraoperative bleeding, which leads to tissue hypoxia and 
the formation of hematomas vulnerable to microbial seeding. 
Blood in the peritoneum also have an inhibitory effect on 
leukocytes [ 18 ]. There have also been studies showing that 
allogeneic blood transfusion causes downregulation of sur-
veillance mechanisms of the immunity leading to tolerance 
and more infectious complications, which is not the case 
with autologous blood transfusion [ 19 ]. In addition to the 
length of surgery, the degree of early graft function can 
impact intraoperative blood loss, hemodynamic stability, and 
metabolic state (i.e., acidosis) in the recipient. Bacterial and 
fungal infections can be transmitted from the donor, both in 
the tissue and bile ducts/gallbladder. The presence of signifi -
cant donor steatosis, advanced age, complications during 
organ procurement, and prolonged total ischemia time can 
exacerbate early graft function and set the stage for increased 
early posttransplant infection. In the past, the use of veno- 
venous bypass was common in an effort to stabilize the 
hemodynamic profi le of the recipient during engraftment 
and as a tool to allow for additional time as needed to train 
surgical fellows in the techniques of the vascular anastomo-
ses. Currently, due to the higher risks seen in our older and 
less high-quality donors, the additional time necessary to 
place a patient on bypass has essentially replaced its use to 
only very select cases. The surgical techniques most com-
monly used at present employ the “piggyback” technique 
that allows the retrohepatic inferior vena cava (IVC) to be 
left in place in the recipient (Figure  14-2 ). Instead, the right, 
middle, and left hepatic veins are combined into a single out-
fl ow tract or orifi ce upon which is attached the suprahepatic 
IVC from the donor liver graft, thus preventing the additional 
operating time, the hemodynamic instability of clamping the 
recipient IVC, and reducing the total number of vascular 
anastomoses to three rather than four. Unless the recipient 
has an anatomically abnormal distal common bile duct, cur-
rent practice is to perform a duct-to-duct anastomosis. This 
reduces operative time, violation of the enteric system with 
inherent contamination, and additional enteric anastomoses 
that can contribute to increased postoperative ileus. Most 
transplant centers have abandoned the use of T-tubes 
(Figure  14-3 ), as their assessment of the quality of the bile 
produced early after transplant has greatly been replaced by 
other imaging and laboratory tools, thus reducing the 25 % 
incidence of leaks associated with these tubes and foreign 
body  colonization of bacteria and fungi.

14.1.2           Mid-to-Late Postsurgical Infections   

 The usual  options for biliary reconstruction during the trans-
plant surgery are (a) end-to-end or side-to-side choledochocho-
ledochostomy (CC) without a T-tube, (b) CC with a T-tube 
(Figure  14-3 ), or (c) Roux-en-Y choledochojejunostomy (CJ) 
(Figure  14-4 ). As previously mentioned, most practices cur-
rently employ CC without a T-tube unless the recipient has ana-

Total operative time in hours

5–10 10–15 15–20 20–25 >25

n=29

n=42

n=15

n=5

n=10

1.0

2.0

3.0

In
fe

ct
io

n 
ep

is
od

es
 p

er
 p

at
ie

nt

  FIGURE 14-1.    Frequency of severe infections  in   relation to the total 
operative time per patient in hours (Reproduced from Kusne S, 
Dummer JS, Singh N, et al. Infections after liver transplantation: an 
analysis of 101 consecutive cases. Medicine (Baltimore). 
1988;67:132–143, with permission).       
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  FIGURE 14-2.    Living donor liver transplantation with piggyback 
caval technique allows recipient IVC to remain open and decreases 
abdominal vascular congestion, minimizing bacterial translocation 
from the gut. The recipient hepatic veins are clamped, leaving the 
IVC open, and a common orifi ce is created joining all three hepatic 
veins for anastomosis to the donor IVC. In this fi gure, only the 
hepatic vein was used to create the piggyback anastomosis 
(Reproduced from Marcos A, Fisher RA, Ham JM, et al. Right lobe 
living donor liver transplantation. Transplantation. 1999;68(6):798–
803, with permission).       
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tomically abnormal distal common bile duct, such as in patients 
with primary sclerosing cholangitis (PSC). In living donor liver 
transplantation (LDLT), most surgeons employ the use of 
direct duct-to-duct anastamoses, even in cases of multiple 
ducts, so that postoperative endoscopic studies may be more 
easily performed. For pediatric liver transplants and others 
where suitable recipient anatomy is unfavorable, Roux-en-Y 
hepaticojejunostomy (HJ) is preferred. Several studies suggest 
that patients who undergo CJ have a higher rate of early biliary 
complications, such as biliary stenosis, leaks, and infectious 
cholangitis, compared with those who undergo CC [ 1 ,  20 ]. 
Among the patients who have CC, those with T-tube placement 
have more biliary complications, including infections [ 21 ,  22 ]. 
On the other hand, the presence of the T-tube may delay the 
onset of biliary complications until after its removal, which 
usually occurs 2–3 months after transplantation. At that time, 

the immune system is not as suppressed as it is during the early 
postoperative phase [ 23 ]. The treatment of cholangitis involves 
the correction of the structural abnormality, such as strictures 
and leaks with percutaneous drainage and either percutaneous 
transhepatic or endoscopic stents, as well as administration of 
the appropriate antibiotic therapy for responsible organisms.

    Hepatic artery thrombosis (HAT)   is a major cause of 
morbidity and graft loss after liver transplantation. The 
reported incidence of HAT ranges from 1.6 to 20 % [ 24 –
 26 ], with the higher incidence in children. According to the 
experience at the University of Pittsburgh, the overall inci-
dence of HAT is 3.4 % in adults and 11.8 % in children [ 26 ]. 
In patients undergoing LDLT, HAT can occur in up to 20 % 
due to the greater technical diffi culties facing the anasto-
mosis of smaller vessels. HAT can present early (less than 
7 days post-op) as arterial ischemia leading to fulminant 

  FIGURE 14-3.    Classic liver transplant with full retrohepatic IVC and T-tube choledochocholedochostomy. Potential contamination with 
T-tube removal leading to bile leak (Reproduced from the Mayo Foundation, with permission).       
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hepatic failure. On the other hand, late HAT often presents 
insidiously, with impaired hepatobiliary perfusion leading 
to biliary necrosis with leaks, strictures, and, ultimately, 
allograft failure [ 6 ]. HAT is frequently associated with 
recurrent hepatic abscesses. Despite a combination of med-
ical therapy and drainage of infected collections, the 
treatment of HAT- related hepatic abscesses is challenging, 
partly because of the diffi culties in eradicating the infection 
in the absence of proper arterial circulation. Presentation 
with multiple small abscesses not amenable to drainage is 
common; in these cases, prolonged empiric antibiotic ther-
apy with broad- spectrum enteric coverage is the therapy by 
default. According to one study [ 27 ], breakthrough bactere-
mia has been reported in 70 % of patients with HAT-related 
hepatic abscesses, with polymicrobial sepsis accounting for 
more than half of these cases.  Enterococcus  species and 
enteric gram-negative bacteria were the organisms most 
frequently isolated. Mortality was high in this group 
(37.5 %) regardless of the therapeutic approach. 
Revascularization surgery has been used with limited suc-
cess [ 26 ]. In most cases, medical therapy is only a tempo-
rary solution until the patient can undergo retransplantation, 
which is considered the ultimate treatment for HAT and 
associated hepatic abscesses [ 24 – 27 ]. 

 Liver abscess formation is unique to liver transplant recip-
ients. Out of 2175 recipients of solid organ transplant from 
Cleveland Clinic Foundation between 1990 and 2000, 12 
patients developed liver abscess and all of them were liver 
recipients [ 28 ]. The predisposing factors in eight (67 %) of 
them were HAT. Other predisposing factors may include 

hematomas, biliary complications, and, rarely, liver biopsy. 
Patients who have bacterial colonization of the biliary tree, 
such as those with biliary stents violating the sphincter of 
Oddi and recipients reconstructed with Rous-en-Y CC or CJ, 
are at increased risk for infection associated with liver biopsy 
and probably should receive prophylactic antibiotic therapy 
prior to and following the biopsy. Infected collections of bile 
are called by many authors “infected bilomas.” 

 Infected bilomas or collections of bile inside or outside the 
liver may present like an intra- or perihepatic abscess and 
may need drainage and antibiotic treatment. Aggressive 
treatment of these bilomas, whether infected or not, is usu-
ally warranted as their presence in proximity to the hepatic 
artery frequently causes local infl ammation and over time 
can lead to HAT. When bilomas are associated with HAT, 
retransplantation is usually needed. Diagnosis is usually 
made by CT or ultrasound. In one series from University of 
Wisconsin [ 29 ], 44 % of the patients presented with fever, 
40 % had abdominal pain, and a third of the patients were 
asymptomatic; 79 % had liver enzyme abnormalities [ 29 ]. In 
that series the pathogens involved included  Enterococcus  
(37 %), coagulase-negative  Staphylococcus  (26 %),  Candida  
species (26 %), gram negatives (16 %), and anaerobes  (5 %).   

14.2       Host Factors   of Infection 

 The underlying disease that caused the liver failure and other 
comorbid medical conditions contributes to the rate and type 
of infectious complications after transplantation. The most 
common causes of liver failure requiring transplantation are 
infection by hepatitis C virus (HCV) and hepatitis B virus 
(HBV), alcoholic liver disease, autoimmune hepatitis, PSC, 
and primary biliary cirrhosis (PBC). Patients with chronic 
viral hepatitides as the underlying disease are at considerable 
risk for the development of persistent or recurrent viral hepa-
titis after transplantation, compared with those with fulmi-
nant viral hepatitis [ 30 ,  31 ]; in the latter group, the virus is 
usually cleared by the immune system at the time of the trans-
plantation. Patients with PSC as the cause for liver failure 
have the highest postoperative biliary complication rate, 
including the development of anastomotic stricture, which is 
associated with a higher rate of bacterial cholangitis and cyto-
megalovirus (CMV) disease [ 22 ]. It is important to remember 
that these patients are routinely reconstructed with CJ anasto-
moses, which have higher complication rates. Diabetes mel-
litus and invasive candidiasis have been associated with an 
increased rate of bacteremic infection [ 32 ,  33 ]. Patients with 
iron overload have a higher risk for fatal infections, espe-
cially those of fungal etiology [ 34 ]. In one series, hepatic iron 
overload assessed by the amount of stainable iron in the 
explanted liver was found to have a strong association with 
posttransplant fungal infections [ 35 ]. Transplant recipients 
with renal insuffi ciency suffer from infectious complications 
more frequently [ 13 ,  36 ]. Another study reports that high 
serum bilirubin at the time of transplantation is associated 

  FIGURE 14-4.    Living donor liver transplant with Roux-en-Y hepati-
cojejunostomy (HJ). Large cut surface of liver can lead to bile leaks 
and potential for intestinal content contamination from HJ leak 
(Reproduced from the Mayo Foundation, with permission).       
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with an increased rate of posttransplantation bacterial infec-
tion [ 11 ]. The hyperbilirubinemia in this setting may be 
refl ective of the severity of the liver disease before 
transplantation, or it may be an indirect indicator of an undi-
agnosed infection at the time of transplantation. Subclinical 
infection before transplantation may manifest after transplan-
tation under augmented immunosuppression. Similarly, a 
latent infection may reactivate after transplantation and can 
cause fulminant infection. This phenomenon is particularly 
important when caring for patients from geographic areas 
endemic for pathogens capable of reactivation under immu-
nosuppression, such as  Mycobacterium tuberculosis , endemic 
mycoses, and parasitic infections (e.g., Chagas disease or 
strongyloidiasis) [ 37 ,  38 ]. Also, a study by Nierenberg et al. 
identifi ed pretransplant lymphopenia (<500 cells/mm 3 ) and 
CMV as independent predictors of CMV disease and non-
CMV invasive infections after liver transplantation [ 39 ]. 

 Liver transplant centers have started offering liver trans-
plants to patients with chronic human immunodefi ciency 
virus (HIV) infection. Most of these patients had HCV or, to 
a lesser degree, HBV infection as their underlying disease. 
Earlier experience with HIV-positive liver transplant recipi-
ents prior to the widespread use of highly active antiretrovi-
ral therapy (HAART) had shown that they had poorer 
outcomes, compared to those of non-HIV-infected individu-
als [ 40 – 42 ]. After the routine use of HAART, centers started 
offering liver transplantation to HIV-positive individuals. 
The largest single-center series of HIV-positive patients 
came from University of Pittsburgh, reporting 29 transplants 
performed after 1997 with 1-year survival of 89 % [ 43 ]. The 
indications for liver transplant included HCV (89 %), HBV 
(7 %), and fulminant liver failure (4 %). A prospective multi-
center study was initiated in 2003 by the University of 
California, San Francisco, funded by the National Institutes 
of Health. The purpose of the study was to evaluate the safety 
and effi cacy of liver transplantation in HIV-positive individ-
uals [ 43 ,  44 ]. Eligibility for enrollment required CD4 count 
higher than 100 cells/mm 3  and undetectable viral load. 

 Most centers do not exclude from transplantation, patients 
who have opportunistic infections that are well controlled by 
HAART. Contraindications for transplantations include 
resistant fungal infections, progressive multifocal leukoen-
cephalopathy (PML), and chronic cryptosporidium infection 
and visceral Kaposi infection [ 43 ,  44 ]. Consideration of the 
interaction between HAART and immunosuppressive agents 
is crucial in the management of these patients, and experi-
ence dictates how to best manage these patients. Newer anti-
retroviral agents, including the integrase inhibitors 
raltegravir, dolutegravir, and elvitegravir, have no signifi cant 
interactions with tacrolimus, sirolimus, or mycophenolate, 
allowing HAART post liver transplantation without the need 
to alter traditional dosing of immunosuppressive agents. 
Elvitegravir has a potential interaction with cyclosporine, 
causing increased elvitegravir exposure. Most notorious is 
the interaction between protease inhibitors and CyA, tacroli-

mus, and sirolimus, which causes an increase in the level of 
these immunosuppressive agents via inhibition of the 
cytochrome p4503A enzymes. Most centers use steroids, 
CyA, or tacrolimus and mycophenolate mofetil (MMF) and 
do not use induction therapy agents like OKT3 and thymo-
globulin [ 43 ,  44 ]. 

 Of 109 HIV-infected subjects that received liver transplan-
tation between 1999 and 2010 in a single transplant center, 
37 % developed at least one episode of infection, 26 % had an 
episode of bacteremia, 4.6 % developed CMV infection, and 
only 3.6 % developed an HIV-related OI. After a median 
follow-up of 45.7 months, 43 patients (39.4 %) died, but 
infection-related mortality occurred in 9 (7 %), and in 20 
(42.5 %) it was due to HCV recurrence. None of the patients 
died of an OI [ 45 ]. In a comparison of HIV-infected liver 
transplant recipients with a cohort of matched HIV- 
noninfected liver transplant recipients, Locke et al. found a 
1.68-fold increased risk for death and a 1.70-fold increased 
risk for graft loss, albeit the risk in HIV-infected, HCV- 
noninfected recipients was similar to non-HIV-infected 
recipients in  the modern transplant era [ 46 ].  

14.3     Effect of Immunosuppression 

 The last decade has shown the emergence of multiple new 
  immunosuppressive agents   used in solid organ transplantation 
(SOT), with some used for induction therapy as lymphocyte 
depleting agents [ 47 ]. Agents used for immunosuppression 
after transplantation can be generally divided into the following 
categories: (a) corticosteroids; (b) cytotoxic agents, such as aza-
thioprine and mycophenolate mofetil; (c) calcineurin inhibitors, 
cyclosporine, and tacrolimus; (d) TOR inhibitors, sirolimus, and 
everolimus; (e) monoclonal antibodies including murine anti-
CD3 monoclonal immunoglobulin OKT3, the anti-CD25 
monoclonal antibodies basiliximab and daclizumab, and alem-
tuzumab a relatively new monoclonal antibody used as a lym-
phocytic depleting agent for induction and for rejection therapy; 
and (f) polyclonal antilymphocyte antibodies including rabbit 
polyclonal antithymocyte gamma globulin (Thymoglobulin) 
and equine polyclonal antithymocyte gamma globulin (equine 
antithymocyte globulin [ATG]) [ 47 ,  48 ]. The pretransplantation 
use of corticosteroids is associated with an increased risk of sys-
temic  Candida  infection in liver transplant recipients [ 16 ]. With 
the current practice of maintaining patients on low-dose cortico-
steroids, except in the case of acute rejection, steroid-related 
opportunistic infections are not as common as they used to be 
when a higher dose was routinely used. 

 Calcineurin inhibitors are now the mainstay of the immu-
nosuppressive therapy in solid organ transplant recipients. 
Tacrolimus is a much more potent agent than cyclosporine, 
and it is associated with fewer rejection episodes and pro-
longed graft survival. Studies comparing the two agents in 
liver transplantation show that patients receiving tacrolimus 
have a tendency to contract fewer infections [ 3 ,  49 ]. This 
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may be related to the reduced requirement for corticosteroids 
and antilymphocyte agents in the tacrolimus group. The use 
of MMF was not found to be associated with increased risk 
of infection [ 50 ]. Sirolimus was introduced to immunosup-
pressive protocols because of its lack of nephrotoxicity but 
has been associated with increased rates of infection [ 51 ]. 
Antilymphocyte monoclonal murine antibody OKT3 has 
been associated with increased CMV infection [ 52 ,  53 ]. 
Patients who have been treated with OKT3 also have an 
increased rate of symptomatic herpes simplex virus (HSV) 
reactivation,  Pneumocystis carinii  infection, and posttrans-
plant lymphoproliferative disease [ 1 ,  52 ,  54 ]. Current use of 
OKT3 is rare. Thymoglobulin has been used with increasing 
popularity by centers wishing to avoid steroids. Alemtuzumab 
has been found to be associated with increased rate of oppor-
tunistic infection when given for treatment of  rejection but 
not when given for induction therapy [ 55 ].  

14.4     Infecting Microorganisms: 
Epidemiology, Risk Factors, 
and Prevention 

 Many factors infl uence the incidence of posttransplantation 
infections, including surgical techniques, the degree of 
immunosuppression, and donor and recipient factors as 
already discussed. Whether a patient develops a certain type 
of infection at a given time is also highly dependent on the 
time elapsed since transplantation, as Figure  14-5  illustrates. 
Table  14-1  summarizes risk factors for infections by differ-
ent classes of pathogens. Table  14-2  lists commonly used 
prophylactic agents against several important infective 
agents that affect liver transplant recipients.

14.5           Bacterial Pathogens   

 Most  bacterial infections in liver transplant recipients occur 
within the fi rst month after transplantation [ 11 ]. Table  14-3  
shows the breakdown by type of bacterial infections as seen 
in several studies from the 1980s. Intra-abdominal infection 
(IAI), including peritonitis, intra-abdominal and hepatic 
abscess, and cholangitis, was the most common type of 
infection. Aerobic gram-negative bacilli (e.g.,  Escherichia 
coli ,  Enterobacter ,  Pseudomonas ) were most frequently 
implicated, followed by  Enterococcus  and  Staphylococcus . 
Centers using selective bowel decontamination (SBD) saw 
signifi cant decreases in gram-negative pathogens but 
increases in aerobic gram-positive organisms in both adult 
and pediatric transplant population [ 2 ,  56 ,  57 ]. Anaerobes 
other than  Clostridium diffi cile  were recovered in less than 
10 % of the infections [ 11 ]. Although infections by gram- 
negative bacilli still confer substantial morbidity and mortal-
ity in this population, the worsening antibiotic resistance 

patterns in nosocomial gram-positive pathogens, such as 
MRSA and VRE, are becoming increasingly problematic.

   A recently published meta-analysis by Ziakas et al. [ 58 ] 
reported an 8.5 % MRSA pretransplant colonization rate in 
solid organ transplant, as well as a high VRE colonization 
rate of 11.9 % pretransplant and 16.2 % posttransplant. MRSA 
colonization was associated with a 6–11-fold increase in 
MRSA infection. A bundled intervention study by Schweizer 
et al. [ 59 ] consisting of  Staphylococcus aureus  preoperative 
screening, decolonization with mupirocin intranasally, and 
chlorhexidine daily washes and targeted MRSA preoperative 
prophylaxis in orthopedic and cardiac surgeries have shown a 
signifi cant reduction in postoperative infections [ 59 ]. 

 MRSA nasal colonization is correlated with the increased 
MRSA infection in liver transplant units [ 60 – 62 ]. Usage of 
nasal mupirocin only temporarily eliminated nasal coloniza-
tion and does not prevent MRSA infection. Strict infection 
control measures were effective in decreasing signifi cantly 
both  S. aureus  colonization and infection [ 63 ]. Bakir [ 64 ] 
noted a VRE colonization rate as high as 55 % among liver 
transplant recipients, two thirds of whom acquired the organ-
ism after transplantation, thus suggesting cross- contamination 
in the ICU. Singh [ 65 ] also reported a high rate of infection 
by resistant bacteria among liver transplant recipients. MRSA 
was implicated in 91 % of all infections by  Staphylococcus  
species, and VRE in 50 % of all enterococcal infections. A 
large proportion of gram-negative infections were from mul-
tiresistant  Pseudomonas  species (47 %) and 
 Enterobacteriaceae  (60 %) [ 65 ]. Invasive infection by VRE, 
in particular, as a part of IAI or catheter-related bacteremia is 
commonplace in many liver transplant ICUs. Linden 
compared in 1996 the outcome of consecutive liver transplant 
recipients with  Enterococcus faecium  bacteremia resistant 

Inferior vena cava
attachments

Hepatic artery
attachment

Portal vein
attachmentCommon

bile duct
attachment

Tube in
cystic duct

Hepatic veins

  FIGURE 14-5.    Incidence in episodes of infections per patient per 
year and time of occurrence after transplantation when severe 
infections occurred (Reproduced from Kusne S, Dummer JS, Singh 
N, et al. Infections after liver transplantation: an analysis of 101 
consecutive cases. Medicine (Baltimore). 1988;67:132–143, with 
permission).       
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and susceptible to vancomycin [ 66 ]. VRE bacteremia was 
associated with refractory infection with serious morbidity 
and higher mortality [ 66 ]. More recent investigation by Pelz 
[ 67 ] has not found differences between vancomycin- sensitive 
or vancomycin-resistant enterococcal infection in terms of 
cost of ICU care and mortality [ 67 ]. This may be most likely 
related to the use of agents with anti-VRE activity, such as 
linezolid and Synercid (quinupristin/dalfopristin) and 
daptomycin. The emergence of VRE resistant to linezolid has 
already been reported [ 68 ]. Strict enforcement of contact pre-

cautions using barrier methods and scrupulous handwashing 
cannot be overemphasized in this vulnerable population. 

 While resistant gram-positive bacterial infections domi-
nated the medical literature in the past two decades, both, a 
resurgence of  multidrug-resistant GNR (MDR-GNR)   and the 
scarcity of newer antimicrobials with activity against MDR-
GNR, have made the treatment of these infections more com-
plex with poor outcome. A report from Kalpoe et al. [ 69 ], in 
a cohort of 175 consecutive liver transplant recipients from 
January 2005 to October 2006, illustrates the change. Within 

   TABLE 14-1.    Major  risk factors for   various infections after liver transplantation   

 Type of infection  Surgery-related factors  Host-related factors 

 Bacterial  Prolonged surgical time  Diabetes mellitus 

 Retransplantation  Hyperbilirubinemia 

 High transfusion volume  Recipient with primary sclerosing cholangitis 

 Choledochojejunostomy  Previous granulomatous disease 

 Hepatic artery thrombosis 

 Viral  Not clearly defi ned  Use of antilymphocytic antibodies and steroids 

 Seropositive donor and seronegative recipient 
(CMV, EBV) 

 Acute fulminant hepatitis as indication for transplant 

 Donor positive for hepatitis core antibody (HBV) 

 Fungal  Prolonged surgical time  Diabetes mellitus 

 Retransplantation  Iron overload of recipient 

 High transfusion volume  Use of corticosteroids 

 Poor function of allograft  Use of antilymphocytic antibodies 

 Renal insuffi ciency 

 CMV infection 

 Fungal colonization 

 Previous endemic fungal infection 

 Treatment with multiple antibiotics 

   Abbreviations :  CMV  cytomegalovirus,  EBV  Epstein-Barr virus,  HBV  hepatitis B virus.  

   TABLE 14-2.    Prophylactic regimen used for various pathogens after liver transplantation   

 Pathogen  Prophylaxis 

  Bacterial  

  Routine   postoperative infection  Perioperative IV antibiotics for GI pathogens for 48 h, selective bowel decontamination with PO 
polymyxin E and gentamicin in some centers 

  Streptococcus pneumoniae   Pneumococcal vaccine pretransplant and an additional revaccination after 5 years 

 Mycobacterial (TB)  Isoniazid for 9 months 

  Fungal  

     Candida   PO nystatin, PO fl uconazole, short-course IV liposomal amphoB 

     Aspergillus   Surveillance cultures and possibly galactomannan antigen 

  Pneumocystis   TMP/SMX 

  Protozoan  

  Toxoplasma   TMP/SMX, pyrimethamine 

  Viral  

  CMV    IV ganciclovir, oral ganciclovir, oral valganciclovir, CMV IVIG 

  HSV    PO acyclovir 

  HBV    HBIG, lamivudine 

  HCV    No clear recommendation 

 Infl uenza  Yearly infl uenza vaccine and antiviral agents (zanamivir, oseltamivir) in an outbreak setting 
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1 year of liver transplantation (LT), 35 % of patients ( n  = 61) 
have developed 91 bacterial infections. Sixty-one episodes 
(67 %) of bacteremia occurred in 34 patients, 45 episodes of 
peritonitis, and 35 episodes of IAI. Polymicrobial infections 
were seen in 31 % of the episodes. Gram-negative bacteria 
caused 69 % of the episodes. Enterococcus was the most com-
monly isolated in 43 of the episodes, followed by  Klebsiella  
species in 37 %. Multidrug- resistant  Klebsiella  (both car-
bapenem-resistant and carbapenem- susceptible extended 
spectrum beta-lactamase producer) was the most commonly 
isolated strains of  Klebsiella  species representing 28/34 iso-
lates (82 %). One- year survival was lower in patients with a 
bacterial infection (67 % vs. 90 %). Seventy-one percent of 
the 14 patients with CrKp infections died a median of 
15.5 days from infection diagnosis [ 69 ]. Treatment of CrKp 
infections is not standardized yet, and only few antibiotics 
retain activity. Options include monotherapy or combination 
therapy with tigecycline, colistin-polymyxin B, and ceftazi-
dime-avibactam. Others have used meropenem in combina-
tion with tigecycline or colistin. 

 Multidrug-resistant organisms, named  ESKAPE patho-
gens   ( Enterococcus faecium ,  Staphylococcus aureus , 
 Klebsiella pneumoniae ,  Acinetobacter baumannii , 
 Pseudomonas aeruginosa , and  Enterobacter  spp.), are 
becoming more frequently isolated in posttransplant 
infections. A retrospective review of episodes of bacteremia 
in solid organ transplant recipients from 2007 to 2012 
showed that 19.6 % of bacteremias were due to ESKAPE 
organisms. The median time to bacteremia was shorter that 

other organisms (59 vs. 331 days). Risk factors included a 
history of prior transplantation, septic shock, and prior anti-
biotic treatment. More importantly, 41 % of subjects received 
initial inappropriate antimicrobial treatment, and the case 
fatality rate was higher (35.2 % vs. 14.4 % [ 70 ]). 

  Carbapenem-resistant  Klebsiella pneumoniae  (CrKp)   has 
become an increasingly challenging organism to treat. CrKp 
infections in liver transplant recipients are associated with 
increased mortality (50 % survival at 1 year vs. 93 % survival 
if no  Klebsiella  infection). Predictors of CrKp infection 
included MELD score at the time of transplantation, the 
presence of hepatocellular carcinoma, Roux-en-Y choledo-
chojejunostomy, and formation of bile leak [ 71 ]. 

 The causative organisms in postoperative bacterial infec-
tions usually originate from the patient’s endogenous fl ora. 
The commensal fl ora of a transplant recipient frequently 
changes in the postoperative period, with more extensive 
colonization with nosocomial pathogens occurring with lon-
ger hospital stays after transplantation [ 72 ]. Breaches in 
infection control practices propagate the patient-to-patient 
spread of such pathogens through contact. Infections from 
purely exogenous sources, such as  Pseudomonas  species 
from contaminated bronchoscopes [ 73 ] or  Legionella  spe-
cies from contaminated water supplies [ 74 ], have been 
reported, but these are relatively uncommon. Another major 
bacterial agent that has been implicated in postoperative 
infection is  C. diffi cile , which has been reported in 3–6 % of 
liver transplant recipients [ 1 ,  11 ]. Prolonged ICU stay and 
the frequent use of broad-spectrum antibiotics with antian-

   TABLE 14-3.    Rates and locations of bacterial infection after liver transplantation at different centers   

 Authors 
(ref.)  Study period 

 Number 
of patients 
evaluated 

 Patients 
with major 
bacterial 
infection 
(%)  Perioperative prophylaxis 

 Total 
number of 
bacterial 
infection 

 Number of 
episodes of 
bacteremia 

 Number of episodes of 
infection by type 

 Type  Number 

 Colonna [ 64 ]  1984–1985  35  NR a   PO erythromycin, neomycin 
pre-op., IV ampicillin, and 
gentamicin post-op. for 5 days 

 37  11  IAI  10 

 Wound  8 

 Pneumonia  4 

 Line  5 

 Kusne 
et al. [ 1 ] 

 1984–1985  101  54  IV ampicillin, cefotaxime × 5 days 
post-op 

 80  33  IAI  32 

 Wound  10 

 Pneumonia  15 

 Line  2 

 Paya 
et al. [ 2 ] 

 1985–1987  53  36  PO polymyxin E, nystatin, 
gentamicin pre-op., and then 21 
days post-op. IV cefotaxime, 
tobramycin × 2 days 

 27  16  IAI  13 

 Wound  – 

 Pneumonia  4 

 Line  2 

 George 
et al. [ 11 ] 

 1985–1987  79  69 b   IV cefoxitin × 1–2 days post-op.  115  31  IAI  35 

 Wound  19 

 Pneumonia  11 

 Line  4 

   Abbreviations :  IAI  intra-abdominal infection, including abscess, cholangitis, and peritonitis. 
  a Percentage of all infection (including fungal and viral) was 66 %; separate bacterial infection rate not specifi ed. 
  b All bacterial infection, both major and minor; severity of infection not specifi ed.  
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aerobic activities, which have long been identifi ed as signifi -
cant risk factors for  C. diffi cile -related diarrhea, are common 
in this group of patients [ 75 ]. Although  C. diffi cile  colitis is 
readily treatable, in this population, it may have a fulminant 
presentation that leads to toxic megacolon, the need for a 
colectomy, and death. Between 2000 and 2003, a new strain 
of  C. diffi cile  with increased virulence and resistance 
emerged and caused outbreaks in six states in the United 
States including Georgia, Illinois, Maine, New Jersey, 
Oregon, and Pennsylvania, leading to increased morbidity 
and mortality [ 76 ]. A large retrospective review from the 
2009 Nationwide Inpatient Sample database extracted infor-
mation on 49,198 cases of SOT. Overall, 2.7 % of cases 
acquired  Clostridium diffi cile  infection, with liver transplant 
recipients having the highest incidence of 3.8 %.  Clostridium 
diffi cile  infection in the SOT group was associated with 
approximately 2.5 times higher in-hospital mortality, 10 
days longer hospital stay, and $70,000 in additional charges 
in patients with SOT [ 77 ]. Current treatment options for 
 Clostridium diffi cile  include metronidazole, oral vancomy-
cin, and fi daxomicin. Close surveillance of patients at risk, 
the prompt discontinuation of unnecessary antibiotics, and 
diligent infection control practices are vital in reducing the 
rate of infection by  C. diffi cile . Overall, the mortality rate 
directly attributable to bacterial infections in liver transplant 
recipients ranges from 3.8 to 13.3 % [ 1 – 3 ,  11 ,  17 ]. 

 In 2004, a consensus document was published that sum-
marized the surgical infection prevention guidelines regard-
ing bacterial prophylaxis [ 78 ]. Antibiotics chosen for 
prophylaxis are given within 60 min before the fi rst incision 
and if surgery continues two half-lives after the fi rst dose, a 
second dose is administered. It is usually not recommended 
to continue bacterial prophylaxis more than 24 h after the 
operation [ 78 ]. The main goal of prophylaxis is to prevent 
wound infection by using agents that are active against 
expected organisms in the operation [ 78 ]. The liver trans-
plantation wound is considered clean contaminated unless 
spillage from the GI tract occurs. 

 Most liver transplant centers administer routine surgical 
prophylaxis with broad-spectrum antibiotics for 48 h after 
the surgery [ 11 ]. Some agents include ampicillin and cefo-
taxime, ceftriaxone, ampicillin and gentamicin, ampicillin 
and sulbactam, and cefoxitin. These antibiotics are specifi -
cally chosen for their effi cacy against enteric gram-negative 
bacilli and  Enterococcus  organisms. Researchers from 
Mayo Clinic, Rochester [ 2 ], had noted a disproportionately 
low infection rate caused by gram-negative organisms in 
their series and hypothesized that the routine use of “selec-
tive bowel decontamination” targeted against gram-nega-
tive organisms in their institution selected for gram-positive 
pathogens. Several studies have examined the role of SBD 
in the prevention of infection in liver transplant recipients 
without reaching conclusive results regarding its benefi ts 
[ 79 – 83 ]. The rationale for SBD is to eradicate or to mini-
mize GI colonization by gram-negative pathogens and 
yeasts. Earlier studies did suggest some benefi ts in reducing 

gram-negative infections, particularly pneumonia. However, 
two recent randomized, controlled trials using oral poly-
myxin E, gentamicin, and nystatin vs. a placebo [ 80 ] and 
nystatin alone [ 83 ] did not show any improvement in overall 
bacterial or fungal infection. One study showed a trend 
toward reduced infection in “key sites” (i.e., abdomen, 
bloodstream, surgical wound, and lungs) when the prophy-
laxis was given for longer than 3 days before transplantation 
[ 80 ]. The lack of benefi ts and the concerns regarding the 
selection of resistant gram-positive pathogens  have cur-
tailed the widespread use of SBD in transplant centers. 

14.5.1     Fungal Pathogens 

 Liver transplant recipients encounter fungal infections more 
often than recipients of other solid organs. The reported inci-
dence of  IFI   ranges from 4 to 42 %, with a case fatality rate 
of 24–69 % [ 1 ,  2 ,  12 – 16 ]. Most fungal infections occur 
within the fi rst month of the transplantation [ 13 ]. 

14.5.1.1     Risk Factors 

   Risk factors   for IFI include elevated creatinine levels, pro-
longed operation time, poor function of the allograft, high 
transfusion requirement, retransplantation, and CMV infec-
tion [ 1 ,  13 – 16 ,  36 ,  84 – 86 ]. Some studies show an association 
between IFI and the preoperative use of steroids, the use of 
multiple antibiotic therapy, and vascular complications [ 14 , 
 16 ]. Colonization with  Candida  species was shown to be a 
signifi cant predictor for invasive candidiasis, although the 
risk of infection did not rise with an increasing number of 
sites of colonization [ 13 ]. Other risk factors for candidiasis 
include hyperglycemia that requires insulin and exposure to 
multiple antibiotics [ 32 ]. At least one study [ 84 ] showed that 
prophylactic intravenous (IV) ganciclovir was an indepen-
dent risk factor for invasive candidiasis. The reason for this 
fi nding was unclear; the authors hypothesized that ganciclo-
vir may reduce neutrophil or macrophage function. The need 
for an intravascular catheter for ganciclovir administration 
may also have contributed by becoming a portal of entry for 
 Candida  organisms. Because the number of patients with 
invasive  Aspergillus  infection is small in most series, fi nding 
specifi c risk factors for this infection is more diffi cult. In a 
large series of  Aspergillus  infection in liver transplant recipi-
ents, Kusne et al. [ 36 ] identifi ed cumulative surgical time, 
laparotomies excluding those done for transplantation, cre-
atinine level at the time of the diagnosis, and OKT3 mono-
clonal antibody administration as risk factors for invasive 
aspergillosis in univariate analysis, but only creatinine level 
and OKT3 were shown to be independent risk factors in the 
multivariate analysis. Immunosuppression plays an impor-
tant role in the risk for cryptococcosis. Use of systemic cor-
ticosteroids at the time of the diagnosis has  specifi cally been 
shown to have an association with an increased rate of cryp-
tococcal infection [ 85 – 88 ].   
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14.5.2     Candidiasis 

 The most commonly implicated fungal pathogen is     Candida  
species  , which account for approximately 80 % of all IFIs 
[ 14 ,  72 ,  84 ]. The rate of GI colonization with  Candida  is 
about 30–60 % in healthy subjects, but it approximates 100 % 
in liver transplant recipients [ 89 ,  90 ]. A high rate of coloniza-
tion before transplantation, the subsequent breach of muco-
sal integrity through surgery, and the frequent postoperative 
use of broad-spectrum antibiotics in this population all con-
tribute to predisposing these patients to IFIs. Surgical 
wounds and the abdominal cavity are the most common sites 
of infection by  Candida  species, followed by bloodstream 
infection associated with the central venous catheter, esoph-
agitis, and disseminated disease. Recently, the incidence of 
infection by non-albicans species, such as  Candida glabrata  
or  Candida krusei , has been rising [ 91 ]. This is related to 
routine administration of antifungal prophylaxis, specifi cally 
fl uconazole, and is associated with higher mortality [ 92 ]. An 
infection with non-albicans candidiasis usually requires ther-
apy with amphotericin B (amphoB). The introduction of 
echinocandins (caspofungin, anidulafungin, and micafun-
gin) has added new therapeutic armamentarium against inva-
sive  Candida  infections. Some advantages of echinocandins 
are their fungicidal activity, in vitro increased activity against 
 Candida -forming biofi lm, and postantifungal effects. 
Disadvantages include the lack of therapeutic concentrations 
in CSF, urine, and aqueous/vitreous humor and the need for 
intravenous administration. There is improved clinical suc-
cess using an echinocandin for treatment of  Candida gla-
brata  fungemia. On the other side,  Candida parapsilosis  has 
a higher MIC, and there is no outcome difference between an 
echinocandin and azole treatment [ 93 ]. The use of amphoB 
is problematic, given its nephrotoxicity and the high rate of 
pre-existing renal insuffi ciency in liver transplant recipients, 
as well as the concurrent use of other potentially nephrotoxic 
medications, such as cyclosporine and tacrolimus. In 2002, a 
double-blind trial demonstrated that caspofungin, an echino-
candin, was as effective as amphoB for treatment of invasive 
candidiasis and at the same time has fewer adverse effects 
compared to amphoB [ 94 ]; cases in the two arms were 
equivalent in severity of illness and rate of neutropenia. 
According to the  Infectious Disease Society of America 
(IDSA) Clinical Guidelines   [ 95 ], the initial coverage of can-
didemia and disseminated candidiasis   include caspofungin 
or fl uconazole or amphotericin B.  

14.5.3     Aspergillosis 

    Aspergillus  species   are the second most frequent cause of 
IFIs in this population, and they are associated with an 
extremely high mortality rate that ranges from 75 to 100 % 
[ 1 ,  13 – 16 ,  84 ]. A large case series reported that 32 of 2180 
patients (1.5 %) were diagnosed with aspergillosis over the 
period of 10 years [ 36 ]. In 41 % of the cases, the diagnosis 

was made postmortem. Twenty-seven (84 %) had pulmonary 
involvement, two had intra-abdominal disease, and one had 
central nervous system (CNS) infection. The diagnosis was 
made in 90 % of the patients within the fi rst 50 days of the 
transplantation. Although the authors identifi ed a group of 
patients with a positive culture for  Aspergillus  species who 
did not have evidence of tissue invasion, most patients (68 %) 
whose culture was positive did have invasive aspergillosis. 
Therefore, the authors concluded that the isolation of 
 Aspergillus  species from the respiratory tract of transplant 
recipients could not be ignored as simple colonization, as it 
often is in patients with normal immune systems. With the 
advent of effective new antifungal agents against  Aspergillus  
species, such as liposomal amphoB and voriconazole, the 
mortality rate of invasive  Aspergillus  infection has improved 
in liver transplant recipients. A small case series [ 96 ] 
described several liver transplant recipients with invasive 
aspergillosis who were treated successfully with a prolonged 
course of amphotericin lipid complex, followed by oral itra-
conazole. Linden et al. compared the outcome in a retrospec-
tive study of liver transplant recipients with invasive 
aspergillosis treated with amphoB lipid complex to those 
treated with conventional amphoB [ 97 ]. The 60-day survival 
was statistically higher in the lipid formulation-treated 
patients [ 97 ]. In a randomized trial, Herbrecht et al. com-
pared the treatment of invasive aspergillosis with voricon-
azole vs. deoxycholate amphoB in allogeneic hematopoietic 
cell transplantation and acute leukemia [ 98 ]. Better response 
and better survival was observed in the voriconazole arm 
[ 98 ]. In the IDSA 2008 Clinical Practice Guidelines, vori-
conazole is recommended for primary treatment of invasive 
aspergillosis [ 99 ]. Alternative treatments include liposomal 
amphotericin B, caspofungin, micafungin, posaconazole, 
and itraconazole [ 99 ]. 

 Some centers use combination antifungals to treat refrac-
tory cases of invasive aspergillosis. This approach is contro-
versial with confl icting in vitro and in vivo reports. A recent 
in vitro study suggested that the combination of amphotericin 
B and voriconazole was more effective than monotherapy 
[ 100 ]. A randomized trial, combining anidulafungin and vori-
conazole for treatment of invasive aspergillosis in patients 
with hematological malignancies and stem cell transplanta-
tion, suggested a reduced mortality in the combination ther-
apy arm (19.3 % vs. 27.5 %) [ 101 ]. Resistance of aspergillus 
to azoles has become more frequent. Fuhren et al. [ 102 ] 
reported on 21 of 105  Aspergillus fumigatus  resistant in vitro 
to at least one azole (voriconazole, posaconazole, or 
itraconazole), and 16.2 % (17/105) were resistant 
(MIC > 2 mg/L) to voriconazole in high-risk patients (ICU 
and hematology ward). The authors suggested to check for 
resistance prior to initiation of treatment. A recently approved 
azole, isavuconazole, has broad activity against mold, includ-
ing  Aspergillus fumigatus  and  A. fl avus , as well as activity 
against some  Mucorales  and dimorphic fungi. In a recent ran-
domized, double-blind  clinical trial for treatment of invasive 
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aspergillus infection, isavuconazole was noninferior to vori-
conazole; there was no difference in day 42 all-cause mortal-
ity and overall success (complete and partial response) [ 103 ].  

14.5.4      Cryptococcosis  

 Contrary to  infections by  Candida  or  Aspergillus  species, 
infection by  Cryptococcus neoformans  tends to occur sev-
eral months after transplantation. In a series of ten cases of 
  Cryptococcal meningitis    in liver transplant recipients, 
Jabbour et al. [ 104 ] reported the median time elapsed since 
transplant to the diagnosis as 3.5 months (range of 2–36 
months). A large review by Husain et al. [ 105 ] that researched 
cryptococcosis in all types of solid organ transplant recipi-
ents suggested an even later onset of infection. The median 
time of onset was 1.6 years after transplantation in that study, 
with 59 % of the cases occurring more than 12 months after 
transplantation. The infection did occur earlier in liver and 
lung transplant recipients, compared with that of heart and 
kidney transplant recipients, possibly as a result of the more 
aggressive early immunosuppressive regimen used in these 
groups of patients. The rate of  cryptococcosis   was not as 
high in liver transplant recipients as it was in those receiving 
heart transplants. The most commonly involved site was the 
CNS (72 %), followed by the lungs (25 %), skin, soft tissue, 
joints, and bones, with 24 % of the patients having more than 
one site of infection. The overall mortality in the series was 
42 %. The incidence of the infection also differs according to 
geographic areas. For example, cryptococcosis is much more 
common in the eastern United States than it is in the western 
part of the country. Men are more frequently affected than 
women [ 106 ]. Mortality was associated with organ failure, 
liver failure in liver transplant recipients [ 107 ], and renal 
failure in all transplant organ recipients [ 86 ]. 

  Cryptococcal meningitis  or other severe cryptococcal 
disease infection is usually treated with induction treatment 
with liposomal AmB 3–4 mg/kg daily or ABLC 5 mg/kg 
per day together with fl ucytosine 100 mg/kg daily for 2 
weeks [ 108 ]. This is followed by oral fl uconazole 400–
800 mg/day for 8 weeks (consolidation therapy) and then 
fl uconazole 200–400 mg daily for 6–12 months (mainte-
nance therapy). Induction therapy can also be given with 
daily 4–6 weeks of liposomal AmB 6 mg/kg or ABLC 
5 mg/kg or AmBd 0.7 mg/kg [ 108 ]. 

 Between 2004 and 2010,   Cryptococcus gattii    emerged as 
an important pathogen in the Pacifi c Northwest [ 109 ]. This 
species had appeared fi rst in animals and humans in 
Vancouver Island and in 2004 in mainland British Columbia, 
and only 38 % of the patients were immunosuppressed 
including solid organ recipients [ 109 ]. Forrest et al. described 
11 solid organ transplant recipients in the Oregon outbreak 
[ 110 ]. Solid organ transplant recipients had higher rate of 
dissemination and higher mortality compared to  nonimmu-
nosuppressed host [ 110 ].  

14.5.5      Prevention   Strategies 

 Two strategies  to prevent IFIs in liver transplant recipients, 
universal prophylaxis and targeted prophylaxis, have been 
used, but a consensus has not been achieved regarding the 
optimal regimen for prevention. Oral nystatin administered 
as part of SBD has been shown to reduce oropharyngeal and 
rectal colonization with  Candida  species, but no evidence 
appears to indicate that it reduces the rate of IFI [ 79 ]. 
Nonetheless, several centers routinely use it because it is an 
inexpensive and benign therapy. Oral fl uconazole has been 
examined in two randomized, controlled studies for its 
potential for the prevention of IFI caused by  Candida  spe-
cies [ 111 ,  112 ]. One study compared a low-dose fl ucon-
azole, 100 mg daily, with oral nystatin for a month after 
transplantation. The fl uconazole group showed a trend 
toward lower IFI rates, without signifi cant toxicity or inter-
ference with cyclosporine among the study group patients 
[ 95 ]. A larger study by Winston et al. [ 112 ] used a fl ucon-
azole dose of 400 mg daily. The benefi ts of fl uconazole pro-
phylaxis were clearer in this study, with a reduced rate of IFI 
(9 % vs. 43 % in the control group) and fewer deaths second-
ary to fungal infection in the fl uconazole group. The trade-
off was a higher cyclosporine level in the study group, 
which translated into increased neurotoxicity. However, the 
all-cause mortality was similar in the two groups. 
Interestingly, none of the studies showed an increased rate 
of infection by fl uconazole- resistant  Candida  species, such 
as  C. glabrata  or  C. krusei . An earlier study by Tollemar 
et al. [ 113 ] looked at the protective effect of low-dose lipo-
somal amphoB (AmBisome), 1 mg/kg daily, compared with 
a placebo; both were administered during the fi rst 5 days 
after the transplantation. None of the 40 patients in the 
AmBisome group contracted IFI, whereas 6 of 37 patients 
in the control group developed IFI (5 cases of invasive 
 Candida  infections and 1 case of  Aspergillus  pneumonia). 
The problem with this strategy lies mainly with the prohibi-
tive cost of AmBisome, although the low dosage and short 
duration of prophylaxis help mitigate the issue. 

 The IDSA guideline is to use prophylactic antifungal ther-
apy during the early postoperative period in high-risk liver 
transplant recipients [ 95 ]. According to some reports, universal 
antifungal prophylaxis, specifi cally fl uconazole, has been asso-
ciated with increased rate of IFI secondary to non-albicans 
isolates [ 92 ,  114 ]. Also, the azole antifungals interfere with the 
metabolism of immunosuppressive agents, leading to increased 
creatinine secondary to accumulation of tacrolimus and cyclo-
sporine. Compared to universal prophylaxis, targeted prophy-
laxis is defi ned as the selective targeting of only patients at high 
risk for IFI, such as patients with renal insuffi ciency, long oper-
ative time, and signifi cant intra- abdominal bleeds. The follow-
ing are two examples of usage of this strategy. Fortun et al. 
[ 115 ] administered a lipid formulation (cumulative dose of 
1–1.5 g of AmBisome or Abelcet) to high-risk liver transplant 
recipients and saw a decrease of IFIs (17–6 %) and a spergillosis 
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(10–4 %), compared to a historical group [ 115 ]. Hellinger et al., 
at Mayo Clinic, Florida [ 116 ], stratifi ed patients during targeted 
prophylaxis intervention into risk-groups and administered 
Abelcet 5 mg/kg to those at high risk for development of 
IFI. During the intervention with targeted prophylaxis, there 
was only  1 % invasive mold infection compared to 5 % before 
institution of targeted prophylaxis [ 116 ].  

14.5.6     Viral Pathogens 

14.5.6.1      Cytomegalovirus Infection   

     CMV   is one of the most common infections, and it is a major 
source of morbidity and mortality in liver transplant recipi-
ents. Studies done prior to the widespread use of CMV pro-
phylaxis or preemptive therapy showed that 60 % of all liver 
transplant recipients developed CMV infection, with symp-
tomatic infections appearing in 32–56 % [ 52 ,  117 ]. 

 Along with common presentations of symptomatic 
CMV disease, such as viral syndrome, CMV gastroduode-
nitis, colitis, and pneumonitis, CMV disease in liver trans-
plant recipients often presents as hepatitis, an entity that is 
rarely observed in recipients of other organs. In a study of 
50 liver transplant recipients with CMV infection, CMV 
hepatitis was observed in 13 (26 %) [ 117 ]. In that study, 
the most important risk factor for CMV infection for both 
symptomatic and non-symptomatic cases was mismatched 
donor and recipient serostatus, in which CMV-seronegative 
recipients received CMV-seropositive organs [ 53 ,  117 , 
 118 ]. The use of OKT3 anti-CD3 monoclonal antibody 
was a signifi cant risk factor for symptomatic CMV infec-
tion, especially in those who were CMV seropositive 
before transplantation [ 119 ]. More recently, the use of 
polyclonal antithymocyte antibodies (rabbit, 
Thymoglobulin, and equine, ATG) was associated with 
CMV reactivation. A prolonged prothrombin time and the 
diagnosis of acute fulminant hepatitis as the underlying 
liver disease have also been associated with an increased 
rate of CMV infection [ 53 ]. Moreover, studies indicate 
that CMV infection alone is an independent risk factor for 
IFIs [ 13 ,  85 ], thus strengthening prior claims that the virus 
itself is an immune modulator and has depressive effects 
on cellular immune function [ 120 ,  121 ]. 

 Because of the high prevalence of, and morbidity 
associated with CMV infection, considerable efforts have 
been made to determine the best strategy for preventing 
CMV  disease in this population. Acyclovir and ganciclovir 
have been studied as both universal prophylaxis and preemp-
tive therapy. Although at least one trial has attested to the 
effi cacy of acyclovir in the prevention of CMV infection in 
liver transplant recipients [ 122 ], subsequent studies have 
shown acyclovir to be inferior to ganciclovir in both prophy-
lactic and preemptive strategies [ 123 – 127 ]. Subsequently, 
IV ganciclovir has been established as the mainstay of CMV 

prophylaxis and treatment. When IV ganciclovir is used as 
an agent of universal prophylaxis for 100 days after trans-
plantation, it dramatically reduced the rate of CMV infection 
in both seropositive and seronegative liver transplant recipi-
ents, compared to that seen with acyclovir use [ 123 ]. The 
protective effect of IV ganciclovir was preserved but blunted 
when it was administered for only 2 weeks, followed by oral 
acyclovir [ 125 ]. IV ganciclovir was also effective when it 
was used in preemptive therapy guided by results of the sur-
veillance CMV pp65 antigenemia test [ 126 ,  128 ]. 

 The oral form of ganciclovir has the advantage of ease of 
administration over that of the IV formulation. Despite sev-
eral studies that demonstrate the effi cacy of oral ganciclovir 
in both prophylactic and preemptive strategies [ 124 ,  126 , 
 129 ], many clinicians have expressed reservations about the 
routine use of this agent due to its suboptimal bioavailability 
and concerns about fostering resistance. Oral valganciclovir 
(Valcyte) is the  L -valyl ester of ganciclovir and is rapidly 
converted into ganciclovir and has a good bioavailability 
[ 130 ]. In a randomized prospective trial of 900 mg once a 
day of valganciclovir vs. 1000 mg three times a day of oral 
ganciclovir for 100 days, in high-risk solid organ recipients, 
CMV disease was observed in 12.1 % and 15.2 % in the val-
ganciclovir and the oral ganciclovir arms, respectively, 
within 6 months from transplantation [ 131 ]. But in a sub-
group analysis, the rate of CMV disease in liver transplant 
recipients was higher in the valganciclovir arm compared to 
the oral ganciclovir arm (19 % and 12 %, respectively) [ 131 ]. 
 Valganciclovir   has a black box warning from the FDA for the 
use of prophylaxis in liver transplantation. Despite this warn-
ing, most transplant centers use valganciclovir for prophy-
laxis and preemptive therapy in liver transplant recipients. 
Although in the seropositive-recipient setting both prophy-
laxis and preemptive therapies are practiced, in the high-risk 
setting, most clinicians would use 3 months of valganciclovir 
prophylaxis [ 132 ]. In recent years, more attention has been 
given to delayed and late CMV infections. With the increase 
in antiviral prophylaxis use, especially in high-risk trans-
plant recipients, more patients present with CMV infection 
after fi nishing their course of prophylaxis. In the Limaye 
et al. series, the median onset of CMV disease was 4.5 months 
after transplantation and occurred mostly in high-risk indi-
viduals and was associated with increased risk of mortality 
[ 133 ]. Occasionally CMV disease can be encountered more 
than a year after transplantation (late CMV). This occurs 
usually in seropositive transplant recipients, most likely sec-
ondary to reactivation [ 134 ]. 

 Newer therapeutic agents for treatment and prevention of 
CMV disease are in development. Brincidofovir (CMX001), 
a new broad anti-DNA virus agent, has shown in a recent 
study a signifi cant reduction in the incidence of CMV dis-
ease in recipients of SCT (10 % vs. 37 % with placebo) [ 135 ]. 
There was no increased myelosuppression and no nephro-
toxicity, and none of the recipients of CMX001 at a dose of 
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100 mg twice a week developed CMV disease nor viremia 
above 1000 copies [ 135 ]. No published data on the use of 
CMX001 in liver transplant population is available yet. 

  Letermovir  , a novel terminase inhibitor, is in development 
for the prophylaxis and treatment of CMV. In a phase 2 ran-
domized, controlled, multicenter, open-label trial, two doses 
of letermovir (40 mg BID or 80 mg daily) were compared 
with standard of care in adult kidney transplant recipients 
with active CMV replication. Despite a small sample, and a 
short treatment of 14 days, no patients in the three study arms 
developed CMV disease, and no severe adverse events were 
reported [ 136 ]. A phase 2 study using letermovir for CMV 
prophylaxis in SCT recipients showed a dose- dependent 
reduction in the incidence of CMV prophylaxis failure (48 % 
at a daily dose of 60 mg, 32 % at a dose of 120 mg, and 29 % 
at a dose of 240 mg vs. 64 % with placebo) with no signifi cant 
hematological toxicity or nephrotoxicity [ 137 ]. 

  Lefl unomide  , an antirheumatic medication with antiviral 
and immunosuppressive properties, has been used for the 
past 10 years to treat CMV. In a retrospective series from the 
University of Chicago, fi ve kidney transplant recipients with 
ganciclovir-resistant CMV were treated with lefl unomide as 
“consolidation” therapy after clearance of viremia with IV 
foscarnet without any relapses of CMV viremia while on 
lefl unomide treatment [ 138 ]. 

  Maribavir  , a promising oral agent with potent in vitro 
activity against CMV, was evaluated as a prophylactic agent 
in liver transplant recipients at a dose of 100 mg twice a day 
and was compared to oral ganciclovir 1000 mg three times a 
day. Maribavir was found to be inferior to ganciclovir at the 
study dose, with confi rmed CMV disease or viremia    in 20 % 
of ganciclovir recipients vs. 60 % of maribavir recipients at 
day 100 and 53 % vs. 72 % at 6 months [ 139 ].  

14.5.6.2     Herpes Simplex  Virus   

  HSV infection   appears within 2–3 weeks of transplantation in 
recipients who do not receive antiviral prophylaxis [ 140 , 
 141 ]. The disease occurs mainly through viral reactivation in 
seropositive individuals, although primary infection that may 
cause fulminant disease is possible. Orolabial mucocutane-
ous manifestation is the most common presentation, followed 
by anorectal disease and HSV esophagitis. Disseminated dis-
ease, which usually causes hepatitis, is uncommon (0.3 %) 
but devastating when seen. In a series from Pittsburgh [ 140 ], 
42 % of all liver transplant recipients with HSV hepatitis 
developed widespread disease and disseminated intravascular 
coagulopathy (DIC). All patients who developed DIC died 
[ 121 ]. Several studies have shown that prophylaxis against 
HSV infection with acyclovir is effective in renal and liver 
transplant recipients [ 140 ,  142 ]; many centers therefore 
include this as a part of the routine postoperative regimen. 
Valganciclovir which is used commonly as a CMV antiviral 
prophylaxis in solid organ transplant recipients is also an 
effective agent for HSV prophylaxis [ 143 ].   

14.5.7     Adenovirus 

 Adenovirus, which is a nonenveloped DNA virus, may affect 
both normal and immune-compromised hosts including trans-
plant recipients, especially pediatric but occasionally also 
adult [ 144 ]. The clinical presentation may be confused with 
CMV infection because inclusion bodies can be seen with his-
tology and unless special stains for adenovirus are performed 
clinicians may be misled by initial clinical impressions. 

 Similar to CMV, adenovirus infection may be asymptom-
atic or symptomatic causing invasive disease. In pediatric 
liver transplant recipients, hepatitis is the most common inva-
sive disease [ 145 ]. Other infections include hemorrhagic cys-
titis, gastroenteritis, pneumonitis, and disseminated infection. 
In one series, 49 (10 %) of 484 children on cyclosporine and 
steroids developed adenovirus infection at a median of 
25.5 days after liver transplantation and 20 (41 %) developed 
symptomatic infection and nine died [ 146 ]. There was a sta-
tistical trend of OKT3 use in patients with invasive disease 
compared to noninvasive infection. Nine (64 %) of 14 chil-
dren who developed adenovirus hepatitis were type 5 and the 
others were types 1 and 2 [ 146 ]. Patients with adenovirus 
hepatitis were systemically ill with high temperature and their 
transaminase levels were elevated [ 147 ]. Liver biopsy dem-
onstrated parenchymal punched-out lesions with some necro-
sis and a scant number of intranuclear inclusions [ 147 ]. 
Extensive necrosis can be seen in fulminant adenovirus hepa-
titis [ 147 ]. Cidofovir has in vitro activity against adenovirus 
and has been used with mixed results. Successful outcomes 
were reported in cases where immunosuppression was 
reduced, and treatment was instituted relatively early in the 
course of the infection [ 147 ,  148 ]. Most recently, quantitative 
PCR has been used by some investigators to follow patients’ 
clinical progress with adenovirus infection as high viral load 
correlated with severe symptomatic infection [ 147 ,  148 ]. 

14.5.7.1     Recurrent HBV 

 HBV and HCV are two of the most common indications for 
liver transplantation. Although HBV infection has been 
declining as an indication for liver transplantation, HCV 
infection, which often goes unrecognized for years, is rising; 
it currently is the most common cause for end-stage liver 
disease requiring liver transplant in the United States [ 88 ]. 
Patients with HBV or HCV who undergo transplantation 
have a considerable risk of recurrent infection and may 
develop cirrhosis at an accelerated rate. 

    HBV  recurrence      occurs in more than 80 % of liver trans-
plant recipients who have HBV before transplantation [ 149 , 
 150 ]. Active HBV viral replication and the presence of the 
HBe antigen before transplantation have been associated 
with an increased risk of recurrent hepatitis secondary to 
HBV, whereas those with fulminant hepatitis as the indica-
tion for transplant or superinfection by the delta virus have 
been shown to have lower rate of recurrent infection [ 30 ]. 
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Hepatitis B serology of the donor may determine whether the 
recipients with HBV-related cirrhosis develop viral hepatitis 
after transplantation. According to one study, HBV-positive 
transplant recipients who received organs from donors with 
positive anti-HB core antibody show 2.5 times the risk of 
recurrent HBV hepatitis after transplantation compared to 
those who received organs from donors without HBV mark-
ers [ 151 ]. However, the study did not show any difference in 
graft or patient survival. De novo hepatitis B infection in 
HBV-naive recipients who received an organ from seemingly 
“immune” donors (i.e., those with positive anti-HB surface, 
as well as core antibodies) has also been reported [ 152 ]. To 
prevent de novo hepatitis B in recipients of HBcAb + livers, 
most centers use antiviral prophylaxis [ 153 ]. 

 Recurrent hepatitis by HBV usually occurs within the fi rst 
6 months of the transplantation, with the subsequent devel-
opment of chronic active hepatitis within 9–12 months and 
of cirrhosis by 2–3 years after transplantation [ 150 ]. The 
strategy to prevent recurrent HBV infection after liver trans-
plantation has evolved over the years. Monotherapy with 
hepatitis B immune globulin (HBIG) was used in earlier 
years. In one study [ 154 ], HBIG reduced HBV hepatitis 
recurrence, defi ned as reappearance of HBsAg after trans-
plantation, from 76 to 19 %. Most centers administered 
HBIG after transplantation at 10,000 IU daily for 7 days 
starting immediately after transplantation, followed by rein-
fusion every 3–4 weeks for life to achieve and maintain 
serum levels of HBIG above 100 IU/L or above 500 IU/L to 
achieve more protective titer [ 88 ,  154 ,  155 ]. For HBV- 
viremic patients, the daily administration of the nucleoside 
analog lamivudine at a dose of 100 mg orally until the reso-
lution of viremia was also used, as this drug has been shown 
to reduce the rate of HBV recurrence by its antiviral replica-
tion activity [ 88 ,  156 ]. Many centers used lamivudine before 
transplantation to control viremia, with the option of 
 reintroducing the drug in those who develop breakthrough 
viremia despite HBIG after transplantation. 

 Long courses of lamivudine administration have been 
associated with emergence of lamivudine resistance. In one 
study, the rates of HBV DNA polymerase mutants were 
detected in 20 %, at a median of 26- and 38-month follow-up 
in pre- and posttransplant patients treated with lamivudine 
monotherapy [ 157 ]. Alternatively, lamivudine may be con-
tinued along with HBIG for those who were previously vire-
mic, regardless of the result of surveillance HBV PCR after 
transplantation [ 88 ]. The combination of HBIG and lamivu-
dine together allowed investigators to administer lower doses 
of HBIG and achieve lower rate of HBV recurrence at a 
reduced cost [ 158 ]. With the emergence of lamivudine resis-
tance, alternative antiviral agents, such as adefovir and ente-
cavir, have been used with or without HBIG administration 
[ 159 ,  160 ]. In recent years tenofovir and entecavir became 
the favorable antivirals because they are potent drugs with 
low rate of resistance [ 153 ,  161 ]. 

 Despite the fact that these preventive strategies have been 
effective in reducing recurrence of HBV infection, occult 
infection of the graft can be demonstrated by molecular tech-
niques in most HBV-related cirrhosis patients after liver 
transplantation; this suggests that long-term HBV prophy-
laxis is required in this population [ 162 ]. The type of prophy-
laxis depends on viral replication (i.e., detectable HBV 
DNA) before and at the transplant operation. Most investiga-
tors do not recommend antiviral suppression before trans-
plantation when there is no evidence of viral replication, 
only when replication is documented [ 153 ,  161 ]. Lifelong 
combination of HBIG and antivirals is offered after trans-
plantation in active viral replication. In the case of lack of 
HBV DNA, a short course of low-dose HBIG IM or IV with 
antivirals, followed by antiviral monotherapy, is recom-
mende   d [ 153 ,  161 ].  

14.5.7.2     Recurrent HCV 

    HCV recurrence   is more problematic. As many as 90 % of 
liver transplant recipients who had HCV infection as the 
underlying cause of liver failure acquire detectable HCV 
RNA virus after transplantation. Seventy-fi ve percent of 
these patients develop signs of liver damage, and 25 % go on 
to cirrhosis within 5 years [ 88 ,  163 – 165 ]. The risk factors for 
the early recurrence of HCV in allograft include the presence 
of HCV genotype 1B, steroid use, and treatment for acute 
rejection [ 165 ,  166 ]. Concurrent CMV infection may also 
increase the rate of recurrent HCV infection [ 166 ,  167 ]. 
Many studies show that combinations of interferon and riba-
virin are effective for chronic HCV infection [ 168 ,  169 ]. A 
few investigators who treated patients awaiting liver trans-
plantation with a combination of interferon and ribavirin 
demonstrated 30–50 % response at the end of treatment and 
sustained viral response around 20 %; this treatment was 
benefi cial after transplantation in some of the patients who 
remained free of virus [ 170 ,  171 ]. 

 The advent of direct antiviral agents in treatment of hepa-
titis C has changed the way hepatitis C liver transplant can-
didates and those after liver transplant is managed [ 172 ]. The 
availability of treatment protocols without interferon before 
and after transplantation made hepatitis C management more 
tolerable. According to the  AASLD Practice Guidelines   
[ 173 ], treatment of HCV before liver transplantation leading 
to sustained virologic response (SVR) would usually prevent 
HCV recurrence after transplant. Treatment with sofosbuvir 
and ribavirin (up to 48 weeks), in patient awaiting transplant 
with MELD score up to 14 and Child-Pugh score up to 8, 
was well tolerated leading to SVR of 69 % after transplant 
[ 173 ]. Daily sofosbuvir and ribavirin in patients with com-
pensated recurrent HCV after liver transplant lead to SVR of 
70 % at 12 weeks [ 173 ]. According to the EASL preliminary 
guidelines [ 174 ], the following regimens (12–24 weeks) are 
recommended to liver transplant recipients with HCV recur-
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rence: genotype 2, sofosbuvir and ribavirin; genotypes 1 and 
3–6, sofosbuvir and daclatasvir ± ribavirin; and genotypes 1 
and 4, sofosbuvir and simeprevir ± ribavirin [ 174 ]. With the 
emergence of all these new antiviral agents, it is expected to 
see signifi cant change in the management of HCV in liver 
transplantation the next few years. 

 Currently, many centers employ the use of HCV- 
seropositive donors with favorable histology at liver biopsy 
for transplantation into recipients with HCV-related cirrho-
sis. Most cases demonstrate viral superinfection with nearly 
50 % seroconverting to the donor genotype after liver trans-
plant. In large series, these recipients of HCV-seropositive   
grafts have equivalent to slightly better outcomes than if they 
received grafts from naïve donor livers.       
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 Risks and Epidemiology of Infections After 
Intestinal Transplantation                     
     Kyle     A.     Soltys      ,     Jorge     D.     Reyes      , and     Michael     Green     

15.1          Historic Background 

 The fi eld of   intestinal transplantation   has developed signifi -
cantly since the fi rst reports involving dogs in the late 1950s 
[ 1 ]. Although small series demonstrated some short-term 
success of intestinal transplantation in the 1960s [ 1 ,  2 ], long- 
term success was not reported until tacrolimus was intro-
duced into clinical transplantation in 1990. Subsequently, 
dramatic and rapid progress in donor and recipient selection 
processes, evolution of surgical techniques, and enhance-
ments in early perioperative care led to a signifi cant improve-
ment in early postoperative patient and graft survival in this 
challenging population. Key lessons were learned from the 
early failures in intestinal transplantation, as most graft loss 
was attributable to overwhelming rejection due to the inabil-
ity to provide effective immunosuppression to this complex 
population in the face of such a lymphoid-rich, bacteria- 
containing graft [ 1 ]. Additional causes of early graft loss 
included ischemic injury of the allograft resulting in poor 
reperfusion and technical complications. Each of these early 
factors can be associated with infections occurring after 
transplant in association with severely damaged allografts 
rich in pathogens within the intestinal lumen [ 2 ]. Finally, 
morbidity and mortality were also encountered as a result of 
the mobilization and engraftment of donor-derived lympho-
cytes leading to graft-versus-host disease (GVHD) [ 3 ]. 

 The introduction of tacrolimus immunosuppression in 
1989 combined with the use of multidrug immunosuppres-
sant protocols and donor and recipient anti-lymphocyte pre-
conditioning markedly altered the results of intestinal 
transplantation. As a consequence, intestinal transplants are 
now performed worldwide with good overall results and 
long-term survival. Unfortunately, the high levels of long- 
term immunosuppression necessary to prevent and treat cel-
lular and humoral rejection in ITx recipients have been an 
important contributor in the majority of deaths following 
intestinal transplant which have been directly related to infec-
tion and malignancy. Indeed, the future success of intestinal 

transplant relies on balancing the risks of immunologic com-
plications associated with under-immunosuppression and the 
often fatal consequences of over-immunosuppression.   

15.2     Patient Population and Risk 
Factors for Infection 

  Patients  requiring   intestinal transplantation have  intestinal 
failure (IF)   and require  parenteral nutrition (PN)   to maintain 
a normal state of fl uid, electrolyte, and nutritional balance. 
IF is a result of either an anatomic loss of their intestine (e.g., 
congenital intestinal atresias or acquired disorders, such as 
volvulus, necrotizing enterocolitis, trauma, or vascular 
thrombosis) or poor function involving motility (e.g., intesti-
nal pseudoobstruction, Hirschsprung disease), absorption 
(e.g., microvillus inclusion disease), encasing tumors (e.g., 
desmoids), or Crohn’s disease. PN has changed the outcome 
for patients who have intestinal failure by effectively provid-
ing temporizing benefi ts parallel to those seen with hemodi-
alysis in patients with kidney failure. However, long-term 
survivors of PN can experience morbidity associated with 
development of catheter sepsis, venous thrombosis-induced 
loss of vascular access, and PN-induced cholestatic liver dis-
ease. Liver disease and the secondarily dilated short gut seen 
with intestinal adaptation facilitate intestinal bacterial 
 overgrowth, enteritis, bacterial translocation, the seeding of 
venous catheters, and line sepsis. Severe bloodstream infec-
tions can result in metastatic infectious foci, endocarditis, 
multisystem organ failure, and death. In addition, the infec-
tious complications of IF may contribute to the development 
and progression of parenteral nutrition-dependent liver 
injury [ 4 ]. 

 Life-threatening complications occur in as many as 
20 % of patients on long-term PN. Without intestinal trans-
plantation, patients with IF who develop complications of 
PN will die at a signifi cant rate, with 1-year and 3-year 
survival rates of 84 % and 74 %, respectively [ 5 ,  6 ]. 
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Younger patients (<1 year old) have a higher risk of dying 
of infectious complications, possibly because they have an 
earlier onset of severe liver disease [ 4 ]. The most common 
infectious complication in patients with intestinal failure 
remains line sepsis, occurring with a frequency of 8.9 new 
 catheter-related bloodstream infections (CRBSI)   per 1000 
catheter days [ 5 ]. Another single center study found an 
incidence of 3.49 septic episodes per child, with similar 
mortality risk at 2 years [ 7 ]. 

 The “nonsterile” environment of the intestine defi nes the 
epidemiology of bacterial infections before and after trans-
plantation. Many of these patients have a history of multi-
ple catheter-related bloodstream infections and have been 
exposed to repetitive and/or long-term antibiotic therapy, 
which can facilitate bacterial overgrowth and translocation. 
The recurrent exposure to antimicrobial agents may lead to 
colonization and subsequent infection with antimicrobial- 
resistant bacteria and to the overgrowth of yeast and other 
fungi. Although prophylactic use of antimicrobial and etha-
nol lock therapy [ 8 – 10 ] or the use of antibiotic-coated cath-
eters [ 11 ] may decrease the need for systemic antimicrobial 
therapy, catheter-associated bloodstream infections still 
represent a signifi cant source of pre-transplant morbidity 
and mortality. 

 By defi nition, intestinal transplantation is conducted in a 
contaminated environment. The logistics of donor organ pro-
curement does not allow for adequate bowel preparation 
prior to the procurement of the intestinal organs and although 
intestinal decontamination formulas are given to the deceased 
donor, effective mechanical cleansing is logistically impos-
sible. Therefore, the succus entericus of the donor is trans-
planted with the intestinal allograft. Donor gastrointestinal 
fl ora in the lumen of the intestinal allograft may result in 
bacterial infections if signifi cant preservation damage to the 
mucosa of the allograft intestine occurs due to ischemia–
reperfusion injury. Subsequently, a similar breakdown of 
mucosal integrity may occur as a result of rejection which 
can also lead to bloodstream infections. 

 In addition to the usual sources of  posttransplant sepsis   
(surgical site infections, abdominal abscesses, ventilator- 
associated pneumonias, etc.), many patients who have under-
gone a successful intestinal transplant continue to require 
central venous access for fl uids, antibiotics, and antiviral 
therapy for a period of months after successful intestinal 
transplantation. While the central lines remain in place, the 
risk of catheter-related infections remains. 

 Pediatric intestinal transplant recipients present unique 
challenges. On average, the pediatric recipients are a 
young population, with a mean age of 7.2 +/− 6.5 years at 
the time of transplant [ 12 ] who may be “immunologically 
naive,” thus having a higher risk of acquiring primary infec-
tions with  Cytomegalovirus  (CMV), Epstein–Barr virus 
(EBV), and other common community-acquired infections. 
Consequently, any requirement for higher baseline levels of 
immunosuppressive drugs to prevent rejection of the intes-
tinal allograft predictably places them at an increased risk 

of developing opportunistic infections. This alone might 
explain the higher rates, prolonged disease states, higher 
morbidity, and increased mortality due to CMV and EBV 
infections that occur in these patients.   

15.3     Anatomy, Pathology, 
and Pathogenesis of Infections 

  A  number   of different variations of intestinal transplantation 
can be carried out to ideally suit the anatomic and functional 
needs of the recipient; the etiology for intestinal failure dic-
tates the type of intestinal allograft used. The need for asso-
ciated stomach, pancreas, or colon in addition to the small 
bowel allograft is determined on the basis of the functional 
or vascular disease of those organs in the recipient. The diag-
nosis of end-stage liver disease as a consequence of TPN will 
determine the need for liver replacement. Consequently, 
intestinal transplantation procedures may provide the iso-
lated intestine, the combined liver and intestine (with or 
without the pancreas), complete multivisceral intestinal 
allografts which include the entire gastrointestinal tract (i.e., 
stomach, duodenum, pancreas, and small bowel) along with 
the liver, and modifi ed multivisceral grafts, which include 
the entire gastrointestinal tract (i.e., stomach, duodenum, 
pancreas, and small bowel) and exclude the liver [ 4 ]. Patient 
and graft survivals during the early posttransplant period 
vary according to the transplantation procedure. The best 
early survivals are associated with the isolated intestinal 
transplant, and the worst outcomes are observed in recipients 
of multivisceral allografts. The reason for this stems from the 
fact that recipients of isolated intestine allografts are rela-
tively stable, when compared to patients with TPN-induced 
liver failure (portal hypertension, pancytopenia, coagulopa-
thy) who will also require the larger composite grafts (liver/
intestine or multivisceral grafts). The morbidity and mortal-
ity associated with outcomes after multivisceral transplanta-
tion stem from the diffi culty of the resection portion of the 
operation and of the immediate posttransplant management. 
The risk of infection inherently determines short-term and 
long-term survivability. 

 Damage to the protective barrier of the intestinal mucosa 
can occur early from ischemia and reperfusion damage and 
later from rejection or GVHD of the intestinal allograft. 
Factors that determine risk for ischemia and reperfusion of 
the intestinal allograft are similar to those seen with other 
solid organs; they focus on a history of cardiac arrest and on 
the subsequent hemodynamic instability of the cadaveric 
brain-dead donor. 

 Prolonged episodes of cardiac arrest and hypotension and 
the need for multiple vasopressor drug therapy to maintain 
the blood pressure in the donor may herald the inevitable 
ischemia of the intestinal allograft. Such episodes of isch-
emia may be refl ected in donor liver functions (elevated 
transaminase and bilirubin levels). 
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 After the implantation of the intestinal allograft, isch-
emia/reperfusion syndromes may develop and be manifest 
by hemodynamic instability, fi brinolysis, and bleeding. 
Serial biopsies of intestinal allografts at the time of surgery 
and in the postoperative period reveal the severity of dam-
age and the potential for recovery. In this setting, bacteria 
within the succus entericus brought with the intestinal 
allograft can traverse the intestinal epithelium and enter the 
splanchnic venous system. With isolated intestinal trans-
plantation, the consequences of such an effl ux of bacteria 
and endotoxin will depend on how the graft is drained. If 
drained into the recipient’s portal or superior mesenteric 
vein, transient elevations in liver function tests may occur. 
If it is drained into the systemic circulation via the recipi-
ent’s inferior vena cava, more signifi cant manifestations of 
bacteremia may be seen, including adult respiratory dis-
tress syndrome (ARDS). In addition to the potential delete-
rious effects of luminal bacteria, work is being done to 
determine the relationship between the intestinal allograft 
microbiome, pathologic bacterial overgrowth and intestinal 
rejection [ 13 ,  14 ]. 

 As the mucosal barrier is broken with immunologic injury, 
clinical sepsis can also accompany severe rejection in which 
breakdown of the allograft mucosal barrier occurs due to 
damage from native immunocytes of the recipient. More 
commonly, rejection episodes tend to be mild to moderate, 
without such infectious consequences; however, acute rejec-
tion should be considered as a potential etiology of any bac-
teremia with enteric organisms. The overall incidence of 
rejection of the intestinal allograft has been high (greater 
than 85 %), with the average patient experiencing between 
one and fi ve episodes of rejection per graft [ 6 ,  12 ,  15 ]; more 
recent progress in immunosuppression management has 
introduced the ability to minimize immunosuppressive load, 
thereby resulting in less rejection and consequently less 
infection. This high frequency of rejection of varying severi-
ties likely accounts for the high frequency of bloodstream 
infections seen in intestinal transplant recipients. The clini-
cal signs of rejection include abdominal pain, distention, 
diarrhea, nausea, vomiting, and fever; however, these can 
also suggest the presence of a concomitant bacterial or fun-
gal infection. The diagnosis of rejection is based on the fi nd-
ings from endoscopic biopsies of the intestinal allograft 
mucosa. Such confi rmation is critical, particularly in long- 
term patients who present with minimal symptoms, and fever 
as opportunistic infections, such as CMV and EBV, can pro-
duce similar symptoms. In addition, episodes of enteritis 
secondary to infections with EBV and CMV may also be 
accompanied by damage to the mucosal barrier and associ-
ated bloodstream infections with bacteria and fungi. 

 Although rare, technical complications associated with 
intestinal allograft implantation complicate 7.6 % of cases 
[ 16 ]; these include intestinal anastomotic leaks resulting in 
infectious peritonitis, vascular complications such as arterial 
thrombosis with consequent graft ischemia, and intestinal 
volvulus. These technical issues are certainly associated with 

severe septic and infectious complications and prompt surgi-
cal correction is required for survival .  

15.4     The Intestinal Transplant 
Timetable 

  The unique  timetable   for infectious complications after 
intestinal transplantation is noted in Table  15-1 . Bloodstream 
infections consequent to surgery-related (i.e., donor and 
implantation operation) and catheter-related infections con-
tinue to occur for at least the fi rst month after transplantation. 
Because the mucosal barrier of the intestinal allograft is con-
tinuously exposed to the external environment, any breaks in 
the mucosal surface may result in transient bacteremia. 
Furthermore, indwelling intravenous catheters may be 
required for up to a year or longer after transplantation, plac-
ing these recipients at a higher risk of bacteremia. The high 
risk of CMV and EBV diseases carries a proportionately 
higher morbidity and mortality as well. The baseline immu-
nosuppression levels—higher than those for other solid 
organs—that are required for a long term to maintain the 
intestinal allograft place these patients at a higher risk for 
symptomatic disease from these pathogens. Children may 
also be serologically naive for CMV and EBV, thus increas-
ing the already high risk for disease. The chronic, higher 
level of immunosuppression required by these patients also 
raises the risk for severe infections from community-acquired 
pathogens (e.g., infl uenza, respiratory syncytial virus [RSV], 
adenovirus, streptococcal pneumonia, and  Pneumocystis jir-
oveci  pneumonia). However, despite high baseline immuno-
suppression, most intestinal transplant recipients who 
develop these infections tolerate them quite well because of 
their improved overall health status.

   Patient and graft survival after intestinal transplanta-
tion is inherently related to the risk of rejection, the need 
for antirejection therapy, the high levels of baseline immu-
nosuppression, and the risk of posttransplantation infec-
tions. In addition, the relationship between patient and graft 
survival is inherently dependent on the reversibility of the 

    TABLE 15-1.    Timetable for infections after intestinal transplantation   

 Early (0–90 days after transplant)  Late (3–6 months after transplant) 

 Surgical site—usually 
intra-abdominal 

 Catheter-associated bacteremia 

 Catheter-associated bacteremia  Rejection-associated bacteremia 

 Pneumonia  EBV/PTLD 

 Rejection-associated bacteremia  Opportunistic infections 

 Donor derived infections  Candidemia 

 Early viral infections (adenovirus, 
infl uenza) 

 Pneumocystis jiroveci 

 CMV  Herpes simplex 

 Varicella zoster 

   Abbreviations :  CMV Cytomegalovirus ,  EBV  Epstein–Barr virus,  PTLD  post-
transplant lymphoproliferative disease.  
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type of transplant performed. For example, if a patient who 
has undergone an isolated intestinal transplant develops 
a life- threatening complication of the intestine or immu-
nosuppression (e.g., uncontrollable rejection or posttrans-
plant lymphoproliferative disorder [PTLD]), the intestinal 
allograft can be safely removed and the immunosuppression 
discontinued. Unfortunately, patients who have undergone 
combined liver and intestinal transplants have a much poorer 
outcome after the removal of the intestine and discontinu-
ation of immunosuppression with the rapid development 
of allograft liver disease and death. Until recently, this was 
responsible for a progressively declining survival curve up 
until 3–4 years, at which time it plateaus (Figure  15-1 ). This 
curve contrasts with that of recipients of liver or kidney 
allografts in whom, after the fi rst posttransplantation year, 
the baseline levels of immunosuppression are lowered, with 

a declining risk of rejection or infectious complications in 
the later posttransplant years. This resulted in a higher rate 
of survival at all posttransplant times.

   Furthermore, the intestine is a large lymphoid-rich organ, 
the immunologic role of which cannot be underestimated.   

15.5     Early Infections After Intestinal 
Transplantation (<90 days) 

  Although  clinically   useful to diagnose and empirically treat 
suspected infections after transplant, the timeline for infec-
tious complications is not absolute. In addition, certain 
pathogens can be either donor derived or present in the recip-
ient at the time of transplant, making the pre-transplant 

  FIGURE 15-1.    Graft and patient survival based on the era of immunosuppression at the time of transplant. From Abu-Elmagd KM, Costa 
G, Bond GJ, et al. Five hundred intestinal and multivisceral transplantations at a single center: Major advances with new challenges. Ann 
Sug 2009; 250: 567–81.       
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screening of both the donor and recipient imperative [ 17 ]. 
Even minor and common viral infections in the pre- transplant 
immunocompetent host can blossom into severe and life- 
threatening infections after preconditioning of the recipient. 
In addition, infectious complications in the early period lead 
to signifi cant increases in the length of stay [ 18 ]. Likewise, 
unsuspected infections in the donor can rapidly manifest in 
the immunosuppressed recipient. Thus, although these time-
lines are useful for discussion, it should be kept in mind that 
common entities causing perioperative infections can also be 
acquired late after transplant.  

15.5.1     Bacteremia and Fungemia 

 Based on the      aforementioned       clinical      characteristics of intes-
tinal transplantation, it is not surprising that the rates of bac-
terial and fungal infections observed after intestinal 
transplantation are higher than those reported for patients 
undergoing other types of solid organ transplantations, such 
as those for the liver, heart, or kidney. 

 Bacterial infections account for close to 60 % of all infec-
tions after intestinal transplantation [ 19 ]. Bacteremia has 
been shown to be the most common type of infection identi-
fi ed in children undergoing intestinal transplantation, with 
69 % of children developing a bacteremia in the fi rst postop-
erative year [ 20 ] and at a rate of approximately 1.4–1.7 epi-
sodes per patient per year. Similar infectious morbidity and 
frequency have been observed in adult recipients, with a rate 
of 1.55 episodes per patient after intestinal transplantation 
[ 17 ,  21 ]. The incidence of bacteremia after intestinal trans-
plant does decrease over the course of the fi rst year, declin-
ing from ~80 % in the fi rst 8 weeks to roughly 3 % per month 
after the fi rst 6 months [ 22 – 24 ]. 

 The overall incidence of bacteremia after intestinal trans-
plantation can be higher than 60 %; enteric organisms, 
including  Enterobacter ,  Klebsiella , and  Pseudomonas  spe-
cies are the most frequent organisms recovered [ 25 ]. These 
gram-negative organisms reveal a trend toward polymicro-
bial infection with multiple-antibiotic-resistant organisms, 
but other combinations of isolated gram-negative 
Enterobacteriaceae and coagulase-negative staphylococci 
also occur. While disruptions of the mucosal barrier of the 
allograft are frequently present, an obvious source of bacte-
remia is often not identifi able. This may be because the 
majority of the surface area of the intestinal allograft is not 
visible, as endoscopy reveals only the most distal or proxi-
mal portions of the intestine. 

 Although abnormal allograft histology does not have to be 
accompanied by bacteremia, in the presence of signifi cant 
gastrointestinal pathology, enteric pathogens historically 
have been recovered in more than 50 % of cases [ 25 ]. 
Consequently, correlations between bacteria identifi ed in the 
stool and those identifi ed in the blood are high. The authors 
believe that bacterial overgrowth, which is defi ned as a bac-

terial count of more than 10 9  colony-forming units (CFUs) 
per milliliter of stool, may be a determining factor in the 
development of translocation in the setting of intestinal 
mucosal damage. 

 This association of enteric bacteremia (and CLABSI) and 
loss of mucosal function leads to the clinical caveat that if 
enteropathogens are identifi ed in blood culture specimens, 
consideration should be given to performance of an endos-
copy to identify the presence of underlying pathologies, such 
as rejection or enteritis (i.e., CMV or EBV). The treatment 
for suspected bacteremia should take into account the anti-
microbial susceptibility patterns of bacterial pathogens asso-
ciated with prior episodes of infection both before and after 
transplantation. Changes to the immunosuppressive drug 
strategy inherently parallel the treatment of any infection in 
patients after ITx. If the cause of mucosal breakdown and 
translocation is viral enteritis (CMV, EBV, adenovirus), 
 judicious reduction of the immunosuppression is warranted. 
Paradoxically, in the face of allograft rejection, higher levels 
of immunosuppressive medication and antirejection therapy 
will be required. 

 Finally, it is worth noting that fungemia is also seen at 
higher frequencies in ITx recipients compared with recipi-
ents of other types of solid organ transplantation, occurring 
in 23–59 % of intestinal transplant recipients [ 26 – 28 ]. The 
majority of those infections were found to be due to  Candida  
spp., accounting for 80–100 % of infections, and early can-
dida infections are often associated with intra-abdominal 
abscess or intestinal leak [ 26 ]. Although  C. albicans  remains 
the dominant species isolated (37–46 %) after intestinal 
transplant,  C. glabrata  and  C. parapsilosis  are also common, 
representing 25 % and 13 % of isolates, respectively. There is 
some debate as to whether candidal infections have a nega-
tive impact on survival after intestinal transplant, with one 
study showing a signifi cant decrease in survival with only  C. 
glabrata  species [ 27 ]. Antibiotic therapy and preoperative 
PN use are signifi cantly associated with candidal infections 
in pediatric intestinal recipients. 

 In addition to bacteremia, signifi cant morbidity is associ-
ated with respiratory tract infections in the early postopera-
tive period, accounting for roughly 15 % of bacterial 
infections in this population. Health-care-associated respira-
tory infections account for the majority of these infections, 
with a similar microbiology to other hospitalized popula-
tions [ 19 ,  22 ].      

15.5.2      Cytomegalovirus  Infection 

   The  success      of clinical intestinal transplantation after 1990 
under immunosuppression with tacrolimus was accompa-
nied by an unexpectedly high prevalence and marked sever-
ity of CMV disease. These higher rates and levels of disease 
severity were attributed to the higher burden of immunosup-
pression required to prevent rejection. The overall incidence 
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of CMV infection at the authors’ center and throughout the 
International Intestinal Transplant Registry has been reported 
to be as high as 20 % [ 29 ]. Fortunately, the incidence of 
CMV disease has decreased as experience with viral moni-
toring, immunosuppressive strategies, and preemptive treat-
ment therapies has evolved. Our most recent series of 
intestinal transplants was found to have a 7 % incidence of 
CMV disease, compared to a 35 % incidence in patients 
transplanted using different immunosuppressive and preven-
tative strategies [ 16 ]. 

 Analysis of this historical high rate of CMV disease (38 %) 
in adult recipients after intestinal transplantation at a single 
center stratifi ed the rates of CMV disease by the serologic 
status of CMV in the donor and recipient (D/R) as follows: 
D−/R−, 0 %; D−/R+, 50 %; D+/R+, 50 %; and D+/R−, 75 % 
[ 30 ]. Similar rates of CMV disease have been seen in these 
groups in more recent studies, and in general, patients can be 
stratifi ed into high-risk (D+/R−), low-risk (D−/R−), and 
intermediate-risk groups, based on serologic data. These 
groups can then be used to develop strategies for CMV dis-
ease prevention. 

 In a recent international survey of intestinal transplant 
centers, 40 % of programs used universal ganciclovir or val-
ganciclovir prophylactic therapy for prevention of CMV dis-
ease in high-risk (D+/R−) populations. In addition, 35 % of 
programs administered high-titer CMV-immunoglobulin 
(CMV-IVIG) prophylaxis to the high-risk group. Recipients 
who were CMV positive at the time of transplant were more 
frequently treated with frequent monitoring for viremia and 
preemptive therapy; however, 12 % of centers administered 
prophylactic antiviral therapy and 20 % of centers still uti-
lized CMV-IVIG as part of the prophylaxis for CMV. Despite 
these strategies, 20.3 % of patients still developed CMV 
infection [ 31 ]. 

 CMV has a propensity to involve the gastrointestinal tract, 
particularly the intestinal allograft. Indeed, CMV enteritis 
accounted for more than 80 % of all episodes of illness. Risk 
factors, such as rejection and the need for steroids or OKT3, 
associated with the development and/or recurrence of CMV 
disease in this patient population were similar to those seen 
with other solid organ transplants, but they had a higher 
impact [ 32 ]. Interestingly, rejection was not found to be a 
risk for CMV disease in a recent study [ 33 ] and invasive 
CMV enteritis has been seen in patients without associated 
CMV viremia [ 34 ]. 

 Although CMV disease historically occurred at a higher 
frequency, it remained a treatable disease, with a similar 
1-year survival rate among patients with or without a history 
of CMV. Because ganciclovir prophylaxis had been ineffec-
tive in preventing the disease in children and adults in the 
1990s, several centers would avoid CMV-seropositive donor 
organs in CMV-negative candidates awaiting isolated intesti-
nal transplantation. This policy did not generally apply to 
patients waiting for combined liver and intestine transplants; 
due to the excessive mortality risk, end-stage liver disease 

places these patients at a higher risk of dying while waiting 
for organ allografts. However, the availability and effective-
ness of prophylactic strategies, as well as changing patterns 
of CMV disease potentially associated with the use of induc-
tion immunosuppressive therapies, may affect the prevalence 
and outcome of CMV disease. Indeed, most recent studies 
have confi rmed almost nonexistent mortality from CMV dis-
ease, even in high-risk patient populations [ 16 ,  33 ]. 

 The experience with CMV disease in the pediatric popula-
tion had been similar, although less morbidity and minimal 
mortality were seen [ 35 ]. The intestinal allograft was infected 
with CMV in more than 90 % of patients experiencing CMV 
disease. In addition, the native intestinal tract was infected in 
20 % of CMV-affected children. Recurrent and persistent 
CMV disease was common. As in adults, the D+/R− group 
of recipients had the highest frequency and morbidity. 
However, rates of CMV disease have declined with aggres-
sive use of CMV-preventive strategies combined with modi-
fi cations in immunosuppressive strategies. Experience from 
our center in pediatric ITx recipients receiving induction 
therapy with thymoglobulin identifi ed that only 1 of 36 chil-
dren developed CMV disease [ 12 ]. 

  Ganciclovir   remains the primary agent used to treat CMV 
disease, though there are several centers that utilize oral val-
ganciclovir for both prevention and treatment of CMV [ 31 ]. 
Although this remains an attractive strategy, it should be 
done with some degree of caution and close monitoring, as 
there has been a reported increase in CMV tissue invasive 
disease in patients receiving valganciclovir, compared to 
intravenous ganciclovir [ 36 ]. The disadvantage of prolonged 
treatment with antiviral agents remains the signifi cant 
adverse effects seen with these agents, primarily marrow 
suppression (anemia, leukopenia, and thrombocytopenia) 
and nephrotoxicity (survey paper). In addition, controversy 
exists regarding the proper dose of oral valganciclovir in the 
pediatric population [ 37 ,  38 ]. Strategies for the treatment of 
CMV infections also need to prevent recurrent infection, 
which can occur in up to 85 % of cases. This risk may be 
minimized by utilizing prolonged prophylaxis after treat-
ment of the primary infection with either ganciclovir or oral 
valganciclovir. 

 The management of CMV disease with intravenous ganci-
clovir, alone or in combination with CMV-specifi c hyperim-
mune globulin, has resulted in clinical cures in 90 % of 
children with CMV disease with no alteration in long-term 
patient or graft survival [ 35 ]. The addition of CMV-IVIG for 
the treatment of CMV is generally recommended, although 
little data exists to support its use. Despite a lack of strong 
evidence to support its use, immunoglobulin administration 
remains a standard therapy in several treatment protocols for 
prevention and treatment of CMV disease in intestinal trans-
plantation [ 31 ,  39 ]. 

 Isolated cases of disseminated CMV in intestinal recipi-
ents have been reported that correlate with clinical manifes-
tations suggestive of ganciclovir resistance; these were 

K.A. Soltys et al.



241

accompanied by progressive rises in CMV antigenemia 
despite an appropriate regimen of ganciclovir and CMV- 
IVIG. Foscarnet provided eventual resolution in these cases 
[ 35 ]. Ganciclovir-resistant CMV infection occurs in up to 
15 % of patients after lung transplant and has been found to 
be due to mutations in the CMV UL 97 or UL54 genes, 
which respectively encode the viral DNA phosphotransfer-
ase and the CMV DNA polymerase. Invasive infections with 
ganciclovir-resistant CMV are associated with 25 % mortal-
ity despite treatment with IVIG and foscarnet and a 78 % rate 
of foscarnet-induced toxicity [ 40 ]. Case reports using the 
prodrug lefl unomide suggest its inclusion as a potential ter-
tiary agent for treatment of resistant CMV infection [ 41 ]. In 
addition to drug therapy, studies in the HSCT literature are 
emerging that successfully utilize adaptive immunotherapy 
to treat CMV disease resistant to multidrug therapy [ 41 ] 

 In summary, CMV has been a frequent and important 
cause of morbidity after intestinal transplantation. CMV has 
a unique propensity to involve the intestinal allograft and the 
native gastrointestinal tract, which makes surveillance prac-
tical. At present, the use of long-term prophylactic therapy 
(3-month to 6-month courses) with ganciclovir (either IV or 
oral valganciclovir) in combination with CMV-specifi c 
hyperimmune globulin should be considered for CMV +/− 
patients [ 42 ]. The use of “hybrid” strategies using shorter 
courses of chemoprophylaxis followed by serial measure-
ments of the CMV viral load in CMV-seropositive recipients 
may be effective but data are needed before this strategy can 
be widely recommended [ 42 ]. Prompt diagnosis and treat-
ment of CMV viremia decreases the rate of invasive disease, 
though little data exists to determine the proper duration of 
treatment to avoid recurrent disease. Ganciclovir-resistant 
CMV disease exists and can be associated with signifi cant 
morbidity and mortality in the lung transplant population. 
The emergence of immunotherapy as a potential modality 
for treatment of resistant disease may improve the results in 
these patients.    

15.5.3     Adenovirus 

    Adenovirus      is a ubiquitous DNA virus that can be either 
transmitted from the donor or can be acquired from the com-
munity. Like EBV, adenovirus can remain latent in the lym-
phoid tissue, allowing for its transmission and also accounting 
for the possibility of reactivation after transplant or during 
periods of augmented immunosuppression. Although the 
intestinal allograft is the most common site of infection, ade-
novirus can disseminate and can also infect a large variety of 
organs, including the brain, liver, lungs, and pancreas. The 
intestine was infected in 83 % of cases in a recent study [ 43 ]. 
Adenoviral infection is most common in younger recipients 
and is generally thought of as an “early” pathogen, with 
almost 70 % of cases occurring in the fi rst 6 months after 
transplant. Overall, adenovirus infection has been observed 

frequently in pediatric recipients of intestinal transplantation 
with rates of adenovirus infection in this population ranging 
from 20.8 to 100 % [ 17 ,  21 ]. 

  Adenoviral enteritis   generally presents as an osmotic diar-
rhea, often without associated fever or systemic illness. The 
gross morphology of infection is one of hyperemic mucosa 
and ulceration, often diffi cult to distinguish from cellular 
rejection [ 44 ]. Histologically, there is severe villous injury 
and characteristic cytopathic adenoviral inclusions in the 
villi. Crypt apoptosis can also be seen in cases of severe ade-
noviral enteritis, potentially confusing the underlying diag-
nosis diffi cult [ 45 ]. Immunohistochemistry allows for better 
delineation of the inclusions in these cases and serum and 
tissue DNA polymerase chain reaction can also be used, if 
needed to confi rm the diagnosis [ 44 ]. Adenovirus can also 
present as an invasive disease [ 46 ]. Risk factors for invasive 
disease include failure to clear virus, isolating virus from 
more than one site, and intensifi ed immunosuppression [ 21 ]. 

 It is very diffi cult to presumptively diagnose infection due 
to adenovirus in ITx recipients, as fever, hepatitis, and pneu-
monia may be caused by a variety of other pathogens. In 
addition, high stool output after IT is nonspecifi c and can 
also occur with rejection. The presence of high-grade fevers 
and symptoms suggestive of adenovirus infection should 
prompt serial cultures for viruses (including adenovirus) or 
PCR of the blood and evaluation of graft biopsies. 
Unexplained hepatitis should warrant consideration of a liver 
biopsy. Similarly, an increase in stool output, with or without 
fever, should prompt endoscopic evaluation of the intestinal 
allograft. Histologic examination for the presence of adeno-
viral inclusions as well as the use of immunohistochemical 
stains of biopsy specimens from either site should be under-
taken to help confi rm this diagnosis. 

 Unfortunately, there is no defi nitive treatment for adenovi-
ral infection at this time [ 47 ]. The treatment of adenoviral 
infections is thoroughly discussed elsewhere (Chap.   34    ). The 
most important component of therapy is supportive care 
along with a judicious and carefully monitored reduction in 
immunosuppression. The role of antiviral agents is unproven, 
although there is increasing experience and enthusiasm for 
the use of cidofovir [ 48 ,  49 ].     

15.6     Late Infections After Intestinal 
Transplantation (>90 days) 

15.6.1     Epstein–Barr Virus-Induced Infection 
and Posttransplant 
Lymphoproliferative Disease 

      EBV               is a gamma herpesvirus that infects the B cell popula-
tion. EBV has a 95 % seroprevalence in the adult population 
worldwide, with roughly 50 % of the population in devel-
oped countries being exposed by the age of fi ve. EBV is 
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directly responsible for the development of the clinical 
syndrome of infectious mononucleosis in immunocompe-
tent people and also leads to EBV-driven diseases in organ 
transplant recipients and other immunosuppressed indi-
viduals [ 50 ]. The early experience in intestinal transplant 
under either cyclosporine- or tacrolimus-based immuno-
suppression identifi ed EBV disease and PTLD as a major 
cause of morbidity and mortality. The ability to directly 
monitor for EBV viral replication with PCR allowed us to 
better defi ne the spectrum of EBV infection and disease in 
recipients of intestinal transplantation and devise methods 
to avoid the development of lymphoma in these patients. 
EBV infection is often discovered as asymptomatic vire-
mia. If unrecognized and left untreated, EBV viremia can 
progress in immunosuppressed hosts to invasive EBV dis-
ease and can then potentially further progress to poly-
clonal and potentially monoclonal PTLD including 
lymphoma. EBV infection can also present clinically as a 
febrile syndrome, nonspecifi c lymphadenopathy mimick-
ing mononucleosis. 

 In the early era of intestinal transplant, OKT3-based 
immunosuppression and the lack of EBV-monitoring proto-
cols lead to the development of PTLD in 25 % of recipients 
[ 51 ]. With the development of preemptive therapy protocols 
and refi ned immunosuppressive protocols, the PTLD inci-
dence and mortality were signifi cantly reduced to 7 % [ 51 ]. 

 Similar to CMV, the most common location for invasive 
EBV disease is the allograft itself, with the intestine being 
involved in 71 % of the recipients. Historically, the diagnosis 
of EBV infections and of PTLD is typically in the fi rst year 
after transplant, with the average time from transplant to the 
diagnosis of PTLD in pediatric ITx recipients being 9 months 
[ 52 ,  53 ]. However, later cases do occur and PTLD is diag-
nosed after the fi rst year in roughly 30 % of cases [ 52 ,  53 ]. 
Prior to monitoring protocols, EBV disease was frequently 
found with endoscopy or a computed tomography after non-
specifi c abdominal fi ndings or peripheral lymphadenopathy 
in an ill patient [ 12 ]. The pattern of EBV disease in intestinal 

transplant recipients is similar to patterns historically seen 
with other solid organs, in which a nonspecific viral 
syndrome may eventually progress to PTLD. It can present 
clinically as a febrile syndrome, nonspecifi c lymphadenopa-
thy mimicking mononucleosis, PTLD, or lymphoma. Similar 
to CMV, the most frequent site of involvement is the intesti-
nal allograft; however, the native gastrointestinal tract is also 
frequently involved. The classic presentation is lymphade-
nopathy (although this may be limited to intra-abdominal 
location), blood in the stools, and an endoscopic fi nding of 
nodular ulcerated tumors in the intestinal allograft or the 
native gastrointestinal tract (Figure  15-2 ).

   The histology of EBV disease is also similar to that 
described in other solid organ transplant recipients, with 
both polymorphic and monomorphic disease and variations 
in clonality being seen. Of interest, however, is the fact that 
the authors have cared for several patients who developed 
EBV-associated spindle cell tumors (Figure  15-3 ). These 
children had previously experienced an episode of EBV- 
associated PTLD. The EBV-serologic status prior to 
transplantation is unique to this population because, in con-

  FIGURE 15-2.    Endoscopic image 
of posttransplant 
lymphoproliferative disease 
lesion in an intestinal allograft.       

  FIGURE 15-3.    Posttransplantation spindle cell lesion (PTSD).       
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trast to other organs where EBV seronegativity is a major 
risk for EBV disease and PTLD, PTLD has been observed in 
seropositive patients as frequently as in seronegative patients 
(20.7 % vs. 19.4 %) [ 53 ].

   The high frequency of, and the mortality associated with, 
EBV disease prompted the development of a prevention and 
preemptive treatment strategy for EBV infection in intestinal 
transplant recipients and has been a useful adjunct in the 
management of patients with established disease as well. In 
1994, the authors began monitoring the EBV viral load in the 
peripheral blood using a quantitative competitive polymerase 
chain reaction (QC/PCR) assay. This monitoring was cou-
pled with a preemptive therapy (PT) strategy in an effort to 
diagnose early EBV infection rather than after established 
disease or PTLD is present. This strategy included the use of 
ganciclovir and intravenous immune globulin and the judi-
cious weaning of immunosuppression. The management of 
EBV disease and PTLD in intestinal transplant recipients is 
more complex than that with liver transplant recipients, 
because signifi cant decreases or withdrawal of immunosup-
pression, which are the mainstay for management in other 
solid organ recipients, can result in severe breakthrough 
intestinal allograft rejection. This strategy is even more chal-
lenging as ITx recipients can present with evidence of con-
comitant EBV disease and rejection. Thus, the morbidity and 
mortality in the setting of PTLD can stem from the lympho-
proliferative process, concomitant infections with CMV and 
bacterial pathogens, and/or severe intestinal allograft rejec-
tion [ 52 ,  53 ]. 

 Patients with active EBV disease typically have an ele-
vated EBV viral load in the peripheral blood; however, ele-
vated loads may be present in otherwise asymptomatic 
individuals. These individuals are amenable to PT with intra-
venous ganciclovir (10 mg/kg/day), CMV IVIG (300 mg/kg 
every 2 weeks), and possible reduction in immunosuppres-
sion. At our institution, this therapy is instituted for elevated 
and/or rapidly rising viral loads. The exact level of EBV load 
to initiate PT will vary according to which assay is used to 
measure the load. In addition, we have typically initiated PT 
at very low loads for EBV-seronegative recipients experienc-
ing primary infection while we have used cutoffs close to 
levels where EBV disease and PTLD are observed for those 
who are EBV seropositive prior to transplant. Although the 
effectiveness of each of the individual components of this 
strategy remain unproven, the combined use of this approach 
along with evolutions in immunosuppression algorithms for 
these patients has resulted in decreases in the incidence, 
morbidity, and mortality attributable to EBV disease and 
PTLD in this population [ 53 ]. 

 Interestingly, this protocol also led to the recognition of a 
subgroup of children (roughly 20 % of children) who fail to 
resolve their EBV viremia. This results in the development 
of a high-load carrier state, in which patients have a signifi -
cant EBV viremia (>16,000 EBV copies/mL whole blood at 
our institution) on >50 % of samples for more than 6 months, 

following either asymptomatic viremia or resolution of 
invasive EBV disease/PTLD. Management of these patients 
is challenging as 37 % will develop EBV disease with PTLD 
being diagnosed in 11 %, despite appropriate preemptive 
treatment and reduction in immunosuppression [ 54 ,  55 ]. 

 In addition to judicious reduction in immunosuppression 
and institution of antiviral therapies, one must carefully 
monitor patients with EBV viremia for the development of 
invasive disease and PTLD. Because the lesions most fre-
quently are found in the intestine, any patient with symptoms 
should have a lower and/or proximal endoscopy, followed by 
CT of the neck, chest, abdomen, and pelvis. Evidence sup-
ports a potential role for PET scans for the diagnosis and 
follow-up of PTLD in selected patients, though specifi c 
guidance on its use is not available [ 56 ]. 

 Biopsies of  suspicious lesions   will provide histologic con-
fi rmation of the diagnosis of PTLD; however, the use of 
immunohistochemical stains for the presence of EBV 
(Epstein–Barr early RNA stain [EBER stain]) is a helpful 
adjunct for distinguishing EBV-infected cells from nonspe-
cifi c lymphocytic infi ltrates. Such EBV infi ltrates may also 
produce apoptosis in the intestinal crypt epithelium, thus 
mimicking rejection. In addition, biopsies of lesions should 
be evaluated for the expression of the cell marker CD20 that 
predicts the response to potential treatment options. 

 The historic management of EBV disease and PTLD has 
centered on signifi cant reductions in, or withdrawal of, 
immunosuppressive medications, thus allowing the immune 
system to develop a cytotoxic T-cell lymphocyte response to 
control the infectious process. With intestinal transplant 
recipients, such manipulations of immunosuppressive drugs 
have resulted in high rejection rates, complicating the man-
agement of EBV disease and PTLD. More recent immuno-
suppressive management strategies using antilymphocyte 
globulin induction and tacrolimus at low levels (10 ng/mL) 
and no steroids have allowed for signifi cant improvement in 
the incidence and severity of rejection and also the ability to 
minimize immunosuppression in a similar fashion as with 
other organs. This has resulted in improved survival and 
also in a signifi cantly lower rate of CMV and EBV/PTLD 
[ 12 ] (Figure  15-4 ). The majority of patients will demon-
strate some evidence of a clinical response within 2–4 weeks 
after modulation of medications. The impact of EBV viral 
load monitoring on the incidence and outcome of EBV dis-
ease and PTLD cannot be overemphasized. Rates of EBV 
disease and PTLD using this approach have dropped dra-
matically when compared to a cohort of children undergo-
ing intestinal transplantation at the authors’ institution prior 
to the availability of this approach [ 54 ]. Therefore, early 
diagnosis does affect the outcome of EBV disease, and judi-
cious reductions of immunosuppression in this setting allow 
resolution with a lower incidence or absence of rejection of 
the intestinal allograft.

   The mortality of this disease during the authors’ initial 
experience was pervasive (50 %), principally due to the asso-
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ciated rejection during the treatment for PTLD. During this 
early experience, the results of treatment of lymphoprolifera-
tive disorder were further limited by the fact that 30 % of the 
surviving patients experienced chronic and/or recurrent epi-
sodes of EBV disease after successful therapy [ 52 ]. This 
contrasts sharply to the recurrence rate of 5–10 % seen with 
other solid organ transplants. This likely results from the 
ongoing need of the intestinal transplant recipient to con-
tinue with high baseline levels of immunosuppressive ther-
apy, which limits the body’s ability to generate a cytotoxic 
T-cell lymphocyte response against EBV. Of note, evolutions 
in the management of ITx recipients, including evolving 
immunosuppression strategies and the use of EBV load mon-
itoring, have resulted in a marked improvement in the 
 outcome of PTLD [ 51 ]. Unfortunately, this will not be ade-
quate treatment in some PTLD lesions that are no longer 
under control of EBV and behave more like true malignan-
cies [ 50 ]. The authors recommend a trial of immunosuppres-
sion reduction unless there is concurrent rejection or 
histologic evidence of true malignancy. In addition to IS 
reduction, antiviral and immunomodulating medications can 
be used as potential therapy, with failure leading to the use of 
cytotoxic chemotherapy. 

 Newer therapies for the treatment of EBV disease and 
PTLD are also showing promise [ 57 ,  58 ]. Rituximab is a 
chimeric humanized antibody against the B-cell antigen 
CD20. Studies have demonstrated variable success in using 
rituximab in treatment of PTLD that has not responded to IS 
reduction. Studies in children have shown good short-term 
response rates of 80 %, though there is a signifi cant recur-
rence rate of 25 % [ 58 ]. Rituximab has become a key com-

ponent of treatment of CD20-positive PTLD in some 
intestinal recipients, especially those with concurrent rejec-
tion or those not responding to the combination of immuno-
suppression reduction and antiviral/immunoglobulin 
therapy. Vigilant posttreatment follow-up is required as 
recurrence is possible and occurred in roughly 20 % of 
responders in one large French study, at a median of 7 
months after treatment. In addition, a signifi cant percentage 
of patients will develop hypogammaglobulinemia and 
should be appropriately treated [ 58 ]. Additionally, encour-
aging results have been obtained using a combination of 
low-dose chemotherapy and rituximab in the treatment of 
PTLD in setting of solid organ transplant. Studies have 
shown 2-year relapse-free survival rates of 70 % [ 59 ]. While 
the use of EBV-specifi c cytotoxic T-cells (CTL) to treat 
EBV-related PTLD (which has shown to be effective in 
bone marrow recipients) is of interest, experience to date 
has not been able to demonstrate defi nitive success in SOT 
recipients. As an alternative approach, Haque and col-
leagues have developed a bank of 100 EBV-specifi c CTLs, 
using healthy blood donors in the UK. Using this bank, the 
authors used HLA “best fi t” CTLs in a phase II multicenter 
trial to treat PTLD that was refractory to other methods with 
52 % overall response rate. Of those patients that had a 
response, an impressive 82 % were complete [ 60 ] with doc-
umented long-term survival in responders [ 61 ]. Finally, 
transplant physicians should also recognize the importance 
of allograft enterectomy to allow for complete withdrawal 
of immunosuppression in cases where such an approach can 
be taken (isolated intestinal transplant), especially for those 
not responding to fi rst- or second-line therapies.      

  FIGURE 15-4.    Cumulative risk of 
PTLD in three eras of 
immunosuppression. Note the 
striking differences in PTLD 
rates in patients receiving rATG 
preconditioning ( solid line ). 
From Abu-Elmagd K, 
Mazariegos G, Costa G, Soltys 
K, et al. Lymphoproliferative 
disorders and de novo 
malignancies in intestinal and 
multivisceral recipients: 
Improved outcomes with new 
outlooks. Transplantation 2009; 
88:926–34.       
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15.6.2     Respiratory Illnesses 

    Respiratory      viruses remain a major source of morbidity and 
mortality in immunocompromised organ transplant recipi-
ents (Table  15-1 ). The majority of  lower respiratory tract 
viral infections (LRTRVI)   are caused by RSV, infl uenza, 
parainfl uenza, adenovirus, and rhinovirus. Fortunately, 
advances in qualitative and quantitative RT-PCR technol-
ogy have allowed for the rapid and reliable detection of 
specifi c LRTRVI pathogens with 95 % overall sensitivity 
and specifi city [ 62 ]. 

 In a recent retrospective review of 25 children who had 
undergone intestinal and/or liver transplant, the Miami group 
reported a high rate of rhinovirus as an etiology of 
LRTRVI. Although the overall mortality associated with 
LRTRVI was from 13 %, no children with rhinovirus suc-
cumbed to the disease. Interestingly, RSV infection was 
associated with a 40 % mortality, and was the direct cause of 
death, despite reduction in immunosuppression and adminis-
tration of palivizumab [ 63 ]. Due to the potential morbidity 
and mortality associated with RSV LRTRVI [ 64 ], some 
experts recommend immunoprophylaxis with an RSV- 
specifi c monoclonal antibody (palivizumab) for children less 
than 1 year of age who are transplanted or are receiving anti- 
lymphocyte treatment during RSV season. Treatment of 
RSV is limited, though careful reduction in baseline immu-
nosuppression should be considered if clinically warranted. 
Aerosolized ribavirin is currently approved for the treatment 
of severe RSV LRTRVI and is generally used in combination 
with palivizumab, though data supporting this are limited. 
Intravenous ribavirin has also been used for treatment; the 
benefi t of this agent must be weighed against the potential 
for the development of complication, specifi cally hemolytic 
anemia [ 65 ]. An in-depth discussion of other respiratory 
viruses (infl uenza, parainfl uenza, and coronaviruses), their 
treatment, and prevention with vaccination strategies before 
and after transplantation can be found elsewhere (Chaps.   30     
and   32    ). However the authors would stress the importance of 
 avoidance  of infection with well-thought-out policies regard-
ing timing of vaccination and/or immunoprophylaxis in this 
challenging population. 

   Pneumocystis jiroveci    also represents an important patho-
gen to be considered in intestinal transplant recipients. Based 
on older studies done prior to the routine use of prophylaxis, 
up to 15 % of organ transplant recipients experienced an 
infection with  Pneumocystis . The clinical course of 
 Pneumocystis jiroveci  pneumonia is generally one of dys-
pnea and hypoxia out of proportion to physical and radio-
graphic fi ndings. Rapid diagnosis is important and although 
PCP can be suggested by the presence of diffuse bilateral 
pulmonary infi ltrates on radiographs and CT scans, diagno-
sis requires confi rmation by direct detection of the organism 
in secretions. Direct staining of secretions from either 
induced sputum or bronchoalveolar lavage can be accom-
plished with immunofl ourescent antibody stains and direct 

staining with Giemsa, Wright, and Gomori methenamine 
silver preparations. Treatment is with trimethoprim–sulfa-
methoxazole. Inhaled pentamidine has also been utilized and 
adjuvant corticosteroids may improve oxygenation in cases 
associated with signifi cant hypoxia. Long-term prophylaxis 
in all intestinal patients is recommended. The ideal agent for 
prophylaxis is TMP–SMX, which is generally well tolerated 
and provides excellent prophylaxis against toxoplasmosis 
and  Nocardia , both potentially fatal opportunistic infections 
in immunosuppressed patients [ 66 – 68 ].    

15.6.3     Diarrheal Illnesses 

    Infectious      diarrhea is a frequent complication after intestinal 
transplant and represents a frequent and clinically challeng-
ing differential diagnosis. Signifi cant osmotic diarrhea in a 
patient with an intestinal allograft is rejection until proven 
otherwise. Fever is as likely to be a manifestation of intesti-
nal rejection as infection and cannot be used to differentiate 
the two and the treatment of intestinal rejection, augmenta-
tion of immunosuppression, is the polar opposite of that for 
infectious diarrhea. Inappropriate use of immunosuppression 
to empirically treat rejection in a transplant patient can, and 
has been, a fatal mistake. Conversely, delayed treatment of 
severe rejection due to a suspected infectious cause can lead 
to exfoliative rejection and graft loss. Unfortunately, gross 
inspection of the allograft is nonspecifi c and requires histo-
logic inspection to adequately differentiate between severe 
allograft enteritis and rejection. In addition, the ability to 
make the diagnosis is further confounded by the possibility 
that the two processes can occur simultaneously or that rejec-
tion can rapidly follow an episode of infectious enteritis, 
making serial endoscopic investigations necessary. In the 
end, the differentiation between infection and rejection relies 
on the balance of clinical suspicion, presentation, and direct 
inspection of the allograft. Rapid processing and rapid avail-
ability of biopsy samples is required to aid in the timely dif-
ferentiation between the two entities. 

  Rotavirus . Historically,  rotaviral enteritis (RVE)   is a com-
mon cause of diarrhea in children and has been a signifi cant 
cause of intestinal allograft enteritis, manifested as severe 
osmotic diarrhea without blood or abdominal pain. Fever is 
not generally a feature and the illness is generally self-lim-
ited, lasting roughly 10 days. Close follow-up is required for 
patients experiencing RVE of the intestinal allograft, as the 
postinfectious period is associated with a dramatically 
increased risk of cellular rejection, with 70 % of patients 
experiencing rejection, either concurrently or at a mean of 22 
days after the RVE [ 69 ,  70 ]. 

  Other Agents . The intestinal allograft can be affected by any 
of the other common infectious etiologies of diarrhea. 
Adenoviral enteritis was found in an additional 20 % of cases 
[ 70 ]. Interestingly, the most discussed agents, CMV and 
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EBV, were not frequent causes of diarrhea in intestinal recip-
ients.  Clostridium diffi cile  is another common cause of infec-
tious diarrhea after SOT (including intestinal transplant 
recipients) with a prevalence of 2.7 % in a recent report of 
patients undergoing SOT [ 71 ]. Although specifi c reports 
describing the course of CDI in intestinal transplant recipi-
ents are lacking, however it was found to be the etiology of 
diarrhea in 15 % of these patients and responded to standard 
antibiotic therapy [ 70 ]. Recurrent CDI has been shown to be 
associated with risk factors such as increased LOS, pro-
longed antibiotic courses, high levels of immunosuppres-
sion, and other comorbid conditions [ 71 ]. Parasitic enteritis 
is also seen n ITx recipients. Infection due to  Cryptosporidium  
sp. has been reported in intestinal recipients [ 70 ] as has 
infection due to  Giardia lamblia  [ 70 ]. Recent attention has 
begun to focus on norovirus as a cause of enteritis in SOT 
recipients. Despite its self-limited course in the general pop-
ulation, norovirus has been demonstrated to be the cause of 
prolonged diarrhea with severe dehydration in pediatric 
intestinal transplant recipients and infection is associated 
with a prolonged viral shedding [ 72 ]. Diagnosis can be dif-
fi cult, as intestinal epithelial apoptosis is a common fi nding 
in human calicivirus enteritis, making differentiation for 
rejection diffi cult. If clinically suspected, however the diag-
nosis can be confi rmed with PCR analysis of biopsy speci-
mens or effl uent [ 73 ].        
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       Pneumonia is the most common infection after transplantation, 
and the infection with the highest mortality. Roughly two thirds 
of pneumonia observed after HSCT are of infectious origin, and 
this observation should be a priority leading the investigations. 
While the  infection-related mortality   has decreased after HSCT 
over time [ 1 ], it is not sure that the incidence of pneumonia 
decreased in parallel. Up to 30 % of the patients may develop 
pulmonary symptoms within the fi rst 100 days after allogeneic 
HSCT [ 2 ]. Even in  T-cell- depleted allogeneic HSCT   where the 
incidence of pneumonia seems to be low [ 3 ], the occurrence of 
pneumonia signifi cantly impacts on survival. The rates of bacte-
rial, viral, and polymicrobial pneumonia do not seem to be dif-
ferent during the fi rst 3 months after transplant between 
allogeneic and autologous HSCT recipients, while the rate of 
invasive fungal disease (IFD) is much higher after allogeneic 
HSCT [ 2 ], due to a more severe and prolonged immune defect 
which also favors late infectious complications [ 4 ]. 

 Factors enhancing the risk of infectious pneumonia are 
many and include donor and recipient serologies; previous 
pneumonia, which may warrant secondary prophylaxis; 
graft source; choice of donor and conditioning; graft-ver-
sus-host disease (GVHD); and also environmental factors. 
One of the main concerns in pneumonia evaluation is to dis-
tinguish infectious and noninfectious pneumonia since 
many noninfectious causes may mimic infection. 
Additionally, pulmonary coinfections are frequent. This 
makes that the results of indirect markers, even though 
extremely useful in practice, should be cautiously consid-
ered as it may identify only part of the responsible patho-
gens. Only a direct investigation of the lung as provided by 
bronchoalveolar lavage (BAL), combined with the use of 
well-chosen indirect markers, gives the best chances to iden-
tify several causes of pneumonia. 

 This chapter focuses on the factors that make the lungs 
particularly susceptible to infections after HSCT, the main 
specifi cities of clinical and imaging presentation of pulmo-
nary infections, and the principles of diagnosis and 
management. 

16.1      Altered Pulmonary Defense   
After HSCT 

 The lungs of HSCT candidates may have been exposed to 
toxic insults from their underlying diseases, prior infection, 
and prior chemotherapy and irradiation which may compro-
mise normal surveillance barriers. Conditioning before 
transplant and subsequent immunosuppressive therapy and 
infection all may impair native defenses and increase the risk 
for pulmonary infection. 

 The ciliated and squamous epithelium, from nasopharynx 
to distal bronchioles, is the fi rst line of defense. Signifi cant 
impairment of the ciliary epithelium has been reported even 
years after transplant [ 5 ]. The respective role of viral or myco-
plasma infection or of GVHD or radiation in this fi nding can-
not be precisely determined. However, these abnormalities 
were found in 17 of 20 long-term allogeneic HSCT survivors 
and are probably underestimated in routine practice. 

  Alveolar macrophages   act as phagocytes and secrete cyto-
kines and chemokines providing a next level of defense. 
Their functions may be altered by immunosuppressive 
agents and viral infection. During prolonged neutropenic 
phases, the number of alveolar macrophages decreases, and 
this could favor infection from pathogens, which are  nor-
mally   phagocyted at the alveolar level [ 6 ]. Additionally, after 
allogeneic HSCT, the recipient alveolar macrophages are 
progressively replaced by cells of donor origin, and this may 
partly explain the numeric and functional impairment of the 
alveolar macrophage population during the fi rst months after 
transplant [ 7 ,  8 ].  

16.2     Evolution of the Problem 

 The  occurrence   of infectious pneumonia relates to the interre-
lationship of infectious exposure or reactivation, the condi-
tion of the lungs, and the degree of immunosuppression. 
The changes in many transplant procedures, including various 
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prophylaxes, and the availability of new  diagnostic tools   over 
the last decade should have changed the incidence of pneumo-
nia after HSCT. However, there is no clear data to support this 
hypothesis, and one may consider that these changes have 
more resulted in a change in timing and causes of pneumonia 
rather than in incidence or mortality. The increasing use of 
reduced intensity conditioning (RIC) regimens has signifi -
cantly decreased the formerly high rate of early bacterial pneu-
monias. However, concomitantly, multidrug- resistant (MDR) 
bacteria have become a global concern in most hematology 
wards [ 9 ,  10 ]. The use of RICs has also changed the kinetics of 
many complications, delaying the onset of GVHD and the sub-
sequent infections [ 11 ,  12 ]. Preemptive and prophylactic strate-
gies of CMV infection have also considerably reduced the 
incidence of CMV pneumonia which nowadays affects less 
than 6 % of the patients [ 13 ,  14 ]. However, pneumonia due to 
respiratory viruses has become common. New  antifungal 
agents   have improved therapeutic options for  Aspergillus  infec-
tion, but non- Aspergillus  molds, especially mucormycoses, are 
being seen with increasing frequency [ 15 – 18 ]. Finally, despite 
signifi cant progresses, the morbidity and mortality of pneumo-
nia after HSCT remains one of the highest of any transplant. 

 The timing of infectious pneumonia follows the timing of 
other infections according to the type of transplant and 
occurrence and severity of GVHD which is the main factor 
prolonging the infectious risk after the neutropenic phase 
[ 4 ]. HSCT recipients are both at risk for nosocomial and 
community infections according to the phase of transplant. 
These environmental risks cannot always be prevented, on 
the contrary of the reactivation risks which must be evaluated 
before transplant.  

16.3     Main  Causes   of Infectious 
Pneumonia After HSCT 

 Although changes in the transplant procedures have impacted 
on the infectious complications and their timing (see Chap. 
X), infectious pneumonia after HSCT occurs in predictable 
risk periods. After allogeneic transplant, early bacterial 
pneumonia mainly complicates myeloablative transplant, 
while opportunistic fungal and viral infections may affect the 
patient irrespectively of the type of conditioning. After autolo-
gous transplant, most pneumonias occur during the  neutropenic 
phase  , especially in myeloma patients [ 19 ], and few of them 
are of fungal origin [ 16 ]. 

16.3.1     Bacterial Pneumonia 

      Bacterial pneumonia occurring during the initial neutrope-
nia are caused by pathogens common to all neutropenic 
patients or to those with comparable mucositis in the ward. 
The clinician should also consider the possibility of strepto-
coccal pneumonia or ARDS related to streptococcal sepsis. 
These infections are particularly due to  Streptococcus viri-

dans  and have been correlated with the presence of mucosi-
tis, the use of prophylactic quinolones, and the administration 
of high doses of cytarabine (see Chap.   20    ). The approach to 
bacterial pneumonias early after transplantation is similar to 
that in other neutropenic hosts, and it should include cover-
age for  Pseudomonas  species and eventually MDR in case of 
previous colonization or infection [ 20 ,  21 ]. 

 Most patients are maintained on indwelling intravenous 
catheters throughout this period, and seeding of the lungs from 
bacteremia continues to be a potential risk. After recovery 
from neutropenia, allogeneic transplant recipients continue to 
be at risk for any nosocomial infections as long as they stay in 
the hospital (see Figure  16-1 ). Bacterial infections occurring 
in the late posttransplantation period may be favored by per-
sistent immunoglobulin defi ciency, which increases the risk of 
pneumonia caused by encapsulated bacteria.

    Invasive pneumococcal infection   occurs signifi cantly more 
often after allogeneic, than after autologous, transplantations 
and especially in case of chronic GVHD [ 22 – 24 ]. They may 
be rapidly fatal. In a prospective study from the European 
Blood and Marrow Transplantation Group [ 22 ], no pneumo-
nia developed in seven cases of invasive infection observed 
before day 100, whereas it was seen in 18 of 44 (41 %) cases 
observed after day 100, and half of the fatal cases of late 
infection were associated with pneumonia. Early immuniza-
tion with the 13-valent conjugate vaccine, completed by the 
23-valent polysaccharide later, or a fourth dose of the conju-

  FIGURE 16-1.    This 56-year-old patient has received an allogeneic 
HSCT from an unrelated donor for  acute myeloid leukemia  . He 
was smoker and suffered from chronic bronchitis before trans-
plant. He was rehospitalized at 7 months after transplant for 
severe chronic GVHD and was treated with steroids. He devel-
oped febrile pneumonia after 9 days of hospitalization. The lung 
CT scan showed ground-glass, patchy infi ltrates of the left lower 
lobe. The bronchoalveolar lavage was positive for coronavirus, 
and the culture of protected aspiration (10 3  CFUs/mL) and the 
culture of the lavage fl uid (10 4  CFUs/mL) were both positive for 
 Klebsiella pneumoniae.        
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gate vaccine in case of GVHD could reduce the incidence of 
pneumococcal infection over time [ 25 ,  26 ] (see Chap.   48    ). 
Similarly,  H. infl uenzae  may cause pneumonia and sinus 
infection, usually past the third month after transplantation. 
 Immunization   with a conjugate vaccine against type b is rec-
ommended from 6 months after transplant. 

 Pneumonias from   intracellular pathogens    are rarely 
reported, but they may recur in previously exposed patients. 
Pneumonia due to  Legionella  species has occasionally been 
reported in the setting of outbreaks, most often as a nosocomial 
infection. The radiologic fi ndings may be variable; they may 
mimic fungal nodules, and they may not be apparent at the 
onset of high fever and pleuritic pain. Invasive nocardiosis, 
reported in 0.3–1.7 % after allogeneic transplant, mainly occurs 
in patients who are not receiving TMP-SMX and is often dif-
fi cult to differentiate from fungal pneumonia [ 27 ,  28 ]. 

   Mycobacterial infections    due to  M. tuberculosis , 
 Mycobacterium avium - intracellulare  complex, or other spe-
cies are rarely reported. Generally, they are diagnosed at 2–18 
months after transplantation, but they may develop early 
when prior infection has occurred (see Figure  16-2 ) [ 29 ,  30 ].

16.3.2        Fungal Pneumonia (including 
pneumocystis pneumonia) 

   Fungal pneumonia   :  Aspergillus  is the most worrisome cause 
of IFD after allogeneic HSCT. It reportedly occurs after 
0–20 % of transplantations; the most common site is the 
lung, and GVHD is the main risk factor (see Chap. X). A fi rst 

peak of incidence occurs during the neutropenic period after 
myeloablative conditioning regimens, particularly in patients 
with leukemia. The second incidence peak is generally seen 
later in patients with acute GVHD and receiving corticoste-
roids. The availability of antifungal azoles for anti-aspergil-
lus prophylaxis has signifi cantly reduced the incidence 
[ 31 – 33 ]. However, the mortality of  Aspergillus  remained 
close to 50 % in recent series. This infection must be consid-
ered in any case of fever, particularly in that occurring in the 
patient on broad-spectrum antibiotics, or of any pneumonia, 
whether of new onset or a previously diagnosed condition 
that does not resolve with appropriate therapy (see Figure 
 16-3 ). A negative bronchoscopy result, even when combined 
with testing of galactomannan in the BAL fl uid, does not 
diminish the suspicion for this pathogen. Without secondary 
prophylaxis eventually combined with surgical removal of 
the main lesions, the risk of relapse of prior  Aspergillus  
infection after HSCT has been estimated around 20 % [ 34 ].

   In addition to being found in the lung parenchyma, 
 Aspergillus  may be isolated in the tracheobronchial tree 
where it may be responsible for signifi cant airway obstruc-
tion. White, adherent plaques may be seen on bronchoscopy, 
particularly in the setting of chronic GVHD and steroid use. 
This infection must be differentiated from worsening bron-
chiolitis, so that inappropriate and dangerous increases in 
immunosuppression can be avoided. 

 Pneumonia due to  Candida  species is rarely reported, 
partly because no fi rm criteria for differentiating invasive 
infection from colonization based on  bronchoscopy   without 
biopsy exist. The lungs may be involved in any systemic 
 Candida  species infection. 

 Pneumonias due to endemic fungi, such as  Histoplasma  or 
 Coccidioides  species, particularly in North America, must be 
considered in these patients, as should the emerging fungi, 
including  Trichosporon ,  Alternaria , and  Fusarium  [ 16 ]. 

 A special attention should be paid to the possibility of 
 Mucorales  after allogeneic HSCT (see Chap.   39    ). Its mortal-
ity rate is between 50 and 80 % [ 18 ,  35 – 37 ]. Mucormycosis 
shares with aspergillosis common  risk factors   but usually 
occurs later, and often after voriconazole administration, 
although the role of a selection pressure is debated [ 35 ]. There 
is no indirect available marker of  mucormycosis   except PCR 
test currently in evaluation [ 38 ]. The classical presentation of 
mucormycosis after transplant mostly mimics aspergillosis, 
but galactomannan is negative (see Figure  16-4 ). 
Differentiating mucor from aspergillus infection is, however, 
of great importance due to different therapeutic implications. 
As long as there is a doubt between the two infections, the 
patient must be treated with liposomal amphotericin B.   
 Pneumocystis jirovecii Pneumonia (PjP) Historically, the 
incidence of PjP  in   patients not receiving prophylaxis in the 
1980s was found to be 16 % during the fi rst 6 months after 
transplant [ 39 ,  40 ]. This incidence has dramatically decreased 
between 1 and 2.5 % [ 41 ,  42 ] with the use of trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis, but the mortal-
ity in established PjP remains around 50–70 % [ 43 – 45 ]. 

  FIGURE 16-2.    This 37-year-old woman received an allogeneic 
HSCT from her HLA-identical brother for poor-risk acute myeloid 
leukemia. She had a past history of pulmonary tuberculosis 10 
years ago, but was intolerant to secondary prophylaxis. Three 
months after transplant, while she was well with no GVHD, she 
developed an insidious fever. Chest X-ray was normal. The lung CT 
scan showed diffuse micronodular infi ltrates and a sub-parietal nod-
ule of 1.5 cm in diameter in the upper left lobe. The bronchoalveo-
lar lavage was positive for  M. tuberculosis  in culture.       

 

16. Pneumonia After Hematopoietic Stem Cell Transplantation

http://dx.doi.org/10.1007/978-3-319-28797-3_48
http://dx.doi.org/10.1007/978-3-319-28797-3_39


254

However, in patients receiving dapsone prophylaxis, an inci-
dence of 7.2 % was reported after allogeneic HSCT [ 43 ]. PjP 
usually manifests with fever, nonproductive cough, dyspnea, 
and diffuse interstitial pneumonitis. In HSCT recipients, the 

presentation of PjP may be extremely abrupt, and the patient 
may quickly deteriorate and require intensive care unit (ICU) 
[ 46 – 48 ]. Rarely, the disease may reveal by an isolated low-
grade fever and a normal chest X-ray at the beginning. In 
such cases, if the cause of fever is not rapidly found, a CT 
scan will show pulmonary ground- glass lesions and prompt 
a BAL [ 49 ]. The elevation of LDH is poorly helpful [ 46 ]. 
Most patients present with nodular infi ltrates or other pattern 
of diffuse interstitial pneumonia.  Pleural effusion and pneu-
mothorax   are uncommon [ 44 ]. Most cases occur between 3 
and 24 months after transplant, in patients with acute or 
chronic GVHD or in relapse of the underlying disease [ 42 , 
 43 ,  49 ,  50 ]. Most are receiving steroids, especially at a phase 
of tapering off, or after recent withdrawal, and do not receive, 
or are not compliant to, TMP-SMX prophylaxis [ 51 ]. 
Whether a low  CD4   count is a main risk factor for develop-
ing PjP after HSCT is unknown. 

  P. jirovecii  is not cultivable in vitro. It may be identifi ed by 
microscopic detection, direct or indirect immunofl uores-
cence (IF), or nucleic acid tests (NAT) (see Figure  16-5 ). 
Several stainings may be used for microscopic detection of 
trophic forms and cysts in any respiratory sample such as 
Giemsa to identify trophic forms and toluidine blue O or cal-
cofl uor white to detect cysts, without signifi cant difference in 
their diagnostic performance. IF has a better sensitivity than 
conventional stainings [ 52 ,  53 ]. The combination of one 
classical staining and IF allows the detection of both cystic 
and trophic forms. PCR is the most sensitive diagnostic assay 
to identify pneumocystis [ 54 – 56 ], although no study defi nes 
a clear cutoff of positivity [ 57 ,  58 ].

   HSCT recipients, as other non-HIV-infected patients, are 
known to be infected with low burden of cysts [ 53 ,  59 ,  60 ]. As 
there is a decreasing gradient of the pneumocystis burden 
from upper to lower respiratory airways, this probably explains 

  FIGURE 16-3.    This young patient, 20 years old, received an allogeneic HSCT from an unrelated donor for acute lymphoblastic leukemia in 
second remission. He got  sever  e acute GVHD and was not compliant to anti-mold azole prophylaxis. He developed an acute right chest 
pain with fever. ( a ) Both X-ray and CT scan showed a macronodular and isolated lesion of the right lower lobe. Serum galactomannan 
assay was negative. ( b ) The bronchoalveolar lavage smears showed hyphae characteristics of aspergillus (Gomori-Grocott stain). The 
culture of BAL fl uid grew to  Aspergillus fumigatus.        

  FIGURE 16-4.    This 28-year-old patient had received an allogeneic 
HSCT for acute lymphoblastic leukemia from an unrelated donor. He 
got severe, cutaneous, and gut GVHD and was treated with steroids. 
At 4 months after transplant, while still on 0.7 mg/kg of prednisone, 
he developed a nodular lesion of the right lower lobe. A galactoman-
nan test was positive in serum. He refused fi broscopy and was treated 
for aspergillus infection with voriconazole. He then did not attend the 
consultations for 1 month and came back with bilateral thoracic pains 
and fever. The CT scan showed bilateral pleural effusion and a volu-
minous round, necrotic lesion surrounded by an area of consolidation 
in the right lower lobe. Rhizopus grew from the BAL fl uid.       
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the diffi culties to identify  P. jirovecii  in induced sputum or 
other upper respiratory samples with conventional techniques 
in non-HIV-infected patients. Therefore, BAL fl uid is the pre-
ferred specimen for the diagnosis of PjP in HSCT recipients. 
Another argument for BAL is that half of the PjP cases in non-
HIV-infected patients are associated with coinfections, espe-
cially with bacteria, CMV, and  Aspergillus spp . [ 44 ,  46 ,  61 ] 
which require identifi cation and treatment. 

 In case a BAL cannot be done, upper respiratory tract 
(URT) specimens, like induced sputum, oral washings, nasal 
swabs, or nasopharyngeal aspirates, can be used, but with a 
lower expected diagnostic value than with BAL. Serum (1-3) 
β(beta)- D -glucan is a major cell wall component of  P. jirovecii . 
Two meta-analyses [ 62 ,  63 ] have shown its excellent sensitiv-
ity, but due to its panfungal nature and the frequency of other 
IFD after HSCT, it can be only a screening tool for PjP. On 
the other hand, its use in BAL fl uid is not recommended, due 
to a poor sensitivity and reproducibility [ 64 ,  65 ]. The recent 
guidelines of the fi fth European Conference on Infections in 
Leukemia [ 66 ] propose a practical algorithm for the diagnos-
tic of PjP in non-HIV-infected patients, based on the exami-
nation of BAL fl uid with IF and qPCR. The positivity or 
negativity of both techniques signs the presence or absence 
of PjP. When IF is positive, and qPCR negative, this should 
refl ect a technical problem, mainly of qPCR. When qPCR is 
the only positive assay, although no quantitative cutoff can 
be uniformly proposed,  a   high fungal burden favors a diag-
nosis of PjP. The concomitant positivity of serum (1-3) 

β(beta)- D- glucan is an additional argument favoring 
PjP. When BAL is not possible because the patient is too 
hypoxemic or refuses the procedure, serum (1-3) β(beta)- D -
glucan can be helpful in conjunction with URT samples. 
When the clinical suspicion of PjP is high and the BAL can-
not be done immediately, an empirical treatment with TMP-
SMX should be started as soon as possible since it will not 
impair the diagnostic yield of investigative procedures before 
at least several days. TMP-SMX at the dose of 15–20 mg/kg 
of TMP plus 75–100 mg/kg of SMX, by oral or preferably 
IV route, is the fi rst choice for treatment [ 67 ], even in 
patients who were supposed to take TMP-SMX prophylaxis 
as the presence of dihydropteroate synthase mutations does 
not signifi cantly affect the treatment effi cacy [ 68 ]. The addi-
tion of steroids for the more hypoxemic patients (PaO2 while 
breathing room air <70 mmHg), although well established in 
HIV-infected patients [ 69 ], is debated in others. 

 PjP prophylaxis is strongly recommended from engraft-
ment for at least 6 months after allogeneic HSCT and longer 
as far as any immunosuppressive drugs are administered [ 70 , 
 71 ] and for at least 3–6 months after autologous HSCT [ 70 ]. 
No large prospective series compare the respective prophy-
lactic effi cacy of TMP-SMX with alternatives in HSCT 
recipients. However, strong arguments from both acquired 
immunodefi ciency syndrome prospective studies and HSCT 
retrospective series suggest that TMP-SMX is the best pro-
phylactic regimen [ 43 ,  72 ], any  alternative   to TMP-SMX—
dapsone, atovaquone, or pentamidine—being inferior [ 71 ].  

  FIGURE 16-5.    This 62-year-old patient received an autologous peripheral blood stem cell transplantation for  non-Hodgkin lymphoma  . He devel-
oped a severe rash under trimethoprim-sulfamethoxazole at the end of the fi rst month after transplant. He was therefore switched to atovaquone 
for  P. jirovecii  prophylaxis. Five months after transplant, he developed fever and rapid respiratory failure with hypoxemia. A chest X-ray 
showed slight interstitial, bilateral lesions. ( a ) The CT scan showed bilateral ground-glass lesions predominant on lower lobes. ( b ) The bronchoal-
veolar lavage showed  characteristic   cysts of  P. jirovecii  on Grocott staining. IF and qPCR were also positive.       
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16.3.3     Viral Pneumonia 

 During the neutropenic  phase   of transplant, the incidence of 
herpes simplex virus (HSV) reactivation and disease—
including pneumonia—has fallen sharply with the wide use 
of prophylactic acyclovir or valaciclovir [ 73 ]. 

 Until the beginning of the 1990s, CMV was the most sig-
nifi cant pathogen for pneumonia after allogeneic transplant, 
affecting 15 % of the recipients. Preemptive and prophylactic 
strategies have greatly decreased its incidence, currently in 
the range of 1–5 % [ 14 ,  74 – 76 ]. It is generally a febrile dis-
ease in which the radiographic patterns are primarily intersti-
tial but sometimes alveolar. Coinfections are frequent. The 
optimal approach to identify the virus in the lungs is the 
combination of IF and rapid culture of BAL fl uid. The iden-
tifi cation of CMV through PCR on BAL fl uid has been 
shown to have limited correlation with the development of 
CMV pneumonia and therefore is not considered as criteria 
for CMV pneumonia [ 77 ] (see Chap.   24    ). Therefore, as most 
of the laboratories abandon IF assays to more automated 
qPCR techniques, a careful examination of the BAL smears 
by an experimented cytologist is important to detect the cyto-
logical hallmarks of CMV pneumonia, knowing that the 
identifi cation of the characteristic inclusions in alveolar cells 
is a sign of advanced infection [ 78 ] (see Figure  16-6 ).

   Other herpesviruses, including varicella-zoster virus, 
EBV, and  Human herpesvirus  6 (HHV-6), have been reported 
as causes of pneumonia in HSCT recipients. High levels of 
HHV-6 DNA have been found in the lung tissue of patients 
with idiopathic or CMV interstitial pneumonitis [ 76 ]. 
However, the clinical signifi cance of this fi nding, and the 
need for specifi c therapy, is still unclear. 

 Pneumonia caused by respiratory viruses has become a 
main concern in HSCT recipients. The list regularly enlarges 
[ 79 ,  80 ]. The  main   risk factors for death are the early onset 
after transplant, neutropenia, lymphopenia, GVHD, steroid 
administration, and older age [ 79 ,  81 – 83 ]. Recently, an 
immunodefi ciency scoring system has been proposed to pre-
dict poor outcomes and better identify patients infected by 
respiratory syncytial virus and who should benefi t the most 
from antiviral therapy [ 83 ]. The incidence is lower after 
autologous than after allogeneic transplant [ 84 ]. Identifi cation 
by NAT in respiratory samples is the recommended tech-
nique and may be performed on nasopharyngeal or throat 
swabs, bronchial aspiration, or BAL fl uid [ 79 ,  85 ,  86 ] with 
multiplex assays. Diagnosing these patients early has several 
benefi ts: [ 1 ] some of these infections may be effi ciently 
treated (e.g., oseltamivir in infl uenza infection or ribavirin 
for respiratory syncytial virus); [ 2 ] all of them imply isola-
tion and barrier measures to prevent transmission to other 
patients or staff; [ 3 ] respiratory viral infections early after 
allogeneic transplant predict the development of alloimmune 
lung syndrome, including bronchiolitis obliterans and idio-
pathic interstitial pneumonia [ 79 ,  87 ,  88 ]. When respiratory 
viruses are detected before transplant, delaying the trans-
plant should be considered [ 89 ]. 

  Measles pneumonia   has rarely been reported after HSCT 
but may be an expected event in the setting of outbreaks [ 90 ] 
and may occur without a rash. Adenovirus pneumonia is a 
very rare but potentially life-threatening event occurring in 
the setting either of disseminated adenovirus infection or of 
usually upper and then lower respiratory tract infections [ 91 ] 
(see Chap.   33    ) and occur more frequently in children than in 
adults and in unrelated transplants or after T-cell depletion.  

16.3.4    Other Causes 

 Reports of pulmonary  toxoplasmosis  are rare; it is usually 
seen in the setting of disseminated infection resulting from 
reactivation, during the fi rst year after transplantation in 
seropositive recipients not receiving TMP-SMX. The pattern 
is usually a diffuse interstitial disease, and neurologic symp-
toms may be absent.  Toxoplasmosis  may be identifi ed in 
BAL fl uid and blood by IF and qPCR. A prospective screen-
ing by qPCR in the patients at risk may allow a preemptive 
therapy [ 92 ].   

16.4     Differential Diagnosis 
to Infectious Pneumonia: 
The Main Noninfectious Processes 
Affecting the Lungs After HSCT 

 The lung is the site of numerous noninfectious injuries causing 
one third of pulmonary infi ltrates after HSCT. This needs to be 
considered because they may require specifi c treatments. 
Pulmonary edema, pulmonary embolism, and acute respira-
tory distress syndrome may occur at any time, but more often 
during the early phase of transplant, without any special pre-
sentation in transplant recipients and will not be detailed here. 
Other noninfectious processes affecting the lung deserve spe-
cifi c consideration as they are either frequent or specifi cally 
observed in HSCT recipients. These noninfectious processes 
may be associated with infections, increasing the diffi culty to 
propose optimal treatment. The best identifi cation is however 
of crucial importance since steroids may be indicated in sev-
eral noninfectious processes while they will be deleterious in 
most infections. The probability of their occurrence may vary 
by time after transplantation and type of transplant. 

   Alveolar hemorrhage  (AH)   is a frequent noninfectious 
process affecting the lung after any HSCT, with an incidence 
rate of 6–41 % [ 93 – 95 ]. AH is diagnosed on the basis of 
either a bloody aspect of the BAL fl uid—usually transient—
or the presence of ≥20 % of siderophages among alveolar 
macrophages (see Figure  16-7 ) [ 96 ]. AH after HSCT may be 
an autonomous process favored by thrombocytopenia, other 
coagulation disorders, or renal failure [ 96 ] and by any rup-
ture of the alveolar-capillary barrier such as in pulmonary 
edema, but it may also be associated with infections, like 
aspergillus or CMV, in two thirds of the cases [ 94 ,  97 ]. 
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Neither clinical presentation nor imaging are specifi c of 
infectious or noninfectious forms [ 97 ].

     Secondary alveolar proteinosis  ( AP )   is rare, occurring 
mostly during prolonged neutropenia. It is the result of a 
complex process probably combining pneumocyte II stimu-
lation and quantitative and functional defects of the alveolar 
macrophages. This results in an impaired clearance of pul-
monary surfactant and the accumulation of a lipoprotein-
aceous periodic acid-Schiff (PAS)-positive material in the 
alveolar space (see Figure  16-8 ) [ 98 ,  99 ]. It usually mimics 
an insidious pulmonary edema. The diagnosis may be suspected 
on the sticky aspect of the BAL fl uid and then by diffi culties 
to count the cells. The usual stainings do not identify AP. The 
cytologist must be aware of this possibility and examine the 
alveolar material on PAS or Black Sudan staining. Secondary 
AP rarely complicates with severe respiratory failure [ 99 ]. 
When it occurred during neutropenia, it usually improves at 
neutrophil recovery. However, as for AH, some cases are 
associated with infections.

     Pulmonary veno - occlusive disease    is a very rare event 
after HSCT. It mainly manifests by pulmonary arterial hyper-
tension, but with a normal pulmonary artery occlusion pressure. 
The diagnosis is extremely diffi cult. By analogy with liver 
veno-occlusive disease, it is hypothesized that it is due to 
chemotherapy and/or radiation toxicity on the small vessels 
[ 100 ,  101 ]. 

  The    engraftment syndrome    may be observed during 
neutrophil recovery, at a median onset of 16 days after trans-
plant, and usually associates ≥2 of the following criteria: 
fever, skin rash, weight gain due to capillary leakage, and 
respiratory failure without other identifi ed cause [ 102 ]. It is 
hypothesized that degranulation of upcoming neutrophils 
could induce lung injury. Engraftment syndrome is associated 
with a large dose of mononuclear cells infused, the use of 
G-CSF or GM-CSF, early neutrophil recovery, non- 

myeloablative conditioning, the use of amphotericin B ther-
apy, and autologous rather than allogeneic transplant 
[ 102 – 105 ]. An incidence up to 48 % has been reported in 
children after allogeneic myeloablative transplant, one fourth 
of them suffering from pulmonary symptoms. As severe 
patients  may   require steroids [ 104 ,  105 ], it is important to 
quickly rule out an infection. 

  FIGURE 16-6.     Bronchoalveolar cytocentrifuged smears   in CMV pneumonia. ( a ) Papanicolaou staining: The slide shows the cytomegaly of an 
infected alveolar macrophage and, additionally, typical haloed “owl-eyed” basophilic intranuclear inclusions (Papanicolaou staining). ( b ) 
May-Grunwald-Giemsa staining: Intracytoplasmic inclusions, which are pathognomonic of CMV infection.       

  FIGURE 16-7.    Alveolar  hemorrhage  : Bronchoalveolar lavage cytocen-
trifuged slide stained by Perls’ Prussian blue method. The hemosiderin- 
laden macrophages (siderophages) characteristic of alveolar 
hemorrhage are identifi ed by their blue cytoplasm (Courtesy of Dr. 
Jeanne Tran Van Hieu, Pathology department, Henri Mondor 
University Hospital, Créteil, France).       
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   Idiopathic  ( noninfectious )  interstitial pneumonia    is a 
complication reported in most allogeneic HSCT studies, 
with a high mortality rate. This diagnosis implies to have 
ruled out at least the main infections classically presenting as 
diffuse interstitial pneumonia, especially viral pneumonia 
and PjP, cardiac dysfunction, and fl uid overload [ 106 ]. In 
myeloablative transplant, it has been associated with leuke-
mia or myelodysplastic syndrome, severe acute and chronic 
GVHD, high-dose total body irradiation, and older age. In 
allogeneic HSCT, its incidence has been reduced from 8.4 % 
after myeloablative to 2.2 % after non-myeloablative condi-
tioning [ 107 ]. A recent study showed that among 69 HSCT 
recipients who had developed an idiopathic pulmonary syn-
drome between 1992 and 2006 in Seattle, a retrospective 
microbiological screening of BAL material for 3 bacteria, 25 
viruses searched with NAT, and galactomannan identifi ed 
that 56.5 % of the patients had one pathogen (mainly HHV-6, 
rhinovirus, CMV, and aspergillus), and this fi nding was asso-
ciated with an increased mortality at day 100 [ 76 ]. This con-
fi rms that the rate of “idiopathic” pneumonia is highly 
depending on how far infection is searched. 

  Bronchiolitis obliterans  (  BO     or    obliterative bronchiol-
itis   ) is an important factor contributing to death usually from 
6 months after HSCT. Reported only after allogeneic HSCT, 
the condition has been related to older age, unrelated donor, 
total body irradiation, decreases in serum immunoglobulin 
G, and chronic GVHD, with a frequency of 3–10 % in 
patients with chronic GVHD who survive 120 days [ 108 ]. It 
seems to be prevented by T-cell depletion of the graft [ 109 ]. 
BO usually occurs insidiously, with cough, dyspnea, and 
wheezing, but may complicate with fever and mimic bron-
chopulmonary infection. Its hallmark is airway obstruction. 
The lung CT scan shows hyperinfl ated bronchiectasis, with a 
mosaic pattern. BAL and other endoscopic samples are of 

limited value as they just aim to rule out infection. As no 
noncontributory BAL can defi nitely rule out infection, it is 
preferable to perform two consecutive BALs at 1–2 weeks 
interval to increase the chance to not miss any pathogen. It is 
often associated with sinusitis and complicated by infec-
tions, especially those caused by  Haemophilus infl uenzae ,  S. 
pneumoniae ,  Aspergillus  species, and respiratory viruses. 
Despite immunosuppressors, the prognosis is poor. 

 Alveolar or nodular infi ltrates may be seen in the setting of 
allogeneic HSCT as a result of   bronchiolitis obliterans 
organizing pneumonia  (BOOP)  —also called cryptogenic 
organizing pneumonia [ 108 ,  110 ]. BOOP is much less com-
mon than BO and is also considered a manifestation of 
GVHD but has also been reported after autologous HSCT. It 
occurs earlier than BO, usually in the fi rst 3 months follow-
ing transplant. The CT scan shows nodular opacities and 
patchy consolidations. Pulmonary function tests show a 
restrictive defect. A histologic diagnosis is strongly recom-
mended because BOOP may mimic infection, but can be 
reversible with corticosteroid therapy. 

 Malignant lung lesions may be seen after HSCT, either 
due to a primary or secondary cancer, localized relapse of the 
hematologic malignancy (see Figure  16-9 ), or EBV lympho-
proliferative diseases (see Chap. X).

16.5        Principles of Management 

 Management of pneumonia after HSCT requires a high degree 
of suspicion and the early use of diagnostic procedures. The 
increasing availability of indirect markers of infection tends to 
decrease the early use of BAL. However, BAL remains the 
easier and safer procedure to identify both infectious and 
noninfectious causes of pneumonia. More invasive diagnostic 

  FIGURE 16-8.     Secondary alveolar proteinosis  : Bronchoalveolar lavage, May-Grünwald-Giemsa (MGG) staining. The presence of eosino-
philic pale fl occular material between alveolar macrophages and infl ammatory cells on MGG-stained slides is highly suggestive of lipo-
proteinous material ( a ). This can be confi rmed using the periodic acid- Schiff (PAS) method that showed positive staining ( b ) (Courtesy of 
Dr. Jeanne Tran Van Hieu, Pathology department, Henri Mondor University Hospital, Créteil, France).       
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procedures such as transbronchial or lung biopsy need to be 
selected in situations in which BAL is noncontributory while 
weighing the risk of increased morbidity. 

16.5.1     Clinical Approach to Pneumonia 

 A systematic approach to pneumonia in any HSCT recipient 
should include consideration of the following: history, clini-
cal presentation, and imaging. 

16.5.1.1     History 

 Knowledge of a patient’s exposure, travel,  environmental 
risks  , and previous documented infection, the hospital epide-
miology, and the pretransplant donor and recipient serologies 
particularly with regard to CMV and toxoplasmosis are essen-
tial. A history of recurrent MDR bacterial infection may 
require special consideration in choosing antibiotics [ 21 ]. 
Evaluation of the patient’s compliance to anti-infective pro-
phylaxis, especially to TMP-SMX, may be essential in evalu-
ating the risk of PjP [ 51 ]. Whether the patient is neutropenic, 
lymphopenic, or hypogammaglobulinemic at presentation 
may be important to list the main infectious hypotheses.  

16.5.1.2     Clinical  Presentatio  n 

  Symptoms and signs   of pneumonia may or may not be typi-
cal of a known infectious cause. However, none is very spe-
cifi c. As in all immunosuppressed patients, few fi ndings may 
be present, so any symptoms must be carefully and quickly 
evaluated, because of the consideration that any infection 

can rapidly progress. Fever, cough, or sputum production 
may be absent. Hypoxemia may be the sole fi nding, and even 
if the X-ray is normal, in case a chest CT scan cannot be 
obtained quickly, a bronchoscopic evaluation should be con-
sidered. The presence of any such symptom may, however, 
refl ect a noninfectious etiology. Acute thoracic pain, with or 
without hemoptysis, may indicate embolic disease but may 
also denote  Aspergillus  infection. Pneumothorax may 
reveal—or complicate—PjP, mycobacterial or  Aspergillus  
infection, or fi brosis. The rapid onset of pneumonia is mainly 
consistent with bacterial pneumonia, PjP, pulmonary edema 
or hemorrhage, or thromboembolism, but this may also occur 
with viral infections in immunosuppressed patients. A sub-
acute onset more suggests IFD, although it may present 
abruptly.  

16.5.1.3      Imagin  g 

  Posttransplantation pneumonia   may be focal, multifocal, dif-
fuse and interstitial, alveolar, or mixed. Every effort must be 
made to quickly obtain chest X-rays of optimal quality and/
or a high-resolution chest CT scan when easily available. 
X-rays in supine position are rarely helpful. Additionally, 
most X-ray patterns are nonspecifi c and many patients have 
mixed types of infi ltrates. When an X-ray appears negative 
or shows only minimal changes, there is good evidence that 
a chest CT may reveal abnormalities. CT scan has the best 
negative predictive value to rule out pneumonia and will 
show lung images 5 days before chest X-ray [ 111 ]. CT 
may additionally provide localization of the lesions, guiding 
invasive procedures, and inform on their proximity to pulmonary 
vessels. This information is also important to evaluate the 

  FIGURE 16-9.    This 37-year-old patient received an allogeneic HSCT from his HLA-identical sister for  refractory Hodgkin disease   20 
months ago. He developed chronic respiratory failure due to concomitant causes: Hodgkin pulmonary relapse documented at 18 months 
and pulmonary fi brosis likely favored by previous mediastinum irradiation. ( a ) The chest X-ray shows bilateral partial pneumothorax, 
more important on the left side, bilateral pleural effusions, and multiple condensations. ( b ) The CT scan confi rms the multiple retractile 
lesions of the lungs with bronchial dilatations and pleural thickening. It also confi rms the left pneumothorax.       
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risk of hemoptysis in aspergillosis. CT may also detect small 
pleural effusions. Some CT fi ndings may suggest the pres-
ence of particular infections. For example, the halo sign—a 
macronodule (≥1 cm in diameter) surrounded by a perimeter 
of ground-glass opacity—is very evocative of early aspergil-
losis during neutropenia [ 112 ], but may also be seen in other 
infections (e.g., legionella, mycobacterial infection, mucor-
mycosis, or viral infections). Similarly, the reversed halo 
sign or “atoll sign”—a focal ground-glass attenuation sur-
rounded by a ring of consolidation—has been shown to be 
often due to mucormycosis in hematology patients, but may 
also be observed in other infections, including aspergillosis 
[ 113 ]. Ground-glass opacities are very nonspecifi c and con-
sistent with any infectious and many noninfectious processes 
such as pulmonary edema or hemorrhage. However, even 
with more characteristic lesions—such as the air crescent 
sign which is rare after HSCT but very evocative of mold 
infection—a CT scan does not replace the need for identifi -
cation of the pathogen for diagnosis. Magnetic resonance 
imaging (MRI) usually does not provide more information 
than CT, except in the detection of lung abscesses [ 114 ]. The 
usefulness of PET scan is limited for diagnosis of acute 
pneumonia but may be better in nodular, subacute lesions 
[ 115 ], to identify extrapulmonary lesions or to follow the 
treatment effi cacy [ 116 – 118 ]. Any workup using imaging 
should be completed rapidly, and it should lead quickly to a 
diagnostic procedure or, in most cases,    to an empiric 
approach considering the most likely hypotheses.   

16.5.2     Diagnostic Investigation 

   Blood cultures    should be performed routinely, but they are of 
limited value in diagnosing pneumonia except for when the 
pathogen has a high propensity for the blood, such as 
 Streptococcus pneumoniae , or in neutropenia. Special culture 
media are required when  Nocardia  or atypical mycobacteria are 
suspected. The blood should also be quickly sampled for CMV 
antigenemia or quantitative real-time PCR (qPCR) in patients at 
risk. The microbial documentation of any other site of infection, 
such as skin biopsy of cerebrospinal fl uid, may be useful. 

   Blood biomarkers    for the diagnosis of IFD include the 
detection of galactomannan by an enzyme-linked immuno-
sorbent assay and of (1-3) β(beta)- D -glucan by a colorimetric 
assay. (1-3) β(beta)- D -glucan is a panfungal marker, while 
galactomannan is mainly associated with aspergillosis, 
although it may be positive in other mold infections, e.g., 
fusariosis. A meta-analysis of 27 studies showed that the 
galactomannan test has a sensitivity of 0.71 and a specifi city 
of 0.89 for proven invasive aspergillosis [ 119 ]. The assay 
seems to be more useful for the prospective screening of 
neutropenic patients rather than for diagnosing pneumonia 
and also more useful in neutropenic than in non-neutropenic 
patients [ 120 ,  121 ]. The cutoff of positivity usually recom-

mended is an index ≥0.5 in plasma or serum [ 121 ]. In an 
autopsy-based study, the sensitivity and specifi city of the 
serum (1-3) β(beta)- D -glucan test for the detection of IFD 
were 95.1 % and 85.7 %, respectively [ 122 ]. Serum (1-3) 
β(beta)- D -glucan test is also very useful in the indirect diag-
nosis of PjP [ 63 ,  123 ]. Fungal NAT have also been widely 
investigated in HSCT recipient [ 124 ], but no consensus on 
their use in clinical practice currently exists. At this time, no 
noninvasive test that can replace the specifi city of direct pul-
monary  investigation   exists. 

 Although  sputum  may be analyzed to yield organisms 
colonizing the oropharynx, the clinical relevance of the 
results is not evidence based in the setting of HSCT. A posi-
tive culture may be valuable when agents that do not nor-
mally inhabit the oropharynx are isolated, especially 
 Legionella , mycobacteria, and some fungi, or to document 
MDR colonization which may guide an empirical antibacte-
rial treatment. In HSCT recipients with pneumonia, a posi-
tive sputum culture may be highly suspicious for pulmonary 
aspergillosis. Similarly, the presence of  M. tuberculosis  in 
the sputum may be considered the cause of the pneumonia 
when clinical and radiologic signs support this etiology. This 
 assertion   is to be considered with more caution for nontuber-
culous mycobacteria [ 125 ]. 

  Nasopharyngeal aspirates or washings  are useful to 
detect respiratory viruses in patients with URT infection 
[ 81 ,  84 ]. However, the correlation with the  cause   of the 
concomitant pneumonia is only presumptive as coinfec-
tions are frequent [ 84 ]. 

 The standard for diagnosing pulmonary infection after 
HSCT is  bronchoscopic sampling with BAL  [ 126 ] (Table  16- 1 ). 
Lavage is safe, minimally invasive, and reproducible. Its 
overall diagnostic yield is comparable to the one of lung 
biopsy, but with more infectious diagnostic and much less 
complications [ 126 ].

   The clinician who consults with a pulmonary specialist 
for BAL should consider platelet transfusions if the patient 
is thrombocytopenic and should alert the microbiology 
laboratories to ensure that all potential organisms are 
sought.  Oxygen saturation   or  arterial pressure   should be 
assessed before the procedure. Fever, transient hypoxemia, 
and worsening of chest X-rays may be expected in as many 
as one half of patients during the few hours following the 
procedure [ 127 ]. When the patient is hypoxemic (paO2 < 70 
mmHg spontaneously or with O2 supplementation) or 
tachypneic before BAL, he usually benefi ts from noninva-
sive ventilation immediately after the procedure. The over-
all diagnostic yield of BAL in infectious pneumonia 
occurring in hematologic patients varies between 27 and 
55 % [ 2 ,  95 ,  128 – 131 ] depending on many parameters 
such as the following:

 –    The localization of the  pulmonary lesions  : whether they 
are accessible by BAL or not.  
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 –   Whether the patient is neutropenic. The yield of the pro-
cedure is usually lower in neutropenic than in non- 
neutropenic patients [ 131 ].  

 –   The type of the causal infection: for example, the diag-
nostic yield of BAL with conventional mycological tech-
niques—without galactomannan tested in the BAL 
fl uid—for aspergillus pneumonia is usually lower than 
50 %, while it is higher than 90 % in PjP or CMV pneumo-
nia, for which one rarely needs a lung biopsy [ 67 ].  

 –   The laboratory exams performed on  fi broscopic samples  . 
The laboratory protocol should be established in advance 
in a multidisciplinary approach according to the expected, 
infectious and noninfectious, causes of pneumonia, even-
tually adapted to seasons for respiratory viruses.  

 –   The criteria used to defi ne specifi c entities. For example, 
it is generally believed that the presence of candida in a 
BAL fl uid or bronchial aspiration does not necessary 
mean a candida pneumonia, while the presence of asper-
gillus in an HSCT recipient does [ 132 ]. However, for 

some causes of pneumonia, there are until now no con-
sensus defi nition. The increasing availability of NAT for 
many pathogens should not replace, in many instances, 
more classical techniques, until the need for classical 
techniques is shown to be no longer useful in diagnosing 
a given infection.  

 –   The delay elapsed between presentation and BAL and the 
number and duration of previous antibiotics before per-
forming BAL [ 133 ]. The diagnostic yield of BAL has been 
shown to be better when it is performed early after the 
onset of  pulmonary symptoms  . In a series of 297 HSCT 
patients who underwent a BAL, the diagnostic yield of the 
procedure was 56.8 % in patients since less than 24 h ver-
sus 32.8 % in the others [ 131 ]. In another study, the diag-
nostic yield was 73 % in patients who underwent BAL 
within 4 days of presentation and 31 % thereafter [ 2 ]. This 
may be due to the effect of previous anti-infectives on the 
probability to identify a pathogen, but also to the fact that 
lung infl ammatory lesions may persist some time after the 

    TABLE 16-1.    Investigations on  bronchoscopic samples   in HSCT recipients   

   Laboratory investigations 

 Sample  Essential  Optional 

 Protected bacteriologic 
sample (brush or catheter) 

 Gram stain  Search for bacteria in neutrophils 

 Quantitative cultures 

 Aspiration   Legionella : immunofl uorescence (IF), culture on BCYE medium 
or more selective media 

 India ink 

 Mycobacteria and  Nocardia : AFB stain, culture 

 Fungi: wet mount, culture 

 Lavage fl uid  Cytologic examination of lavage fl uid on smear and after 
cytocentrifugation: direct examination, differential count, viral 
inclusions,  pathogens   

 Stains  Stains 

 –May-Grünwald-Giemsa  –Gomori methenamine silver (or alternative 
stain for  P. jirovecii ) 

 –Papanicolaou 

 –Periodic acid-Schiff 

 –Perls’ Prussian blue (hemosiderin-laden 
macrophages) 

 Microbiologic processing 

 –Gram stain, bacterial culture  –Quantitative culture of BAL fl uid 

 –Legionella: culture on BCYE medium or more specifi c media  –PCR for  Legionella pneumophila  

 –Mycobacteria  –PCR for  Chlamydia pneumoniae  

 –Fungi: wet mount stain, culture  –PCR for  Mycoplasma pneumonia  

 – P. jirovecii : IF and/or qPCR  –PCR for  Mycobacterium tuberculosis  

 –Galactomannan antigen 

 Virus 

 –All possible viruses, particularly the herpes family, adenovirus, 
and respiratory viruses:  IF   

 –PCR for HSV, VZV, CMV, EBV, HHV-6 

 –PCR for respiratory viruses and adenovirus 

 Other  –Toxoplasmosis: IF, PCR 

 Transbronchial biopsy  a    Histology 

    a  Transbronchial biopsy is essential for noninfectious processes and less contributive than BAL for infectious pneumonia. However, it is usually not pro-
posed in the initial investigation of pneumonia, due to its possible complications (pneumothorax, bleeding). 

  BCYE  buffered charcoal yeast extract,  AFB  acid-fast bacillus,  IF  immunofl uorescence,  PCR  polymerase chain reaction.  
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infection is controlled, so that delayed BAL may be per-
formed in patients with a favorable outcome but still imag-
ing and clinical signs. Therefore, it is recommended to do 
a BAL as soon as possible.  

 –   Finally, although pneumonia is less frequent after autolo-
gous than after allogeneic HSCT, the diagnostic yield of 
BAL has been reported to be lower in pneumonia occurring 
after autologous rather than after allogeneic HSCT [ 133 ].    

 However, despite these variabilities, BAL, when well tol-
erated and correctly processed at the laboratory, represents 
the best  diagnostic strategy   for a minimum of complications. 
It should also be noticed that cytologic examination of BAL 
fl uid will also document alveolar hemorrhage [ 96 ] or alveo-
lar proteinosis [ 99 ]. 

 A routine BAL protocol  for HSCT recipients   should 
include at least total and differential cell counts on cytocen-
trifuge preparations using  May-Grünwald-Giemsa stains  , as 
well as cytologic examination on cell pellets obtained by 
centrifugation and cytocentrifugation that are stained with 
the May-Grünwald-Giemsa stains and the Papanicolaou 
stain for viruses and the  Gomori-Grocott method   for  P. jir-
ovecii  and fungi (Table  16-1 ). Other stains are necessary to 
identify alveolar proteinosis (PAS) [ 99 ], mycobacteria 
(Zielh), and siderophages (Perls’ Prussian blue) [ 96 ]. 

 A sample of fl uid should be sent for bacteriologic and fun-
gal cultures and viral tests. Galactomannan detection may be 
done in BAL fl uid, especially in neutropenic patients with 
aspergillosis [ 128 ,  134 ], but with a higher cutoff (≥1) than in 
serum [ 121 ]. Aspiration and BAL fl uids should be examined 
for  Legionella pneumophila  by cultures and eventually NAT 
and for  Nocardia  and mycobacteria. Due to the better sensitiv-
ity of qPCR over conventional stainings and IF assays [ 54 ,  55 , 
 59 ], some laboratories already use qPCR exclusively. The 
viruses of interest in HSCT patients are the viruses of the her-
pes family, adenoviruses, and respiratory viruses (i.e., respira-
tory syncytial virus, infl uenza, and parainfl uenza, rhinoviruses, 
metapneumoviruses, coronaviruses, enteroviruses, and boca-
virus) which should be determined particularly in the setting 
of known exposures and during seasonal outbreaks [ 79 ]. 

 A   protected bacteriologic sample  ( PBS ),   done by a pro-
tected brush specimen or a plugged telescoping catheter, 
should be processed by quantitative culture techniques. 
Although determined from mechanically ventilated 
patients, the minimal threshold bacterial concentration 
required to usually consider the isolated pathogen as the 
cause of the pneumonia is 10 3  colony-forming units 
(CFUs)/mL for PBS and 10 4  to 10 5  CFUs/mL in the BAL 
fl uid [ 135 ,  136 ]. 

 Due to the increased risk it provides for bleeding and 
pneumothorax,   transbronchial biopsy    is not routine in acute 
pneumonia occurring in patients with HSCT and should not 
be proposed with the fi rst bronchoscopy and BAL [ 137 , 
 138 ]. Also, it does not add significant informations to 
concomitant BAL in most cases [ 133 ,  138 ,  139 ]. 

 In cases in which  noncontributory bronchoscopy  , one 
should consider performing a second BAL and/or a trans-
bronchial biopsy or better, a transthoracic needle aspiration 
when the lesion(s) is nodular and subpleural [ 126 ]. After 
HSCT, focal lesions that develop or persist despite antibiotics 
are mostly of fungal origin [ 140 ]. Successful fi ne needle 
aspiration, guided by either ultrasound or CT, has been 
reported, with a complication rate around 15 %, and is useful 
for documenting IFD when other procedures failed [ 140 , 
 141 ]. The fi nal decision between lung biopsy through open or 
video-assisted thoracoscopy or empirical treatment to cover 
the most likely organisms should be made by the transplant 
physician and the lung specialist after weighing the risks of 
surgery, empirical treatment, and failure to reach a diagnosis 
and the etiologies most likely at that time after transplanta-
tion. Lung biopsy is more helpful when the clinical course is 
prolonged and the pattern is nodular or cavitary.  

16.5.3     Starting  Treatment   and Reevaluation 
of Effi cacy 

 Because any pneumonia that occurs after HSCT may be life 
threatening, empirical antibiotics against the likely organisms 
must be started immediately. The best approach is to conduct 
bronchoscopic investigation with BAL as soon as possible; 
this should not, however, delay the initiation of treatment, 
especially when acute (likely bacterial) pneumonia is present 
or with patients who are neutropenic. Consideration should 
be given to the likelihood of fungus in patients with prolonged 
neutropenia and in those with GVHD on steroid therapy. 
Some empirical treatments may render subsequent testing 
negative, especially that for bacteria and viruses, yet they may 
be warranted. Some empirical treatments will not affect the 
chance of isolating the pathogen for at least several days after 
the empirical treatment is begun (e.g., TMP-SMX for  P. jir-
ovecii , antifungal agents for aspergillosis). 

 Daily clinical reevaluation should be performed, espe-
cially when no diagnosis is initially established and the 
patient does not improve. The use of  noninvasive   markers, 
when initially positive, is mostly useful to assess the treat-
ment effi cacy:

 –    Patients with initial positive blood cultures should be 
sampled for blood culture controls daily until negative.  

 –   It has been shown in aspergillus infection with an initial 
positive serum or plasma galactomannan test that the 
quantitative evolution of the test correlates with the prog-
nosis as soon as from the fi rst week of therapy [ 142 ,  143 ].    

 Serial follow-up X-rays or, preferably, lung CT scans 
should be repeated according to the type and severity of the 
pneumonia. However, some infections, although favorably 
evolving, may be associated with a long persistence of image 
abnormalities, which may take several months to decrease or 
disappear. In the absence of new lesions, it should not be per 
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se a reason to reinvestigate the patient if the clinical outcome 
is favorable. In aspergillosis, it has been shown that a tran-
sient increase of the volume of the fungal lesions on CT scan 
may occur at the time of  neutropenia recovery   without any 
signifi cance of treatment failure [ 112 ]. 

 New investigations should be rapidly undertaken when 
the pneumonia does not respond to empirical treatment. 
Even when the cause of the  pneumonia ha  s been estab-
lished, the occurrence of new infi ltrates should be regarded 
as suspicious for treatment failure or new infections, as the 
association or succession of several causes of pneumonia is 
not uncommon in this setting. When a BAL has been ini-
tially done on accessible lesions, a second one should not 
be considered before most of the results of the laboratory 
be back, except if the BAL has been performed in poor con-
ditions or in case of new lesions. Usually, a delay of 1 week 
before a fi rst noncontributory BAL and a second BAL is 
minimal. If the initial lesion is peripheral and nodular and 
the BAL was noncontributive, a transthoracic fi ne needle 
biopsy should be considered. If the lesion is subacute or 
chronic and there is no response to targeted or empirical 
treatment, surgical biopsy may be contemplated  for   chronic 
nodular lesions.   

16.6     Place of Intensive Care 
and Ventilatory Support 

 Pneumonia is the cause of the ICU  transfer   in roughly one 
third of the cases both in allogeneic [ 144 ] and autologous 
[ 145 ] HSCT recipients. Although the prognosis of HSCT 
patients transferred in the ICU has slightly increased over 
time [ 146 ], the decision of transfer remains diffi cult in terms 
of the emotional burden for the patient, family, and caregiv-
ers. The use of predictive scores—such as the sepsis-related 
organ failure assessment (SOFA) [ 147 ]—assessed at ICU 
transfer in HSCT recipients is debated [ 148 ]. Patients with 
acute respiratory failure benefi t from ICU support and can be 
investigated by BAL, knowing that BAL does not increase 
the need for mechanical ventilation [ 149 ]. The prognosis of 
ICU support is usually better in autologous rather than in 
allogeneic HSCT recipients, and those with severe acute 
GVHD and under corticosteroids usually do not clearly ben-
efi t from ICU support [ 146 ]. Guidelines should be adapted to 
new data, but, in general, the clinician should consider the 
individual’s chance of survival and of return to an acceptable 
life before transferring the patient to an ICU. The patient and 
the family should be provided with reasonable estimations of 
prognosis before transfer; in addition, the likelihood of con-
tinuing life support should be considered regularly during 
the course of treatment. Patients who respond to noninvasive 
mechanical ventilation have a better prognosis than those 
who required mechanical ventilation [ 150 ].  

16.7     Summary 

 Pneumonia is a principal determinant of  posttransplantation 
survival  . Because of the predictable timing of some infec-
tions after most types of transplantations, some prophylactic 
regimens have been instituted with far-reaching benefi ts. 
However, any change in the transplant procedure, condition-
ing, or immunosuppressive regimen may affect the incidence 
and cause of infectious pneumonia. Additionally, new 
 pathogens are emerging, and familiar pathogens are becom-
ing more resistant. A high level of suspicion when pneumo-
nia occurs in a transplant recipient and vigilance in diagnosing 
and treating will continue to be required to prevent an 
increase in mortality from pneumonia. The development of 
indirect diagnostic procedures is essential in the evaluation 
of pneumonia, but their clinical pertinence must be estab-
lished in large prospective studies, and, until now, they do 
not replace direct investigation of the lung, mainly by BAL.     
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       Pneumonia in solid organ transplant ( SOT)    recipients      encom-
passes a broad spectrum of disease caused by a diverse group 
of pathogens and may result in signifi cant morbidity and 
mortality. The risk of pneumonia following SOT is infl u-
enced by many factors including the organ transplanted, the 
time from surgery, the net state of immunosuppression, and 
the presence of comorbid medical conditions. Pneumonia is 
particularly common following lung transplantation. 

 In this chapter we review the pathogenesis, risk factors, 
and epidemiology of pneumonia in SOT recipients with a 
focus on the major causative organisms and the specifi c risks 
associated with each SOT type. We also discuss the approach 
to the diagnosis and empiric treatment of SOT recipients 
with suspected pneumonia, examine strategies for prevent-
ing post-transplant lung infections, and highlight some of the 
future directions in the management of pneumonia in SOT 
recipients. 

17.1     Pathogenesis 

   Host  defenses   against pulmonary  infection   include compo-
nents of the innate immune system such as the airway epithe-
lium and alveolar macrophages, as well as aspects of adaptive 
immunity such as T-cell and B-cell-associated responses to 
pulmonary pathogens. In SOT recipients, these defenses are 
affected by numerous pre-transplant, peri-transplant, and 
post-transplant risk factors for infection. 

 Prior to transplantation, SOT recipients may be chroni-
cally ill with multiple comorbid medical conditions, poor 
nutritional status, and the need for frequent hospitalization, 
which may all predispose to pulmonary infection. Pre- 
transplant pulmonary infections are particularly prevalent in 
patients being considered for lung transplantation, and colo-
nization with certain bacteria may increase the risk of post- 
transplant pneumonia. For example, among patients with 
cystic fi brosis, prior pulmonary infection or colonization 
with   Pseudomonas    may be predictive of post-transplant 

infection [ 1 ], and pre-transplant colonization with certain 
species of   Burkholderia cepacia    complex may be associated 
with higher rates of postoperative infection and death [ 2 – 4 ]. 
In general, however, Gram stain of donor respiratory speci-
mens correlates poorly with the development of post- 
transplant pneumonia in lung transplant recipients [ 5 ]. 

 An important peri-transplant risk factor for pulmonary 
infection is the need for endotracheal intubation [ 6 ], which 
may be prolonged following complex surgeries. For exam-
ple, one review of 546 liver transplant recipients in Germany 
reported that 11 % of patients required endotracheal intuba-
tion for more than 24 h after surgery [ 7 ]. Postoperative intu-
bation may also be prolonged following lung and heart 
transplantation although strategies for early extubation in 
these patients are being investigated [ 8 – 10 ]. 

 In the post-transplant setting, the risk of pneumonia is 
strongly infl uenced by the introduction of transplant immu-
nosuppression. Although most lung infections in SOT recipi-
ents are due to common bacteria [ 11 ,  12 ], the impaired 
cell-mediated immunity resulting from combination immu-
nosuppression also results in increased rates of infection 
with viruses, fungi, intracellular bacteria, and mycobacteria. 

 The  calcineurin inhibitors   (cyclosporine and tacrolimus) 
cause reduced levels of TNF-alpha, IL-2, and other infl am-
matory cytokines, resulting in impaired lymphocyte prolif-
eration and defects in T-cell and B-cell immune responses. 
These drugs have been linked with increased rates of fungal 
pneumonia and infections due to cytomegalovirus (CMV), 
 Pneumocystis  and  Legionella . The  mTOR inhibitors   (siroli-
mus and everolimus) interrupt T and B cell responses 
to infl ammatory cytokines, similarly resulting in impaired 
lymphocyte proliferation. Sirolimus has been associated 
with higher rates of pulmonary infection when compared 
to the calcineurin inhibitors [ 13 ] although the rate of 
CMV infection is reportedly lower in those receiving 
 sirolimus. Antimetabolite therapies such as azathioprine 
and   mycophenolate mofetil (MMF)   impair lymphocyte 
 proliferation and immunoglobulin production by blocking 
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purine synthesis.  MMF   has been associated with lymphope-
nia and high rates of viral infection although it may be pro-
tective against the development of   Pneumocystis  pneumonia 
(PCP)   in SOT recipients. Corticosteroids, the other mainstay 
of transplant immunosuppression, are broadly immunosup-
pressive and may result in increased rates of bacterial, viral, 
and fungal pneumonia including PCP. 

 There are also several unique considerations in the patho-
genesis of pneumonia in lung transplant recipients. Pulmonary 
infection in lung transplant recipients may be transmitted 
directly from the donor [ 14 ]. Allograft rejection resulting in 
 bronchiolitis obliterans syndrome (BOS)   may further predis-
pose to infection [ 15 ]. Additionally, lung transplant recipients 
may have an impaired cough refl ex and be unable to clear 
pathogens from the airway [ 16 ], and the lack of intact lym-
phatic drainage may further impair the immune response.    

17.2     Epidemiology 

   The  rates      of pulmonary infection and the causative patho-
gens vary greatly depending on the organ transplanted, the 
time from transplant, and the use of prophylactic antimicro-
bials. Pneumonia is the most common infectious complica-
tion following heart and lung transplantation [ 17 – 20 ], and 
the second most common infection after liver transplantation 
[ 21 ], but it occurs less frequently among kidney transplant 
recipients [ 22 ]. 

17.2.1     Time from Transplant and the Role 
of Prophylaxis 

   The  typical      timing of the onset of infection in SOT recipients 
has been well described [ 23 ,  24 ]. The post-transplant time-
line is classically divided into three periods of varying infec-
tious risk: the fi rst month, month two to six, and more than 
six months after SOT. This timeline, however, is not abso-
lute, and rates of infection are affected by other factors 
including the use of antimicrobial prophylaxis and the need 
for increased immunosuppression in cases of graft rejection. 

 In the fi rst month following SOT, patients are most at risk 
for pulmonary infection due to hospital acquired pathogens. 
Healthcare-associated bacterial pneumonia may occur in 
recipients of any SOT during this period; however, bacterial 
pneumonia is most common in lung transplant recipients in 
the fi rst month following transplant [ 18 ,  25 ]. Donor-derived 
bacterial and fungal pneumonia in lung transplant recipients 
may also present during this time. 

 In months two through six after SOT, pulmonary infection 
due to respiratory viruses, herpes viruses, and PCP are more 
common although the risk of CMV  pneumonitis      and PCP is 
reduced with prophylaxis. Pulmonary tuberculosis, typically 
due to reactivation and less commonly due to donor-derived 
infection in lung transplant recipients, may also present during 

this period. The median time to development of active tuber-
culosis following SOT is about 6 months [ 26 ]. 

 Beyond six months after SOT, the risk of pneumonia varies 
depending on the ongoing need for immunosuppression. In 
patients for whom immunosuppression can be reduced, the 
risk of opportunistic infection typically declines, but patients 
remain at risk for community-acquired bacterial or viral 
pneumonia. In patients that still require high doses of immu-
nosuppression due to rejection, the risk for opportunistic 
infections persists. Fungal pneumonia and pulmonary tuber-
culosis may occur during this time, and late- onset      CMV 
pneumonitis or PCP may develop during this period after the 
discontinuation of prophylaxis.      

17.2.2     Lung Transplant 

   Pneumonia occurs  frequently      following lung transplanta-
tion: one large Spanish study reported an annual incidence 
of pneumonia of 72 % among lung transplant recipients. 
In the immediate post-transplant period, particularly during 
the fi rst postoperative month, bacterial pneumonia predomi-
nates [ 18 ,  25 ]. Gram-negative rods are the most common 
causative agents including  Pseudomonas ,  Acinetobacter , 
 Stenotrophomonas , and the Enterobacteriaceae although 
Gram-positive organisms such as  Staphylococcus aureus  
also cause pneumonia in this population [ 25 ]. The majority 
of early bacterial pneumonia in lung transplant recipients is 
thought to be due to either hospital-acquired or donor-
derived infections although the risk of donor-derived infec-
tion can be reduced with the use of appropriate targeted 
perioperative antibacterial prophylaxis [ 14 ]. Postoperative 
bacterial pneumonia, especially due to  Pseudomonas , is par-
ticularly common among patients who undergo lung trans-
plantation for cystic fi brosis. The increased rate of bacterial 
pneumonia in these patients may be the result of pre-trans-
plant colonization with resistant organisms [ 27 ] as well as 
ongoing chloride channel defects and mucus production in 
the native upper airways. 

 About six months after transplant, lung transplant recipi-
ents may develop pneumonia due to community-acquired 
bacteria including  Streptococcus pneumoniae ,  Haemophilus 
infl uenza , and  Legionella . Those who develop chronic 
allograft rejection and BOS remain at risk for infection with 
 Pseudomonas  although it is unclear if  Pseudomonas  infec-
tion in these patients is a cause or result of BOS [ 28 ,  29 ]. 

 Lung transplant recipients are also at risk for viral pneu-
monia during the post-transplant period, and viral infections 
have also been associated with rejection and BOS. CMV is a 
frequent and potentially severe cause of pulmonary infec-
tions in this population. Before the era of routine CMV pro-
phylaxis, the incidence of CMV infection in high-risk lung 
transplant recipients was reported as high as >90 %, and high 
rates of CMV  pneumonitis      and death due to CMV were also 
described [ 30 ,  31 ]. CMV infection and pneumonitis have 
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both been associated with the development of BOS [ 32 ,  33 ] 
and higher post-transplant-mortality [ 34 ]. The rates of CMV 
infection and pneumonitis have been reduced by the wide-
spread use of valganciclovir prophylaxis in high-risk patients 
[ 30 ,  35 ], and it is postulated that CMV prophylaxis may also 
help reduce the incidence of BOS in these patients [ 36 ]. 

 In addition to CMV, lung transplant recipients are at risk 
for pulmonary infection with other herpes viruses and with 
community-acquired respiratory viruses. Herpes simplex 
virus may cause severe  pneumonitis   in this population but 
has become infrequent in the era of routine antiviral prophy-
laxis.  Epstein–Barr virus (EBV) infection   may result in post- 
transplant lymphoproliferative disease (PTLD), which may 
involve the lung and mimic pneumonia.  Human herpes virus 
6 (HHV-6)   has been described as a cause of  pneumonitis   in 
SOT recipients and has also been associated with the devel-
opment of BOS in lung transplant recipients [ 37 ] although 
this association has not been uniformly demonstrated [ 38 ]. 
Community-acquired respiratory viruses including infl u-
enza, respiratory syncytial virus (RSV) and adenovirus 
account for more than half of the respiratory infections in 
symptomatic outpatient lung transplant recipients [ 39 ,  40 ] 
and have also been inconsistently linked to rejection [ 41 ,  42 ]. 

 Invasive  fungal infections  , especially invasive aspergillo-
sis, were historically common in lung transplant recipients 
but have become less frequent with the use of antifungal pro-
phylaxis [ 43 ]. A 2003 review reported a 6.2 % median inci-
dence of  Aspergillus  infections in lung transplant recipients, 
which occurred a median of 3.2 months after transplant and 
were associated with 52 % overall mortality [ 44 ].  Aspergillus  
may cause invasive pulmonary infection in lung transplant 
recipients, or infection may be limited to tracheobronchitis. 
Airway colonization with  Aspergillus  has been liked to 
chronic rejection [ 45 ]. Pulmonary infection with other fungi 
including the agents of mucormycosis  Cryptococcus , 
 Fusarium , and the endemic mycoses are less common but 
have also been reported in lung transplant recipients. 

 Prior to the routine use of prophylaxis, PCP was a com-
mon cause of pneumonia in lung transplant recipients. One 
series reported an incidence of 88 % in heart–lung recipients 
[ 46 ], while another review described a 33 % incidence fol-
lowing lung transplantation [ 47 ]. Prevention of PCP follow-
ing SOT with  trimethoprim-sulfamethoxazole (TMP-SMX)   
is effective and typically recommended lifelong after lung 
transplantation as late PCP infections may occur following 
discontinuation of prophylaxis [ 47 ,  48 ]. 

  Pulmonary tuberculosis   occurs rarely in lung transplant 
recipients and may be the result of donor-derived infection, 
reactivation of latent infection, or primary infection post- 
transplant. Lung transplant recipients have been found to 
have higher rates of post-transplant tuberculosis than other 
organ recipients although this incidence varies depending on 
geographic location and other donor and recipient risk fac-
tors. Other rare causes of pneumonia following lung trans-
plant include non-tuberculous mycobacteria,  Nocardia , and 
parasites such as  Strongyloides  and  Toxoplasma .    

17.2.3     Heart Transplant 

   The incidence of  pneumonia      following heart transplant has 
been reported as 17–21 % [ 20 ,  49 ]. Pneumonia is the most 
common infection and most common respiratory complica-
tion following heart transplantation [ 20 ,  50 ]. About half of all 
respiratory infections in heart transplant recipients are caused 
by bacteria [ 20 ,  50 ]. Similar to lung transplant recipients, 
heart transplant recipients are at risk for healthcare- associated 
bacterial pneumonia in the immediate post-transplant period. 
Community-acquired bacteria and respiratory viruses 
become more common in the following months. 

  CMV   frequently causes disease, including pulmonary 
infection, in heart transplant recipients not receiving prophy-
laxis. In a 1998 Spanish study of pneumonia following heart 
transplantation, CMV was the second most common pathogen 
isolated following bacteria [ 49 ]. High rates of death have been 
reported in heart transplant recipients with  CMV      pneumonitis 
[ 51 ]; however, CMV prophylaxis with valganciclovir has 
been shown to be safe and effective in this population [ 52 ]. 

 Fungal pneumonia is also common following heart trans-
plantation. Invasive pulmonary aspergillosis has been 
reported in 3.3–14 % of heart transplant recipients and 
accounts for the majority of invasive fungal infections fol-
lowing heart transplantation [ 53 ]. 

 Prior to the use of prophylaxis, PCP was reported in up to 
41 % of heart transplant recipients [ 54 ], but PCP has been 
shown to be effectively prevented by TMP-SMX prophy-
laxis in this population [ 54 ]. 

  Toxoplasmosis   is of particular concern in heart transplant 
recipients given that up to 75 % of seronegative heart trans-
plant recipients from seropositive donors may develop dis-
ease in the absence of prophylaxis [ 55 ]. Pulmonary 
manifestations including fever, cough, and diffuse infi ltrates 
on chest imaging may be the only manifestation of 
 Toxoplasma  infection in transplant recipients [ 55 ]. 
 Donor- derived  Toxoplasma  infection can be prevented by 
administering prophylaxis to high-risk patients.    

17.2.4     Liver Transplant 

   Postoperative  pneumonia    has   been reported in up to 23 % of 
liver transplant recipients [ 56 ,  57 ]. Similar to other organ 
recipients, the majority of pulmonary infections in this popu-
lation are due to bacteria [ 58 ]. High rates of Gram-negative 
and  Legionella  pneumonia have been reported in liver trans-
plant recipients [ 58 ,  59 ] although these may now be less 
common in the setting of TMP-SMX prophylaxis. 

 The risk of respiratory complications following liver 
transplantation is greater among patients with more 
advanced liver disease [ 60 ], possibly due to volume over-
load, encephalopathy resulting in aspiration, and hepato-
pulmonary syndrome [ 19 ]. In the immediate post-transplant 
period, diaphragm dysfunction, poor nutritional status, and 
the need for prolonged intubation may also cause higher 
rates of pneumonia [ 19 ]. 
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 Similar to other SOT recipients, liver transplant recipients 
may also develop pulmonary infections with opportunistic 
pathogens including  Aspergillus , CMV, and  Pneumocystis  
[ 61 ] although some of these infections are preventable with 
prophylaxis. 

   Cryptococcus neoformans    is a notable cause of pulmonary 
infection both before and after liver transplantation. Cirrhosis 
has been identifi ed as a major risk factor for cryptococcal 
infection. In some series, 6–21 % of patients with crypto-
coccosis had underlying cirrhosis [ 62 ]. Although pre- and 
post-liver transplant recipients may develop disseminated 
cryptococcosis [ 63 ,  64 ], disease is limited to the lungs in 
about one-third of SOT recipients with cryptococcal infec-
tion [ 64 ]. Among SOT recipients with cryptococcal infec-
tion, isolated pulmonary infection may be more common 
in those receiving calcineurin inhibitors [ 64 ]. Calcineurin 
inhibitor use in SOT recipients with cryptococcosis has also 
been associated with lower overall mortality [ 64 ].    

17.2.5     Kidney Transplant 

   The  incidence    of   post-transplant pneumonia following kid-
ney transplantation is lower than that following lung, heart, 
or liver transplantation, possibly due to the less invasive 
nature of the surgery and lower acuity and severity of illness 
in kidney transplant recipients [ 65 ]. One large review found 
that hospitalization for pneumonia occurred 2.86 times per 
100 person-years in kidney transplant recipients [ 66 ], while 
another found that 13 % of patients developed pneumonia in 
the fi rst year following kidney transplantation [ 67 ]. Although 
postoperative pneumonia is less common among kidney 
transplant recipients, the specifi c pathogens involved and 
timing of infection are similar to other SOT recipients.     

17.3     Noninfectious Conditions 
That May Mimic Pneumonia 

   Several   noninfectious conditions with clinical or radiographic 
features similar to pneumonia may occur in SOT recipients. 
Diffuse pulmonary infi ltrates may be due to pulmonary edema, 
transfusion-related lung injury, or acute respiratory distress 
syndrome. A focal pulmonary lesion may be caused by a pul-
monary embolism, infarct, or malignancy. 

 In lung transplant recipients, graft rejection and BOS may 
result in respiratory symptoms and diffuse pulmonary infi l-
trates on chest imaging. Although BOS is often associated 
with infection, rejection may develop without concurrent 
infection. 

 Another noninfectious pulmonary complication that may 
occur in SOT recipients is the development of interstitial 
pneumonitis following treatment with the mTOR inhibitors 
sirolimus and everolimus. Patients with  pneumonitis   due to 
mTOR inhibitors may present with signs of pulmonary infec-
tion including cough, fever, and abnormal chest imaging. 

In one review of 217 patients who received sirolimus, 11 % 
developed pneumonitis [ 68 ], and in another review of 102 
everolimus recipients, 12.7 % developed pulmonary toxicity 
[ 69 ]. Impaired renal function and a late switch to sirolimus 
as opposed to de novo use following transplant have been 
identifi ed as risk factors for pulmonary toxicity in kidney 
transplant recipients [ 68 ,  70 ]. Symptoms typically resolve 
after mTOR inhibitor discontinuation [ 68 ,  69 ]. 

 The incidence of lung cancer is higher among SOT recipi-
ents than the general population [ 71 ], particularly among 
former smokers and lung transplant recipients who undergo 
transplantation due to COPD [ 72 ]. Additionally, post- 
transplant lymphoproliferative disorder with pulmonary 
involvement may occur following any type of SOT trans-
plantation and may be diffi cult to distinguish from an indo-
lent infection without a tissue diagnosis.   

17.4     Diagnosis 

17.4.1     History and Physical Exam 

   The  clinical      manifestations of pneumonia in SOT recipients 
are variable due in part to the effects of immunosuppression 
and the wide range of pathogens that cause respiratory infec-
tions in this population. Some patients with pneumonia may 
present with fever, cough, and sputum production; however, 
typical symptoms may be absent in SOT recipients, particu-
larly those infected with opportunistic pathogens. 

 The duration and severity of symptoms may be important 
clinical clues. Patients with bacterial pneumonia typically 
present with an acute onset illness, while fungal, mycobacte-
rial or PCP may present with a more indolent or chronic 
onset illness. Chronic cough, persistent fever, or unexplained 
hypoxia may be the only clinical signs of infection in some 
patients. Hemoptysis may suggest an invasive fungal or 
mycobacterial infection. Extrapulmonary symptoms such as 
nausea, vomiting, diarrhea, rash, sore throat, or myalgia may 
suggest a viral etiology such as infl uenza or CMV. 

 The evaluation of SOT recipients with suspected pneumo-
nia should also include a careful assessment of sick contacts, 
travel history, animal exposure, and tobacco and drug use. 

 Typical physical exam signs of pulmonary infection such 
as rales may also be lacking in SOT recipients. For example, 
pulmonary auscultation may be normal in patients with PCP. 
The initial examination should also include evaluation for 
signs of systemic infection including conjunctivitis, skin 
fi ndings, lymphadenopathy, hepatosplenomegaly, or abdom-
inal tenderness.  

17.4.2     Imaging 

 Chest X-ray is the initial imaging test for most SOT patient 
with suspected pneumonia. Bacterial pneumonia including 
 Legionella  may manifest as a focal consolidation, while viral 
infections and PCP are typically more diffuse or not visualized 
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at all (Figure  17-1 ). Although tuberculosis is classically 
described as producing bilateral apical infi ltrates, chest X-ray 
fi ndings may be variable among SOT recipients. The appear-
ance of fungal pneumonia on X-ray imaging is also variable 
and includes nodular lesions, cavitary disease, or patchy infi l-
trates. Because invasive fungal infections may be poorly visu-
alized with X-ray imaging, computed tomography (CT) 
imaging is the preferred modality to evaluate for fungal pneu-
monia in these patients.

   CT imaging of the chest may provide important diagnostic 
information in the evaluation for pneumonia in SOT recipi-
ents. Bacterial pneumonia is usually readily visible on CT 
imaging. Invasive pulmonary aspergillosis in SOT recipients 
usually causes nodular or mass-like pulmonary lesions [ 44 , 
 73 ] (Figure  17-2 ). The “halo sign” and the “air-crescent sign,” 
which are classically described CT fi ndings of invasive pul-
monary aspergillosis in patients with hematologic malignan-
cies, may be absent in the SOT population [ 44 ,  73 ]. Pulmonary 
mucormycosis may also be seen as a nodular or  c av i -

tary lesion on CT [ 74 ]. CT imaging may also reveal the dif-
fuse infi ltrates of a viral pneumonia or PCP (Figures  17-3  and 
 17-4 ). Additionally, CT may identify noninfectious causes of 
pulmonary disease such as malignancy or pulmonary emboli 
and may provide important information regarding the ana-
tomic location of the suspected infection to help determine if 
the area is amenable to bronchoscopic evaluation.

17.4.3          Blood and Urine Testing 

 Blood and urine testing may provide valuable diagnostic 
information for SOT recipients with suspected pneumonia, 
and in some cases these tests may defi nitively establish a 
causative organism. 

 Blood cultures are positive in about 4–18 % of patients 
with community-acquired bacterial pneumonia [ 75 ]. For 
those with negative blood and sputum cultures, urine anti-
gen testing for  Streptococcus pneumoniae  and  Legionella  
may helpful. These tests have been shown to be insensitive, 
but highly specifi c [ 76 ,  77 ] although the  Legionella  urinary 

  FIGURE 17-1.    Chest X-ray of PCP in a liver transplant recipient.       

  FIGURE 17-2.    Chest CT of a kidney transplant recipient with inva-
sive pulmonary aspergillosis.       

  FIGURE 17-3.    Chest CT of a liver transplant recipient with CMV 
pneumonitis.       

  FIGURE 17-4.    Chest CT of PCP in a liver transplant recipient.       

 

 

 

 

17. Pneumonia After Solid Organ Transplantation



276

 antigen test is only able to diagnose infection with  Legionella 
pneumophila  serogroup 1. Urinary antigen excretion may 
be prolonged in immunocompromised patients with 
 Legionnaire’s disease   [ 78 ]. 

 In patients with suspected viral pneumonia, serum  antigen   
or  polymerase chain reaction (PCR) testing   may provide 
diagnostic insight. Serum CMV DNA PCR testing is often 
performed in patients with suspected CMV pneumonia. 
Although serum CMV DNA viral loads do not strongly cor-
relate with the existence of CMV pneumonia [ 79 ], this test 
may suggest the presence of invasive infection when levels 
are signifi cantly elevated. Other viral causes of pneumonia in 
SOT recipients such as adenovirus and HSV may also be 
identifi ed via serum PCR testing. 

 Serum  testing   is an important adjunct in the diagnosis of 
invasive fungal pneumonia. Serum galactomannan is specifi c 
but not sensitive for the detection of invasive aspergillosis in 
SOT recipients. One large meta-analysis reported that serum 
galactomannan was 89 % specifi c and 71 % sensitive for 
diagnosing proven aspergillosis, but the same study found a 
sensitivity of only 22 % in SOT recipients. False-positive 
galactomannan results may occur in patients receiving 
piperacillin- tazobactam or amoxicillin-clavulanic acid, those 
who consume foods contaminated with mold, and those with 
infections due to other fungi that may cross-react with the 
test. False-positive results are particularly common in the 
immediate post-transplant period and in lung transplant 
recipients [ 80 ,  81 ]. False-negative results may occur in 
patients receiving mold-active antifungal prophylaxis. 

 The  1,3-Beta- D -glucan assay   is another serum test useful 
for the diagnosis of invasive fungal pneumonia. Unlike 
galactomannan, 1,3-Beta- D -glucan is not specifi c for asper-
gillosis, and elevated levels may also occur during infection 
with PCP,  Candida ,  Fusarium , and  Histoplasma  but not 
 Cryptococcus  or mucormycosis. As a result, a positive 
1,3-Beta- D -glucan does not establish a specifi c diagnosis 
but may provide useful information in the appropriate clini-
cal context. In the diagnosis of PCP, 1,3-Beta- D -glucan has 
been found to be highly sensitive although data in SOT 
recipients is limited [ 82 ]. False-positive results may occur 
in patients on hemodialysis, those receiving intravenous 
immunoglobulin or albumin, and those with  Pseudomonas  
bacteremia. 

 Antibody testing or serum and urinary antigen testing for 
endemic mycoses may also be useful in patients with risk 
factors and signs of pulmonary infection with these organ-
isms. For example, in one large review of 152 cases of histo-
plasmosis in SOT recipients, 80 % of whom had pulmonary 
disease, serum antigen testing was positive in 86 %, and the 
urine antigen was positive in 93 % [ 83 ]. Another study of 
coccidioidomycosis in SOT recipients found that individual 
serologic tests were positive in 21–56 % of cases, but when 
multiple tests were used for the same patient, at least one was 
positive in 77 % of cases [ 84 ].  

17.4.4     Expectorated Sputum 
and Nasopharyngeal Testing 

 Expectorated sputum is of limited value in the diagnosis of 
pneumonia following SOT particularly among lung trans-
plant recipients, whose airways are frequently colonized 
with  Pseudomonas  and other bacteria. However, expecto-
rated sputum stains and cultures may be useful when cultures 
reveal an organism compatible with the clinical syndrome 
such as  Streptococcus pneumoniae  or an organism that 
should typically be considered pathogenic such as 
 Mycobacterium tuberculosis  or  Pneumocystis . 

 Nasopharyngeal swab collection for viral detection via 
culture, DFA or PCR may be useful for identifying upper 
respiratory viral pathogens although positive nasopharyn-
geal viral cultures could represent colonization as opposed to 
true infection, and these tests may fail to identify lower 
 respiratory tract disease, which is better evaluated via bron-
choscopy [ 85 ].  

17.4.5     Bronchoscopy 

  Bronchoscopy with bronchoalveolar lavage (BAL)   and in 
some cases transbronchial biopsy is a mainstay in the diag-
nostic evaluation of SOT recipients with pneumonia. Several 
studies have shown that bronchoscopy can be a safe and 
effective method for identifying the cause of pulmonary 
infection in the SOT population [ 86 ,  87 ]. Furthermore, in 
lung transplant recipients with suspected pneumonia, biopsy 
is essential to evaluate for BOS and rejection. Biopsy may 
also be necessary to demonstrate the presence of an invasive 
fungal infection and to diagnose a pulmonary malignancy. 

 BAL fl uid can be analyzed for Gram stain and bacterial 
culture, mycobacterial studies, viral PCR and culture, 
 Pneumocystis  PCR and stains, fungal stains and culture, and 
stains for parasitic infection. Multiplex PCR testing has been 
shown to enhance the diagnosis of viral pneumonia in lung 
transplant recipients [ 88 ]. Galactomannan testing may be 
performed on BAL fl uid and when used in conjunction with 
fungal cultures may improve the sensitivity and specifi city of 
detecting invasive aspergillosis in SOT recipients [ 89 ] 

 Cytology may also be performed on cells collected during 
BAL for evidence of malignancy, PCP, or other fungal 
infections. 

 A frequent diagnostic dilemma following bronchoscopy is 
differentiating between airway colonization and active infec-
tion when an organism is identifi ed. The airways of lung and 
other SOT recipients often become colonized with drug-
resistant bacteria and fungi; however, the isolation of these 
organisms may not indicate infection.  Candida , in particular, 
is frequently isolated from respiratory specimens but is 
rarely thought to be a cause of invasive disease with the 
exception of lung transplant patients with suspected anasto-
motic  Candida  tracheobronchitis [ 90 ]. Similarly, viral cul-
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tures from BAL fl uid may be positive in the absence of 
histologic evidence of tissue invasion. In these situations, the 
BAL fi ndings must be interpreted in the context of other 
available clinical data.     

17.5     Empiric Treatment 

   The most important aspect of treating  pulmonary      infections 
in SOT recipients is to establish the diagnosis. Determining 
the causative organism is ideal, but not always possible or 
timely, and therefore empiric therapy is usually initiated 
early in the diagnostic workup. The approach to treating spe-
cifi c pathogens is beyond the scope of this chapter and is 
detailed elsewhere in this book. 

 Empiric antibiotic choices for bacterial pneumonia in SOT 
should be based on national guidelines for community- 
acquired and healthcare-associated pneumonia [ 91 ,  92 ] but 
should also be guided by patient-specifi c respiratory culture 
data when possible. Choosing appropriate empiric therapy 
may be particularly challenging in lung transplant recipients 
who are more frequently colonized with multidrug-resistant 
Gram-negative organisms. 

 Empiric antiviral therapy may be initiated with oseltamivir 
for suspected infl uenza and with either ganciclovir or foscar-
net for suspected CMV pneumonitis. Intravenous TMP-SMX 
(with corticosteroids when severe hypoxia is present) may be 
initiated while awaiting confi rmation of PCP. 

 SOT recipients with presumed invasive fungal pneumonia 
may be treated with either a lipid amphotericin B formulation 
or voriconazole when there is a high suspicion for pulmonary 
aspergillosis. Of note, voriconazole is not effective for the 
treatment of mucormycosis and must be used with caution in 
SOT recipients due to the risk of serious drug interactions. 
Voriconazole is a potent inhibitor of several of the cytochrome 
P450 enzymes, which may result in decreased metabolism of 
the calcineurin inhibitors tacrolimus and cyclosporine. 
Calcineurin inhibitor doses need to be adjusted and levels 
monitored closely when co-administering voriconazole. 

 Empiric therapy for pulmonary infection in SOT recipi-
ents should be adjusted based on culture and imaging data, 
and the patients’ clinical response to therapy. A lack of 
response to empiric treatment should prompt a re-evaluation 
of the treatment strategy and further investigation into the 
etiology of the infection.    

17.6     Prevention 

   The  epidemiology      of pneumonia in SOT recipients is chang-
ing due to the evolution of preventive strategies, which pri-
marily consist of vaccination and antimicrobial prophylaxis. 

 Vaccination for measles, mumps, rubella, diphtheria, and 
pertussis is recommended for all patients prior to SOT [ 93 ]. 
Live vaccines including the measles, mumps and rubella 

 vaccine, varicella vaccine, and live attenuated infl uenza 
 vaccine, are contraindicated following SOT, and should 
 generally be given at least four weeks prior to transplantation. 

 Yearly infl uenza vaccination with the inactivated vaccine 
is recommended following SOT [ 93 ]. Although the reported 
immunogenicity of the inactivated infl uenza vaccine in SOT 
recipients has been variable, infl uenza vaccination in this 
population has generally been found to be safe and effective 
[ 94 ,  95 ]. In one large review of 51,730 kidney transplant 
recipients of whom 9678 of whom received infl uenza vacci-
nation, receipt of vaccine was associated with lower rates of 
graft loss and death [ 96 ]. Early reports of a possible associa-
tion between infl uenza vaccination and rejection have not 
been supported by larger studies [ 94 ,  95 ]. Yearly infl uenza 
vaccination of household members of SOT recipients is also 
recommended [ 93 ] 

 Vaccination against   Streptococcus pneumoniae    is also rec-
ommended prior to SOT transplantation. The current recom-
mendation is to administer the 13-valent protein- conjugated 
(PCV13) vaccine fi rst, followed by the 23-valent polysac-
charide vaccine (PPSV23) at least eight weeks later with an 
additional dose of PPSV23 given fi ve years later and after 
age 65 [ 97 ]. Some experts recommend monitoring yearly 
pneumococcal antibody titers in SOT recipients given evi-
dence of waning immunity in this population and the poten-
tial need for further PPSV23 doses [ 93 ,  98 ]. The PCV13 and 
PPSV23 vaccines have both been found to prevent invasive 
and noninvasive pneumococcal disease in the general popu-
lation, but studies of pneumococcal vaccine effi cacy in SOT 
recipients are limited. However, a study of the seven-valent 
protein-conjugated vaccine in HIV-infected adults showed 
that it was effective in this population [ 99 ], which suggests 
that protein-conjugated pneumococcal vaccination may be 
effi cacious for other immunocompromised patients as well. 

 Antimicrobial prophylaxis strategies following SOT are 
typically designed to prevent PCP and CMV disease. PCP 
prophylaxis with TMP-SMX is usually given for 6–12 
months following SOT, but should be considered for longer 
durations in all transplant recipients and particularly in 
patients with a history of PCP infection, small bowel or lung 
transplant recipients, and patients being treated for rejection 
[ 100 ]. TMP-SMX is highly effective for PCP prevention. In 
a Cochrane review of PCP prevention in non-HIV patients, 
TMP-SMX use was associated with an 85 % reduction in the 
incidence of PCP infection [ 101 ]. TMP-SMX is considered 
the drug of choice in SOT recipients not only because of its 
effi cacy against PCP, but also because it may confer addi-
tional protection against  Toxoplasma ,  Legionella ,  Listeria , 
 Nocardia , and other bacteria. Alternative drugs for PCP pro-
phylaxis such as atovaquone and dapsone are less protective 
against PCP and do not provide the same broad protection 
against other pathogens. 

 CMV prophylaxis is routinely administered to high-risk 
SOT recipients usually for 3−6 months and up to 12 months 
in lung transplant recipients. The major risk factor for CMV 
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disease is CMV IgG seronegative recipients and seropositive 
donor (D+/R−) status. CMV IgG seropositive recipients 
(D+/R+ and D−/R+) are also at risk for CMV disease. The 
incidence of post-transplant CMV in D−/R− SOT recipients 
is signifi cantly lower, and prophylaxis is generally not indi-
cated for these patients. Although valganciclovir prophylaxis 
is effective, CMV disease may still occur following the ces-
sation of prophylaxis. For example, in a study of D+/R− kid-
ney transplant recipients, CMV disease in the fi rst two years 
following transplant occurred in 39 % of patients who 
received 100 days of valganciclovir prophylaxis and 21 % 
who received 200 days [ 102 ]. Due to high rates of late-onset 
CMV disease in lung transplant recipients, indefi nite CMV 
prophylaxis for these patients has also been investigated, but 
high rates of valganciclovir discontinuation due to hemato-
logic toxicity have been reported with indefi nite use [ 103 ]. 

 An alternative strategy for CMV disease prevention is pre-
emptive therapy, which entails monitoring patients for CMV 
viremia with weekly blood tests following SOT and then ini-
tiating antiviral therapy in those with detectable viremia 
before symptomatic disease develops [ 104 ]. Although this 
approach has been shown to be as effective as routine prophy-
laxis for the prevention of CMV disease in patients at inter-
mediate risk for CMV, the effi cacy of preemptive therapy for 
the highest risk patients is still under investigation [ 104 ]. 

 In addition to PCP and CMV prophylaxis, lung transplant 
recipients often receive postoperative antibacterial prophy-
laxis for 3–7 days. Many lung transplant centers also admin-
ister universal antifungal prophylaxis either with inhaled 
amphotericin or systemic voriconazole to prevent invasive 
aspergillosis [ 105 ]. 

 Heart transplant recipients at risk for toxoplasmosis such 
as those who are seropositive for  Toxoplasma  and those who 
are seronegative and receive an organ from a seropositive 
donor should receive  Toxoplasma  prophylaxis [ 55 ]. TMP- 
SMX is also the recommended prophylactic medication for 
 Toxoplasma  although other regimens such as dapsone, atova-
quone, or sulfadiazine, each with pyrimethamine, are also 
used at some centers [ 55 ].  

17.7     Future Directions 

 Several aspects of the diagnosis, treatment and prevention of 
pneumonia in SOT recipients are currently under investiga-
tion. Innovations in diagnostics are aimed at more accurate, 
faster, and less invasive identifi cation of bacterial, viral, and 
fungal infections. Novel antibiotics are being developed that 
may be effective for the treatment of multidrug-resistant 
Gram-negative pneumonia, particularly among cystic fi bro-
sis patient who undergo lung transplantation. New azole 
antifungal agents are being investigated for the treatment of 
invasive aspergillosis and other fungal infections. Innovative 
preventive strategies, particularly for CMV and vaccine pre-
ventable illness, are also being evaluated in clinical trials.    

17.8     Conclusion 

 Pulmonary infections in SOT recipients are caused by a wide 
range of pathogens and result in a broad spectrum of clinical 
disease. Some of the usual causes of pneumonia are effec-
tively prevented with routine postoperative prophylaxis, but 
nonetheless, pneumonia is common in this population, par-
ticularly among lung transplant recipients. When pneumonia 
is suspected, a thorough investigation for the causative 
pathogen is essential. Diagnosis usually requires imaging, 
microbiologic testing, and often bronchoscopy. Although 
empiric therapy for pneumonia is often clinically appropri-
ate, establishing the etiology of infection is essential to 
ensure appropriate treatment and effective cure. The investi-
gation of novel diagnostic, therapeutic, and preventive strate-
gies for pneumonia in SOT recipients is ongoing, and the 
management of these patients will continue to evolve as new 
data emerges.     
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18.1           Central Nervous System 
(CNS) Complications 
After Transplantation 

  CNS  complications   are frequent after stem cell transplanta-
tion ( HSCT  ) and solid organ transplantation (SOT). Among 
HSCT patients, 10–59 % develop CNS complications [ 1 – 5 ]. 
The type of the HSCT infl uences the incidence. For example, 
in one study, the incidence of CNS complications was high-
est in unrelated allogeneic transplantations (39 %), followed 
by related allogeneic (21 %) and autologous transplantations 
(11 %) [ 1 ]. Differential diagnosis includes infectious, meta-
bolic, bleeding, drug induced,  posterior reversible encepha-
lopathy syndrome (PRES)  , and other etiologies [ 6 ,  7 ]. In one 
study in  HSCT   patients with reduced intensity conditioning 
(RIC), the etiologies of 31 episodes of neurological compli-
cations (23 CNS), were due to nonfocal encephalopathies 
( n  = 11), meningoencephalitis ( n  = 5), and stroke or hemor-
rhage ( n  = 4 each). The majority of them appeared before day 
+100. Drug-related toxicity was responsible for 10/31 events 
(32 %) (eight caused by cyclosporine) [ 5 ]. In another study, 
10/77 (13 %) patients following umbilical cord transplanta-
tion developed early (the median time of onset 19 days 
(range: 2–58 days) CNS complications presented as impaired 
consciousness; etiologies included cyclosporine ( n  = 5) or 
tacrolimus encephalopathy ( n  = 2), thrombocytic microangi-
opathy ( n  = 1), and unknown ( n  = 3) [ 8 ]). 

 The frequency of neurological complications after SOT 
varies: 8–80 % in liver, 7–60 % in heart, 22–33 % in lung, and 
21–30 % in renal transplant patients [ 9 – 13 ]. The possible eti-
ologies include infections, drug toxicity, cerebrovascular 
events, bleeding, pontine myelinolysis, PRES, and others 
[ 12 – 14 ]. In one study, 64/395 (16.2 %) liver transplant 
patients developed major neurological symptoms (37 within 
30 days of transplant), including cerebrovascular in 15 
patients (3.8 %), tacrolimus-related leukoencephalopathy in 

3 (0.8 %), pontine myelinolysis in 2 patients (0.5 %); no clear 
cause was identifi ed for 44 cases (11.1 %) [ 12 ]. Neurologic 
complications were found in 75/384 (19.5 %) heart trans-
plant patients; 32 % of infectious and 68 % of noninfectious 
etiology, including stroke in 25/78 (32 %); more rare compli-
cations were seizures, episodes of transient ischemic attack, 
anoxic encephalopathy, metabolic encephalopathy, and oth-
ers [ 14 ]. Among patients after intestinal transplantation, 
46/54 (68 %) developed headaches (50 %), encephalopathy 
(43 %), seizures (17 %), opportunistic CNS infections (7 %), 
and ischemic stroke (4 %) [ 15 ]. 

 Neurologic complications were reported in 68 % of 132 
lung transplant recipients, mainly impairment of conscious-
ness (25 %), headaches (20 %), and neuromuscular compli-
cations (21 %). The neurologic complications were 
commonly related to immunosuppressant neurotoxicity 
(17 %) and opportunistic infections (11 %). There was a 
trend for an increased frequency of seizures and headaches 
in recipients with cystic fi brosis ( p  > 0.05) [ 16 ]. 

 CNS complications affect the outcome in transplantation. 
In one neuropathological autopsy study in HSCT, the sur-
vival time was almost half in the group (37/180 patients) of 
“CNS as cause of death” as compared to the rest 143 patients 
whose cause of death was considered to be extracerebral 
(96 vs. 178 days;  p  = 0.0162). Infectious disorders were one 
of the two main neuropathological fi ndings [ 17 ]. In HSCT 
RIC patients with CNS involvement, 1-year non-relapse 
mortality was signifi cantly worse (42 % vs. 20 %,  p  = 0.02) 
and 4-year overall survival less (33 % vs. 45 %,  p  = 0.05) 
[ 5 ]. 4/10 umbilical cord transplant patients with early CNS 
complications died within 30 days [ 8 ]. Mortality rate in 
heart transplant patients was 12/53 (22.6 %) with noninfec-
tious and 12 % with infectious neurological complications 
(42.8 % if the CNS was involved) [ 14 ]. On the other hand, 
the presence of neurologic complications did not affect 
posttransplant  survival in one study in lung transplant 
patients [  16 ]. 
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18.1.1     Incidence for CNS Infections 

 The  incidence of CNS   infections varies between 2 and 15 % 
in HSCT [ 4 ,  6 ,  17 – 22 ], 0.6 and 10 % in liver [ 23 – 25 ], 4 and 
13 % in renal [ 11 ,  26 ], 1 and 3 % in lung [ 9 ,  11 ], and 3 and 
18 % in cardiac transplant recipients [ 10 ,  27 ]. The outcome is 
usually grave: mortality up to 36–67 % is reported in HSCT 
[ 2 ,  6 ]. In heart transplant recipients, CNS infection was 
found to be a strong predictor for mortality in multivariate 
analysis (HR, 4.39; 95 % CI, 1.72–11.18;  p  = 0.002) [ 28 ].  

18.1.2     Risk Factors for CNS Infections 

  CNS   infections occur in allogeneic, and they are very rare 
in autologous HSCT [ 6 ,  19 ]. In the early post-HSCT 
period, there is severe neutropenia as an important risk fac-
tor if it is prolonged. The early post-engraftment period 
(30–100 days) is characterized by acute GVHD and cellu-
lar immune defi ciency. Later on, chronic GVHD and its 
immunosuppressive therapy are major risk factors [ 21 ,  29 , 
 30 ]. Following SOT, intensive immunosuppressive therapy 
early after transplantation, or in later periods, especially 
following rejection or retransplantation, is a major risk 
factor [ 31 ,  32 ].  

18.1.3     Etiology of CNS Infections 

  Fungal   pathogens, mainly  Aspergillus , are the most com-
mon, up to 70 %, causes of CNS infections in HSCT and 
SOT [ 10 ,  17 ,  18 ,  26 – 28 ,  33 – 35 ]. Bacteria, on the other 
hand, are infrequent causes of CNS infections in SOT and 
HSCT, it causes 0–10 % of them [ 18 ,  28 ,  36 ]. The etiology 
depends on geographical prevalence of certain pathogens. 
For example, in one study from Germany, the most com-
mon CNS infections post-HSCT was  Toxoplasma  enceph-
alitis (74 %), while only 18 % had  Aspergillus  and 4 % had 
each  Candida  and viral encephalitis [ 6 ]. Toxoplasmosis 
was also found in 30 % of 180 HSCT recipients, in an 
autopsy study in Brazil [ 18 ]. 

 Effective antimicrobial prophylactic strategies have led 
to a change in the epidemiology of opportunistic CNS 
infections transplant recipients. A third of CNS infections 
post- heart transplantation in two cohorts from 1968 to 1987 
were due to  Listeria monocytogenes  or  Toxoplasma gondii , 
while these pathogens were not found in the later cohort 
in 2007 after the implementation of trimethoprim- 
sulfamethoxazole (TMP-SMX) prophylaxis [ 28 ,  33 ,  34 ]. 
There is a trend toward less viral infection, especially 
CMV, due to the application of PCR monitoring and 
 preemptive treatment [ 6 ].  

18.1.4     Clinical Manifestations of CNS 
Infections 

 The  clinical manifestations   include fever, headache, altered 
mental status, focal neurological signs, seizures, and other 
signs. These signs may develop rapidly, as in  Aspergillus  
infections, or subacutely, as in cryptococcal meningitis [ 6 , 
 24 ,  28 ,  32 ,  36 – 41 ]. The clinical presentation of different 
CNS infections is not specifi c. 

 Brain imaging helps to classify CNS infections into two 
main entities: those which present predominantly as focal 
lesions (brain abscess) and those presenting usually as men-
ingitis or meningoencephalitis, as shown in the Table  18-1 . 
MRI appeared to be more sensitive than CT in identifying 
the brain lesions.

18.2         Focal Lesions 

18.2.1     Incidence 

 Brain  abscesses   may develop in 5 % of HSCT recipients, 
0.3–0.6 % in liver; 0.2–0.4 % in kidney; 1.3 % lung; and in 
about 1 % in heart and heart–lung recipients [ 24 ,  37 ,  42 ]. 

18.2.1.1     Etiology 

 Fungi are the main pathogen causing brain abscess in all 
transplant recipients. Among 58 HSCT recipients with brain 
abscess a fungus was isolated in 92 % of cases [ 36 ]. 
 Aspergillus  species were the most prevalent fungi (58–65 %) 
[ 36 ,  37 ].  Candida  species were reported in some series [ 18 , 
 36 ], although other studies did not recognize it at all [ 24 ,  28 , 
 37 ]. Other fungal pathogens include  Cladophialophura ban-
tiana ,  Scedosporium apiospermium ,  Microascus cinereus , 
 Rhizopus ,  Absidia ,  Scopulariopsis,  and  Pseudallescheria  
species [ 36 ,  37 ]. Among the  Aspergillus  species,  Aspergillus 
fumigatus  is the most frequent [ 24 ,  32 ,  43 ,  44 ]. The fungal 
pathogens causing focal brain lesions are described in 
Table  18-2 .

    TABLE 18-1.    Main etiologies of focal lesions vs.  meningoencephalitis      
in CNS infectious diseases   

 Focal lesions  Meningitis/meningoencephalitis 

 Aspergillosis  Cryptococcosis 

 Zygomycosis  Herpes viruses 

 Dematiaceous fungi  Polyomaviruses (JC) 

 Nocardiosis  Listeriosis 

 Toxoplasmasmosis 

 EBV (PTLD) 
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18.2.1.2        Diagnostic Criteria for CNS Invasive 
Fungal Disease (IFD) [ 52 ] 

  Proven CNS IFD    is  diagnosed    when      there is one of the 
following:

    1.    Microscopic analysis of brain tissue: histopathologic, 
cytopathologic, or direct microscopic examination of a 
brain tissue in which hyphae, melanized yeast-like forms 
or yeast cells are seen accompanied by evidence of asso-
ciated tissue damage.   

   2.    Culture of CSF or of brain tissue obtained from a 
radiologically abnormal site consistent with an infec-
tious disease process, with recovery of a mold, “black 
yeast” or yeast.   

   3.    Cryptococcal antigen in CSF.    

   Probable CNS IFD  in transplant recipients requires a 
clinical criterion and a mycological criterion. Cases that 
meet the clinical criteria but not the mycological criteria are 
considered as  possible CNS IFD . 

  Clinical criteria  for CNS infection include one of the fol-
lowing two signs: focal lesions on imaging or meningeal 
enhancement on MRI or CT. 

  Mycological criteria  for probable IFD include:

    1.    Direct test (cytology, direct microscopy, or culture) of 
mold in bronchoalveolar lavage fl uid, bronchial brush, 
bronchial biopsy, or sinus aspirate samples, indicated by 
one of the following:

 –    Presence of fungal elements indicating a mold  
 –   Recovery by culture of a mold      

   2.    Indirect tests (detection of antigen or cell-wall 
constituents):

 –    For aspergillosis—galactomannan (GM) antigen 
detected in plasma, serum, or CSF  

 –   For IFD other than cryptococcosis and mucormyco-
sis—b- D -glucan detected in serum       

18.2.1.3       Treatment 

  Generally,  treatment   modalities include drug therapy and 
surgical intervention. The drug therapy for each pathogen 
will be discussed later. In a retrospective analysis of 192 
proven or provable fungal CNS infections  Aspergillus  spp. 
(63 %) and  Scedosporium  spp. (18 %), success rate in patients 
treated with voriconazole was 14 % in HSCT, 54 % in hema-
tological malignancy patients, 40 % in SOT, 45 % in patients 
with other chronic immunosuppression, and 72 % in patients 
with other conditions ( p  < 0.001). In this study, combination 
antifungal therapy showed a trend toward an improved 
response rate ( p  = 0.09) and superior survival ( p  = 0.0149), 
while patients receiving neurosurgical interventions showed 
superior responses ( p  = 0.0174) and survival ( p  = 0.0399). In 
all, 49 % of patients died, 71 % (67/94) due to fungal infec-
tion. The overall median survival was 297 days (range 3 to 
>2000). Pediatric ( p  = 0.014) patients exhibited superior sur-
vival compared with adults [ 53 ].     

18.2.2      Aspergillus  

18.2.2.1     The Pathogen 

   The pathogen  is  described   in Chap.   40    , Mold Infections 
after hematopoietic stem cell transplantation, and Chap.   41    , 
 Aspergillus  and other mold infections after SOT.   

18.2.2.2     CNS Involvement 

  The primary  site   of infection with  Aspergillus  is the respira-
tory tract, and it can disseminate, involving mainly the CNS 
[ 54 ]. Dissemination to CNS was found in 16 % of SOT and 
HSCT recipients with pulmonary aspergillosis [ 55 ,  56 ]. 
Once  Aspergillus sp . spread beyond the lung it can be found 
in very high proportion in brain of fatal cases, for example, 

   TABLE 18-2.     Fungal pathogens   which cause focal brain lesions in transplant patients   

 Hyalohyphomycosis [ 45 ,  46 ]  Mucormycosis [ 47 ,  48 ]  Phaeohyphomycosis [ 46 ,  49 – 51 ] 

  Aspergillus fumigatus    Rhizopus    Cladophialophora bantiana  

  Aspergillus fl avus    Mucor    Scedosporium prolifi cans  

  Aspergillus terreus    Rhizomucor    Exophiala jeanselmei , and E. dermatitidis  

  Aspergillus niger    Absidia    Pyrenochaeta romeroi  

  Scedosporium apiospermum  ( Pseudallescheria boydii )   Cunnighamella    Cladosporium species  

  Apophysomises    Ochroconis gallopavum  

  Ramichloridium mackenziei  

  Chaetomium strumarium and C.atrobrunneum y 

  Scopulariopsis brumptii  

  Fonsecaea pedrosoi  

  Microascus cinereus  
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50 % in one study in HSCT patients, when examined both 
macroscopically and microscopically [ 57 ,  58 ]. In a retro-
spective analysis of 322 patients undergoing allogeneic 
HSCT, 55 % of patients with pulmonary disease developed 
CNS involvement [ 43 ]. Lungs were involved in the majority 
of cases with CNS aspergillosis [ 24 ,  58 ,  59 ], and only 10 % 
have isolated CNS involvement [ 32 ].  Aspergillus  sinusitis is 
not frequent (8 %) in patients with CNS aspergillosis [ 60 ]. In 
SOT patients, dissemination was much more frequent in liver 
transplant recipients, 46–60 %, compared to 22 % in lung, 
17 % in heart, and 10 % in renal transplantation (10 %) [ 31 , 
 55 ,  60 ]. However, one study showed that in the current era of 
liver transplantation, invasive aspergillosis (IA) occurs later 
in the posttransplantation period, is less likely to be associ-
ated with CNS infection, and is associated with a lower mor-
tality rate, compared with IA in the early 1990s [ 44 ].   

18.2.2.3     Incidence 

 In  HSCT   recipients, 3 % developed  Aspergillus  brain 
abscess [ 39 ,  43 ]. In SOT recipients, incidence is less than 
1 % [ 24 ,  37 ,  42 ].  

18.2.2.4     Time After the Transplantation 

 Median time to the  diagnosis   of CNS aspergillosis was 110–
124 days (range 18–395 days) post-HSCT [ 6 ,  37 ,  39 ]. 

 Median time of development of CNS aspergillosis in 
SOT varies in different studies from 15 (range, 8–81 days) 
to 538 days (range 14–1260 days) [ 32 ,  37 ,  60 ]. There are 
two peaks of infection. The fi rst one is during the early post-
transplantation period. In one study in early 1990s in SOT 
recipients, 64 % of CNS aspergillosis developed in the ini-
tial 2 months after transplantation [ 32 ]. In the 1990s, sev-
eral studies showed that liver transplant recipients tend to 
develop CNS aspergillosis earlier than other transplant 
patients (50–73 % of cases developed in the fi rst month after 
transplantation [ 24 ,  32 ,  60 ]). In the current era, one study in 
liver transplantation showed that IA occurs later in the post-
transplantation period [ 44 ]. Chronic rejection and/or 
retransplantation during a period of intense immunosup-
pression are associated with a second peak of incidence, 
after the fi rst year [ 32 ]. In one study in heart transplant 
patients, CNS involvement was more common in patients 
with late aspergillosis (>3 months after transplant) as com-
pared to early disease [ 61 ]  

18.2.2.5    Risk factors 

 The risk factors for IA infections in HSCT and SOT can be 
divided to patient related, transplant related and environmen-
tal factors (see session???).  

18.2.2.6     Clinical Manifestations 

 The common  clinical   manifestations of CNS aspergillo-
sis, which are similar in SOT and HSCT recipients [ 37 ], 
are summarized in Table  18-3 . The most common clinical 
manifestations of CNS aspergillosis are focal neurologic 
deficits and seizures, due to stroke or mass effect [ 62 ]. 
The neurological symptoms usually progressed quickly 
[ 32 ,  39 ].

18.2.2.7        Laboratory 

 The  most   common fi nding in CSF is a moderate increase in 
the protein concentration [ 39 ]; however, CSF fi ndings are 
often nonspecifi c [ 62 ]. Laboratory diagnosis of IA includes 
blood testing of GM, PCR, and (1-3)-β- D -Glucan (BDG). In 
HSCT recipients with pulmonary IA serial GM blood test 
shows sensitivity of 50–90 %, specifi city 89–98 %, PPV 
46–90 %, and NPV 94–98 % [ 63 – 66 ]. There is also good 
correlation between GM and outcome from IA [ 67 ]. Serum 
GM measurement is less studied in SOT patients and shows 
lower sensitivity results for the diagnosis of pulmonary 
aspergillosis: 56 % in liver [ 68 ], 30 % in lung transplant 
recipients [ 69 ]. Blood PCR was used for the non-culture 
diagnosis of IA in HSCT recipients, showing variable sensi-
tivity (63.6–100 %) and specifi city 63.5–100 % [ 70 – 73 ]. 
Data on GM, BDG, or PCR in CSF are limited [ 74 – 77 ], but 
it may be positive in CNS aspergillosis, while they were 
found negative in small number of CSF samples of patients 
having CNS disease of other etiology [ 75 ]. The sensitivity 
and specifi city of Platelia ELISA for the detection of galac-
tomannan in CSF were 80 % and 100 %, respectively, in a 
study describing fi ve patients with proven CNS aspergillosis 
[ 76 ]. Culture of CSF samples yielded negative results, but 
PCR yielded positive results for all patients. Galactomannan 
levels in CSF were signifi cantly higher than in serum [ 77 ]; 
decreasing galactomannan CSF levels correlated with clini-
cal improvement [ 74 ].  

   TABLE 18-3.    Clinical presentation of CNS  Aspergillosis   [ 6 ,  24 ,  32 , 
 36 ,  37 ,  39 ]   

 Clinical signs/symptoms  Percentage of patients with sign or symptoms 

 Fever (>38.0)  45–76 % 

 Altered mental status  35–82 % 

 Hemiplegia/paresis  27–50 % 

 Cranial nerve abnormalities  29 % 

 Seizures  21–40 % 

 Nausea/vomiting  18 % 

 Headache  12–60 % 

 Hemianopia  Reported 

 Meningismus  Reported 
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18.2.2.8     Imaging 

 CT and  especially   MRI are the imagings that detect easily the 
focal lesions suggestive of CNS aspergillosis [ 37 ,  59 ,  78 ]. 
Characteristically they show infarction and necrosis, some 
with hemorrhage, due to the angioinvasive nature of the fun-
gus [ 39 ,  59 ,  79 ,  80 ]. Lesions of CNS aspergillosis are multiple 
in about 70 % of cases [ 24 ,  37 ,  39 ], with a mean of 2.8 lesions 
per patient (range, 1–8) [ 37 ]. The most common location for 
lesions is the frontoparietal region (54–82 %), followed by the 
basal ganglia or thalami (17–72 %), occipital lobe (13 %), 
temporal lobe (9 %), and cerebellum (7 %) [ 24 ,  37 ,  80 ]. 
Corticomedullary junction involvement is common [ 78 ,  81 ]. 
In one series, the corpus callosum was involved in 7/18 (40 %) 
patients [ 80 ]. As the corpus callosum is not commonly subject 
to pyogenic infection and thromboembolic infarction, callosal 
lesions strongly suggest the diagnosis of aspergillosis [ 78 ]. 

 Progression of the size and number of lesions during the 
fi rst 10 days of therapy was reported in one series, in all their 
11 patients who underwent serial imaging studies [ 80 ]. Serial 
imaging performed in the patient who recovered showed 
regression of small lesions and calcifi cations in the large 
lesions [ 80 ].  

18.2.2.9     Treatment and Outcome 

 In one series,  death   because of CNS aspergillosis contributed 
8 % of all causes of death during the fi rst year post-HSCT 
during 1989–2000 [ 39 ]. 

 Mortality in CNS aspergillosis in HSCT and SOT 
patients treated with amphotericin B or its lipid formula-
tions with or without combination with itraconazole or 
5-fl uorocytosine (5-FC) was 94–100 % [ 6 ,  37 ,  39 ,  55 ,  82 , 
 83 ]. During 1989–2000, one series reported on median 
survival of only 7 days (range 0–27 days) from the onset of 
the neurological symptoms or signs, in 14 HSCT recipi-
ents suffering from CNS aspergillosis and treated with 
amphotericin B [ 39 ]. 

 Management of CNS fungal infection is complicated by 
the poor CNS penetration of a lot of agents. Drugs with 
acceptable CSF penetration include 5-FC (drug penetration 
74 % serum concentration), fl uconazole (60 % serum con-
centration), and voriconazole (50 % serum concentration). 
Other antifungals with poor CSF penetration are amphoteri-
cin B dexochycolate (<4 % serum concentration), itracon-
azole (<5 % serum concentration) [ 84 ]. Caspofungin 
administration reveals brain tissue/plasma ratio of 0.2 in ani-
mal studies [ 85 ]. Data on posaconazole CSF concentration 
levels show confl icting results [ 86 – 88 ]. Voriconazole pene-
trates the CSF and brain tissue of animals and the penetration 
is not dependent on meningeal infl ammation. In humans, 
1–10 h after receipt of voriconazole, the CSF concentrations 
ranged from 0.08 to 3.93 mg/mL, and the ratio of CSF to 
plasma concentration ranged from 0.22 to 1.0 (median, 
0.46). The moderate lipophilicity and large volume distribu-

tion of voriconazole may well contribute to the higher con-
centrations detected in brain tissue, compared with those 
detected in the CSF or blood [ 55 ,  89 ]. 

 Initial therapy of IA, including those with CNS involve-
ment, with voriconazole lead to better responses and 
improved survival—of 27 % (SOT) and 22 % (HSCT) in 
CNS aspergillosis [ 90 ], in another study 16 % showed partial 
response and 26 % showed stabilization with CNS aspergil-
losis [ 91 ] and also resulted in fewer severe side effects 
than with amphotericin B [ 92 ]. Neurosurgical intervention 
is associated with improved survival [ 90 ,  91 ,  93 ,  94 ]. 
Thus, voriconazole is currently the drug of choice for CNS 
aspergillosis. Although there are no formal guidelines 
regarding therapeutic drug monitoring in CNS aspergillosis, 
maintaining trough concentrations of 2–5 μg per milliliter in 
serum is recommended [ 95 ]. Itraconazole, posaconazole, or 
LFAB are recommended for patients who are intolerant or 
refractory to voriconazole [ 96 ]. Caspofungin is an alternative 
treatment. In one small series of proven or possible CNS 
aspergillosis, including those with disseminated infection, 
2/6 of the patients had a favorable response with caspofungin 
therapy [ 97 ]. 

 Local intracavitary treatment with amphotericin B in 
adjunction to systemic amphotericin B and surgical therapy 
was described in case reports in transplant patients [ 98 ]. 

 Combination therapy may have benefi t in the treatment 
of CNS aspergillosis. In an immune suppressed murine 
model, signifi cant enhancement of effi cacy for the prolon-
gation of survival was attained with the ambizome-plus-
voriconazole regimen as compared to each agent given 
alone ( p  = 0.0001) [ 99 ]. Combination therapy with voricon-
azole and caspofungin for IA showed a trend to lower mor-
tality in transplant patients, although only minority suffered 
from CNS disease [ 100 ,  101 ]. Treatment of IA with the 
combination of voriconazole and anidulafungin was asso-
ciated with a nonsignifi cant but clinically meaningful sur-
vival benefi t in patients with HM or HSCT in a recent 
randomized double-blind, placebo- controlled multicenter 
trial [ 102 ]. 

 Monitoring includes serial imaging every 1–2 weeks until 
stabilization of patient’s condition [ 95 ].    

18.2.3     Emerging Fungal Pathogens 

  Infections   due to infrequently encountered fungi (e.g., dema-
tiaceous fungi and zygomycetes) have become increasingly 
common in immunocompromised hosts. Non- Aspergillus  
molds were reported in 35–45 % of fungal brain abscesses in 
transplant patients [ 24 ,  37 ]. 

 Transplant patients suffering from invasive infection due 
to non- Aspergillus  molds (zygomycetes, phaeohyphomyce-
tes, and hyalohyphomycetes) vs.  Aspergillus  have more 
frequent CNS involvement, 23 % vs. 5 % in one study in liver 
and heart transplant recipients. In this study, infections 
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limited to the CNS were not observed with infections due to 
 Aspergillus  species, as compared with 21.4 % with other 
mycelial fungi ( p  = 0.017) [ 49 ].  

18.2.4      Scedosporium apiospermum  

18.2.4.1     Pathogen 

    S .   apiospermum       (sexual form,  Pseudallescheria boydii ) is an 
emerging pathogen which belongs to hyalohyphomycosis.  

18.2.4.2     Incidence 

 The incidence of invasive  Scedosporium apiosrermium  infec-
tions was 0.2 % among 5589 HSCT patients [ 103 ]. In a series 
of 23 SOT patients with  Scedosporium apiospermum  infec-
tions, 11 had CNS disease, with overall incidence of 1 per 1000 
patients and CNS involvement of 0.5 per 1000. There was a 
trend of higher incidence in patients receiving lung transplants 
compared with other transplant organs ( p  = 0.06) [ 45 ].  

18.2.4.3     Time After Transplantation 

 In HSCT, invasive infections with  Scedosporium  species 
occurred mainly in the fi rst 30 days after transplantation 
[ 103 ]. In SOT, it was diagnosed at a median of 4 months 
(range, 0.4–156 months) after the transplantation [ 45 ]. In 
 cystic fi brosis (CF)   patients after lung transplantation, the 
median time from transplantation to the onset of infection 
was shorter—5 weeks (range, 2 weeks to 7.5 months), 
possibly explained by the colonization with  Scedosporium / P
seudallescheria  at the time of transplantation [ 104 ].  

18.2.4.4     Clinical Manifestation 

 CNS involvement was mainly brain abscess ( n  = 10) and 
occasionally meningitis ( n  = 1). Half patients with brain 
abscess had a single brain lesion and the other half had mul-
tiple lesions [ 45 ].  

18.2.4.5     Treatment and Outcome 

 Voriconazole is the current recommended therapeutic agent, 
with 43 % (9/21 patients) successful response in CNS infec-
tion in one report [ 46 ]. In another report, all four CF lung 
transplant patients with CNS  Scedosporium  infection died 
[ 104 ]. Combination of voriconazole and surgical drainage 
may be needed [ 45 ].     

18.2.5     Phaeohyphomycosis 

   Agents  of      phaeohyphomycosis, which are called also  dema-
tiaceous fungi  , are increasingly recognized as a cause of seri-

ous disease in patients with immunodefi ciency. Most agents 
of phaeohyphomycosis are found in soil and are ubiquitous 
in the environment. These fungi have a high degree of neu-
rotropism. Animal model showed that cortisone-treated mice 
intranasally inoculated with   Cladophialophura bantiana   , 
develop CNS disease following hematogenous dissemina-
tion from a primary pulmonary focus [ 105 ] 

18.2.5.1     Pathogen 

 The characteristic feature of all these species is the pres-
ence of melanin in their cell walls, which imparts the 
dark color to their conidia or spores and hyphae [ 106 ]. 
Among 18  transplant patients with CNS phaeohyphomycosis, 
 Cladophialophura  was isolated in seven (40 %, fi ve of them 
 C. bantiana ), four  Ochroconis gallopavum ;  Ramichloridium 
mackenzei  and  Chaetomium strumarium  (two each) and 
 Chaetomium atrobrunneum ,  Scopulariopsis brumptii  and 
 Fonsecaea pedrosoi  (one each) [ 50 ].  

18.2.5.2     Incidence 

 CNS phaeohyphomycosis is a rare infection, which occurs 
mainly in immunocompetent young males but may occur 
also after transplantation [ 50 ]. In one series, the incidence of 
phaeohyphomycosis infection varied from 0.16 % among 
liver transplant patients to 3.6 % among kidney/pancreas 
transplant patients, with an overall incidence of 0.7 % [ 107 ]. 
Interestingly, male predominance is mentioned in all the 
series: 64–83 %, probably because of occupational or envi-
ronmental exposure [ 45 ,  46 ,  50 ]. Only 1.8 % of 56 phaeohy-
phomycosis cases were in CNS [ 108 ].  

18.2.5.3     Time After Transplantation 

 Infection with phaeohyphomycosis can appear 2–128 months 
after SOT [ 49 ,  107 ]. Median time was 20 months in one series 
[ 107 ]; it was 358 days in summary of 56 cases with proven 
and probable phaeohyphomycosis in transplant patients from 
the Transplant Associated Infection Surveillance Network 
(TRANSNET) (HSCT 100 days; SOT 685 days;  p  = <0.001) 
[ 108 ]. Median time after transplantation was 11–17 months 
for  Ochroconis gallopava  (range 2–44 months) [ 51 ,  109 ].  

18.2.5.4     Clinical Presentation 

 Thirty to fi fty percent of transplant patients with  Ochroconis 
gallopavum  infection had CNS involvement [ 51 ,  109 ]. 

 All except one of 101 cases of CNS phaeohyphomyco-
sis presented with brain abscess, usually single. Clinical 
signs on presentation included headache 59 %, neurologi-
cal defi cits 54 %, seizures 34 %, altered mental status 
32 %, fever 32 %, and nausea and vomiting 19 %. Clinical 
presentations varied considerably, although one neuro-
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logic sign or symptom was present in all cases. However, 
the classic triad of fever, headache, and focal neurologic 
defi cits described in patients with brain abscess was rarely 
observed [ 50 ].  

18.2.5.5     Treatment and Outcome 

 In one series, 4/6 transplant patients with  Ochroconis gal-
lopavum  CNS infection died [ 51 ]. In another report, 12/18 
(67 %) transplanted recipients with brain abscess caused by 
phaeohyphomycosis died [ 50 ]. The most frequently used 
drug was amphotericin B; voriconazole was not used at all 
[ 50 ]. In this review, combination of amphotericin B, 5-FC, 
and itraconazole was associated with improved survival, 
although there were relatively few cases in which this triple 
combination was used [ 50 ]. Overall mortality in transplant 
patients with phaeohyphomycosis was 25 % and was higher 
in HSCT than in SOT (42 % vs. 10 %;  p  = <0.001) [ 108 ]. In 
another summary, voriconazole (44.6 %) and amphotericin B 
preparations (37.5 %) were the most common antifungal 
therapies in patients with phaeohyphomycosis [ 108 ]. 
Itraconazole and voriconazole demonstrate the most consis-
tent in vitro activity against phaeohyphomycosis, except  S. 
prolifi cans , which is resistant to all azoles [ 106 ]. Complete 
excision of brain abscesses improves the outcome [ 50 ]. 
Amphotericin B may be used for severe infections in unsta-
ble patients; high doses of lipid formulations may have a role 
in the treatment of refractory cases or in patients intolerant of 
standard amphotericin B. Combination antifungal therapy 
with voriconazole and a lipid formulation of amphotericin B, 
pending the availability of in vitro susceptibility data, is rec-
ommended in conjunction with surgery [ 95 ]. Once the infec-
tion is under control, longer term therapy with a broad 
spectrum oral azole is a reasonable approach, until complete 
response is achieved [ 106 ].     

18.2.6     Mucormycosis 

18.2.6.1     Pathogen 

    Mucormycosis      is an invasive mold infection with high mor-
bidity and mortality (see Chaps.   40     and   41    ). Portals of entry 
include sinuses, lungs, gastrointestinal tract, and skin.  

18.2.6.2     Incidence 

 Mucormycosis represents 2 and 8 % of invasive fungal infec-
tions in SOT and HSCT recipients [ 30 ].  

18.2.6.3     Time After Transplantation 

 Mucormycosis may occur as early as 1 day and as late as 
several years after HSCT and SOT [ 47 ,  49 ].  

18.2.6.4     Clinical Manifestation 

 Among HSCT recipients with mucormycosis, 10–15 % have 
involvement of the CNS, most frequently in the context of 
dissemination. Among 116 SOT patients with mucormyco-
sis, in 19 % CNS was involved as a part of rhinocerebral or 
disseminated disease [ 47 ]. A half of patients after kidney 
transplantation with mucormycosis had rhinocerebral dis-
ease [ 110 ]. The initial symptoms of rhinocerebral mucormy-
cosis are consistent with either sinusitis or periorbital 
cellulitis. The infection may rapidly extend into the neigh-
boring tissues. Extension from the ethmoid sinus through the 
lamina papyracea involves the orbit, extraocular muscles, 
and optic nerve; extension from the maxillary sinus into the 
oral cavity may present as a painful black necrotic ulceration 
on the hard palate [ 111 ]. Among 90 SOT recipients with 
rhino-orbital-cerebral mucormycosis, the maxillary cavities 
and brain were involved in 80 % and 57 %, respectively 
[ 112 ]. Cranial nerve may be involved, including vision loss. 
A bloody nasal discharge may be the fi rst sign that infection 
has invaded through the turbinates into the brain. When there 
is extensive CNS involvement, the angioinvasive nature of 
the fungus may result in cavernous sinus thrombosis and 
internal carotid artery encasement and thrombosis with 
extensive resulting cerebral infarctions [ 113 ]. Diplopia and 
ophthalmoplegia may be the earliest manifestations of cav-
ernous sinus syndrome [ 111 ].  

18.2.6.5     Treatment and Outcome 

 Patients with CNS mucormycosis had a very grave progno-
sis, with mortality above 90 %, even when combined ampho-
tericin and surgery approach was applied in one study [ 47 ]. 
In another study, mortality however was 30.8 % in kidney 
SOT [ 110 ]. Doses of 10 mg/kg/day of liposomal amphoteri-
cin are suggested for infections involving the CNS [ 114 ]. 
For salvage treatment who need prolonged continuation 
or maintenance therapy posaconazole 4 × 200 mg/day is 
 recommended [ 114 ,  115 ]. 

 One study described 24 patients refractory or intolerant to 
previous therapy, the majority post-HSCT or SOT, 58 % with 
CNS involvement as a part of rhinocerebral or disseminated 
disease. Under treatment with posaconazole, 79 % achieved 
complete or partial response. Surgery, in addition to posacon-
azole, improved the prognosis 5.7 times [ 48 ]. Success was 
achieved in 73 % of patients with CNS mucormycosis in a 
retrospective summary of 91 patients (40 % transplant recipi-
ents) refractory or intolerant to prior antifungal treatment 
who participated in the compassionate-use posaconazole 
program [ 116 ]. Surgical debridement is recommended, it 
was associated with improved outcome in patients with 
rhino-orbito-cerebral mucormycosis [ 112 ,  114 ]. The use of a 
combination of a polyene and an echinocandin may be an 
option in salvage therapy after failure of appropriate fi rst- 
line therapy [ 114 ]. Salvage therapy with isavuconazole was 
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reported [ 117 ]. Therapeutic drug monitoring is recom-
mended where possible [ 114 ]. Using granulocyte colony- 
stimulating factor in patients with ongoing neutropenia is 
recommended [ 114 ,  115 ]. The duration of antifungal treat-
ment should be determined on an individual basis, but ther-
apy usually continues for at least 6–8 weeks [ 114 ]. Routine 
use of adjunctive iron chelator and hyperbaric oxygen ther-
apy is not recommended [ 114 ].     

18.2.7      Candida  

    Although   Candida    was reported in the past as causing CNS 
abscesses or meningoencephalitis [ 6 ,  10 ,  17 ,  34 ,  36 ], it is 
currently not considered as a signifi cant pathogen for CNS 
disease [ 24 ,  28 ,  37 ].  

18.2.8      Nocardia  

18.2.8.1     Pathogen 

   The  genus     Nocardia    consists of Gram-positive, variably acid 
fast, fi lamentous, branched cells [ 118 ].  N. asteroides  is the 
most common species identifi ed in nocardial brain abscesses 
[ 119 ]. Nocardial lesions frequently erode into blood vessels, 
causing dissemination.  

18.2.8.2     Incidence 

 The incidence of invasive nocardiosis was 0.3–1.7 % in allo-
geneic and 0.2 % in autologous HSCT recipients [ 120 ,  121 ]. 
Organ transplantation is one of the predisposing conditions 
for nocardial infection, being reported as a risk factor in 22 % 
of patients with nocardiosis [ 118 ]. The incidence was 0.04–
0.7 % of renal [ 122 ], 0.65–2.5 % heart [ 34 ], and 0.6–3.5 % of 
lung transplant recipients [ 123 ,  124 ]. Decrease in the inci-
dence of nocardiosis has been observed [ 124 ,  125 ]. 

 In a summary of 1050 patients, immunocompetent and 
immunocompromised, with systemic nocardiosis, CNS 
involvement was reported in 44 % [ 118 ]. CNS disease is the 
most common extrapulmonary site of disease, it occurred in 
3/35 (9 %) SOT recipients and in 3/10 (30 %) of hematologi-
cal patients with nocardiosis [ 123 ,  126 ]. Summary of 66 
cases with nocardiosis in kidney transplant patients reported 
in the literature during 30 years revealed cerebral involve-
ment in 27 cases (41 %), and in 75 % of disseminated infec-
tion [ 125 ].  

18.2.8.3     Time After Transplantation 

 In the study on SOT patients, in 63 % nocardiosis occurred 
within 1 year after transplantation, and in 14 % >5 years after 
transplantation [ 123 ]. Infection in the fi rst month after trans-
plantation is rare, median time varied 1.25–48 months after 

SOT (34 months for kidney transplant patients [ 125 ]) and 
6–10 months after HSCT [ 124 ].  

18.2.8.4     Risk Factors 

 In HSCT, almost all infections occurred in allogeneic HSCT 
vs. autologous and GVHD was present in almost all patients 
[ 120 ,  121 ]. Eighty percent of hematological patients with 
nocardiosis were lymphopenic, and the same proportion 
were treated with steroids [ 126 ]. Four of six patients in one 
study had extensive exposure to soil or dust before nocardio-
sis developed [ 121 ]. Receipt of high-dose prednisone in pre-
ceding 6 months, ( p  = 0.003), elevated median calcineurin 
inhibitor level in preceding 30 days ( p  = 0.012) and CMV 
disease ( p  = 0.047) were identifi ed as risk factors in SOT 
recipients [ 123 ].  

18.2.8.5     Clinical Manifestations 

 The clinical presentation of CNS infection by  Nocardia  
spp. may be acute with rapid progression, but can be also 
insidious in onset [ 118 ]. Some patients present with focal 
defi cits, headache or confusion, seizures, and psychological 
abnormalities [ 119 ,  125 ]; others have no fever or neurologi-
cal signs at all [ 118 ]. Therefore, CNS imaging is advised in 
transplanted patient with the evidence of  Nocardia  infec-
tion [ 127 ].  

18.2.8.6     Imaging 

 The most common clinical CNS manifestation is single or 
multiple (38 %) abscesses affecting any part of the brain. 
Radiological evidence of meningitis may be present [ 118 , 
 119 ,  127 ].  

18.2.8.7     Treatment and Outcome 

 Overall, 64 % of immunocompromised patients, 40 % of 
whom were transplanted patients, died of nocardial brain 
abscess. The mortality rates for single and multiple abscesses 
were 33 and 66 %, respectively ( p  < 0.0003) [ 119 ]. 
Prophylaxis with TMP-SMZ, administered to prevent 
 Pneumocystis jirovecii  pneumonia, does not prevent nocar-
dial infections [ 120 ,  121 ,  123 ]. Therapy of choice for nocar-
dial brain abscess is TMP-SMX. Other treatment options 
include minocycline, imipenem, or a third-generation cepha-
losporin, like ceftriaxone [ 119 ,  123 ]. 

 Three-drug regimen comprising trimethoprim- 
sulfamethoxazole, amikacin, and either ceftriaxone or imipe-
nem can be initiated until susceptibility results available 
[ 124 ,  128 ]. Linezolid may be used due to high CNS penetra-
tion, evidence of high success rate (80 %), no resistance 
reported and oral availability [ 124 ,  129 ] 
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 Regardless of the antibiotic regimen selected, it should be 
administered intravenously for at least 6 weeks, depending 
on clinical response, followed by oral antibiotics for at least 
1 year [ 119 ]. 

 Analysis based on 131 cases of nocardial brain abscess 
(13 % of them in transplant recipients) suggested that all 
abscesses larger than 2.5 cm should be aspirated, regardless 
of the immune status of the patient [ 119 ]. Contrast-enhanced 
CT scans or MRI should be obtained every 2 weeks or after 
any clinical deterioration. If any abscess enlarges after 2 
weeks of antibiotic therapy or fails to shrink after 4 weeks of 
therapy, a craniotomy should be performed to excise the 
abscess. If the abscess is surgically inaccessible, aspiration/
drainage may be repeated, although the likelihood of success 
is reduced [ 119 ]. Small abscesses may resolve with long- 
term medical treatment.     

18.2.9      Toxoplasma  

18.2.9.1     Pathogen 

     Toxoplasma gondii       is an intracellular protozoan parasite 
[ 130 ].  Toxoplasma  encephalitis occurs mainly from reactiva-
tion of latent microorganisms in seropositive recipients, but 
may be due to new infection.  

18.2.9.2     Incidence 

 The incidences of toxoplasmosis after transplantations are 
detailed in Chaps.   43     and   44    .  

18.2.9.3     Time After Transplantation 

 Cerebral toxoplasmosis occurred from day 4 to day 689 after 
HSCT (median 64–84 days [ 6 ,  130 – 133 ]). The disease usu-
ally begins early after HSCT, 30 % within the fi rst 30 days, 
67–100 % developing in the fi rst 100 days [ 6 ,  130 ,  132 ,  134 , 
 135 ] and 95 % within 6 months after the HSCT [ 130 ,  136 ]. 
Toxoplasmosis was diagnosed within the fi rst 6 months after 
transplantation in 64 % of SOT patients [ 137 ]. Among 64 
noncardiac SOT recipients who developed toxoplasmosis, 
65 % developed symptoms within the fi rst month and 86 % 
within 3 months after the transplantation [ 138 ]. In high-risk 
patients (donor positive/recipient negative), toxoplasmosis 
developed earlier than in the others [ 138 ].  

18.2.9.4     Clinical Manifestations 

 Neurological involvement is frequent in toxoplasmosis in 
HSCT recipients, with 66–80 % of patients presenting with 
neurological symptoms [ 134 ]. In HSCT who developed 
toxoplasmosis, brain or brain stem was involved in 74–89 % 
of patients, and in 94 % of autopsies [ 130 ,  131 ]. Isolated 

CNS involvement occurred in 44–50 % of patients; in another 
25–56 % CNS was involved as a part of disseminated disease 
[ 131 ,  139 ]. Review of 53  Toxoplasma  cases in noncardiac 
SOT recipients revealed a different picture: neurologic mani-
festations at onset were only in 26 % of patients; only 5.5 % 
had isolated CNS disease [ 138 ]. 

 Among 22 SOT recipients, 22.7 % presented with brain 
abscess and 4.5 % with meningitis [ 137 ]. Presenting symp-
toms include seizures 45 %; neuropsychological signs, 
including somnolence and obtundation 35–50 %; focal signs, 
as hemiparesis, hemianopia, ataxia, dysarthria, 25 %; head-
aches 25 %; coma 20 % [ 6 ,  130 ]. High grade fever (>39 °C) 
is frequent (80–91 %) [ 130 ,  132 ], although in another series 
it was reported in 43 % of HSCT recipients [ 131 ]. Relapse 
was reported in 30 % of HSCT patients, 33–318 days after 
the fi rst episode [ 135 ]. Concommitant severe infections were 
diagnosed in 27–40 % [ 130 ,  131 ,  137 ].  

18.2.9.5     Diagnostic Criteria 

 Defi nite  Toxoplasma  disease is determined by histological or 
cytological demonstration of tachyzoites or isolation of the 
parasite by culture in brain tissue samples obtained by biopsy 
or at autopsy. 

 Probable  Toxoplasma  disease is determined by clinical 
and radiologic evidence suggestive of CNS involvement 
plus at least one positive PCR test from blood, CSF, 
or BAL. 

 Possible  Toxoplasma  disease is determined by CT or MRI 
highly suggestive of CNS toxoplasmosis (as considered by 
each hospital’s neuroradiologists) and response to anti- 
 Toxoplasma  therapy and absence of another pathogen that 
may explain the fi ndings [ 130 ].  

18.2.9.6     Laboratory 

 Blood PCR can be used for the diagnosis of patients with 
CNS toxoplasmosis, although the rate of positive blood PCR 
was much lower in cerebral disease (13 %) vs. disseminated 
(78 %) disease in SOT and HSCT and other 
 immunocompromised patients [ 140 ]. Routine PCR testing of 
peripheral blood specimens may be an appropriate tool for 
guiding preemptive therapy in patients at very high risk of 
developing invasive disease. The incidence of disease was 
38 % in patients with positive  Toxoplasma  PCR in blood 
drawn prospectively during follow-up after 110 HSCT recip-
ients, whereas it was 0 % in patients with negative PCR 
( p  < 0.0001). Copy number of  Toxoplasma  ribosomal DNA 
in blood samples was higher in patients with invasive disease 
than in patients with  Toxoplasma  infection [ 135 ]. 

 CSF PCR is positive in some patients [ 133 ,  141 ,  142 ]. 
The value of CSF PCR was checked in HIV-infected 
patients and showed the sensitivity, specifi city, and positive 
and negative predictive values for detecting  T. gondii  
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62.5 %, 100 %, 100 %, and 85.7 %, respectively [ 143 ]. The 
negative predictive value of PCR results from blood might 
also be dependent on the timing and the repetition of blood 
sampling [ 144 ]. 

 CSF protein level may be slightly elevated, otherwise CSF 
was normal [ 133 ]. 

 A seroconversion occurring early after transplant, with 
demonstration of IgM and IgG antibodies, and eventually 
IgA and IgE, is a strong indication of an acquired (and prob-
ably transmitted) infection with subsequent risk of disease. 
In some patients, positive IGM was early indicator of acute 
infection [ 145 ]. The majority of SOT patients with toxo-
plasmosis were diagnosed due to seroconversion [ 137 ]. 
However, the serological diagnosis of toxoplasmosis has 
important limitations in transplant patients, as the underly-
ing immunosuppression alters antibody production and its 
kinetics [ 144 ]. 

 In cases of profound immunosuppression, the antibody 
response might be lacking or atypical [ 139 ]. A reactivation 
should be suspected upon observation of a rise in specifi c 
antibody titers, usually IgG antibodies without IgM or IgA 
antibodies [ 144 ].  

18.2.9.7     Imaging 

 Multiple lesions in the basal ganglia and subcortically in 
supra- and infratentorial location are the most frequent imag-
ing fi nding in HSCT patients [ 6 ,  133 ,  136 ]. Hemorrhage is 
more frequent fi nding in HSCT patients vs. others due to low 
platelet count [ 6 ,  136 ]. 

 There are two patterns of MRI imaging in HSCT patients 
with CNS toxoplasmosis. Disease which manifests early (in 
the fi rst 3 months) posttransplant is characterized by mini-
mal space-occupying effects and enhancement. Oppositely, 
late disease shows typical MRI appearance of  Toxoplasma  
encephalitis with multiple lesions and ring enhancement 
with perifocal edema, refl ecting higher ability to cause 
infl ammation.  

18.2.9.8     Treatment and Outcome 

 High suspicion for toxoplasmosis is needed for every patient 
with unexplained neurological fi ndings [ 134 ]. Presence of 
concomitant infection with overlapping clinical presentation 
and false negative laboratory tests makes diagnosis chal-
lenging in some cases [ 146 ]. The recommended treatment 
is pyrimethamine, sulfadiazine plus folinic acid [ 138 ], 
 followed by suppressive doses of TMP-SMZ or an alternate 
regimen, as written below, for the duration of their immuno-
suppression [ 147 ]. 

 The overall mortality from  Toxoplasma  encephalitis was 
55–90 % in HSCT [ 6 ,  134 ], and 35 % in SOT patients [ 138 ]. 
Good prognostic factors include: cerebral disease vs. dis-
seminated (42 % vs. 80 % mortality) because CNS toxoplas-
mosis is usually diagnosed earlier (80 % during life vs. 20 % 

in disseminated infection) and treated appropriately [ 131 ]; 
early diagnosis and treatment with anti- Toxoplasma  antibiot-
ics, especially with reduction of immunosuppression 
improved survival [ 130 ,  138 ]; toxoplasmosis that was dis-
covered late (36 % mortality) after transplantation, vs. early 
(70 % mortality) [ 6 ,  130 ].     

18.2.10     Posttransplantation 
Lymphoproliferative 
Disorder (PTLD) 

  PTLD is a  serious   complication of transplantation. 12–22 % 
of PTLD involve CNS [ 148 – 150 ]. 

18.2.10.1     Incidence of CNS PTLD 

  Retrospective   analysis of the complete autopsy records and 
clinical histories of 500 adults who underwent SOT showed 
PTLD involving the brain in 2 % of the liver, 3 % of the heart, 
and 7 % of the heart–lung recipients [ 35 ]. Among 910 PTLD 
cases from the USA reported to the Israel Penn International 
Transplant Tumor Registry, CNS was involved in 136 (15 %) 
cases, 15 occurred in pediatric patients. Isolated CNS 
involvement occurred in almost half of patients in several 
series. By organ transplanted, the highest incidence of CNS 
involvement occurred in pancreas transplant recipients 
(27 %), followed by those with kidney (18 %), heart (13 %), 
liver (11 %), and lung transplants (13 %) [ 148 ,  150 ]. Others 
reported on increased frequency of CNS PTLD in kidney 
transplant patients 55–78 % of all PTLD cases [ 151 ,  152 ]. 

 The 3-year cumulative incidence of EBV-associated CNS 
disease was 8.6 +/− 2.4 % in allogeneic [ 153 ] and 4.3 % in 
cord blood HSCT patients [ 154 ].  

18.2.10.2     Time After Transplantation 

   PTLD occurs  late   after SOT (see Chap.   26    ). The median time 
to onset was 19–33 months (range, 3–131 months) in a sum-
mary on 45 patients, predominantly adult kidney transplants 
recipients with isolated CNS PTLD [ 148 ,  149 ,  155 ,  156 ]. 
Among 84 CNS PTLD patients in a multicenter, interna-
tional analysis, median time of SOT-to-PTLD was 54 
months, 83 % of PTLDs were late onset (>1 year post-SOT); 
among them 36 % occurred >10 years after SOT [ 151 ]. 

 PTLD may appear earlier in HSCT patients. The median 
time to PTLD was 73 (36–812) days after cord blood [ 154 ] 
and to CNS manifestation onset ~48 (22–184) days post- 
allogeneic transplantation [  153 ,  157 ].   

18.2.10.3     Risk Factors 

 Several  risk   factors for developing PTLD have been identi-
fi ed (see Chap.   26     Epstein–Barr Virus Infection and 
Lymphoproliferative Disorders after Transplantation).  
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18.2.10.4     Clinical Manifestations 

 The  main   symptom, encountered in 75–84 % was focal defi -
cits, such as hemiparesis or aphasia. This was the isolated 
manifestation in about a third of patients, or associated with 
seizures in another third or symptoms of increased intracra-
nial pressure in 13–36 %. Mental changes occurred in 8–50 % 
[ 149 ,  155 ]. Fever was frequent [ 153 ]. The mean duration of 
symptoms before diagnosis was 36 days (range 5–98 days) 
[ 149 ,  155 ]. Nonspecifi c symptoms of headache and altered 
mental status may be the only complaint [ 158 ].  

18.2.10.5     Diagnostic Criteria 

 Defi nitive diagnosis of PTLD is based on symptoms, signs, 
   and imaging consistent with PTLD together with at least two 
and ideally three of the following histological features: (1) dis-
ruption of underlying cellular architecture by a lymphoprolif-
erative process; (2) presence of monoclonal or oligoclonal cell 
populations as revealed by cellular and/or viral markers; (3) 
evidence of EBV infection in many of the cells, that is, DNA, 
RNA, or protein. Defi nitive diagnosis of EBV- PTLD requires 
biopsy and histological examination (including immunohisto-
chemistry or fl ow cytometry for CD19+ and CD20+). 
Detection of EBV nucleic acid in blood is not suffi cient for the 
diagnosis of EBV-related PTLD [ 149 ,  155 ,  159 ,  160 ]. 

 Positive CSF EBV PCR should be interpreted with cau-
tion, and other treatable etiologies have to be excluded. In 
one study, in 15/32 (47 %) of the patients with positive EBV 
DNA in CSF (18 were transplant patients) the clinician had a 
strong suspicion of cause other than EBV for the patients’ 
CNS symptoms/fi ndings, in some of them alternative diag-
nosis was confi rmed [ 161 ].  

18.2.10.6     Laboratory 

 The most common fi nding is an increased protein concentra-
tion while pleocytosis in CSF was found in some patients. 
EBV PCR in CSF may be negative [ 149 ,  155 ]. The labora-
tory fi ndings used to identify EBV infection in immunocom-
petent persons (atypical lymphocytosis, VCA-IgM, and 
heterophile antibodies) may or may not be present in immu-
nosuppressed patients. The absence or loss of anti-EBNA 
may precede PTLD, and the lack of seroconversion follow-
ing primary EBV infection may be a risk factor for mortality 
from PTLD [ 159 ] 

 Regular monitoring of EBV DNA blood levels in alloge-
neic HSCT patients revealed that DNA loads of blood 
increased 3–14 days before the clinical manifestations of 
EBV-associated PTLD. The EBV DNA loads of CSF were 
higher than that of blood in patients with EBV-associated 
CNS PTLD. Dynamics of CSF EBV DNA levels correlated 
with the disease course—they declined with the control of 
diseases, and increased in patients who did not respond to 
treatment [ 153 ]. Isolated CNS PTLD, with negative blood 
EBV DNA can occur [ 162 ].  

18.2.10.7     Imaging 

 Radiological fi ndings  show   multifocal bilateral lesions in 
37–83 %, 77–100 % with ring enhancement. CNS parenchy-
mal lesions are distributed in highest frequency in the cere-
bral hemispheres (81 %), brain stem (9–15 %), and 
cerebellum (4–9 %). In the cerebral hemispheres, lesions are 
most common in the cortex and white matter (33 % each), 
basal ganglia (13–40 %), and corpus callosum (2 %). The 
majority of lesions were periventricular (72 %) with predis-
position to ependymal location [ 149 ,  151 ,  155 ,  156 ]. Isolated 
leptomeningeal and ependymal enhancement occurred in 
10 % patients [ 152 ]. MRI can be normal at early stages of the 
disease [ 153 ].  

18.2.10.8     Treatment and Outcome 

 The prognosis is poor.  In   one summary, survival at 3 years in 
adults and children was 9 % and 13 %, respectively, vs. 49 % 
and 56 % in those without CNS involvement ( p  < 0.01). In 
children, better survival was noted for isolated CNS disease 
compared with multiple-site involvement (29 % vs. 0 %); 
however, in adults, the difference was less pronounced (12 % 
vs. 6 %) [ 148 ]. Mortality was 58 % in allo-HSCT patients 
with CNS PTLD, 40 % died because of CNS PTLD [ 153 ]. 
Overall survival in another study in kidney transplant recipi-
ents was 40 %, all the patients had isolated CNS involve-
ment. Surviving patients received multimodal therapy, 
including immunosuppression reduction, chemotherapy 
(systemic and intrathecal methotrexate, steroids, and other 
agents), radiation, anti-B cell antibodies and cytotoxic lym-
phocyte (CTL) infusion [ 155 ]. In another series of 198 SOT 
patients, 39 patients (20 %) had complete remission, although 
17 died later of other causes, and 12 (6 %) were alive and still 
undergoing therapy [ 150 ]. Most of those who had remission 
got radiation therapy, which appeared to be associated with 
better outcome and longer survival in several other studies 
[ 148 ,  155 ]. 41 % of SOT patients were alive at the last fol-
low- up of median 23 months in another study, age was the 
only predictor of survival [ 152 ]. 

 The overall response rate among 84 SOT patients with 
CNS PTLD was 50/84 (60 %). Complete response was 
observed in 32/84 (38 %) and partial response in 18/84 
(21 %), while 27/84 patients (32 %) had progressive disease 
with fi rst-line therapy. The most important prognostic factor 
was response to initial therapy [ 151 ]. 

 Reduction of immunosuppression, anti-CD20 antibodies 
(rituximab), donor lymphocyte infusion or adoptive immuno-
therapy with EBV-CTL are recommended as fi rst-line therapy 
for PTLD. Chemotherapy is recommended as a second- line 
therapy and antiviral agents and IGIV are not recommended 
[ 160 ]. Radiation therapy is an important modality in CNS dis-
ease. In one report, outcome was signifi cantly better in 
patients who received radiotherapy as compared to those who 
had not: 1 and 5 years survival rates were 71 % and 37 %, 
compared to 41 % and 28 %, respectively, for the control 
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group ( p  < 0.05) [ 163 ]. Rituximab is usually recommended as 
a fi rst-line therapy in PTLD, but it may be insuffi cient in CNS 
PTLD because its low penetration to CSF. After intravenous 
administration in patients with CNS lymphoma, rituximab is 
reproducibly detected in the CSF at concentrations that are at 
most 0.1 % that of matched serum. It is probable that the 
blood–brain barrier limits the potential effi cacy of intravenous 
rituximab in the prophylaxis or treatment of CNS lymphoma 
or lymphomatous meningitis [ 164 ]. There is some favorable 
experience with intrathecal (IT) rituximub treatment in resistant 
cases [ 165 – 167 ]. Seven of eight HSCT patients recovered 
from CNS PTLD after IT rituximab therapy, fi ve of them 
achieved complete remission [ 157 ]. Most clinical signs and 
symptoms resolved within 7–10 days after the fi rst IT ritux-
imab administration [ 157 ].    

18.2.11     Other Causes of Brain Abscess 

 Pyogenic  bacteria  , such as  Streptococcus epidermidis , 
 Staphylococcus aureus ,  Klebsiella pneumonia,  and  Listeria  
were involved in fewer than 10 % of brain abscesses in some 
series in HSCT and SOT [ 17 ,  18 ,  28 ,  33 ,  36 ]. 

  Tuberculosis   is a rare cause of CNS lesions in transplant 
patients. It was reported in few case reports. It should be con-
sidered as a part of differential diagnosis in the endemic 
areas [ 168 ,  169 ]. 

  Neurocysticercosis   is a condition that must be included in 
the differential diagnosis of patients with CNS involvement 
and cystic lesions on neuroimaging investigations in trans-
plant recipients, especially patients originating from or trav-
eling to endemic areas [ 170 ].   

18.3     Meningoencephalitis 

  Meningoencephalitis      in transplant patients may be caused by 
fungi, bacteria, viruses, and parasites (Table  18-1 ). 

18.3.1         Cryptococcus neoformans  

18.3.1.1     Pathogen 

   Cryptococcus neoformans    is a ubiquitous saprophytic fun-
gus with worldwide distribution. The fungus is found in 
nature primarily in association with bird droppings [ 171 ].  

18.3.1.2     Incidence 

 Cryptococcal disease, frequently involving the CNS, has an 
incidence of 2.8 % in SOT population [ 38 ].  Cryptococcus 
neoformans  was the cause of all fi ve CNS fungal infections 
that occurred in 51 simultaneous pancreas-kidney transplan-

tations [ 40 ]. CNS was involved in 48–72 % of  C. neoformans  
infection in SOT recipients; 55 % had  C. neoformans  infec-
tion at the CNS site only [ 38 ,  172 ]. The majority of crypto-
coccal infections (52–64 %) occurred in kidney transplant 
patients, followed by liver (23.1 %), lung (11.5 %), and heart 
(7.7 % of cases) recipients [ 172 ,  173 ] in two series in SOT 
patients. In another report, the incidence of cryptococcal 
meningitis was higher in heart (2.1–3.5 %) and small bowel 
(1.7 %) compared to lung, liver, and kidney (0.2–1.1 %) 
transplant recipients [ 41 ,  171 ]. It is rarely reported after 
HSCT [ 174 ].  

18.3.1.3     Time After Transplantation 

 Cryptococcal CNS infections in SOT recipients occurred in 
40 % in the fi rst-year posttransplant. The time to onset var-
ied signifi cantly for different types of organ transplant recip-
ients. The median time to onset after transplantation was 35 
months for kidney, 25 months for heart, 8.8 months for liver, 
and 3 months for lung transplant recipients ( p  = 0.001). 
Overall, cryptococcosis developed in 100 % of the lung, 
75 % of the liver, 33 % of the heart, and 30 % of the kidney 
transplant recipients within 12 months of transplantation 
( p  = 0.002) [ 38 ]. The median time from transplantation to 
disease was 17.8 months (range 1 month to 15 years) in SOT 
patients with  Cryptococcus gattii   infection [ 173 ].  

18.3.1.4     Risk Factors 

 Patients receiving tacrolimus were signifi cantly less likely to 
have CNS involvement than patients receiving non- 
tacrolimus- based immunosuppression (78 % vs. 11 %, 
 p  = 0.013). Furthermore, both tacrolimus and cyclosporine 
were less likely to be associated with CNS involvement and 
more likely to be associated with cutaneous infection than 
azathioprine [ 38 ].  

18.3.1.5     Clinical Manifestations 

 Presenting features of transplanted patients with CNS 
cryptococcosis include headache in 46–62 %; confusion or 
lethargy in 48–64 %; nausea and vomiting in 50 %, fever/
chills in 46 %, malaise in 32 %, meningismus in 14 %, 
visual loss in 7 %, seizures in 4 %, and coma in 1 % [ 28 , 
 38 ,  40 ,  41 ]. Subacute meningitis is the usual presentation 
of cryptococcal infection which appears in 98 % of cases; 
others have space-occupying lesions [ 38 ,  41 ]. The mean 
length of symptoms before the diagnosis of meningitis 
was 17 ± 25d (range 2–30) [ 171 ]. The CSF may evidence 
minimal infl ammation and a low cryptococcal antigen 
titer, leading to an underestimation of the severity of the 
infection [ 173 ].  
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18.3.1.6     Diagnostic Criteria 

 Detection of cryptococcal polysaccharide capsular antigen in 
blood or CSF is the best diagnostic tool. Positive cryptococ-
cal antigen is found in 98–100 % in CSF, and in 86–97.5 % in 
serum. CSF culture is positive in 77–93 % and blood culture 
in 3.6–39 %. Positive India ink CSF smear was found in 
50–80 % of patients [ 38 ,  41 ,  175 ]. In another report, serum or 
cerebrospinal fl uid cryptococcal antigen assay was positive 
in 57.4 % of SOT recipients [ 172 ]. Patients with CNS disease 
had higher serum antigen titers and were more likely to be 
fungemic (35.6 % vs. 4.8 %,  p  = 0.0002) than those without 
CNS disease [ 171 ,  175 ].  

18.3.1.7     Imaging 

 CT scan and MRI may be normal or with nonspecifi c fi nd-
ings, including meningeal enhancement [ 41 ,  171 ]. In one 
study, leptomeningeal lesions was described in 8/55, paren-
chymal lesions in 6/55 and hydrocephalus 2/55 [ 175 ]. In 
another study, hydrocephalus was the most common fi nding, 
found in 7/12 (58 %) patients [ 176 ]. Space-occupying lesions 
(contrast enhancing mass lesions) due to  C. neoformans  were 
present in 3/125 SOT patients [ 38 ]. Immune reconstitution 
syndrome may contribute to the CNS fi ndings that develop 
after initiation of the antifungal therapy [ 175 ]. Neuroimaging 
in SOT patients with  Cryptococcus gattii  infection, demon-
strated leptomeningeal enhancement more frequent (70 % vs. 
7 %) and brain mass was less frequent (0 % vs. 64 %, both 
 p  < 0.05) as compared to normal hosts [ 173 ].  

18.3.1.8     Treatment and Outcome 

 The following two options are strongly recommended cur-
rently for the treatment of cryptococcal meningitis [ 177 –
 179 ]: (1) Amphotericin B, 0.7–1 mg/kg/day, plus 5FC, 
100 mg/kg/day, for 2 w, then fl uconazole, 400 mg/day for 
minimum 10 weeks; (2) Amphotericin B, 0.7–1 mg/kg/day 
plus 5FC, 100 mg/kg/day for 6–10 weeks. 

 Each of these regimens should be followed by 6–12 
months of suppressive therapy with a lower dose of fl ucon-
azole (200 mg/day). For those patients receiving long-term 
prednisone therapy, reduction of the prednisone dosage to 
10 mg/day (or its equivalent), if possible, may result in 
improved outcome to antifungal therapy [ 177 ]. 

 Close monitoring for evidence of elevated intracranial 
pressure is crucial. For patients with elevated baseline open-
ing pressure, lumbar drainage should remove enough CSF to 
reduce the opening pressure by 50 %, and daily lumbar punc-
tures to maintain CSF opening pressure in the normal range is 
required. Among patients with normal baseline opening pres-
sure (up to 200 mm H2O), a repeat lumbar puncture should 
be performed 2 weeks after initiation of therapy to exclude 
elevated pressure and to evaluate culture status [ 171 ,  177 ]. 

 The use of intrathecal or intraventricular amphotericin B, 
via a reservoir, may be considered in refractory cases where 
systemic administration of antifungal therapy fails, i.e., per-
sistence of clinical manifestations of meningitis and elevated 
cryptococcal antigen titers in CSF [ 41 ,  171 ]. In one study, it 
was done in 3/28 (11 %) of SOT patients [ 41 ]. 

 The mortality is 25–72 % and death occurs at a median of 
19 days (range, 5–53 days) after diagnosis [ 38 ,  41 ,  173 ,  175 ]. 
Factors associated with poor outcome are abnormal mental 
status, absence of headache, parenchymal lesion vs. lepto-
meningeal [ 175 ], renal failure on admission (in the series 
describing predominantly kidney transplant recipients), and 
liver allograft failure in liver transplant recipients. The out-
come is not correlated with the presence of fever, CSF pleo-
cytosis, positive blood cultures, CSF cryptococcal antigen 
titer, and different immune suppressive protocols [ 38 ,  41 , 
 171 ]. SOT patients receiving a calcineurin-inhibitor agent 
have better outcome ( p  = 0.008), probably due to antifungal 
activity of this agent seen in vitro [ 180 ]. Mortality did not 
differ in those who received amphotericin B alone (59 %) 
and who received amphotericin B plus 5FC (44 %) [ 38 ,  175 ].      

18.3.2     Viral Encephalitis 

   Viruses that can cause posttransplant  encephalitis      include 
human herpesvirus 6 (HHV-6), JC virus (JCV), herpes sim-
plex, and others. In one recent study, 32/2628 (1.2 %) allo- 
HSCT patients developed viral encephalitis. Development of 
viral encephalitis was associated with the use of OKT-3 or 
alemtuzumab for T-cell depletion ( p  < 0.001). Detected 
viruses included HHV-6 (28 %), EBV (19 %), herpes simplex 
virus (HSV) (13 %), JCV (9 %), varicella zoster virus (VZV) 
(6 %), CMV (6 %), and adenovirus (3 %), more than one 
virus was identifi ed in 16 % of the patients. 

 The median onset time was 106 days after HSCT, but 
onset times were shortest in those with HHV-6 encephalitis 
and longest in those with JCV-associated progressive multi-
focal leukoencephalopathy (PML). Alteration of conscious-
ness was the most frequent symptom (81 %), followed by 
fever (59 %), seizures (34 %), psychiatric disorders such as 
confusion, psychosis or personality changes (28 %), paresis 
(25 %), and hypo- or dysesthesia (19 %). Neuroimaging 
detected abnormalities attributed to viral encephalitis in 
53 % of these patients (in 36 % diffuse, in 13 % focal, 4 % 
both), in 37 % it was normal [ 181 ]. The probability of a sus-
tained response to treatment was 63 % with a median sur-
vival of 94 days after onset, but signifi cant variation was 
found between different causative viruses [ 181 ]. Mortality 
was signifi cantly higher in HSCT patients who developed 
encephalitis as compared to those without encephalitis (66 % 
vs. 42 %,  p  = 0.011). 

 The mortality rates attributed to viral encephalitis were as 
follows: 33 % for HHV-6, 33 % for EBV, 80 % for more than 
one detected virus, 0 % for HSV, and 67 % for JCV.    
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18.3.3      Human Herpesvirus 6 (HHV-6) 

18.3.3.1     Pathogen 

 HHV- 6    is   an enveloped DNA virus; see Chaps.   28     and   29    .  

18.3.3.2     Incidence 

 In prospective studies, HHV-6 DNA PCR in blood was 
detected in 47–78 % of HSCT recipients, and 3–6.9 % devel-
oped CNS symptoms contributable to HHV-6 [ 182 – 188 ]. In 
another study, HHV-6 DNA was detected in CSF samples 
from 5/11 (45 %) HSCT patients with CNS symptoms of 
undefi ned origin. On the other hand, it was found in only one 
of 107 (0.9 %) immunocompromised patients without CNS 
symptoms and in none of the 11 HSCT patients for whom 
other causes for the CNS diseases were documented 
( p  = 0.001) [ 189 ]. 

 Acute limbic encephalitis, which is may be associated 
with HHV-6, developed in 9/584 (1.5 %) HSCT patients, in 
six of them HHV-6 infection was diagnosed [ 190 ]. 

 In SOT recipients, 38–55 % of renal, 22–54 % of liver, 36 % 
of heart, and up to 57 % of heart–lung transplant recipients 
have been shown to develop active HHV-6 infection [ 191 , 
 192 ]. CNS complications of any etiology occurred in 29 % (9 
of 31) of the patients with HHV-6 and 12 % (6 of 49) of the 
patients without HHV-6 infection ( p  = 0.06). However, mental 
status changes of unknown etiology were signifi cantly more 
likely to occur in patients with HHV-6 infection (29 %, 9 of 
31), compared with those without HHV-6 (6 %, 3 of 49, 
 p  = 0.008) [ 191 ]. There are additional sporadic reports on CNS 
dysfunction related to HHV-6 in other SOT recipients [ 193 ].  

18.3.3.3     Time After the Transplantation 

 HHV-6 reactivation usually occur 2–9 weeks after HSCT, 
which corresponded to the time period when most cases of 
encephalitis occur [ 181 ,  183 ,  189 ,  194 ,  195 ]. Overall, 33 % 
of the cases occurred within 3 weeks, 50 % within 4 weeks, 
and 83 % within 12 weeks of HSCT transplantation [ 194 ]. 
Most HHV-6 infections occur between 2 and 4 weeks after 
SOT [ 192 ]. In liver transplant patients, symptoms of enceph-
alitis occurred within 10 days after transplant in one study, 
and in another—71 % of the HHV-6 infections occurred 
within 4 weeks of transplantation [ 191 ,  196 ].  

18.3.3.4     Risk Factors 

  GVHD   is a risk factor: overall incidence of grade III and 
more GVHD was 80 % and 10.5 %, respectively, in those 
with and without HHV-6 encephalitis ( p  = 0.003) [ 197 ]. 
Treatment with alemtuzumab and anti-CD3 monoclonal 
antibody (BC3) for prophylaxis of acute GVHD was associ-
ated with higher incidence of encephalitis [ 183 ,  197 ]. 

 Acute GVHD grades II to IV and adult-mismatched donor 
were signifi cant risk factors for HHV-6 limbic encephalitis 
in another report [ 198 ]. 

 In addition, acyclovir was associated with a decreased risk 
of encephalitis after adjustment for receipt of BC3 (RR, 0.3; 
95 % CI, 0.1–0.8) [ 183 ]. 

 A meta-analysis of studies published during 10 years 
(2002–2012) demonstrated that prevalences of HHV-6 reac-
tivation and HHV-6 encephalitis were signifi cantly higher in 
patients receiving  umbilical cord blood transplantation 
(UCBT)   as the stem cell source than in patients receiving 
another stem cell source (72.0 % vs. 37.4 %,  p  < 0.0001; 
8.3 % vs. 0.50 %,  p  < 0.0001, respectively). Monitoring for 
HHV-6 reactivation was recommended for HSCT patients 
[ 199 ]. Several later studies reported that prevalence of 
HHV-6 encephalitis and HHV-6 associated limbic encephali-
tis was signifi cantly higher among patients receiving UCBT 
than in patients with other sources (7.9–15.7 % vs. 0.7–2.8 %) 
[ 104 ,  187 ,  198 ,  200 ] and in patients who underwent two or 
more HSCTs (11.9 %), compared to those who received only 
one HSCT (3.6 %,  p  = 0.018) [ 104 ].  

18.3.3.5     Clinical Manifestations 

 Clinical manifestations include confusion, somnolence, 
amnesia, headache, speech abnormalities, seizures, dyses-
thesia, and coma. Focal neurological fi ndings are less com-
mon (17 %). Fever was documented in 25 % (4 of 12) of the 
patients. The electroencephalogram (EEG) showed mild or 
severe diffuse abnormalities in some cases and in the others 
it was nonspecifi c [ 185 ,  189 ,  194 ,  197 ]. 

 HHV-6 infection is associated with acute limbic encepha-
litis. It is a distinct syndrome which clinical features include 
acute onset over 1–3 days with marked anterograde amnesia, 
patchy retrograde amnesia for up to 4 years, seizures, 
SIADH, and mild CSF pleocytosis. Focal abnormalities in 
EEG are seen over the temporal or frontotemporal leads in 
the majority of these patients [ 190 ]. 

 Patients with HHV-6 reactivation after HSCT were more 
likely to develop delirium (adjusted odds ratio = 2.5) and 
demonstrate neurocognitive decline (adjusted odds 
ratio = 2.6) in the fi rst 84 days after HCT [ 201 ].  

18.3.3.6     Diagnostic Criteria 

 Diagnosing HHV-6 in HSCT patients may be challeng-
ing, since neurological complications after transplanta-
tion are frequent on the one hand and asymptomatic 
elevation of CSF HHV-6-PCR may occur [ 182 – 184 ]. 
Establishing a diagnosis of HHV-6 encephalitis there-
fore requires the triad of neurological manifestations, 
evidence of HHV-6 infection in CSF and absence of 
other pathogens or pathology [ 197 ].  

D. Averbuch and D. Engelhard

http://dx.doi.org/10.1007/978-3-319-28797-3_28
http://dx.doi.org/10.1007/978-3-319-28797-3_29


297

18.3.3.7     Laboratory Examination 

 Examination of CSF may be normal [ 185 ], but usually the 
protein is elevated and sometimes CSF lymphocytosis is 
found. CSF PCR was positive in all patients at a median of 
4700 copies/mL (range, 600–225,000 copies/mL) while 
HHV-6 PCR in plasma or PBL may be negative [ 184 ,  189 , 
 194 ,  195 ,  197 ]. 

 Higher thresholds of HHV-6 DNA were statistically sig-
nifi cant predictors of subsequent CNS dysfunction [ 182 ]. The 
quantity of HHV-6 viremia over time was higher in those who 
developed encephalitis than in those who did not. Patients 
with levels of HHV-6 DNA 15,000 copies/mL appeared more 
likely to develop encephalitis than did those with lower lev-
els: 7/29 (24 %) vs. 11/94 (12 %) [ 183 ]. Prospective, multi-
center study of 230 allogeneic HCT recipients who had twice 
weekly plasma HHV-6 DNA load demonstrated that none of 
the 144 patients without high-level HHV-6 reactivation and 7 
of 86 patients (8.1 %) with high- level HHV-6 reactivation 
(plasma HHV-6 DNA ≥10 4  copies/mL) developed HHV-6 
encephalitis ( p  = 0.0009). For identifying HHV-6 encephali-
tis, plasma HHV-6 DNA ≥10 4  copies/mL offered 100 % sen-
sitivity and 64.6 % specifi city, and plasma HHV-6 DNA ≥10 5  
copies/mL offered 57.1 % sensitivity and 90.6 % specifi city 
[ 187 ]. In another study, elevated plasma IL-6 concentrations 
preceding HHV-6 infection in patients who developed CNS 
dysfunction.[ 202 ]  

18.3.3.8     Imaging 

 CNS imaging shows abnormalities only in part of the 
patients. Abnormalities most commonly involving the tem-
poral lobes and especially the medial temporal lobes may be 
seen in MRI. All HSCT patients with limbic encephalitis 
showed focal medial temporal abnormalities in MRI [ 183 , 
 189 ,  190 ,  195 ,  197 ].  

18.3.3.9     Treatment and Outcome 

 Treatment usually included foscarnet or ganciclovir [ 184 , 
 185 ,  197 ]. In severe cases, the recovery is slow. In one HSCT 
study, the confusion improved after median of 11 days, fol-
lowed by a reduction in seizure frequency and severity, and 
recovery of short-term memory loss was much slower, with 
frequent fl uctuations in severity over the ensuing weeks 
[ 197 ]. Although some patients developed CNS symptoms on 
acyclovir prophylaxis [ 189 ], prophylaxis with acyclovir was 
associated with a decreased risk of encephalitis [ 183 ]. 
Breakthrough HHV-6 encephalitis was reported during fos-
carnet prophylaxis in HSCT patients [ 203 ]. 

 Summary of 48 HSCT cases showed full recovery in 43 % 
patients, 25 % had a progressive course and died within 
1–4 weeks of diagnosis and others had improvement, and the 
others remained with neurological sequella or died later due to 
other medical problems [ 195 ]. In another summary of 14 cases 

(13 HSCT, 1 liver transplant), the overall mortality was 58 %; 
in about a half of them the death was considered attributable to 
HHV-6 infection [ 194 ]. HHV-6 encephalitis was indepen-
dently associated with decreased survival in patients with allo 
HSCT [ 200 ]. In another report, death from HHV-6-limbic 
encephalitis occurred in 50 % of affected patients undergoing 
UCBT and no recipients of adult-donor cells [ 198 ].    

18.3.4     JC Virus 

18.3.4.1     Pathogen 

   JCV      is a neurotropic papovavirus virus. Primary infection 
occurs during childhood in 75 % of the population [ 204 –
 206 ]. In immunocompromised patients JCV causes PML, a 
demyelinating infection. 

 BK virus known to cause urinary tract problems in trans-
plant recipients was rarely documented as a cause of enceph-
alitis [ 207 ,  208 ].  

18.3.4.2     Incidence 

 Although JC DNAemia or viruria can occur after transplanta-
tion, reports on JCV encephalitis are not frequent. The overall 
JCV DNAemia rate was 5 % in one study in SOT patients, 
nobody developed PML picture [ 209 ]. The rate of JC viruria in 
kidney transplant patients is 3.8–40 % [ 210 ]. Cumulative inci-
dence of PML, however, was 0.027 % following 32,757 renal 
transplantations or 8.8 cases/100,000 person-years at risk 
[ 211 ]. Sixty-nine cases of PML in SOT and HSCT recipients 
were summarized in 2011, of them 54 from review of literature 
from the period 1958–2010; 36 % of them following HSCT, 
34 % kidney, and 30 % other SOT [ 212 ]; PML was reported in 
a few allo- and autologous HSCT patients [ 206 ,  213 ]. JCV 
reactivation occurred in a quarter of allo HSCT patients in one 
study, 2/20 patients with persistent reactivation developed PML 
[ 214 ]. The incidence of PML in the heart and/or lung posttrans-
plantation population was three cases in 2428 total posttrans-
plantation person- years or an incidence rate of 1.24 per 1000 
posttransplantation person-years [ 212 ]. 

 A few cases were described following liver transplantation 
[ 215 ].  

18.3.4.3     Time After Transplantation 

 The median time of onset of PML following transplantation 
(SOT and HSCT) was 17 months and ranged from 1 week to 
132 months. Overall, 71 % (17/24) of the cases of PML 
occurred within 24 months of transplantation. 

 In another review, the median time to development of fi rst 
symptoms of PML following transplantation was longer in 
SOT vs. HSCT (27 vs. 11 months,  p  = 0.0005, range of <1 to 
>240) [ 212 ]. Renal transplant recipients seemed to develop 
these lesions later after transplantation than did other trans-
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plant recipients, some cases are reported to occur years after 
transplantation [ 204 ]. Median time was 334 (range 107–
1340) days in HSCT patients [ 181 ].  

18.3.4.4     Risk Factors 

 Factors associated with PML development were BK poly-
oma infection, blood transfusions, use of antirejection medi-
cations, and higher panel reactive antibody levels before 
transplant. BK polyoma infection developed in 22.2 % of 
PML patients vs. 1.1 % of other patients ( p  = 0.004), probably 
refl ecting higher level of immune suppression in these patients. 
Treatment with mycophenolate mofetil was suggested to be 
associated with PML [ 211 ]. Treatment with rituximub is 
suspected to be associated with JC viremia and cases of PML 
in SOT and HSCT patients [ 216 ,  217 ].  

18.3.4.5     Clinical Manifestations 

 The clinical presentation of PML in transplant patients is 
subacute in 75 % of the patients and more abrupt in the oth-
ers. The most common presenting symptoms are mono- or 
hemiparesis (50 %); some of them developed tetraparesis 
with bilateral pyramidal signs: cognitive defi cits (47 %), apa-
thy and behavioral changes (46 %), confusion (38 %), and 
pseudo bulbar changes. 

 The symptoms usually worsen gradually over a course of 
days to weeks, and new neurological manifestations may 
appear, usually resulting from a spread of the lesion or from 
new lesions at remote sites. Visual symptoms, including 
homonymous hemianopsia, occurr in 23–29 % of the 
patients. Sensory symptoms, ataxia, discoordination and 
memory impairment are described in 29 % of the patients. 
Other manifestations include speech disturbances (25 %), 
cerebellar symptoms (19 %), dysarthria (19 %), aphasia 
(15 %), frontal release signs (12.5 %), and seizures (10–21 %) 
usually occurring as the disease progressed, and most 
patients have focal motor seizures. Extrapyramidal signs are 
described in four patients (17 %). Alexia, dyscalculia, 
Gerstmann’s syndrome, incontinence, dizziness, apraxia, 
and headache were described occasionally [ 204 ,  212 ].  

18.3.4.6     Laboratory 

 The CSF content is normal in all patients, except for possible 
mild elevation in protein levels [ 204 ]. The sensitivity of PCR 
for detecting JCV DNA in CSF from HIV-infected patients 
with confi rmed cases of PML was 74 %; the specifi city was 
96 %. The positive predictive value was 89.5 %, and the neg-
ative predictive value was 88.5 % [ 218 ].  

18.3.4.7     Imaging 

 MRI is the preferred mode of imaging, showing lesions in all 
patients. CT scans in patients with PML characteristically 

reveal hypodense, non-enhancing lesions of the cerebral 
white matter and mass effect is distinctly unusual [ 204 ]. 
Parietal, occipital, and temporal lobes are the most common 
sites involved. Neuroimaging abnormalities are usually 
located in the subcortical white matter but some extend into 
the deeper white matter or the cortical ribbon. In another 
study, infratentorial lesions were found in two-thirds of 
patients [ 205 ]. MRI fi ndings can be subtle in HSCT patients 
because of heavy immune suppression [ 213 ]. 

 Imaging characteristics of PML are similar to immuno-
suppression (cyclosporine or tacrolimus)-associated leuko-
encephalopathy, and this diagnosis should be excluded.  

18.3.4.8     Diagnostic Criteria 

 Consensus standards for diagnosis of PML have been divided 
into a “histologic-confi rmed” diagnosis, requiring histology 
from brain tissue, a “laboratory-confi rmed” diagnosis, 
requiring positive PCR from a CSF specimen, and the entity 
of a “suspected/possible” diagnosis, based upon clinical 
fi ndings in the presence of characteristic radiologic abnor-
malities [ 219 ].  

18.3.4.9     Treatment and Outcome 

 Mortality is high: 64–71 % of HSCT and SOT patients died, 
53–84 % of them directly from PML [ 204 ,  212 ]. Survival 
rate reported in other studies was 29–41 % [ 205 ,  206 ]. Time 
from PML onset to death ranged from 2 to 7 months [ 206 ]. 
Median survival following symptom onset was 6.4 months 
in SOT vs. 19.5 months in HSCT ( p  = 0.068) [ 212 ]. The 
majority of the survivors suffer from residual neurological 
damage, which includes hemiparesis, speech diffi culties, 
dementia, partial incontinence, or myoclonic jerks. 
Improvement of their neurological symptoms, however, is 
described, with treatment and time [ 204 ]. There were no 
specifi c clinical manifestations that differentiate these 
patients from those who died. 

 In a summary of post-HSCT patients, 9/15 (60 %) of cases 
which reported an attempt at therapy reported positive clini-
cal response including survival (median 19 months) at time 
of case report publication. This positive-reported response 
was associated with a median time from HCT to symptom 
onset of 13 months vs. 10 months for cases with reported 
lack of response (median survival from symptom onset 
3.5 months) [ 213 ]. 

 In all seven survivors described in one series, the immuno-
suppressive therapy was reduced to the minimum, and fi ve of 
them received treatment for PML—cytarabine (three 
patients), IL-2 (one patient), and cidofovir (one patient). 
Treatment options used in other patients include cytarabine 
intrathecally, α-interferon, cytosine arabinoside, mefl oquine, 
donor-derived JCV Ag-specifi c cytotoxic T lymphocytes 
[ 204 ,  206 ,  213 ,  220 ]. Reduction of immune suppression is 
important [ 215 ,  221  ].   
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18.3.5     West Nile Virus (WNV) 

18.3.5.1     Pathogen 

   WNV      is a mosquito-borne fl avivirus that is transmitted pri-
marily among birds; humans serve as incidental hosts [ 222 ]. 
The disease is endemic in Africa, the Middle East, and south-
western Asia. It has recently spread to Europe and North 
America [ 223 ].  

18.3.5.2     Incidence 

 WNV disease is infrequent in transplant recipients. The sero-
prevalence of WNV IgM was 2/816 (0.25 %) in one serop-
revalence study performed in SOT patients after WNV 
outbreak in 2002 in Canada [ 224 ]. Twenty cases of WNV 
disease following SOT from infected donor were reported, as 
well as another SOT and HSCT cases who acquired it from 
blood product transfusion [ 222 ,  225 ,  226 ].  

18.3.5.3     Time After Transplantation 

 Patients developed clinical signs of WNV infection 5–37 
days after transfusion of infected blood product or donation 
of infected organ [ 222 ,  225 ,  226 ]. WNF can occur any time 
after transplantation, after exposure to infected mosquito.  

18.3.5.4     Risk Factors 

 Transplant recipients may acquire WNV by three mecha-
nisms: (1) from exposure to mosquito (after median incuba-
tion time of 13.5 days); (2) from a blood product transfusion 
(within 4 weeks) and (3) from infected organ that is  transplanted 
(within 4 weeks after the receipt of a component from a donor) 
[ 222 ,  225 – 227 ]. Outdoor recreational activity is a risk factor 
for community exposure to WNV infection [ 224 ]. 

 In donor-derived WNV, donors usually reside in areas 
of increased WNV activity, they are usually asymptomatic 
[ 226 ]  

18.3.5.5     Clinical Manifestations 

 Unlike healthy individuals, in whom the majority of infec-
tions are asymptomatic, transplant patients often develop a 
severe disease. Review of the 20 published cases of organ- 
derived WNV infection found that 70 % of infected recipi-
ents developed encephalitis [ 226 ]. The initial clinical 
symptoms include fever, weakness, myalgia, gastrointestinal 
complaints, and altered mental status. Neurological involve-
ment appears within 0.5–7 days and the signs and symptoms 
progress rapidly, reaching a maximum within a few hours to 
2 days. Three categories of serious neurological manifesta-
tions are described: meningitis, encephalitis, and acute fl ac-
cid paralysis. Meningoencephalitis develops in the majority 
of the patients [ 223 ,  225 ,  228 ]. Transient seizures occur in up 

to 30 % of cases. In one series on 11 HSCT and SOT recipi-
ents with WNV disease, four developed acute fl accid paraly-
sis; all had severe quadriparesis or quadriplegia associated 
with hypotonia and arefl exia with relatively preserved sensa-
tion [ 228 ]; four suffered from myoclonus, some had parkin-
sonian features. All patients who had EEGs manifested a 
diffuse slowing of variable severity consistent with general-
ized encephalopathy [ 228 ].  

18.3.5.6     Diagnostic Criteria 

 Determination of WNV infection after transfusion requires 
at least one of the following [ 222 ]:

    1.    WNV-associated illness within 4 weeks after the receipt 
of a component from a donor with viremia and laboratory 
evidence of recent WNV infection.   

   2.    Positive test for IgM antibody either without a history or 
with a possible history of illness compatible with WNV 
infection.    

  Determination of WNV-associated illness in a recipient 
required the following:

 –    New onset of unexplained fever, meningitis, encephalitis, 
or acute fl accid paralysis (alone or in combination).  

 –   Laboratory criteria for confi rmed recent WNV infection 
were as follows:

 –    Isolation of WNV from tissue, blood, or cerebrospinal 
fl uid.  

 –   Detection of WNV antigen by immunohistochemical 
staining or of WNV genomic sequences in tissue, 
blood, or CSF.  

 –   Detection of WNV IgM antibodies in a cerebrospinal 
fl uid sample obtained during the acute phase of illness 
by IgM-capture ELISA.  

 –   Recent seroconversion, with detection of WNV IgM 
by IgM-capture ELISA.        

18.3.5.7     Laboratory 

 Usually patients manifested an initial CSF pleocytosis. 
Positive serum and CSF IgM or PCR confi rm diagnosis [ 223 , 
 225 ,  226 ,  228 ].  

18.3.5.8     Imaging 

 Abnormalities in cerebral white matter, thalami, basal gan-
glia, brain stem, and other areas are usually demonstrated in 
MRI [ 228 ].  

18.3.5.9     Treatment and Outcome 

 The treatment include (1) reducing immunosuppression; (2) 
nonspecifi c antiviral therapy (interferon alfa-2b); (3) passive 
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immunization with anti-WNV antibody-containing IVIG 
when available; (4) intravenous immunoglobulin; and (5) 
ribavirin. The mortality rate was 17–30 %. Among survivors, 
36–43 % had full recovery, while others had minor or major 
sequelae [ 223 ,  226 – 230 ].  

18.3.5.10     Prevention 

 Transplant patients living in areas of high WNV activity 
should be advised of the risk of WNV and counseled on the 
use of protective measures as well as on potentially avoiding 
outdoor activity during dusk and dawn, when mosquitoes are 
most active. Testing of donors would be most reliable in areas 
with a high prevalence of WNV [ 226 ], but the screening is 
controversial, because of the rarity of the disease [ 228 ,  231 ].    

18.3.6      Listeria  

18.3.6.1     Pathogen 

   Listeria monocytogenes    is a  Gram-positive, facultative 
anaerobic non-spore-forming motile intracellular bacillus 
that is most often transmitted to humans via contaminated 
foods such as milk and cheese, undercooked meat, or 
uncooked vegetables [ 232 ,  233 ].  

18.3.6.2     Incidence 

 The incidence of listeriosis during 13 years was 0.5 % 
(6/1315) allogeneic HSCT in one center, 2/6 cases developed 
meningoencephalitis [ 234 ]. In one review of the reported 
cases of brain abscess due to  Listeria , 18 % of 39 patients 
were renal transplant recipients [ 235 ]. A report summarizing 
820 cases of  Listeria  CNS infection showed that 21 % were 
in transplant recipients. It was mainly described in renal 
transplantation, where it was the most common cause of bac-
terial meningitis [ 233 ]. The great majority of the patients 
with CNS listeriosis (97 % of 820) had meningitis/meningo-
encephalitis and the rest had abscesses [ 233 ]. CNS involve-
ment is reported from 30 % in HSCT and liver transplant 
recipients up to 70 % in renal transplant recipients with liste-
riosis [ 232 ,  234 ,  236 ].  

18.3.6.3     Time After the Transplantation 

 The time of diagnosis of listerial infection ranged from 
3 weeks to 6 years following SOT and HSCT [ 232 , 
 234 ,  235 ].  

18.3.6.4     Risk Factors 

 Graft rejection or transplant dysfunction, as well as CMV 
infection which cause immune dysfunction are supposed to 
be risk factors for listeriosis [ 234 ,  235 ].  

18.3.6.5     Clinical Manifestations 

 Clinical symptoms include fever (in 92 %), headache, and 
irritability, altered mental status on presentation, headache, 
or obtundation [ 232 ]. Notably, meningeal signs are found in 
70 % [ 233 ]. In patients with cranial neuropathies, the IIIrd, 
VIth, VIIth, XIth, and/or Xth nerves are most commonly 
affected [ 233 ].  

18.3.6.6     Diagnostic Criteria 

 Isolation of the bacterial pathogen from the CSF or from a 
brain abscess is needed for diagnosis.  

18.3.6.7     Laboratory 

 CSF is characterized by predominance of PMNs and elevated 
protein; hypoglycorrhachia may be found. Blood cultures are 
positive in the majority of cases [ 233 ,  234 ].  

18.3.6.8     Imaging 

 Brain imaging can show signs of cerebritis, abscess, and 
hydrocephalus, but it can be normal [ 232 – 234 ].  

18.3.6.9     Treatment and Outcome 

 A combination therapy of ampicillin with gentamicin, or 
with TMP-SMX, is recommended. In meningitis, the 
 duration of therapy is 3 weeks, and for brain abscess or 
rhombencephalitis is at least 6 weeks. The mortality rate is 
14–50 %, higher in patients with seizures [ 232 ,  233 ].  

18.3.6.10     Prevention 

 Transplant recipients should be educated about the potential 
risks associated with consuming unpasteurized milk and soft 
cheese and should be encouraged to cook meat products 
thoroughly [ 233 ]. The use of TMP-SMX prophylaxis to pre-
vent PCP may decrease the incidence of the infection in the 
transplant population .   

18.3.7     Other  Causes of Encephalitis 
Posttransplantation 

18.3.7.1    Measles inclusion bodies encephalitis  
( MIBE )    occurs   typically in immunocompromised 
patients within 1 year of measles infection. Patients 
usually present with afebrile focal seizures and altered 
mentation. The seizures tend to be refractory to 
anticonvulsant therapy, and EEG often shows epilepsia 
partialis continua. Laboratory studies in MIBE are 
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nondiagnostic, as CSF parameters are often normal and 
CSF antibodies to measles are usually undetectable. 
Imaging studies such as brain MRI and computed 
tomography are often normal. Diagnosis requires a 
brain biopsy, confi rming the diagnosis of MIBE by 
RT-PCR for measles virus RNA or by 
immunohistochemistry. The prognosis is poor, with a 
76 % mortality rate, and all survivors manifesting 
signifi cant neurologic sequelae. Possible treatment 
options include Ribavirin and Interferon-α [ 237 ]. 

18.3.7.2    Parvovirus B19  is a   rare cause of 
posttransplant encephalitis or CNS vasculitis as 
reported in two renal transplant recipients. One of them 
developed vasculitis with skin eruptions and recurrent 
episodes of encephalopathy with focal neurological 
defi cits. B19 DNA was detected in blood, bone marrow, 
and skin biopsy specimens. Repeat cranial MRI during 
each episode of encephalopathy showed variable focal 
fi ndings, and MR angiography revealed vasculitic 
changes with narrowing of the cerebral arteries. 
Specifi c IgM antibodies were positive in CSF [ 238 ]. 
The second one developed seizures and signs of 
encephalitis on MRI, with positive blood parvovirus 
B19 PCR, probably acquired from the donated organ 
[ 239 ] Intravenous immune globulin and reduction of 
immune suppression may help. 

18.3.7.3   VZV . Although reactivation of  VZV   is a 
common event in patients undergoing HSCT occurring 
in 41 % of patients, CNS involvement is rare (2 %), 
probably because of an effi cient antiviral 
chemoprophylaxis. Cases of meningoencephalitis and 
large- and small-vessel vasculopathy in HSCT and 
SOT recipients were described, some of them fatal 
[ 240 – 242 ]. 

 Median time since transplantation until the onset of symp-
toms was 234 (range 207–261) days in HSCT patients [ 181 ]. 

 Diagnosis is established by positive CSF PCR in patients 
with neurological manifestations, although interpretation of 
a positive VZV CSF PCR result is more problematic in 
patients with concomitant cutaneous zoster involvement, as 
some studies have reported VZV DNA in CSF of patients 
with uncomplicated zoster or with neurological disease 
likely caused by other pathogens [ 240 ]. Treatment with acy-
clovir should be initiated. Acyclovir-resistant VZV in the 
CSF was reported in HSCT patient, due to thymidine kinase 
mutation, while the virus remained sensitive in blood [ 243 ]. 

18.3.7.4   CMV . Although  CMV   is a very signifi cant 
pathogen in transplant patients and CMV disease often 
involves a variety of organs, CMV CNS disease is 
uncommon. In one study, defi nite CMV encephalitis 
was diagnosed in only 11 of 552 (2 %) autopsies 
performed in HSCT and SOT recipients [ 244 ]. CMV 
ventriculoencephalitis was reported is four peripheral 
HSCT patients [ 245 ]. 

 Eleven cases of CMV CNS disease, mainly encephalitis, 
were described. All were late-onset CMV disease, occurring 
median 210 (range 166–285) days after HSCT transplanta-
tion. CT or MRI of the brain commonly showed multiple 
foci of restricted diffusion or infarction. Three patients had 
concomitant retinitis; two patients had concomitant CMV 
disease outside the CNS, either pneumonia or colitis. All had 
ganciclovir (GCV)-resistant virus. Some developed CMV 
CNS disease despite clearing of their CMV viremia, thus the 
absence of viremia does not exclude CMV encephalitis 
[ 246 ]. Only one patient survived. Alternative treatments for 
CMV include foscarnet and cidofovir. Combination of 
increased dosage of GCV (7.5 mg/kg twice a day), foscarnet, 
and CTL was successful in one HSCT patient with CMV 
encephalitis [ 247 ]. 

18.3.7.5   HSV - 1 / 2 . Although HSV-1/2 can be 
responsible for the majority of nonendemic cases of 
viral encephalitis and is the most common cause of 
fatal sporadic encephalitis [ 248 ], it is rarely reported in 
transplant patients. In one report, fi ve of 23 herpesvirus-
associated CNS diseases in allo-HSCT patients were 
due to HSV-1. In another report, HSV was responsible 
for 5/23 (13 %) of all cases of viral encephalitis in allo-
HSCT recipients, in two of them HSV was isolated 
together with other viruses [ 181 ]. The onset time of 
encephalitis was median 66 (range 42–189 days). Three 
patients in whom HSV was the only virus isolated in 
CSF survived; two other patients, with multiple viruses, 
died [ 181 ].  

 Other rare causes of CNS infections include:

    1.    A denovirus  [ 249 ,  250 ]. Meningoencephalitis without 
viremia was reported in HSCT patients [ 250 ].   

   2.     Rabies  encephalitis. Transmission via transplanted solid 
organs from infected donor was reported. Incubation 
period may be prolonged—18 months after transplanta-
tion [ 251 ,  252 ].   

   3.    Five clusters of transmission of lymphocytic choriomen-
ingitis virus (LCMV) and an LCMV like arenavirus via 
SOT have been described. Some cases may progress to 
meningitis, encephalitis, and other CNS manifestations, 
with high case fatality rate [ 253 ,  254 ].      
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18.3.8     Parasite 

 A few cases of   Acanthamoeba  infection   has been reported in 
patients following HSCT and SOT. It presented mostly as 
encephalitis and rarely as cerebral abscess [ 255 ]. Presentation 
in both HSCT and SOT was fulminant manner and death 
occurred within 2 weeks after the onset of neurologic symp-
toms [ 256 ,  257 ]. 

  Skin lesions   (multiple recurrent panniculitis-like subcuta-
neous nodules) may predate neurologic involvement and pro-
vide an opportunity for early diagnosis and treatment [ 256 , 
 257 ]. The diagnosis was made by biopsy. There is no effec-
tive treatment for  Acanthamoeba -related CNS infection. The 
outcome of 90 % of the patients has been fatal, despite various 
treatment regimens [ 255 ]. Survivors may develop disability, 
such as hearing loss, vision impairment [ 257 ]   

18.4     Conclusion 

 CNS abnormalities are frequent after HSCT and SOT. A 
variety of pathogens may cause CNS infection which is an 
important and signifi cant component of the differential diag-
nosis. The clinical manifestations are not specifi c and cannot 
distinguish between different infectious etiologies. 
Laboratory examination may be normal and biopsy is usu-
ally not feasible. Imaging can help to divide CNS pathology 
into two categories: brain abscess and meningoencephalitis, 
each has certain pathogens causing it. MRI is more informa-
tive than CT. Prompt appropriate workup for patients 
with neurological fi ndings, attempting to identify the infec-
tious cause followed by treatment targeted to the specifi c 
pathogen is critical for survival and for minimizing the 
 neurological sequelae.     
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19.1           Introduction 

 The gastrointestinal tract is a common site of infection in 
patients who are immunosuppressed following either solid 
organ (SOT) or hematopoietic cell transplantation (HCT). 
Patients undergoing these procedures have many immuno-
suppressive drugs in common, but hematopoietic cell recipi-
ents must also face the toxicity of myeloablative conditioning 
regimens, absence of cellular immunity pending engraft-
ment, acute and chronic GVHD, and delayed immune recon-
stitution. Clinical presentations of intestinal infection can be 
subtle, and diagnosis of specifi c infections often requires 
endoscopic biopsy of intestinal mucosa. Noninfectious prob-
lems, for example, diverticular bleeding after kidney trans-
plant or intestinal GVHD after allogeneic HCT, may mimic 
infections and may also coexist with infection.  

19.2     Gastrointestinal Infections After 
Solid Organ Transplantation 

   The frequency  of      gastrointestinal complications after SOT is 
20–35 %, encompassing graft dysfunction and side effects of 
immunosuppression including direct side effects, malig-
nancy (often from viral transformation), and infection [ 1 – 3 ] 
(Tables  19-1  and  19-2 ). Despite screening measures and 
antimicrobial prophylaxis, infectious complications remain a 
major source of morbidity and mortality. Infections occur-
ring in the fi rst month of transplant are distinct from those 
occurring later. In the fi rst month most infections are those 
present prior to transplant (e.g., urinary tract infection), those 
transmitted by the transplanted organ (e.g., CMV infection), 
and those related to technical complications of the procedure 
(e.g., ascending cholangitis). After 1 month, opportunistic 
infections from viruses, fungi, and parasites residing in gas-
trointestinal reservoirs, immunoprivileged sites, or latent 
states, along with community-acquired infection, are more 
likely to occur [ 4 ].  

19.2.1        Kidney and Kidney–Pancreas Transplant 

    After renal grafts (KT),          gastrointestinal complications, 
usually infections, are seen in up to 50 % of patients and 
correlate with long-term survival [ 47 – 49 ]. Intestinal isch-
emia is more common problem after KT than after other 
organ transplants, particularly in patients with polycystic 
kidney disease [ 50 ,  51 ]. A life-threatening infection can lead 
to discontinuation of immunosuppressive drugs and the renal 
graft sacrifi ced, as uremia is treatable by dialysis. 

 Biliary tract and pancreatic infections (cholecystitis, 
ascending cholangitis, infected pancreatitis) are common in 
KT recipients particularly among patients with diabetes [ 52 ], 
related to a high frequency of gallstones and to elevated 
blood triglycerides, secondary hyperparathyroidism, and 
medications, (cyclosporine, azathioprine, and prednisone), 
respectively [ 53 ,  54 ]. 

  Cytomegalovirus (CMV)   viremia and gastrointestinal dis-
ease are common in KT and KPT, with pancreas recipients at 
greater risk due to higher levels of immunosuppression [ 5 , 
 55 ]. CMV disease is a risk factor for rejection of renal grafts 
[ 56 ]. Preemptive therapy for viremia reduces the frequency 
of CMV disease [ 57 ]; however, after surveillance has ceased, 
CMV can cause enteritis or pneumonia years after transplant 
[ 58 ]. The peak time for symptoms is about 8 weeks after 
transplant. In high-risk patients (donor seropositive and 
recipient seronegative), valganciclovir prophylaxis is now 
routinely practiced [ 5 ,  59 ]. In high-risk patients receiving 
prophylaxis kidney retransplant has been identifi ed as a risk 
factor for developing CMV reactivation [ 60 ]. 

 In historical KT recipients there was a 20 %  incidence of   
gastrointestinal hemorrhage likely related to  Helicobacter 
pylori  infection [ 61 ,  62 ]. With treatment of  H. pylori  before 
transplant and use of proton pump inhibitors, ulcer formation 
and hemorrhage are now rare (<5 %) after KT [ 3 ]. 

 Five to 10 % of kidney transplant patients require long- 
term immunosuppressive therapy because of chronic rejec-
tion increasing the risk of CMV, EBV, hepatitis viruses, 
papillomavirus, parasites, and fungi [ 63 ,  64 ]. Severe colitis 
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and enterocolitis caused by CMV,  C. diffi cile ,  C. septicum , 
cryptosporidia, and enteric bacterial infections have been 
described in small numbers of KT patients, usually in case 
reports [ 65 – 68 ].     

19.2.2     Pancreas Transplant 

    Pancreas transplant recipients  develop         all the infections 
common to SOT patients, but most of the abdominal prob-
lems that develop are related to the surgery and the grafted 
tissue [ 69 ,  70 ].  C. diffi cile  and CMV are most common gas-
trointestinal infections [ 71 ]. Surgical complications are 
given in Table  19-2  [ 69 ] Pancreatitis may develop in the pan-
creatic portion of the graft, causing nausea and vomiting, 
bleeding, anastomotic leaks, perforation, and abscesses [ 69 ]. 
Hematuria may be one sign of bleeding of the graft, if blad-
der drainage is used.     

19.2.3     Liver Transplant 

    Gastrointestinal  complications         unique to orthotopic liver 
transplant (OLT) are generally related to the surgery itself 
(Table  19-2 ) [ 72 ,  73 ] and recurrence of the underlying liver 
disease, both infectious (see Chap.   14    ) and noninfectious. 

 A higher incidence of bacterial (70 %), viral (20 %), and 
fungal (8 %) infections are seen in OLT than other solid 
organ transplants [ 74 ,  75 ], including enteritis, colitis, ascend-
ing cholangitis, peritonitis, and intra-abdominal abscess. 
This high rate of infections may be related to low albumin 
state (and ineffective opsonization capacity), decreased bar-
rier function of the intestine, disruption of the luminal integ-
rity with transection of the biliary tract, and iron overload 
[ 75 ,  76 ]. Viral infections are associated with increased bacte-
rial infections [ 77 ] and increase the risk of allograft injury 
and rejection [ 74 ,  78 ]. 

 Most bacterial infections occur within the fi rst 2 months 
after transplant [ 75 ,  79 – 81 ]. A range of bacterial prophy-
lactic regiments have met with mixed results in prevent-
ing surgical site and deep intra-abdominal infections 

[ 75 ,  82 ]. Unusual opportunistic infections (Listeria and 
Mycobacterium) are more prevalent beyond 2 months after 
transplant [ 75 ].  Clostridium diffi cile  infects 2.7–15.8 % of 
OLT recipients leading to high rates of graft loss, total colec-
tomy, and death [ 75 ]. OLT patients with hyperbilirubinemia 
and hypoalbuminemia are at increased risk for bacterial 
infections (particularly with  Pseudomonas ) in the setting of 
liver biopsy [ 83 ]. 

 CMV infection in OLT recipients is the most problematic 
viral pathogen, associated with increased morbidity and 
mortality [ 84 ]. Prophylactic use of  ganciclovir   is associated 
with an increased incidence of delayed-onset primary CMV 
disease, associated with increased mortality. Alternatively, 
surveillance for CMV viremia or DNAemia and preemptive 
therapy can be effective. Primary CMV infections can occur 
in OLT patients who were seronegative at the time of trans-
plant [ 85 – 87 ]. A fi nding of asymptomatic low-level CMV 
viremia after OLT does not require antiviral therapy, but 
patients with high-level viremia or CMV disease in the liver, 
gastrointestinal mucosa, or lungs are treated (see Chap.   25    ) 
[ 88 ,  89 ]. 

 Herpes simplex virus, VZV, rotavirus, adenovirus, and 
norovirus are rarer causes of viral infections in OLT patients. 
EBV infections and lymphoproliferative syndromes may 
occur in chronically immunosuppressed OLT recipients. The 
incidence of adenovirus infection after OLT is 2–6 % and usu-
ally involves the transplanted liver, although other organs can 
be infected in the absence of liver involvement [ 90 ,  91 ]. The 
incidence of adenovirus infection is lower in isolated OLT 
than in combined liver and small intestinal transplant [ 92 ]. 

 In the past, OLT recipients frequently developed invasive 
fungal infections with mortality rates ranging from 65 to 
90 % [ 93 ], related to fungal overgrowth in the gut with trans-
location. Current rates of fungal infections are less than 10 % 
[ 94 ,  95 ]. Many risk factors for fungal infection have been 
identifi ed including dialysis, rejection treatment, CMV infec-
tion, biliary tract disease, use of broad-spectrum antibiotics, 
indwelling Foley catheter, and iron overload [ 93 ,  96 ]. Fungal 
resistance to fl uconazole has led to alternative antifungal 
regiments (e.g., micafungin and anidulifungin) [ 97 ,  98 ].     

             TABLE 19-2.     Noninfectious causes of   gastrointestinal signs and symptoms after solid organ transplantation, by organs transplanted   

 Kidney and kidney–pancreas  Pancreas  Liver 
 Heart, lung, 
and heart–lung 

 Intestine and 
intestine–liver 

 Acute pancreatitis 
 Biliary leak 
 Bowel necrosis 
 Bowel obstruction 
 Choledocholithiasis 
 Duodenitis 
 Enterocutaneous fi stula 
 Gastrointestinal bleeding 
 Graft rejection 
 Graft vessel thrombosis 
 Intestinal ischemia 

 Acute pancreatitis 
 Biliary leak 
 Bowel necrosis 
 Bowel obstruction 
 Duodenitis 
 Enterocutaneous fi stula 
 Graft vessel thrombosis 
 Graft rejection 
 Internal hernias 

 Biliary leak 
 Bowel perforation 
 Bowel obstruction 
 Gastrointestinal bleeding 
 Graft rejection 
 Hepatic artery stenosis 
 Hepatic artery thrombosis 

 Choledocholithiasis 
 Bowel perforation 
 Gastroparesis 
 GERD/Dyspepsia 
 Pancreatitis 
 Peptic ulcer disease 
 Pseudoobstruction 

 Anastomotic leak 
 Graft rejection 
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19.2.4     Heart, Lung, and Heart/Lung Transplant 

    Some 50 % of heart (HT), lung (LT),  and         heart–lung trans-
plantation (HLT) recipients have gastrointestinal complica-
tions, with up to 20 % requiring surgery [ 99 – 101 ]. In the fi rst 
30 days the most common complications are pancreatitis, gas-
troduodenal ulcers, pseudoobstruction, and colonic perfora-
tion. In the ensuing months diarrhea, gastroesophageal refl ux 
disease (GERD), gastroparesis, dyspepsia, nausea and vomit-
ing, abdominal pain, pancreatitis, CMV, cholelithiasis, ulcers, 
and hepatobiliary disease are more common [ 100 ,  102 ,  103 ]. 

 Symptomatic gastroparesis has been described in 25 % of 
LT recipients and up to 80 % in HLT recipients [ 104 ,  105 ]. 
The course is often waxing and waning, but in most patients, 
there is remission of symptoms [ 104 ,  106 ]. Recipients with 
GERD and/or gastroparesis are at risk for the development of 
obliterative bronchiolitis [ 102 ,  104 ]. Proton pump inhibitors 
are useful for reducing refl ux; however, if refl ux disease is 
unremitting, laparoscopic fundoplication may be successful 
[ 107 ,  108 ]. Giant gastric ulcers (>3 cm in diameter) have 
been described in LT recipients despite use of proton pump 
inhibitors. Risk factors include bilateral LT, high-dose 
NSAIDs, high-dose corticosteroids, and cyclosporine. The 
description of these ulcers suggests decreased mucosal blood 
fl ow from stress or CMV endovascular infection rather than 
NSAIDs as the cause [ 109 ,  110 ]. 

 CMV disease is more frequent after LT and HT than other 
organ transplants, presenting most often as pneumonia but 
gastrointestinal CMV infection is also common [ 9 ]. LT and 
HLT recipients have the highest incidence of fungal infection 
in SOT. Aspergillus is more common than  Candida  species. 

 Adenovirus infections in LT and HLT patients affect primar-
ily the transplanted organ rather than the gut and carry a high 
incidence and mortality [ 111 ]. HSV, VZV, and EBV cause the 
same spectrum of problems in cardiac as in other transplanta-
tion patients. The most serious complication is EBV-related 
lymphoproliferative disease. Although most cases are of B-cell 
origin, T-cell lymphomas have also been described [ 112 ]. 

 Patients undergoing LT for cystic fi brosis experience a 
unique set of gastrointestinal complications [ 113 ] including 
pancreatic insuffi ciency and secondary biliary cirrhosis 
which can complicate absorption of immunosuppressive 
medications such as cyclosporine. Distal intestinal obstruc-
tion syndrome occurs in about 20 %. Cystic fi brosis patients 
may also experience cholecystitis, peptic ulcer disease, 
GERD, and gallstones. Biliary complications occur more 
frequently after HT than in the general population. Transplant 
patients can undergo elective prophylactic cholecystectomy 
as mortality of biliary disease post transplant is high [ 114 ].     

19.2.5     Intestine and Intestine: Liver Transplant 

    Most of the  complications         of intestinal transplant are 
related to the underlying intestinal diseases leading to 
the transplant (usually short bowel syndrome following 

infarction or extensive Crohn’s disease), rejection of the 
graft, and anastomotic leaks [ 115 ]. The level of immunosup-
pression to prevent rejection of the graft is high, along with 
the frequency of infection by herpesviruses, bacteria, and 
fungi. The most common causes of viral enteritis are rotavi-
rus (high-volume watery diarrhea with prolonged viral shed-
ding) [ 116 ]; adenovirus (mostly ileal involvement, with 
severe symptoms) [ 92 ,  117 ,  118 ]; norovirus (protracted, 
severe diarrhea) [ 119 ]; and CMV (now less common because 
of ganciclovir prophylaxis but potentially severe) [ 120 ]. The 
presentation of viral infection often overlaps with signs and 
symptoms of rejection. Hence differentiation between viral 
infection and rejection is crucial. Two types of malignancy 
related to immune suppression have been reported, EBV-
lymphoproliferative disease and de novo cancers of non-
lymphomatous origin [ 115 ,  121 ]. Surveillance for EBV 
DNA and preemptive treatment reduces the frequency of 
lymphoproliferative disease. Because the continuity of the 
intestinal neurons is disrupted by the surgery, intestinal dys-
motility and anorexia can be problematic. Gastrointestinal 
symptoms secondary to de novo food allergy has been 
reported in three intestinal transplant recipients [ 122 ].      

19.3     Gastrointestinal Infections 
Before and After Hematopoietic 
Cell Transplantation (HCT) 

   HCT recipients are  prone      to many of the same gastrointesti-
nal infections as SOT recipients, but noninfectious intestinal 
complications are much more common after HCT (Table  19-
2 ) [ 123 ]. The current approach to gastrointestinal infection 
after HCT emphasizes pretransplant screening for infection, 
prophylaxis, early recognition of infection using molecular 
methods, and preemptive therapy. Compared to past HCT 
experience, gut infections are now less common and only 
rarely cause death.   

19.3.1     Gastrointestinal Infections Before 
the Start of Conditioning Therapy 

   Unlike SOT candidates,  HCT      candidates are often immuno-
compromised and have low platelets prior to transplant due 
to chemotherapy or the underlying disease process, for 
example, a hematologic malignancy or immune disorder. 
Pretransplant gastrointestinal problems can be infectious in 
origin and require evaluation prior to transplant [ 124 ]. 

 In addition to the common causes of upper gastrointestinal 
bleeding (gastroduodenal ulcers related to  H. pylori  or 
NSAID use, Dieulafoy lesion, erosive esophagitis), upper 
sources of bleeding can be due to mucosal infection caused 
by CMV, HSV, VZV, or  Candida  spp .  [ 124 ]. In addition to 
the usual causes of colonic bleeding (infl ammatory bowel 
disease, colorectal cancer, telangiectasias, and diverticula), 
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bleeding can also be due to infection caused by CMV, 
 Entamoeba histolytica,  Clostridium  septicum  (typhlitis), and 
rarely  Clostridium diffi cile.  Ideally intestinal ulcerations 
should be healed prior to undergoing HCT as bleeding will 
likely worsen in the setting of more profound thrombocyto-
penia with conditioning therapy. Interestingly,  H. pylori  
infection in one retrospective study inversely correlated with 
the development and severity of GVHD [ 125 ]. 

 Patients with immune defi ciency disorders and immuno-
suppression caused by hematologic malignancy or its treat-
ment may also present with acute onset diarrhea. In addition 
to the common causes of diarrhea (irritable bowel syndrome, 
ulcerative colitis, and Crohn’s Disease), infectious causes 
should be given special consideration including  E. histolyt-
ica ,  Strongyloides ,  Giardia lamblia , cryptosporidia, 
 Clostridium diffi cile , CMV, rotavirus, and adenovirus [ 126 –
 129 ]. Some infections like Cryptosporidiosis may be resis-
tant to therapy in an immunosuppressed patient [ 130 ], but 
restoration of normal immunity after allogeneic HCT can 
effect clearance of cryptosporidia [ 131 ]. Typhlitis is a 
 syndrome of cecal edema, mucosal friability, and ulceration 
in neutropenic patients, often associated with polymicrobial 
sepsis and high mortality if left unrecognized and untreated; 
its cause is usually intestinal clostridia infection, particularly 
 C. septicum  [ 132 ,  133 ]. Typhlitis occurs in the setting of 
induction chemotherapy and is sometimes diffi cult to distin-
guish from the direct toxic effects of the chemotherapeutic 
agents. Typhlitis has become far less frequent since physi-
cians began prescribing empiric antibiotics that cover clos-
tridial organisms in patients with right lower quadrant pain. 

 Pain near the anal canal in a granulocytopenic patient is 
due to bacterial infection until proven otherwise. 
Administration of broad-spectrum antibiotics, including 
anaerobic coverage, is adequate treatment in most cases, 
with surgical incision and drainage reserved for progressive 
infections [ 134 ]. Extensive supralevator and intersphincteric 
abscesses may be present without being apparent on external 
examination but can be diagnosed by computed axial tomog-
raphy (CT), magnetic resonance imaging (MRI) or transperi-
neal sonography. Less commonly, perianal infl ammation and 
ulcers may be due to HSV, CMV, and fungal infections [ 135 ].    

19.3.2     Gastrointestinal Infections 
During the First Year After HCT 

   After HCT,  gastrointestinal infections      are now far less com-
mon than gut mucosal and liver injury caused by noninfec-
tious diseases such as the effects of conditioning therapy, 
medication side effects, and GVHD [ 136 ]. This is largely 
due to prophylactic regimens. We also have a better under-
standing of some of the factors that predispose patients to 
GVHD and superimposed infections such as vitamin D defi -
ciency [ 137 ]. When infections do occur, they usually develop 
in the background of these other gut diseases. 

 High-dose conditioning therapy damages the oropharyn-
geal and gastrointestinal mucosa, resulting in oral mucositis 
anorexia, and diarrhea. Oropharyngeal mucositis may extend 
into the esophagus, causing dysphagia and painful swallowing 
that mimics infectious esophagitis [ 138 ]. Esophageal infec-
tions have almost disappeared as problems after transplant 
because of prophylaxis against HSV, VZV, and  Candida  spe-
cies and preemptive therapy in patients with CMV DNAemia. 

 Anorexia and nausea caused by conditioning therapy var-
ies in its intensity (myeloablative regimens causing more 
severe and more protracted gut mucosal damage) and may 
persist beyond day 20. These symptoms are also common 
complications of transplant medications such as calcineurin 
inhibitors, sirolimus, mycophenolate mofetil, azole antifun-
gal drugs, trimethoprim–sulfamethoxazole, nystatin, and 
rarely now, amphotericin B. In years past, herpesviruses were 
common causes of nausea, vomiting, and anorexia [ 139 ], but 
with the exception of sporadic cases of CMV disease, herpes-
virus infections of the upper gut have largely disappeared. 

 Acute GVHD of the intestine and liver is an immunologic 
disorder that results from donor lymphoid cells reacting 
against host tissues and usually has its onset 15–40 days after 
transplant [ 136 ,  139 – 141 ]. Gut GVHD can occur earlier if 
prophylactic medications (e.g., methotrexate, cyclosporine, 
tacrolimus, mycophenolate mofetil) are not given, or later, 
following reduced-intensity conditioning regimens [ 142 ]. In 
most patients, acute GVHD diminishes by day 100, although 
in some it can be protracted. Intestinal manifestations of 
acute GVHD include nausea and vomiting, profuse watery 
diarrhea with protein loss, abdominal pain, bleeding, and 
ileus [ 123 ]. The diagnosis of acute GVHD can usually be 
made on clinical grounds and confi rmed by biopsy of target 
organs. The syndrome of chronic GVHD occurs 3–9 months 
after transplantation. Intestinal problems of chronic GVHD 
include esophageal desquamation and stricture formation, 
bacterial overgrowth in the small intestine, and chronic cho-
lestatic liver disease [ 143 ]. MMF can cause intestinal infl am-
mation and ulcerations in a presentation that is diffi cult to 
distinguish from GVHD [ 144 ]. Oral potassium replacement 
among other medications can result in esophageal ulcers. 
Antibiotic use can lead to alterations in the intestinal fl ora 
and promote intestinal domination with certain fungi and 
gram-negative organisms [ 145 ]. This may predispose 
patients to antibiotic-associated diarrhea,  C. diffi cile  colitis, 
 C. septicum  typhlitis, and bacteremia (see Chap.   52    ). 

 The most common organisms causing gastrointestinal 
infection after HCT are viral (CMV, norovirus, adenovirus, 
rotavirus, and astrovirus) and bacterial ( C. diffi cile ) and they 
commonly develop in patients with GVHD [ 146 ]. Gut infec-
tions that were prevalent 30 years ago have largely disap-
peared because of changes in practice—low microbial foods 
during extreme immune suppression, prophylaxis of com-
mon infections, and microbial surveillance with preemptive 
therapies [ 147 ]. Before fl uconazole prophylaxis, problems 
formerly caused by fungal infection (esophagitis, enteritis, 
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portal fungemia, bleeding ulcers, and hepatobiliary disease) 
were not uncommon [ 148 ,  149 ]. 

 Before the advent of serological testing for CMV and pre-
emptive treatment with ganciclovir, gastrointestinal CMV 
was the most problematic of the herpes viruses [ 150 ]. While 
valganciclovir prophylaxis showed no advantage over PCR- 
guided preemptive therapy [ 151 ], other next generation thera-
pies with fewer side effects than currently used prophylactic 
antivirals are in Phase III clinical trials and are likely to be 
used widely as routine prophylaxis in the near future [ 30 , 
 152 ]. CMV disease usually presents as nausea and vomiting 
between 40 and 60 days after transplantation. CMV may be 
recovered from ulcerations throughout the intestine even 
when molecular methods cannot identify CMV in the 
 bloodstream [ 150 ]. CMV may also be associated with pancre-
atitis and infi ltration of neural elements in the intestine [ 153 ]. 

  Adenovirus   usually causes a mild to moderately severe 
diarrheal illness, but severe disseminated disease, with ful-
minant hepatitis and necrotizing enteritis, has been reported 
with some serotypes of the virus [ 154 – 158 ]. Other enteric 
viruses that cause diarrhea include  astrovirus, norovirus,  and 
 rotavirus  [ 129 ,  141 ]. EBV-associated posttransplant lym-
phoproliferative disease (PTLD) has a frequency of about 
3 % [ 159 ]. It can develop rapidly in HCT patients, infi ltrating 
the stomach, intestine, mesentery, liver, and spleen [ 160 ]. 
Poor treatment response to rituximab is determined by age 
greater than 30 years, involvement of extralymphoid tissue, 
GVHD, poor response to immunosuppressive tapers, and 
unchanged EBV viremia [ 159 ]. 

 The risk of parasitic diseases has decreased in the setting 
of pretransplantation screening and treatment. If patients are 
discharged to a less-controlled environment, they may 
acquire parasites such as  Giardia lamblia  and 
 Cryptosporidium  organisms, particularly from infected chil-
dren and drinking water [ 126 ,  161 ,  162 ]. The diagnosis of 
cryptosporidial infection—often missed with standard 
microscopy—is best made by PCR of fecal specimens [ 128 ].    

19.3.3     Gastrointestinal Infections 
in Long- Term Transplant Survivors 

   Intestinal and  hepatobiliary      complications after the fi rst year 
are far less common than earlier post-transplant; most of 
these intestinal problems, however, are not related to infec-
tion (Table  19-2 ). Some patients with extensive chronic 
GVHD have esophageal desquamation, webs, submucosal 
fi brous rings, bullae, and long, narrow strictures in the upper 
and mid-esophagus [ 143 ,  163 ,  164 ]. The most common 
symptom is dysphagia; some patients present with insidious 
weight loss, retrosternal pain, and aspiration of gastric con-
tents. Chronic GVHD may cause intractable esophageal dis-
ease if not diagnosed and treated promptly. Patients with 
protracted acute GVHD often have symptoms that wax and 
wane with intensity of immunosuppressive therapy for up to 

15 years after HCT, with each exacerbation similar to the pre-
senting signs of GVHD that occurred earlier after HCT (sati-
ety, poor appetite, nausea, episodic diarrhea, and weight loss) 
[ 165 ,  166 ]. Sporadic cases of fungal and rarely viral esopha-
gitis may occur in patients with chronic GVHD on immuno-
suppressive and antibiotic therapy. Esophageal strictures may 
be sequela of earlier herpes virus infection or mucositis. 
There are sporadic cases of gut infection with  C. diffi cile , 
CMV, and rarely  G. lamblia ,  Cryptosporidia ,  rotavirus , and 
 norovirus , in long-term survivors [ 143 ,  161 ,  162 ,  167 ]. 

 Squamous cell carcinoma of the  esophagus   has been 
reported in HCT survivors, usually with concomitant chronic 
GVHD of the oropharynx [ 168 ].  Myasthenia gravis   may also 
complicate chronic GVHD, with dysphagia as its presenting 
complaint. Intestinal diseases in cell donors have been 
reported in their recipients, for example, infl ammatory bowel 
disease and celiac sprue [ 169 ,  170 ]. Diarrhea, steatorrhea, 
and weight loss secondary to pancreatic insuffi ciency have 
developed in some HCT survivors [ 171 ].     

19.4     Intestinal Microbiota 
in Transplant Patients 

  The gastro intestinal microbiota plays   an important role in the 
development of infections after both SOT and HCT [ 172 ]. 
Much of our current understanding of the microbiota’s role 
in SOT comes from work in patients who have undergone 
orthotopic liver transplantation [ 173 ,  174 ]. The microbiota 
may predispose patients to nonalcoholic steatohepatitis. In 
cirrhosis, the microbiota produces metabolites including 
ammonia that contribute to hepatic encephalopathy [ 175 ]. 
Administration of lactobacillus combined with a high fi ber 
diet has been shown to prevent postoperative infections in 
liver transplantation [ 176 ]. A study evaluating the effect of 
pretransplant rifaximin on the incidence of post-liver trans-
plant infections found no signifi cant difference [ 82 ]. In kid-
ney transplants, increased abundance of   Faecalibacterium 
prausnitzii    has been associated with escalation of tacrolimus 
levels [ 177 ]. The microbiota also infl uences the immune sys-
tem’s T cell subtypes and likely has direct impacts on trans-
plant outcomes [ 178 ]. 

 In HCT the  microbiota   is impoverished as a result of 
administration of systemic antibiotics [ 179 ,  180 ], gut infl am-
mation caused by GVHD [ 179 ], and possibly other factors. 
The degree to which the diversity is decreased at the time of 
engraftment has been shown to predict all cause mortality 
after allogeneic HCT [ 181 ]. An impoverished microbiota 
may effect mortality by leading to worsened GVHD [ 179 , 
 182 ], increased risk of enteric infections [ 183 ], and increased 
risk of bacteremia [ 145 ]. Certain probiotic species like 
 Lactobacillus  spp. have been shown to have an ameliorating 
effect on the severity of GVHD [ 182 ]. Patients with leuke-
mia vs. other forms of hematological malignancy have been 
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shown to preferentially develop low diversity states with pre-
dominance of  Enterococcus,  but the reason is not known 
[ 145 ]. Increased risk of low diversity may also be associated 
with comorbid autoimmune conditions in which dysbiosis 
has been shown to be prevalent [ 184 ].   

19.5     A Problem-Oriented Approach 
to Diagnosis of Gastrointestinal 
Infections After Transplant 

19.5.1     Heartburn, Odynophagia, 
and Dysphagia 

    The organisms responsible  for         infectious esophagitis are 
fungi, viruses, and bacteria, but infections caused by multiple 
types of organisms are common in severely compromised, 
neutropenic patients [ 185 ]. In contrast, less compromised 
patients with indolent esophageal infections may present 
with chronic dyspepsia and dysphagia; these patients rarely 
have deep fungal infections involving the spleen or liver, 
probably because of adequate neutrophil function. Less well 
appreciated as symptoms of esophageal infection are nausea, 
vomiting, and anorexia, which are typical of infection with 
herpesviruses. With antimicrobial prophylaxis, preemptive 
therapy, and close monitoring, esophageal infections have 
become rare and noninfectious causes of esophageal disease 
relatively more common (Table  19-3 ).

19.5.1.1       Fungal Esophagitis 

     C. albicans  is the most  common         infecting fungal organism, 
but other  Candida  species, other fungi ( Aspergillus, 
Histoplasma, Cryptococcus, Blastomyces ), and some plant 
molds may be found in severely immunosuppressed patients 
[ 185 – 187 ].  Candida  esophagitis can be asymptomatic when 

few adherent plaques are present. Diagnosis is by stains of 
brushed or biopsied lesions at endoscopy; cultures cannot 
reliably differentiate among normal fl ora, colonization, and 
infection [ 188 ], but are useful if an unusual pathogen such as 
an azole-resistant  Candida  species,  Aspergillus  species, 
dematiaceous fungi,  Mycobacterium tuberculosis , or bacte-
rial esophagitis is suspected. Rapid viral cultures should be 
routine when viral esophagitis is in the differential, even 
when fungal esophagitis is obvious.     

19.5.1.2     Viral Esophagitis 

    HSV, VZV, and CMV cause acute ulcerative esophagitis in 
the immunosuppressed patient, presenting with excruciating 
retrosternal pain in some and in others just nausea, anorexia, 
mild heartburn, or bleeding [ 185 ]. Refl ux of acid-peptic juice 
contributes to the persistence of large ulcers. The diagnosis 
of HSV esophagitis is  made         by fi nding rounded 1–3 mm 
vesicles in the mid- to distal esophagus, the centers of which 
slough to form discrete, circumscribed ulcers with raised 
edges. The discrete ulcerations can coalesce into very large 
ulcers, presenting diffi culty in diagnosis when there is near- 
total denudement of esophageal epithelium. The endoscopist 
must attempt to identify HSV-containing ulcer margins or 
islands of squamous mucosa from which to obtain samples. 
IHC, rapid viral diagnosis, and PCR are essential for diagno-
sis when routine histology is equivocal [ 185 ] especially in 
patients with gastric stasis, vomiting, or poor salivary fl ow 
(common problems after both HCT and heart–lung trans-
plant). VZV causes typical vesicles and necrotizing pane-
sophagitis in severely immunodefi cient patients, with 
diagnosis by immunohistologic staining, rapid viral cultures, 
and PCR. The esophageal component of VZV infection may 
be overshadowed by varicella encephalitis, pneumonitis, and 
fulminant hepatitis. Immunohistochemical staining and PCR 
are helpful in differentiating VZV infection from HSV. VZV 
and HSV esophagitis are rare in patients receiving acyclovir 

         TABLE 19-3.    Noninfectious causes of  gastrointestinal   signs and symptoms after hematopoietic cell transplantation, in descending order 
of frequency   

 Heartburn, odynophagia, 
dysphagia 

 Anorexia, 
nausea, vomiting  Diarrhea  Abdominal pain  Perianal pain  Gastrointestinal bleeding 

 Acid-peptic refl ux 
 Oropharyngeal 

mucositis from 
conditioning 
therapy 

 Chronic GVHD 
 Pill esophagitis 
 Peptic strictures 
 Post-infection 

strictures 
 Severe acute GVHD 
 Intramural hematomas 

 Mucosal injury from 
conditioning therapy 

 Acute and protracted 
acute GVHD 

 Medications 
 Rarely, brain disorders 

(neurotoxicity, 
hematomas) 

 Mucosal injury from 
conditioning 
therapy 

 Acute and protracted 
acute GVHD 

 Medications (see 
text) 

 Intestinal lactase, 
sucrose defi ciency 

 Intestinal pseudo-obstruction 
 Acute and protracted acute 

GVHD 
 Mucosal injury from 

conditioning therapy 
 Biliary pain (sludge, stones) 
 Hemorrhagic cystitis 
 Acute pancreatitis 
 Liver pain (SOS) 
 Intestinal perforation 
 Intestinal infarction 
 Intramural hematomas 

(intestine, abdominal wall) 

 Anal fi ssure 
 Thrombosed 

external 
hemorrhoid 

 Levator 
muscle 
spasm 

 Acute and protracted 
acute GVHD 

 Mucosal injury from 
conditioning therapy 

 Mallory–Weiss tear 
 Bleeding from mucosal 

biopsy site 
 Gastric antral vascular 

ectasia 
 Bleeding from 

diverticula 
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prophylaxis. In contrast, CMV never infects squamous epi-
thelium but rather subepithelial esophageal cells leading to 
superfi cial erosions with serpiginous, non-raised borders in 
the mid- to distal esophagus. As CMV infection progresses, 
shallow ulcerations may deepen, extend for 10–15 cm, and 
even become strictured. Multiple biopsies should be obtained 
from the bases of the esophageal ulcers, as this is where 
CMV-infected sub-epithelial fi broblasts and endothelial cells 
reside [ 189 ]. Immunohistochemical staining for early, inter-
mediate, and late antigens can confi rm the diagnosis of CMV 
infection when infected cells are neither megaloid nor 
inclusion- bearing. These histologic and immunohistologic 
methods, however, are only about half as sensitive as rapid 
viral culture methods [ 189 ]. If a positive PCR result for 
CMV DNA is not concordant with viral culture, immunohis-
tology, blood assays for CMV DNA, or endoscopic fi ndings, 
antiviral therapy should be withheld.     

19.5.1.3     Bacterial Esophagitis 

    Oropharyngeal bacteria  may         cause esophageal necrosis in 
patients who lack granulocytes following HCT [ 190 ]. 
Esophageal symptoms, fever, and bacteremia are the usual 
presenting symptoms; tissue Gram stain is needed for diag-
nosis. Mycobacterial esophagitis usually presents an exten-
sion of pulmonary and mediastinal infection caused by 
 Mycobacterium tuberculosis ; primary esophageal infection 
has also been described [ 185 ,  191 ].     

19.5.1.4     Noninfectious Causes of Esophageal 
Symptoms 

    Infections must  be         differentiated from noninfectious esopha-
geal disorders (Tables  19-2  and  19-3 ). It may be diffi cult to 
discern the dominant cause of esophageal mucosal injury 
when both infection and another cause of injury are present. 
Refl ux of gastric contents is particularly problematic after 
lung or heart–lung transplant and in the presence of Roux- 
en- Y anastomosis in liver transplant patients. Less common 
causes of esophageal injury include pill esophagitis, intra-
mural hematomas, and graft-vs-host disease after HCT.         

19.5.2     Anorexia, Nausea, and Vomiting 

    Before  effective         antiviral prophylaxis and preemptive therapy 
after SOT and HCT, herpesvirus infections of the esophagus, 
stomach, or intestine commonly caused loss of appetite, nau-
sea, and vomiting in addition to painful swallowing or diar-
rhea [ 189 ,  192 ,  193 ]. VZV and CMV infections may involve 
visceral neurons to produce a pseudo-obstruction picture 
with distention and vomiting [ 194 ]. Gastric ulcers caused by 
CMV may fail to heal on acid-reducing medications [ 195 ]. 
Nausea and vomiting are common manifestations of commu-
nity-acquired viral gastroenteritis and intestinal parasitic 

infection, especially with  G lamblia  and  Cryptosporidium  
organisms [ 161 ,  162 ]. In SOT recipients,  H. pylori  infections, 
particularly those that cause pyloric channel ulcerations, may 
cause anorexia, nausea, and poor oral intake, without ulcer 
pain (syndrome pylorique) [ 2 ]. Central nervous system infec-
tions such as aspergillus are another cause of nausea and 
vomiting after HCT; other neurologic signs and, symptoms 
usually dominate the clinical picture. Diagnosis of gastroin-
testinal infection as a cause of anorexia, nausea, and vomiting 
is a three step process: (1) Analysis of stool specimens if diar-
rhea or abdominal pain is part of the clinical presentation; (2) 
upper endoscopy for diagnosis of herpesvirus and 
 Helicobacter pylori  infections; and (3) directed examination 
of organs that declare themselves to be involved, for example, 
gallbladder ultrasound when right upper quadrant pain is 
present, serum lipase and pancreatic amylase when there is 
epigastric pain, and so on [ 100 ,  101 ,  136 ]. It is not uncom-
mon to recover CMV from endoscopic biopsies of focal 
esophageal or gastroduodenal lesions, even when there is no 
detectable virus in the blood stream. 

19.5.2.1     Noninfectious Causes of Upper Gut 
Symptoms 

  The differential diagnosis  of   anorexia, nausea, and vomiting 
encompasses a long list of noninfectious causes (Tables  19-2  
and  19-3 ). Anorexia and nausea are such protean symptoms 
that medical judgment must dictate when to aggressively 
pursue their causes. The more immunosuppressed and the 
sicker the patient, the more aggressive should be the evalua-
tion. In SOT recipients, anorexia and nausea may be due to 
organ rejection; gastroparesis (after lung transplant); failure 
of liver, renal, pulmonary, or cardiac function; visceral 
infl ammation (for example, pancreatitis, cholecystitis, and 
cystitis). Acute GVHD may also develop after organ trans-
plantation, usually presenting with fever, skin rash, and gas-
trointestinal symptoms [ 196 – 198 ]. After HCT, myeloablative 
conditioning therapy causes nausea, vomiting, and anorexia 
that lasts for 2–3 weeks [ 138 ]. After HCT day +20, the most 
common cause of upper intestinal symptoms is acute GVHD, 
which causes gastric mucosal edema and erythema [ 139 , 
 199 ].  Lymphocytic gastritis   resembling GVHD can also be 
seen in about 12 % of autologous graft recipients [ 200 ]. Less 
common causes of anorexia and nausea after day +20 include 
disorders of gastric emptying, medication intolerance, and 
central nervous system lesions [ 139 ,  201 – 204 ].       

19.5.3     Diarrhea 

   The  differential      diagnosis of infectious diarrhea in a trans-
plant patient encompasses the same pathogens as in the nor-
mal host, as well as some that are very uncommon under 
ordinary circumstances. However, in the acute care setting, 
exposure of patients to environmental pathogens is rare 
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except for  C. diffi cile  and thus, infection by common enteric 
pathogens is rare, particularly when patients are following 
dietary guidelines for safe foods. The exception to this rule is 
in countries where patients may arrive for transplant already 
infected by bacterial, viral, and parasitic organisms or be 
exposed to them after discharge [ 68 ,  126 ]. Infectious diar-
rhea is often accompanied by a constellation of symptoms 
(fever, abdominal pain, nausea, vomiting), particularly in 
SOT patients [ 68 ,  205 ]. 

19.5.3.1     Bacterial Causes 

    C. diffi cile  is the most common  bacterial cause of diarrhea      in 
hospitalized transplant patients. Colitis caused by  C. diffi cile  
in granulocytopenic patients may be paradoxically mild and 
lacking typical pseudomembranes perhaps because colitis is 
largely due to a granulocyte response to clostridial toxins 
[ 141 ,  206 ,  207 ]. A more typical clinical course and endo-
scopic appearance may be seen later after HCT and in SOT 
patients; severity of   C. diffi cile  colitis   in SOT patients is 
similar to that in nontransplant patients [ 208 ]. With the 
emergence of more virulent  strains   of  C. diffi cile , more 
severe colitis is being seen [ 209 ]. Available therapies include 
metronidazole, vancomycin, and fi daxomycin [ 40 ]. A pro-
posed probiotic treatment for  C. diffi cile  colitis, 
 Saccharomyces boulardii , may itself reach the bloodstream 
in patients with immune defects and should be avoided in 
transplant patients [ 210 ]. In refractory immunosuppressed 
cases, treatment with fecal transplantation has been as effi ca-
cious as in non-immunocompromised individuals without 
increase adverse outcomes [ 38 ,  39 ]. Strict infection control 
measures in the inpatient, outpatient, and home settings are 
essential to prevent the transmission of  C. diffi cile  [ 211 , 
 212 ], Relapse is common in the presence of immunosuppres-
sion, especially with glucocorticoids [ 208 ].   Recurrent     C.  dif-
fi cile colitis can be treated with pulsed antibiotics and in 
some cases fecal transplantation [ 37 ]. 

 Cord colitis syndrome linked to infection with 
 Bradyrhizobium enterica  [ 213 ] and  Bacteroides fragilis  
[ 214 ] presents clinically as non-bloody diarrhea 3–11 months 
after cord blood transplant, histologically characterized by 
epithelioid granulomas and responsive to metronidazole or 
fl uoroquinolones [ 215 ,  216 ]. Infections with organisms such 
as such as  T. whipplei  may also be involved [ 217 ]. Cord coli-
tis appears to be absent in some centers consistent with lack 
of exposure to these Z-specifi c gut pathogens [ 218 ]. 

  Diarrhea   (often bloody) is seen with neutropenic entero-
colitis (typhlitis) caused by  C. septicum  [ 132 ,  219 ]. 
Mycobacteria,  Aeromonas  species, and enterohemorrhagic 
 E. coli  have been described as causes of diarrhea in immuno-
suppressed patients [ 220 ,  221 ]. Bacterial infections not obvi-
ously involving the intestine may also cause diarrhea, for 
example,  Legionella  pneumonia [ 222 ] and toxic shock syn-
drome associated with  Staphylococcus aureus  infection.    

19.5.3.2     Viral Causes 

    Viral infections can      result in both acute and chronic diarrhea 
in the compromised host. Of the herpesviruses, only CMV 
and rarely HSV infection [ 223 ] lead to enteritis and diarrhea. 
(1) CMV may cause profuse watery diarrhea with protein 
loss [ 224 ,  225 ]; (2) or an infl ammatory colitis with bleeding 
and pain but less voluminous diarrhea [ 65 ,  226 ]. CMV enter-
itis does not always result in diarrhea—anorexia, nausea, 
vomiting, bleeding, and perforation may be the only symp-
toms [ 13 ,  185 ,  195 ,  227 ]. Later CMV infection, after dis-
charge from the transplant center, remains an issue [ 228 , 
 229 ]. Although CMV can be found by PCR or viral culture 
of stool, CMV enteritis is best diagnosed by IHC and rapid 
viral culture of biopsy specimens from involved tissue [ 189 ]. 
A positive PCR for CMV DNA may represent viral excretion 
without CMV disease. 

 Some serotypes of  adenovirus   cause rapidly progressive 
necrotizing enteritis associated with severe pulmonary, liver, 
or renal infection where prompt diagnosis and treatment is 
necessary to prevent death [ 2 ,  154 ,  156 ,  230 ,  231 ]. Other 
adenovirus isolates appear to cause less severe mucosal dis-
ease, leading to dilemmas about the optimal treatment strat-
egy, particularly when immune suppressive drugs must be 
continued and the treatment has toxicity [ 154 ,  157 ,  158 , 
 232 ]. Detection of adenovirus in stool by PCR may be useful 
in high risk patients [ 233 ]. 

 Acquired enteric adenovirus infection with self limited 
diarrhea and transient fever has been reported in up to 18 % 
of children and 8 % of adults undergoing HCT [ 154 ]. Severe 
adenovirus enteritis and colitis may be associated with 
mucosal erosions, ulcerations or bleeding, and may cause 
abdominal pain and tenderness. Endoscopic diagnosis may 
be diffi cult when ileal disease predominates. Adenovirus 
may also cause pancreatitis in HCT (associated with abdom-
inal pain) [ 154 ,  156 ,  234 – 237 ]. In SOT, the source and pre-
dominant site of adenovirus infection is the transplanted 
organ, particularly in children in the early posttransplant 
period, likely because of absent antibody immunity [ 90 ,  232 , 
 237 ]. Early treatment of adenovirus disease with cidofovir in 
HCT may be associated with better outcomes, though crite-
ria for early treatment are not fully established. Current cri-
teria for treatment include multiorgan involvement (i.e., viral 
isolation, or histological documentation, from two or more 
sites), viremia with clinical signs of disease, or signifi cant 
(endoscopic, histological, or clinical) enteritis, pneumonia, 
hemorrhagic cystitis or nephritis. Use of surveillance plasma 
adenovirus PCR, as well as stool and urine testing in patients 
with diarrhea or hematuria may be valuable in early diagno-
sis and preemptive therapy, especially in pediatric patients 
and patients undergoing T cell depleted transplants [ 238 ]. 
Most patients with isolated stool or urinary adenovirus 
recover spontaneously, but close monitoring for progressive 
disease may be prudent [ 234 ,  235 ]. Criteria for treatment in 
SOT are poorly defi ned because adenovirus viremia in SOT 
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commonly resolves spontaneously or with reduction of 
immunosuppressive therapy, especially in children [ 90 ,  117 , 
 237 ,  239 ]. 

 Other enteric viruses (astrovirus, rotavirus, norovirus, 
coxsackievirus), acquired through epidemic exposure or 
nosocomial transmission, may cause diarrhea in transplant 
patients [ 68 ,  141 ,  240 ]; this category is likely to increase in 
prominence as panels of molecular diagnostic tests become 
available. These viruses can be associated with prolonged 
viral shedding for weeks after cessation of symptoms [ 235 , 
 236 ].  Astrovirus  , a common cause of endemic as well as 
nosocomial diarrhea in children, has been reported after both 
HCT and SOT, with a frequency of <5 % of patients with 
diarrhea. In one prospective study, the most common viral 
cause of diarrhea after HCT was Astrovirus, which caused a 
self-limited form of diarrhea [ 141 ]. In HCT patients, symp-
toms may include nausea and anorexia in addition to diar-
rhea [ 141 ,  241 ,  242 ]. Rotavirus, a common cause of 
diarrhea-predominant viral gastroenteritis in children in 
winter months, causes diarrhea lasting 3–9 days. Prolonged 
and profuse watery diarrhea of 2 or more weeks’ duration is 
the main symptom attributable to Rotavirus in transplant 
patients, where the frequency of infection varies widely 
from center to center (0–1.5 % in adults, higher in children) 
[ 116 ,  243 – 245 ]. Other symptoms reported in HCT patients 
include vomiting, abdominal pain, anorexia, fever, and 
abnormal liver tests, but without severe enteritis or mortality 
[ 244 ,  246 ,  247 ]. Fecal shedding can continue for three or 
more months after clinical illness. Nosocomial transmission 
likely accounts for many infections especially on pediatric 
units [ 244 ,  247 ].  Norovirus   is the major cause of adult epi-
demic viral gastroenteritis [ 129 ]. Clues to diagnosis include 
epidemic exposure and rapid onset of transient vomiting fol-
lowed by prolonged watery diarrhea [ 248 ,  249 ]. With the 
exception of CMV, some viruses for which there are no com-
mercial diagnostic tests, rare cases of mycobacterial infec-
tion, and EBV-related lymphoproliferative disease involving 
the small intestine, almost all of the infectious causes of 
diarrhea can be discovered by analysis of stool specimens 
using bacterial and viral cultures, PCR (adenovirus, norovi-
rus, cryptosporidia), ELISA (rotavirus, astrovirus,  G. lam-
blia ,  C. diffi cile  antigen), and microscopic examination 
(parasitic diseases, fungal overgrowth). If the lesion is out of 
the reach of an endoscope, the diagnosis of EBV-related 
lymphoproliferative disease can be based on fi nding EBV 
DNA in the bloodstream and a mass consistent with lym-
phoma on imaging.    

19.5.3.3     Fungal Causes 

   In the minimally  compromised      patient, intestinal fungal 
overgrowth can be a cause of watery diarrhea [ 250 ]. In the 
absence of antifungal prophylaxis, patients with prolonged 
granulocytopenia may develop diarrhea caused by mucosally 
invasive fungal infections [ 251 ]. Wide use of azoles in the 

peritransplant period has eliminated gastrointestinal infec-
tions caused by  Candida albicans , but mucosal infection by 
molds and other  Candida  species can now be seen [ 252 ].    

19.5.3.4     Parasitic Causes 

    Parasitic infections have      probably been under diagnosed as a 
cause of chronic diarrhea in transplant recipients because of 
insensitive tests [ 68 ]. Accurate tests for organisms such as 
 Giardia lamblia ,  Cryptosporidium ,  Enterocytozoon bieneusi , 
 Isospora belli , and  Strongyloides stercoralis  are now avail-
able [ 128 ,  130 ,  253 – 256 ]. Cryptosporidial infection may 
mimic GVHD after HCT [ 127 ]. Cryptosporidial infections 
can be eliminated if the underlying immune defi ciency disap-
pears [ 131 ].  Strongyloides stercoralis  enteritis may become 
exacerbated during immunosuppressive therapy, causing 
diarrhea and hyperinfection syndrome [ 238 ].  Blastocystis 
hominis  and  Enteromonas hominis , long believed to be 
innocuous commensal parasites, have been blamed for per-
sistent diarrhea in some immunodefi cient patients.    

19.5.3.5     Noninfectious Causes 
(Tables  19-2  and  19-3 ) 

 Noninfectious causes of diarrhea that are common to all 
transplant patients include magnesium salts to correct renal 
magnesium wasting; mucosal toxicity caused by mycophe-
nolate mofetil [ 144 ] or brincidofovir, an investigational 
broad-spectrum antiviral agent [ 30 ]; the pro-motility side 
effects of the macrolides tacrolimus and sirolimus [ 257 , 
 258 ]; and antibiotics that depress the colonic fl ora (removing 
the ability of these bacteria to salvage carbohydrate and thus, 
causing osmotic diarrhea after carbohydrate ingestion). The 
gut toxicity of mycophenolic acid delayed release tablets is 
considerably less than that of MMF [ 259 ]. After HCT, diar-
rhea is caused by mucosal injury from myeloablative condi-
tioning regimens and from acute GVHD [ 141 ].     

19.5.4     Abdominal Pain 

   Pain caused by  some      intestinal infections and intra- abdominal 
infection resulting from perforation may be a harbinger of a 
rapidly fatal illness in immune suppressed patients [ 47 ,  136 , 
 260 ,  261 ]. Perforation is most common in the gastroduodenal 
region and the colon but can occur at any site in the intestine. 
Plain abdominal X-rays and helical CT will determine whether 
a perforation has occurred but the site of perforation can 
remain obscure. Causes of perforation include CMV infec-
tion, fungal infection, necrosis of transmural tumors, trauma, 
and diverticula [ 2 ,  47 ,  226 ,  261 ,  262 ]. Diverticular perforation 
is particularly common in renal transplant patients [ 263 ]. 
CMV and VZV can also involve neural plexi, causing ileus 
and abdominal distention [ 153 ,  194 ,  264 ]. Severe abdominal 
pain is often the fi rst manifestation of disseminated VZV 
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infection, which may progress to fulminant hepatitis. PCR for 
VZV DNA in the bloodstream is the most useful diagnostic 
test for visceral VZV infection in the absence of skin lesions 
[ 265 ]. Early recognition and institution of acyclovir therapy 
result in improved survival [ 194 ]. 

 Other focal infections of the intestinal tract that present 
with abdominal pain include phlegmonous gastritis, appendi-
citis, infections caused by clostridia organisms ( C. diffi cile, C. 
perfringens, C. septicum ), and  Aspergillus  vasculitis [ 266 ]. 
Most immunosuppressed patients with appendicitis have 
right lower quadrant pain, but in some the usual presentation 
is masked by corticosteroids and the lack of granulocytes. 
 Typhlitis   is a localized infection of the cecum and right colon, 
caused by clostridia toxins (usually  C. septicum ) and closely 
related to granulocytopenia [ 132 ]. Typhlitis has been rarely 
observed after solid organ transplantation, probably because 
of preserved granulocyte function [ 267 ]. Consideration of 
this diagnosis should prompt empiric use of antibiotics (imi-
penem, oral vancomycin) that cover both clostridia organisms 
and colonic fl ora that are translocating into pericolic tissues, 
and surgical consultation in the event of progression [ 268 ]. 
Cecal CMV ulcerations, fungal infection, and acute GVHD in 
HCT recipients may present similarly but do not have the 
same poor prognosis as clostridial typhlitis [ 269 ,  270 ]. 

 A radiologic diagnosis of  pneumatosis intestinalis   (gas-
eous infi ltration of the intestinal mucosa, usually the colon) 
is likely to be made in a patient with pain who undergoes 
abdominal plain fi lm or computed tomography, and it does 
not necessarily represent a severe form of enteritis. In some 
cases, there may be air in the peritoneal cavity, mediastinum, 
and portal vein in addition to the intestinal mucosa. 
Pneumatosis intestinalis has been described in organ recipi-
ents and HCT patients. Disease associations have been with 
viral enteritis (particularly CMV) and GVHD. The abdomi-
nal examination and clinical course in many patients is sur-
prisingly benign. There are, however, catastrophic processes 
that present with gas in intra-abdominal tissues (intestinal 
infarction, bowel obstruction, and clostridia infections) that 
must be differentiated on clinical, microbiologic, and occa-
sionally surgical grounds from the more benign form of 
pneumatosis intestinalis [ 271 ]. 

 EBV  lymphoproliferative disease   occurs in both solid- 
organ and HCT recipients on high-dose immunosuppressive 
therapy. Lymphoid infi ltrates may present as abdominal pain, 
ileus, and bleeding. PCR for EBV DNA in the bloodstream 
may allow preemptive reduction of immunosuppressive 
drugs and use of rituxan to forestall development of tissue 
invasion with transformed immunoblasts. 

19.5.4.1     Noninfectious Causes 
(Tables  19-2  and  19-3 ) 

 Many episodes of abdominal pain after SOT or HCT are 
not caused by infection but instead by conditions such as 
intestinal pseudo-obstruction (caused by mu-opioid and 
 anticholinergic drugs), pancreatitis, cystitis, biliary stone 

disease, and in HCT patients, the toxicity of myeloablative 
conditioning therapy, acute GVHD, liver pain caused by 
sinusoidal obstruction syndrome, and intramural hematomas 
involving the gut or abdomen. The initial approach to diag-
nosis of the cause of abdominal pain in an immunosup-
pressed patient must be tempered by the knowledge that 
intra-abdominal catastrophes may occur without extreme 
signs and symptoms and that the time from presentation to 
death can be very short. Paradoxically, there is also a danger 
of physicians overreacting to severe abdominal pain from a 
cause that seldom results in morbidity, for example, intesti-
nal pseudo- obstruction related to mu-agonist opioids, an 
intramural hematoma of the sheath of the rectus abdominus 
muscle, or narcotic bowel syndrome.     

19.5.5     Perianal Pain 

    Perianal pain in a      granulocytopenic patient is assumed to be 
caused by bacterial infection of perianal tissues until proven 
otherwise, and thus, this is a more a problem for HCT 
patients than after SOT. Infections can be a diffi cult problem 
to recognize because there may be little in the way of pus but 
instead only a painful cellulitis. These infections are usually 
polymicrobial (aerobic and anaerobic bacteria), arising 
either from anal crypts or from tears in the anal canal [ 272 ]. 
Extensive supralevator and intersphincteric abscesses may 
also occur without being apparent on external examination. 
Early antimicrobial treatment has led to a marked decrease in 
the need for surgery. If an obvious abscess is present, antibi-
otics, incision, and drainage usually result in relief of pain 
and resolution of the abscess [ 273 ]. If there is evidence of 
tissue necrosis, a more aggressive surgical approach may be 
needed to prevent a fatal outcome. Perineal examinations 
may be limited by severe pain and by a risk of bacteremia if 
the patient is granulocytopenic. CT, MRI, and rectal endo-
scopic ultrasound give accurate views of the anatomy 
involved if there is a true abscess; the predictive value of a 
negative imaging test for an abscess is high.(302) However, 
if an imaging test suggests an abscess or clinical examination 
suggests infection in a perirectal space, an experienced 
colorectal surgeon should examine the patient under con-
scious sedation or anesthesia, with an eye toward surgical 
drainage if a signifi cant abscess is discovered. 

 HSV causes painful chronic mucocutaneous ulcerations in 
patients with immunodefi ciency syndromes, especially those 
with T-lymphocyte defects [ 274 ]. In the perianal area, the 
appearance is of multiple superfi cial ulcers with raised bor-
ders. When these ulcers coalesce and become macerated and 
secondarily infected, it is often diffi cult to identify them as 
viral. In contrast to decubiti, HSV perianal ulcers are painful, 
have scalloped borders, and occur away from pressure points. 
The diagnosis is best made by rapid viral culture. Acyclovir 
treatment is effective, but secondary bacterial or fungal infec-
tion may delay healing. Recurrence is common unless acy-
clovir is continued or immunosuppressive therapy decreased. 

C.J. Damman and G.B. McDonald



323

19.5.5.1     Noninfectious Causes 
(Tables  19-2  and  19-3 ) 

 There are few noninfectious causes of pain in the perianal 
area in transplant patients aside from anal fi ssures, a throm-
bosed external hemorrhoid, and unusual disorders of smooth 
muscle (levator muscle spasm, proctalgia fugax). Persistent 
diarrhea may lead to painful maceration of perianal skin and 
secondary infection by bacteria and fungi.     

19.5.6     Gastrointestinal Bleeding 

  In the era  before   effective antimicrobial prophylaxis, viral 
ulcerations were the most common cause of bleeding in both 
HCT and organ transplant patients, but in the current era, 
bleeding from viral ulcers has become uncommon [ 5 ,  275 ]. 
CMV ulcers in the esophagus are usually shallow, but those 
in the gastroduodenal, small bowel, and colonic mucosa are 
deeper and capable of eroding into large vessels [ 65 ,  84 ]. 
CMV may also cause diffuse gastritis or enteritis similar to 
that seen in infl ammatory bowel disease [ 58 ,  223 ,  276 ,  277 ] 
and rarely present as mass lesions [ 13 ]. Duodenal or gastric 
ulcers that appear to be typical peptic lesions may harbor 
CMV in the ulcer base and may fail to heal on standard ulcer 
therapy [ 195 ,  278 ]. If ulcers are in the midgut, a radionuclide 
blood pool scan or capsule endoscopy can localize the bleed-
ing site, allowing angiographic control or surgical resection 
if the ulcer is truly solitary and continues to bleed. Endoscopic 
hemostasis of bleeding CMV ulcers can occasionally be 
achieved, but this must be accompanied by antiviral therapy; 
CMV ulcers often require 2–3 weeks for mucosal lesions to 
heal following effective therapy [ 193 ]. 

 HSV may present as bleeding from coalescent herpetic 
esophageal ulcers without symptoms referable to the esopha-
gus [ 279 ]. HSV causes gastric and intestinal necrosis only 
rarely, usually in patients on high-dose immunosuppressive 
therapy [ 223 ]. VZV causes esophagitis similar to that caused 
by HSV and occasionally gastric ulcers, but not intestinal 
mucosal necrosis. EBV does not cause direct ulceration, but 
in transplant patients, it may lead to a lymphoma-like immu-
noproliferative disease may present with bleeding submuco-
sal nodules as well as diffuse mucosal infi ltration with 
immunoblasts [ 223 ,  280 ,  281 ]. Some serotypes of adenovi-
rus cause extensive intestinal mucosal necrosis as well as 
fulminant hepatitis and multiorgan failure in HCT patients; 
prompt treatment can be effective [ 154 – 158 ]. 

 Esophageal and intestinal fungal infections are now very 
uncommon causes of serious bleeding in transplant patients 
[ 251 ,  275 ]. Exceptions are patients with prolonged granulo-
cytopenia in whom deeper penetration of fungal organisms, 
particularly molds, can erode into large submucosal blood 
vessels, leading to massive bleeding [ 252 ]. 

 Aside from  H. pylori -associated ulcers in SOT recipients 
[ 3 ], bacterial gut infection as a cause of severe bleeding is 
rare. Pseudomembranous colitis caused by  C. diffi cile  may 

also present as bleeding, especially in patients with a low 
platelet count [ 141 ,  206 ]. Bloody diarrhea also occurs with 
typhlitis ( C. septicum  infection), especially if platelet counts 
are low [ 282 ]. 

19.5.6.1     Noninfectious Causes 
(Tables  19-2  and  19-3 ) 

 Both SOT and HCT recipients may come to their respective 
transplant procedures with gut lesions that may bleed after 
transplant. Minor bleeding after HCT usually disappears 
when platelet counts stabilize [ 283 ]. The current frequency 
of severe bleeding after HCT is less than 2 %, almost all of 
which is due to noninfectious causes (GVHD, gastric antral 
vascular ectasia, mucosal biopsy sites) [ 275 ,  283 ,  284 ]. 
Bleeding after SOT is more likely to be caused by infection, 
especially CMV- and  H. pylori -related ulcers [ 72 ]. 
Noninfectious causes of severe bleeding include diverticular 
bleeding (particularly after renal transplant), portal 
hypertension- related lesions after liver transplant [ 72 ], and 
bleeding from anastomoses (choledochojejunostomy after 
liver transplant, intestinal anastomoses after pancreatic or 
intestinal transplant), and ischemic colitis. 

 Severe intestinal bleeding, defi ned as enough bleeding to 
lead to hemorrhagic shock or a fall in hematocrit by >10 % or 
transfusion requirement of 2 units of blood per day, leads to 
two imperatives—one is to stop the bleeding and the other to 
make a diagnosis of the lesion that is bleeding—particularly 
if the cause is an infection that is not being treated. In prac-
tice, this means endoscopic evaluation of the upper intestinal 
tract, or the colon, or both, and blood-pool radionuclide 
scans, angiographic studies, or capsule endoscopy when 
endoscopy cannot localize the bleeding lesion.        
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 Gram-Positive Bacterial Infections 
After Haematopoietic Stem Cell or Solid 
Organ Transplantation                     
     Malgorzata     Mikulska      and     Claudio     Viscoli     

20.1           Introduction 

 Bacteria are the most frequent pathogens causing infection 
after transplant of haematopoietic stem cells, and Gram- 
positives cocci have been for decades more frequently iso-
lated than Gram-negative rods. Although in this chapter we 
have chosen to focus mainly on bloodstream infections (BSI) 
and pneumonia, other types of infection can be observed in 
these patients, such as gastrointestinal infections, in particu-
lar neutropenic typhlitis, urinary tract infections, usually 
associated with the presence urinary catheters, skin and soft 
tissue infections (perianal cellulitis, central venous catheter 
insertion site infections, fasciitis) and meningitis ( Listeria ). 
In these patients, bacterial infections are usually correlated 
to neutropenia and graft vs. host disease (GvHD). 

 Similarly, in solid organ transplant (SOT) recipients, bacte-
rial infections are the most frequent complications as well, 
including infections related to the surgical procedure and 
ICU-related infections. Each type of organ transplant is asso-
ciated with specifi c infections, such as cholangitis in liver 
transplant, mediastinitis in heart transplant, tracheal infections 
and pneumonia in lung transplant and urinary tract infections 
in kidney transplant recipients. In all these patients there is a 
large use of central venous catheters (CVC) which play an 
important role in healthcare associated bacterial infections. 

 In the HSCT setting, reliable data on the aetiology of bac-
terial infections come mainly from the results of blood cul-
tures, since bacteraemia is the most frequent bacterial 
infection. Microbiological documentation is missing in clini-
cally documented infections such as pneumonia or typhlitis. 
In SOT recipients, bacteraemia is less frequent, and invasive 
procedures, such as bronchoalveolar lavage with biopsy in 
case of lung transplant or bile or fl uid cultures from biliary 
stents or abdominal drainages in liver and pancreas trans-
plants are often required to obtain a microbiological docu-
mentation of localised infections. 

 General epidemiology and risk factors for infections after 
transplant have been described in Section II. This chapter 
will fi rst report on the epidemiology of infections caused by 
Gram-positive bacteria, separately for HSCT and SOT. In the 

HSCT section we will mainly focus on bloodstream infec-
tions and pneumonia, in both cases focusing on the most 
important pathogens, while in the SOT section we have cho-
sen to describe the general situation, and then to focus on 
specifi c types of transplants. Less common localisations and 
unusual pathogens will be dealt with in a single paragraph 
for both HSCT and SOT. Therapeutic aspects will be dis-
cussed by pathogen and antibiotic, and not by type of 
transplant.  

20.2     Epidemiology of Gram-Positive 
Infections After  HSCT   

20.2.1     Bloodstream  Infections   

 BSI affect approximately 5–10 % of autologous and 20–30 % 
of allogeneic HSCT recipients, with signifi cant variations 
among centres and among patients in the same centre, 
depending on different  transplantation procedures  , such as 
type of conditioning regimen or prophylaxis of GvHD and 
antibiotic prophylaxis. The  incidence of   BSI is the highest 
during the pre-engraftment neutropenic period, mainly in 
correlation with oral and enteric mucositis and the presence 
of a CVC. Staphylococci, Enterobacteriaceae and viridans 
streptococci predominate in this phase. Later on, after 
engraftment, BSI are more frequent in case of GvHD, hypo-
globulineamia or, again, in association with a CVC. Among 
Gram-positive bacteria, staphylococci and pneumococci are 
the most typical. The main  risk factors   associated with BSI 
due to single Gram-positive bacterial species are reported in 
Table  20-1 . Trends in the epidemiology of BSI after HSCT 
refl ect changes in prophylaxis and treatment regimens (e.g. 
antibiotic selection during fl uoroquinolone prophylaxis), in 
transplant protocols (impacting on severity of mucositis), 
and in the incidence of certain pathogens in the general pop-
ulation (e.g. a decline in infections due to  H. infl uenzae  and 
 S. pneumoniae  in countries with high vaccination rates).

   The predominant  aetiology of   bacterial BSI during neutro-
penia, including the pre-engraftment phase of HSCT, has 
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changed several times over the last 5 decades. While in the 
1960s and 1970s Gram-negative rods were predominant, a 
global shift toward Gram-positives was observed in most 
transplant centres during the next 2 decades [ 1 ,  2 ]. Reasons 
for an increase in the Gram-positive to Gram-negative ratio 
included chemotherapy regimens associated with more oral 
mucositis, universal use of implantable long term CVCs, and 
selective antibiotic pressure of third-generation cephalospo-
rins or fl uoroquinolones, which are more active against 
Gram-negatives than Gram-positives [ 1 ,  3 ,  4 ]. However, in 
the early 2000 the etiological pattern of pathogens causing 
BSI started to reverse again, with an increase in Gram- 
negative bacteraemias, both during the early and late post- 
transplant phases [ 5 – 9 ]. A similar trend was thereafter 
reported in numerous centres [ 10 – 13 ]. In more recent years, 
similarly to what reported for other populations, also in 
HSCT recipients there has been a signifi cant increase in the 
proportion of infections caused by  multidrug resistant 
(MDR) bacteria  , especially ESBL-producing Gram-negative 
rods, carbapenem-resistant  P. aeruginosa , or vancomycin 
resistant enterococci (VRE) [ 14 – 16 ]. Interestingly, an 
increase in  MDR   strains has been seen in some [ 17 ], but not 
all countries [ 18 ,  19 ]. 

 In order to investigate the latest epidemiological trends, in 
2011, within the 4th European Conference on Infections in 
Leukaemia ( ECIL-4)     , we performed a literature review on 
the aetiology of bacterial BSI in haematology and oncology 
settings. In addition, a questionnaire was sent to participating 

centres focusing on the current epidemiology, resistant pat-
terns and recommended empirical therapy [ 19 ]. The litera-
ture review yielded 29 reports from 13 countries published 
after 2005, with data from autologous and allogeneic HSCT 
reported in 14 and 19 papers, respectively [ 19 ]. The median 
year of observation was 2001, and the Gram-positive to 
Gram-negative ratio was 60 % vs. 40 %, with centres report-
ing ratios ranging from 85 % vs. 15 %, to 26 % vs. 74 %. 
Coagulase-negative staphylococci and  Enterobacteriaceae , 
mostly  Escherichia coli , were the most frequent pathogens 
(approximately 25 % of BSI each, although with great vari-
ability from study to study: 5–60 and 6–54 %, respectively), 
followed by  P. aeruginosa  (10 %, range: 0–30 %),  S. aureus  
(6 %, 0–20 %), viridans streptococci (5 %, 0–16 %) and 
enterococci (5 %, 0–38 %) [ 19 ]. 

  The    ECIL-4   survey questionnaire obtained answers from 
33 centres in 18 countries, mostly reporting data from HSCT 
recipients (autologous in 32 and allogeneic in 30). The 
median year of observation was 2008, and the results indi-
cated a further decrease in the Gram-positive to Gram- 
negative ratio (55 % vs. 45 %), again with important 
differences by-centre (from 85 % vs. 15 % to 30 % vs. 70 %) 
[ 19 ]. In these 33 centres, the  Enterobacteriaceae  were the 
most frequent pathogens isolated (median 30 %, range 
8–56 %), followed by coagulase-negative staphylococci 
(24 %, 7–51 %), enterococci (8 %, 0–30 %), viridans strepto-
cocci (6 %, 0–22 %) and  P. aeruginosa  (5 %, 0–28 %) [ 19 ]. 
Compared to published data, in the ECIl-4 questionnaire the 
incidence of  P. aeruginosa  was lower, but the incidence of 
enterococci was higher [ 19 ]. Results of literature review and 
questionnaire are shown in Figure  20-1 . One of the most 
important characteristics of the epidemiology of bacterial 
infections in transplant patients is the geographical and inter-
centre variability in aetiology and resistance patterns. While 
there are centres where over 70 % of BSI are caused by Gram- 
negative rods, there are still other hospitals where 90 % of the 
isolated bacteria are Gram-positive cocci [ 11 ,  12 ,  18 – 20 ].

20.2.1.1       Staphylococci 

  Staphylococci        are the most frequent pathogens causing BSI 
in HSCT recipients. In this setting, coagulase-negative 
staphylococci cause approximately 25 % of all BSI, while  S. 
aureus , a signifi cantly more virulent species, is isolated in 
only about 5 % of cases [ 19 ]. Variations in the incidence of 
coagulase-negative staphylococci might be in part explained 
by the fact that not all studies and centres regarded coagulase- 
negative staphylococci as the true cause of BSI only if iso-
lated in two consecutive blood cultures [ 21 ]. Given their low 
virulence, coagulase-negative staphylococci are associated 
with very low attributable mortality, although their treatment 
is frequently complicated by high rates of resistance to methi-
cillin. In fact, in ECIL centres more than half of the isolated 
coagulase-negative staphylococci were resistant to methicil-
lin, while the rate of methicillin resistance in  S. aureus  was 
lower [ 19 ]. Similarly, in the ECIL literature review, methicillin 

    TABLE 20-1.    Main risk factors  associated   with infections due to 
Gram-positive bacteria in haematopoietic stem cell transplant 
recipients   

 Risk factor  Bacterial species 

 Oral mucositis  Viridans streptococci 
 Coagulase-negative staphylococci 

 Enteric mucositis  Enterococci 
 Coagulase-negative staphylococci 

 Use of central venous catheters  Coagulase-negative staphylococci 
  Staphylococcus aureus  
 Corynebacteria 

 Low performance status 
 Comorbidities 

 Enterococci 

 Hypogammaglobulinemia 
 Impaired humoral activity 
 Hyposplenism 
 GvHD 

 Pneumococci 

 Fluoroquinolone prophylaxis  Staphylococci 
 Enterococci 
 Viridans streptococci 

 Use of cephalosporins  Enterococci, viridans 
streptococci (in case of 
ceftazidime) 

 Treatment with beta-lactams  Beta-lactam resistant viridans 
streptococci 

 Nasal colonisation with MRSA  MRSA 

 Colonisation with VRE  VRE 

   GvHD  graft-versus-host disease,  MRSA  methicillin-resistant  Staphylococcus 
aureus ,  VRE  vancomycin-resistant enterococci.  
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resistance was more frequent among coagulase-negative 
staphylococci than in  S. aureus , with respective median 
resistance rates of 80 and 56 % [ 19 ]. Of note, resistance to 
methicillin has been reported to be lower in paediatric than 
adult populations. 

 Although the overall incidence of methicillin-resistant  S. 
aureus  (MRSA) bacteraemia is low in HSCT recipients, 
concerns about high mortality have been raised. In particu-
lar, in two MRSA outbreaks, the attributable mortality was 
very high [ 22 ,  23 ]. In a UK transplant centre, 22 patients 
became infected and the attributable mortality was 40 % in 
case of early post-transplant infection (2 out of 5 patients) 
and over 20 % in case of late infections [ 22 ]. Interestingly, 
pre-HSCT MRSA colonisation was associated with an 

increase in morbidity and mortality, even in case of success-
ful mupirocin decolonisation (4 of 11 successfully decolo-
nised patients developed later an MRSA infection) [ 22 ]. 
Hopefully, outside outbreak settings, the outcome of MRSA 
infections is more favourable, particularly in centres where 
methicillin- resistant staphylococci are regularly seen and 
glycopeptides are frequently used in empirical therapy. 
Infection control measures effective against MRSA and cur-
rently recommended by international guidelines include 
alcohol-based hand hygiene, nasal screening, universal or 
selective decolonisation, improvement in CVC management 
and reduction in the use of fl uoroquinolones [ 24 ,  25 ]. 
A reassuring fact about MRSA infections is that, for reasons 
which remain to be fully understood, since 2004 a steady 
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worldwide decline in MRSA has been noted in the USA and 
in several European and Far East countries, despite different 
infection-control approaches undertaken [ 26 ,  27 ]. Finally, 
several new therapeutic options against MRSA have been 
introduced in the last 5 years, including anti-MRSA cephalo-
sporins such as ceftaroline or ceftobiprole, lipoglycopeptides 
such as telavancin, dalbavancin or oritavancin, or new oxa-
zolidinones, such as tedizolid [ 28 ]. Although none of these 
drugs has been approved for empirical or targeted treatment 
of infections in neutropenic or transplant patients, they offer 
a much appreciated alternative for better management of 
methicillin- resistant infections. Among them, cephalospo-
rins might be particularly attractive due to their historically 
known effi cacy and safety, while some novel lipoglycopep-
tides might revolutionise outpatient treatment   allowing for 
once weekly administration.  

20.2.1.2     Enterococci 

    Enterococci      have emerged as the third most frequent group 
of bacterial pathogens causing BSI after HSCT, affecting up 
to 10–12 % of all transplant patients [ 6 ,  16 ,  29 – 31 ]. 
Prophylaxis with fl uoroquinolones has been associated with 
an increased rate of enterococci [ 32 ]. However, in our centre, 
where levofl oxacin prophylaxis is routinely used, other inde-
pendent risk factors for early enterococcal bacteraemia were 
found, including mismatched related donor or cord blood 
transplant, low performance score, severe mucositis, pharyn-
geal enterococcal colonisation and previous empirical ther-
apy with cephalosporins [ 29 ]. Interestingly, unrelated donor, 
cord blood transplant and higher comorbidity scores 
(together with a diagnosis of acute lymphoblastic leukaemia) 
were also identifi ed as risk factors for VRE bacteraemia [ 31 ]. 
Compared to other pathogens, enterococcal bacteraemia 
occurs usually later after transplant. For example the median 
time to infection from the day of transplant was +4 for viri-
dans streptococci and +11 for enterococci [ 33 ]. In many cen-
tres,  E. faecium  almost completely replaced  E. faecalis , with 
important therapeutic consequences since  E. faecium  is fre-
quently resistant to ampicillin [ 13 ,  30 ,  34 ]. In some centres, 
the shift from  E. faecalis  to  E. faecium  has been also accom-
panied by an important increase in the rate of resistance to 
vancomycin: in a multicentre Australian study VRE 
increased from 8 % in 2001–2004 to 64 % in 2007–2010 
[ 30 ]. The problem of vancomycin resistance is important in 
HSCT recipients with enterococcal infections, since few 
therapeutic options are available and high mortality in 
patients infected with VRE has been reported [ 35 ,  36 ]. In 
general, the incidence of VRE in Europe is lower than in the 
USA [ 6 ,  13 ,  19 ,  26 ,  33 ,  34 ,  37 ]. In the ECIL-4 survey, 67 % 
of the interviewed haematological centres reported an inci-
dence of VRE lower than 5 % among all enterococci [ 19 ]. On 
the contrary, in the USA, up to 80 % of  E. faecium  isolates 
are reported to be VRE and the overall 30-days mortality is 
very high [ 16 ,  31 ,  35 ]. It remains controversial whether or 

not the resistance to vancomycin is the main factor respon-
sible for such a high mortality. In fact, enterococci are poorly 
virulent pathogens and usually develop in patients with several 
concomitant clinical problems that are able to affect survival 
[ 38 ]. Therefore, attributing the excess mortality only to the 
VRE infection in patients with multiple clinical problems 
might be arbitrary and might simply indicate that VRE are 
markers of clinical severity [ 16 ,  31 ,  34 ,  35 ,  39 ]. This was 
clearly suggested by one of the earlier reports, in which all 
12 patients with early (average onset day +15) VRE bacter-
aemia died within less than 3 months from the infection, half 
of them had blasts at transplant, 80 % had concomitant infec-
tions and none achieved platelet engraftment [ 35 ]. In larger 
studies conducted in 76 and 68 patients with VRE bacterae-
mia, the attributable mortality was, respectively, 6 and 9 % 
[ 16 ,  31 ]. The view that enterococcal and VRE bacteraemias 
might be a marker of comorbidities and poor general condi-
tion, and as such associated with high overall mortality, is 
supported by other clinical experiences. In a recent Korean 
study, for example, a delayed use of adequate antibiotics in 
case of VRE infection resulted in no difference in 30-day 
mortality compared to infections caused by vancomycin- 
susceptible strains in neutropenic patients, and the severity 
of the underlying disease was the only predictor of poor out-
come [ 40 ]. In another study in Brazil, the authors found that 
empirical treatment of neutropenic fever with linezolid had 
no effect on survival (54 % vs. 42 %) in 100 haematology 
patients who were colonised with VRE, while predictors of 
mortality were persistence of neutropenia and GvHD [ 41 ]. 
Finally, in our experience in a cohort of 67 adult allogeneic 
HSCT recipients with enterococcal BSI, of whom only 13 % 
had VRE infection, the 30-day mortality for vancomycin- 
susceptible strains was higher compared to VRE (respec-
tively, 26 and 11 %), whereas the 1-year overall survival was 
the same in both groups, and signifi cantly lower than in 
patients with no enterococcal BSI (24 and 65 %, respec-
tively) [ 42 ]. These results were compared with an experience 
of a US transplant centre, where 66 % of patients with entero-
coccal BSI had VRE. In these patients the 30-day mortality 
was 38 % for both vancomycin-susceptible and resistant 
enterococci, while the 1-year overall survival was 48 % for 
vancomycin-susceptible enterococci, 23 % for VRE and 
63 % for patients with no enterococcal BSI [ 43 ]. Although 
enterococcal colonisation (both with VRE and not) has been 
found signifi cantly associated with enterococcal BSI, its 
negative predictive value is not very high since only 57 % of 
VRE-BSI were preceded by VRE colonisation, confi rming 
that this aetiology could not be excluded in non-colonised 
patients [ 16 ,  29 ]. Screening for rectal carriage of VRE might 
help to identify patients at highest risk for this infection, yet 
the positive predictive value for subsequent infection in VRE 
colonised patients is limited since many of them will not 
develop a VRE infection. For example in a cohort of HSCT 
recipients with high prevalence of VRE colonisation (40 %), 
VRE bacteraemia occurred signifi cantly more frequently in 
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patients colonised (13/37, 34 %), compared to those with no 
colonisation, (1/55, 1.8 %,  p  < 0.01), with the positive predic-
tive value of 34 % [ 44 ]. As with other MDR bacteria, in order 
to limit nosocomial spread, patients colonised or infected 
with VRE should be isolated and contact precautions should 
be applied. 

 Treatment of VRE is based on the use of linezolid, for 
which effi cacy data in this setting have been reported. Data 
on the use of daptomycin have also been reported, although 
the use of daptomycin in VRE remains investigational [ 45 –
 48 ]. Other options are quinopristin–dalfopristin, which is 
active only against  E. faecium , and not  E. faecalis  and tige-
cycline [ 49 ]. The new anti-staphylococcal cephalosporins 
remain inactive against enterococci, while novel glycoli-
popetides such as telavancin and dalbavancin seem active 
only against some strains (VanB). For the data supporting the 
choice between linezolid and daptomycin for VRE infection, 
see the paragraph on daptomycin in this chapter.    

20.2.1.3     Viridans Streptococci 

 Infections with    viridans streptococci      have been traditionally 
associated with oral mucositis in course of chemotherapy 
(Table  20-1 ) [especially cytarabine (Ara-C)] and with 
younger age. Other risk factors were fl uoroquinolone pro-
phylaxis, the use of trimethoprim–sulfamethoxazole, anti- 
acid medications and proton-pump inhibitors [ 50 ]. A unique 
aspect of viridans streptococcal bacteraemia during neutro-
penia consists of the high risk of complicating with septic 
shock and acute distress respiratory syndrome (ARDS), 
which usually develops 2–3 days after the onset of bacterae-
mia [ 50 ]. The incidence of these serious complications has 
been approximately 10 %, varying from 7 to 39 % in differ-
ent cohorts [ 50 ,  51 ]. Considering that ARDS might be an 
immunologically mediated phenomenon, early administra-
tion of high dose corticosteroids has been studied and 
reported effective in small single-centre studies in the last 20 
years [ 52 ,  53 ]. At present, viridans streptococci are respon-
sible for approximately 5 % of all bacteraemias in transplant 
recipients. Streptococci are usually susceptible to penicillin 
and other beta-lactams. However,  Streptococcus mitis , the 
species most frequently isolated in neutropenia, is frequently 
associated with resistance to penicillin and fl uoroquinolones 
[ 54 ], making vancomycin the drug of choice for this indica-
tion. In fact, in a study which analysed 909 episodes of bac-
teraemia from 10 randomised clinical trials of antibiotic 
therapy for infection in patients with cancer and neutropenia 
in the years 1980–1993, the mortality associated with  S. 
mitis  bacteraemia was higher if vancomycin was not included 
in the fi rst line empirical treatment [ 55 ]. In that analysis, bet-
ter survival in patients with Gram-positive bacteraemia who 
received upfront vancomycin, compared to those in whom 
vancomycin was added later, was driven exclusively by the 
benefi t observed in 117 cases of viridans streptococcal bac-
teraemia (mortality 0 % vs. 14 %, respectively,  p  < 0.0001) 

[ 55 ]. Another argument that supported the idea that viridans 
streptococci might benefi t from empirical vancomycin ther-
apy comes from a randomised trial in paediatric patients, in 
whom vancomycin was added to ticarcillin–clavulanate and 
amikacin [ 56 ]. Higher rates of breakthrough bacteraemia, 
including 1 case of fatal viridans streptococcal bacteraemia 
was observed in the non-vancomycin group. 

 On the other hand, most of the beta-lactams used in empir-
ical therapy today (piperacillin–tazobactam, cefepime or 
carbapenems) have good activity against viridans strepto-
cocci, which is not the case with ceftazidime. In a recent 
study, only clinical strains with minimum inhibitory concen-
tration (MIC) to penicillin ≥2 μg/mL were found resistant to 
other beta-lactams [ 57 ]. In particular, all isolates with a peni-
cillin MIC=2 were generally susceptible to cefepime, ceftri-
axone and piperacillin–tazobactam, while 4 among 17 
isolates were resistant to meropenem according to CLSI 
breakpoints (susceptible according to EUCAST break-
points). Few strains testing resistant to penicillin according 
to CLSI (MIC ≥4 μg/mL) were generally non-susceptible to 
ceftriaxone, cefepime and meropenem, but susceptible to 
piperacillin–tazobactam. In this study, 17 % of 732 patients 
were infected with viridans streptococci with a penicillin 
MIC ≥2 μg/mL, and 98 % of them had at least 1 of the 
 following risk factors: current or past (previous 30 days) use 
of a beta-lactam as antimicrobial prophylaxis or nosocomial 
onset of bacteraemia. These might be the subjects who may 
benefi t currently from an empirical treatment with vancomy-
cin. The results of the aforementioned study illustrate well 
why the newest IDSA guidelines for treating infections in 
neutropenia do not any longer recommend the use of vanco-
mycin if viridans streptococci are suspected [ 58 ]. The asso-
ciation between high penicillin MIC values, clinical outcome 
and the need for vancomycin treatment have been   elegantly 
discussed in a recent editorial [ 51 ].  

20.2.1.4     Pneumococci 

  Pneumococci   are an    important cause of morbidity and mor-
tality in HSCT patients and the incidence of pneumococcal 
invasive disease is higher than in the general population, par-
ticularly in those with chronic GvHD [ 59 – 61 ]. Nevertheless, 
the absolute numbers remain low. For example, in a prospec-
tive 10-year observational study in Canada, only 14 cases of 
pneumococcal infection were diagnosed in 1238 adult HSCT 
recipients (100 % bacteraemia, 71 % with concomitant pneu-
monia) [ 61 ]. This translated into an incidence of 347/100.000 
transplanted patients/year, which was higher for allogeneic 
than autologous HSCT (590 and 199/100.000 transplanted 
patients/year, respectively), and over 30 times higher than in 
the general population (11.5 cases/100.000 population/year 
( p  < 0.00001). Two HSCT recipients died because of pneu-
mococcal infection, which is similar to the mortality observed 
in the non-transplant population (14 % vs. 19.5 %). Another 
recent, more than 10 year-long, retrospective observational 
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study from Australia identifi ed 23 allogeneic HSCT recipi-
ents with invasive pneumococcal disease [ 62 ]. The cumula-
tive incidence was 2.3 %, and the incidence density was 
956/100,000 transplant/year of follow-up. Of note, 
 Pneumocystis jirovecii  prophylaxis with trimethoprim–sul-
famethoxazole was associated with lower odds of pneumo-
coccal infection. Finally, pneumococcal bacteraemia remains 
usually limited to the post-engraftment period, accounting 
for 13 % of all bloodstream infections during this phase, 
compared to 1 % during pre-engraftment neutropenia [ 63 ]. 
Reasons for an increased risk of pneumococcal infection 
include long lasting defi cit in immunoglobulin production, 
poor spleen function, and possibly, lack of protection from 
vaccination. Oral penicillin prophylaxis has been recom-
mended for patients with chronic GvHD or low IgG levels 
with a grade or recommendation of A III, i.e. a strong recom-
mendation for use, although just based on expert opinions 
and observational studies [ 64 ]. This recommendation might 
be an extrapolation from the paediatric post-splenectomy lit-
erature [ 65 ]. However, limitations of long term prophylaxis 
include suboptimal effi cacy, particularly in areas where 
many pneumococci are penicillin-resistant, poor patient 
compliance and the risk of developing resistance. Therefore, 
since the introduction of the conjugated anti-pneumococcal 
vaccine (PCV), early 4-dose vaccination remains the most 
widely accepted preventive strategy [ 64 ]. The epidemiology 
of pneumococcal infections has changed after the introduc-
tion of conjugated vaccines in the general population, both 
due to a decrease in the circulation of pneumococci in the 
community and an increased response to vaccination    in 
HSCT recipients.   

20.2.2     Pneumonia 

  Pneumonia      is a frequent infectious complication in HSCT 
recipients, with an incidence reported in retrospectives stud-
ies ranging between 15 and 25 % [ 66 – 70 ]. In a recent pro-
spective observational study, 50 of 169 transplant recipients 
developed pneumonia. However, in this study, Gram-positive 
cocci were considered the cause of infection in only fi ve 
cases, all occurring within 6 months from transplant (2 pneu-
mococci, 2 enterococci and 1  Nocardia ) [ 71 ]. 

 CT scan is the technique of choice for diagnosing pneu-
monia in the immunocompromised host, Although most CT 
lesions are not typical for any single bacterial pathogen, cav-
itary lesions developing during neutropenia are highly sug-
gestive for  S. aureus  pneumonia.. Among rare causes, 
 Rhodococcus equi  can also be the cause of cavitary and gran-
ulomatous lesions in these patients [ 72 ]. 

 Numerous acute pulmonary complications may occur in 
transplant patients, including both infectious and non- 
infectious causes and it is diffi cult to obtain an etiological 
diagnosis. The clinical setting and microbiological analyses, 
such as cultures of blood samples, sputum and BAL fl uid, 

can be used to provide clues for interpreting abnormal CT 
fi ndings, although polymicrobial or mixed infections and 
coexistence of infectious and non-infectious processes (e.g. 
viral and immunological) further hamper the precise descrip-
tion of epidemiology in this setting [ 73 ,  74 ]. 

 The results of a nationwide prospective study referring to 
data collected through the Spanish Research Network of 
Transplant (RESITRA) give insight into these complications 
[ 75 ]. From July 2003 to April 2005, 427 HSCT recipients 
were followed with a standardised diagnostic protocol for 
pneumonia. There were 112 episodes of pneumonia and 72 
(64.3 %) of them were microbiologically defi ned. Bacterial 
pneumonia ( n  = 32, 44 %) accounted for more cases than fun-
gal ( n  = 21, 29 %) and viral pneumonia ( n  = 14, 19 %). The 
most frequent pathogens isolated in each group were:  E. coli  
( n  = 7, 9 %), CMV ( n  = 12, 15 %), and  Aspergillus spp  ( n  = 12, 
15 %). Among bacteria, the most common aetiologies were 
 E. coli  and  P. aeruginosa , as previously reported in other 
studies [ 66 ,  76 ], whereas  S. pneumoniae  was involved in 
only 5 % of the cases. This low incidence might the result of  
the routine use of immunisation and prophylaxis. Median 
time to the diagnosis of pneumonia after transplantation was 
66.5 days. The global mortality rate in allogeneic HSCT 
recipients that had at least one pneumonia episode was 46 % 
( n  = 44) compared to 13 % ( n  = 43) in those without any pneu-
monia episode ( p  < 0.01; relative risk 3.37; 95 % CI: 2.43–
4.68). Clinical factors increasing the mortality rate in HSCT 
recipients developing a pulmonary complication were inva-
sive fungal infection, acute or chronic GvHD, developing 
pneumonia in the fi rst 100 days after transplantation, acute 
respiratory failure and septic shock. 

 In conclusion, bacterial pneumonia is a frequent compli-
cation after HSCT procedures, although the aetiological 
diagnosis is obtained only in a minority of cases. This is due 
to many causes, including lack of possibility of collecting 
appropriate respiratory specimens, low yield of blood cul-
tures and an early empirical therapy. Gram-positive bacteria 
play a signifi cantly less important role than Gram-negatives, 
with staphylococci and enterococci being most frequently 
reported.   

20.3     Gram-Positive Infections 
After Solid Organ  Transplant   

 There are several reasons why a solid organ transplant 
(SOT) recipient can develop  infectious complications   after 
the transplant procedure. First of all, the transplant recipient 
is usually affected by a severe underlying disease, like liver 
cirrhosis in the liver transplant setting or severe lung and/or 
heart insuffi ciency in the heart and lung setting. Other pre- 
transplant predisposing conditions include diabetes in pan-
creatic transplant recipients and long-term dialysis before 
kidney transplants. Given the fact that SOT recipients are 
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usually affected by a  chronic disease  , they are often exposed 
to hospital pathogens during pre-transplant hospital admis-
sions and might have received numerous courses of antibiot-
ics and immunosuppressive agents, especially corticosteroids. 
At this point, during transplantation, the patient undergoes a 
long and usually very invasive surgical procedure, which 
may last hours and can be complicate by severe bleeding and 
contamination with intestinal fl ora (mainly in liver and pan-
creas transplant). Subsequently, with the incidence depend-
ing on the type of transplant, the patient remains in the ICU 
for a variable number of days, sometimes supported by 
mechanical ventilation and vasoactive therapy and always 
receiving artifi cial nutrition. Urinary catheters and biliary 
stents might be left in place for several days. Additionally, 
the patient usually receives an organ from a cadaveric donor 
and is therefore exposed to the risk of donor-derived infec-
tions. Last but not least, immunosuppressive therapy is 
started immediately after the surgical procedure, with the 
consequent risk of infections due to opportunistic pathogens 
and of reactivation of latent endogenous infections. Specifi c 
 risk factors   for infections due to Gram-positive bacteria in 
SOT recipients are outlined in Table  20-2 .

   Gram-positive bacteria obviously play an important role 
in infections in these patients, although an exact evaluation 
of their impact with respect to other types of pathogens may 
be diffi cult. MRSA can colonise the patient before transplant 
and then cause invasive infections afterwards. Gram-positive 
cocci are frequent pathogens in surgery- and ICU-related 
infections, with staphylococci being responsible for 

healthcare- associated bacteraemia (usually associated with 
the use of CVC) and pneumonia, and enterococci causing 
cholangitis and abdominal abscesses, especially in the liver 
transplant setting [ 77 ,  78 ]. In general, bacteria are the most 
common pathogens, and the rate of bacterial infections 
ranges from 5 to 25 % depending on the predisposing factors 
and type of transplant [ 79 ]. The highest incidence of infec-
tious complications is reported for lung and kidney-pancreas 
transplants, closely followed by liver and heart transplants, 
while renal transplants are usually associated with a much 
lower risk [ 80 ]. As far as time from transplant is concerned, 
the risk of nosocomial and opportunistic infections is con-
sidered the highest during the fi rst 6 months. In the fi rst 
month,  donor-derived infections   as well as those related to 
the surgical procedure and ICU stay predominate, while in 
the following 5 months opportunistic infections and infec-
tious reactivations become more frequent, due to the on-
going immunosuppression. Late infections are defi ned as 
occurring more than 6 months after SOT and are signifi -
cantly less frequent than early ones, and are usually caused 
by the same pathogens that in other patients receiving simi-
lar chronic, long-term immunosuppression. However, in a 
multicentre Spanish study, only slight differences in the aeti-
ology of infectious complications were detected comparing 
early and late period [ 80 ]. Even though late infections were 
signifi cantly less frequent than early ones, the mortality rate 
was similar [ 80 ]. 

 As already mentioned, Gram-positive infections occur 
mainly during the early period, accounting for 38 % of patho-
gens isolated during the fi rst month after transplant, com-
pared to 18 % during the late period [ 80 ].  Staphylococcal 
infections   are the most frequent, usually caused by nosoco-
mial methicillin-resistant strains. For example in a recent 
retrospective study of  S. aureus  bacteraemias in SOT recipi-
ents, 70 cases were identifi ed, resulting in an attack rate of 
22.9/1000 transplant patients [ 81 ]. Early-onset bacteraemia 
(≤90 days) was more frequent in liver transplant recipients 
(79 %), when compared with kidney transplants (17 %). All- 
cause 30-day mortality was 6 %, and was signifi cantly higher 
in case of pneumonia as the source of bacteraemia (18 % vs. 
2 %). Comparing to non-transplant recipients, resistance to 
methicillin was more frequent (86 % vs. 52 %), and the per-
sistence of positive blood cultures was longer (mean 3.8 vs. 
1.6 days); however, quite surprisingly, the 30-day mortality 
rate was lower [ 81 ]. 

 As far as  pneumonia   is concerned, the Gram-positives are 
important pathogens, with  S. aureus  being more frequent in 
the early transplant period, and pneumococci in the late one 
[ 61 ,  82 ]. Although lower than in case of HSCT, the risk of 
invasive pneumococcal infections in SOT recipients was 
nevertheless found to be more than 12-fold higher than in the 
general population [ 61 ]. An interesting study from 90 
Turkish SOT recipients who underwent bronchoscopy 
between 2000 and 2012 reported 46 % of microbiological 
yield [ 83 ]. In these 32 patients,  Mycobacterium tuberculosis  

   TABLE 20-2.    Main  risk factors   associated with infections due to 
Gram-positive bacteria in solid organ transplant recipients   

 Risk factor  Bacterial species 

 Biliary leakage or intestinal perforation after 
liver or pancreas transplant 

 Enterococci 

 Sternotomy  Staphylococci 
(mediastinitis) 

 Length of surgery in any transplant, number 
of blood units transfused during liver 
transplant 

 Staphylococci 
 Enterococci 

 Surgical technique of liver transplant 
resulting in intestinal contamination 

 Enterococci (cholangitis, 
bacteremia) 

 Use of central venous catheters  Coagulase-negative 
staphylococci 

  Staphylococcus aureus  
 Corynebacteria 

 T-cell immunosuppression, lymphopenia 
after any transplant 

  Rhodococcus, Nocardia  

 Hypogammaglobulinemia 
 Impaired humoral activity 

 Pneumococci 

 Previous treatment with cephalosporins  Enterococci 

 In kidney transplant, strictures and stents  Enterococci 

 Colonisation with MRSA  MRSA 

 Colonisation with VRE  VRE 

   MRSA  methicillin-resistant  Staphylococcus aureus ,  VRE  vancomycin-resis-
tant enterococci.  
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was the most common pathogen ( n  = 6, 7 %), followed by 
 S. aureus  in 4 (4 %) and  S. pneumoniae  in 2 (2 %) [ 83 ]. 

  Enterococci   are the second most common Gram-positive 
bacteria isolated after SOT. In a Swiss cohort, the highest 
rates of enterococcal infection were found early after liver 
transplantation (0.24/person-year) [ 78 ]. 

 As mentioned, colonisation with resistant Gram-positives 
is a well-known risk factor for subsequent infection. A recent 
meta-analysis of 23 studies, mostly (17 %) performed in liver 
transplant recipients reported that pre-transplant and post- 
transplant MRSA colonisation signifi cantly increased the 
risk for MRSA infections with a pooled risk ratio of 5.5 and 
10.6, respectively. Similarly, pre-transplant and post- 
transplant VRE colonisation increased the risk of enterococ-
cal infections almost seven and eightfold, respectively [ 84 ]. 
Thus, preventive strategies should be implemented in order 
to reduce the risk of resistant infection. 

 While many infections are common across all SOT 
receipts, some organ-specifi c bacterial complications deserve 
a separate discussion. 

 In orthotopic   liver transplant  recipients  , bacterial, fungál 
and viral infections are the most frequent complications, 
affecting up to 68 % of the patients. Bacterial complications 
present usually early in the post-transplant course, typically 
occurring within the fi rst 14 days after transplantation [ 77 ]. 
The main reasons for such a high incidence of early infec-
tions are prolonged intubation and surgical procedure, with 
the need to perform several biliary and vascular anastomo-
ses, sometimes positioning intrabiliary devices (Kehr tube, 
stents). Some of these devices may create a direct communi-
cation between the external and the internal (duodenum) 
environment, with a consequent risk of both endogenous 
(intestinal fl ora) and exogenous infections. 

 For the above mentioned reasons, typical infections after 
liver transplant involve the biliary tract, and are related to 
stenosis or bile leakage. Although cholangitis is most fre-
quently caused by Gram-negatives such as Enterobacteriaceae 
or  P. aeruginosa , enterococci are not infrequent [ 85 ]. In fact, 
high rates of abdominal infections with any bacteria early 
after liver transplantation have been reported, but entero-
cocci (in particular ampicillin-resistant  E. faecium ) were the 
most common pathogens [ 85 ,  86 ]. 

 As far as other Gram-positive infections are concerned, a 
single-centre experience in 275 liver recipients showed that 
7.3 % of them developed  S. aureus  bacteraemia, in median 6 
days after transplant [ 82 ]. Of note, lungs were the most com-
mon primary site of infection, followed by abdomen and bili-
ary tract. Resistance to methicillin was very high (80 %) and 
a 45 % mortality rate was reported [ 82 ]. In another recent 
experience in 412 adult liver transplants, 71 cases of surgical 
site infections were diagnosed (17 %) and MRSA was the 
most frequent single agent isolated, while 25 % of the cases 
were polymicrobial infections, with high prevalence of 
enterococci [ 87 ]. Half of the surgical site infections were 

associated with bacteraemia and 23 % with pneumonia; and 
the reported mortality rate was 14 % [ 87 ]. 

 After   lung transplant   , the most important Gram-positive 
infection is  S. aureus  pneumonia and tracheobronchitis. In 
fact, Gram-positive infections in this setting are caused 
almost exclusively by staphylococci.  S. aureus  is particularly 
frequent and in a recent retrospective single-centre analysis 
of 596 lung transplant recipients, 18 % ( n  = 109) developed  S. 
aureus  infection [ 88 ]. The most common infections were 
pneumonia (48 %), tracheobronchitis (26 %), bacteraemia 
(12 %), intrathoracic infections (7 %) and skin and soft tissue 
infections (7 %). Risk factors included mechanical ventila-
tion for more than 5 days and  S. aureus  colonisation both in 
the recipient and the donor. The 30- and 90-day mortality 
rates from the onset of infection were 7 and 12 %, respec-
tively, but there was a signifi cantly higher risk of an acute or 
chronic rejection in patients with infection [ 88 ]. Similarly, in 
a prospective Spanish multicentre study on pneumonia in 
236 lung transplant recipients, its incidence was high, with 
72 episodes/100,000 transplants/year, and bacterial aetiol-
ogy was documented in 83 % of the cases. Pneumonia was 
caused mainly by Gram-negatives (72 %), with  P. aerugi-
nosa  being the most frequent species (14 cases), followed by 
 S. aureus  (8 cases);  Nocardia , isolated in 1 patient, was the 
only other Gram-positive reported in this cohort [ 89 ]. 

 In   heart transplant recipients   , mediastinitis and sternal 
wound infections are complications unique to this type of 
transplant. The pathogens are similar to those observed in other 
patients undergoing cardiothoracic surgery, with the predomi-
nance of  S. aureus  and coagulase negative staphylococci [ 90 ]. 

 Urinary tract infections are particularly frequent after  kid-
ney transplantation , as 78 % of all urinary tract infections 
after SOT develop in renal transplant patients [ 91 ].  E. faeca-
lis  was the second most common isolated pathogen (the fi rst 
being  E. coli ), and this infection was associated with previ-
ous antibiotic therapy or urinary tract instrumentation [ 92 , 
 93 ].  Corynebacterium urealyticum  is an underdiagnosed 
pathogen in kidney transplant recipients which is associated 
with encrusting cystitis and pyelitis, with consequent graft 
dysfunction [ 94 ]. When long term incubation and special 
media providing better diagnostic yield were used in 163 
patients, 10 % had  C. urealyticum  bacteriuria, which was 
related to obstructive uropathy [ 94 ]. Similarly to other trans-
plants, wound and CVC-associated infections are frequently 
caused by staphylococci [ 92 ]. 

   Pancreas and small bowel transplant  recipients   have one 
of the highest rates of infections after SOT. They are either 
systemic or localised (intra-abdominal) infections caused by 
bacteria of enteric origin (for example abscesses in case of 
enteric drainage of pancreatic secretions or mucosal injury 
leading to breakdown of bowel-blood barrier with subse-
quent septic syndromes after small bower transplant). 
Enterococci are the main Gram-positive pathogens in these 
settings. 
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20.4     Other Infections in HSCT and 
SOT Recipients 

20.5   Skin and soft tissue infections   in transplant 
recipients are usually associated either with surgical 
procedures (particularly in case of SOT) or with the 
presence of CVC. Gram- positives are the most frequent 
pathogens, with the predominance of staphylococci. 
However, the possibility of CVC-associated infection 
caused by Gram-negatives, in particular  Pseudomonas 
aeruginosa , should be always considered in transplant 
recipients. CVC-related infections include bacteraemia or 
localised (exit site or tunnel) infections. The exact role of 
indwelling catheters as a source of fever during 
neutropenia is diffi cult to establish since most of blood 
cultures are drawn only from CVC and not from a 
peripheral vein. Therefore, the role of CVC should be 
suspected in case of persistently positive blood cultures, 
presence of local signs of infection or fever developing 
precisely after CVC is used. CVC should be promptly 
removed in case of CVC- associated infection caused by  S. 
aureus, P. aeruginosa  or fungi. The benefi t of CVC 
removal in case of other CVC- related infections is less 
clear. In some cases, systemic therapy of CVC-related BSI 
might be accompanied by local antibiotic intra-CVC 
therapy, i.e. high concentration of antibiotic solution is left 
for 8–24 h in each CVC lumen and the catheter is not used 
(antibiotic lock therapy, ALT). For Gram-positives, clinical 
experiences with vancomycin, daptomycin and gentamycin 
have been reported. Prevention and management of 
CVC-associated infections, including ALT have been 

recently reviewed elsewhere [ 95 ,  96 ].      

20.6 Less Common Gram-Positive 
Pathogens 

 Numerous other Gram-positive bacteria may cause infec-
tions in immunocompromised patients. In general, in case of 
low virulence common  skin contaminants   such as micro-
cocci, corynebacteria or  Rothia  (and similarly to what is 
done for coagulase negative staphylococci), at least two con-
secutive positive blood cultures are required in order to con-
sider the case as true bacteraemia, at least in epidemiological 
studies. In particular, corynebacteria, which are part of skin 
fl ora, may occasionally cause bacteraemia, particularly in 
neutropenic patients with a CVC. Among them, 
 Corynebacterium jeikeium  is an important species, with a 
mortality rate in neutropenic patients as high as 34 % (but 
<5 % in case of bone marrow recovery) [ 97 ]. Risk factors for 
 C. jeikeium  include prolonged neutropenia, the presence of 

central venous catheter and previous antibiotic therapies 
[ 98 ]. Additionally,  C. jeikeium  is typically resistant to many 
antibiotics and vancomycin is the most reliable treatment 
[ 99 ]. In the absence of local infection, the removal of CVC 
does not seem to offer additional benefi t to vancomycin 
 therapy [ 100 ]. Resistance to new agents such as daptomycin 
has been occasionally reported [ 101 ]. 

  Rothia mucilaginosa,  formerly known as  Stomatococcus 
mucilaginosus or Micrococcus mucilaginosus,  is a Gram- 
positive coccus which can be easily mistaken for a coagulase- 
negative staphylococcus on initial culture results. It resides 
in the oral cavity and upper respiratory tract. It has recently 
emerged as a cause of life threatening infections in patients 
with a CVC, with prolonged neutropenia, and mucositis 
[ 102 ,  103 ]. In addition to disseminated infections and pneu-
monia, meningitis has been also reported [ 102 ,  103 ]. 

 Bacterial  foodborne infections   seem infrequent during the 
fi rst year after HSCT, affecting only 0.3 % of 4069 patients 
[ 104 ]. Listeria was only the fourth most common pathogen, 
after  Campylobacter, Yersinia  and  Salmonella,  with only two 
patients developing listeriosis. Also in another cohort, liste-
riosis was infrequent, with a 13-year incidence of systemic 
 Listeria  infections of 0.47 % in both HSCT and SOT recipi-
ents [ 105 ]. Interestingly, only two among six patients had 
meningoencephalitis, while all had positive blood cultures. 

  Nocardiosis      is a rare bacterial infection occurring in 
patients with defi cient cell-mediated immunity. As such, 
transplant recipients are at risk, and routine prophylaxis with 
trimethoprim–sulfamethoxazole prescribed for prevention of 
pneumocystosis is not effective in preventing nocardiosis. 
Clinical sites of nocardiosis include lungs, brain or skin, but 
disseminated infection might also occur. A review on 
Nocardia infection dedicated exclusively to transplant recipi-
ents has been recently published [ 106 ].  

20.7     Treatment of Gram-Positive 
Infections in Transplant 
Recipients 

20.7.1     Empirical Therapy for Febrile 
Neutropenia Targeting Gram-Positive 
Bacteria 

  Empirical antibiotic therapy for patients with febrile  neutro-
penia   has been one of the main advances in reducing mortal-
ity in this setting. The antibiotic regimen must include 
antibiotics active against Enterobacteriaceae and  P. aerugi-
nosa  since even a short delay in starting treatment might 
have fatal consequences in these infections [ 58 ]. As shown 
by several clinical trials performed long time ago mainly, but 
not only, by the IATCG of the EORTC, ceftazidime, 
cefepime, piperacillin–tazobactam and the carbapenems are 
all listed as suitable options [ 58 ]. A recent trial performed by 
the Italian GIMEMA group suggested that tigecycline might 
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be benefi cial for better coverage of Gram-negative rods when 
combined with piperacillin–tazobactam [ 21 ]. 

 In the 1970s and 1980s, with an increase in the rate of 
Gram-positive bacteria causing infections during neutropenia 
and a rising proportion of methicillin-resistant staphylococci, 
the inclusion of a glycopeptide antibiotic in the empirical regi-
men has been proposed with the aim of reducing morbidity 
and mortality [ 107 – 109 ]. The issue has long been debated. 
Early data from case-control or historically controlled studies 
suggested that early initiation of vancomycin in some patients 
with Gram-positive bacteraemia might have resulted in 
improved outcome. For example, a survival benefi t was 
reported for patients with viridans streptococcal bacteraemia 
who received immediately empirical therapy with vancomy-
cin [ 55 ]. As a consequence, upfront vancomycin has been rec-
ommended in patients with the suspicion of this infection, 
since severe complications are not infrequent and standard 
treatment options can be inactive against  S. mitis  [ 55 ,  110 ]. 
The other side of the coin to consider before recommending 
upfront glycopeptides because of fear of streptococci is that 
only a small proportion of febrile and neutropenic patients 
actually has a viridans streptococcal bacteraemia, and, among 
them, an even smaller proportion is infected with a penicillin-
resistant strain. Cefepime, piperacillin–tazobactam or car-
bapenems have all satisfactory activity against most viridans 
streptococci (see the dedicated paragraph). 

 Strategies for covering resistant Gram-positives include 
either starting upfront an empirical regimen that contain a 
glycopeptide or adding a glycopeptide in patients who 
remain febrile with a standard empirical treatment. 

 Two studies were performed in order to resolve the doubts 
about the benefi t of including a glycopeptide in the initial 
empirical therapy. In a large retrospective cohort study, neu-
tropenic patients with Gram-positive infections who did not 
receive vancomycin before identifi cation of the pathogen did 
not have worse outcomes [ 107 ]. The second study was an 
IATCG-EORTC prospective randomised clinical trial in 747 
patients with fever during neutropenia. The results showed 
no benefi t of adding vancomycin to initial empirical therapy 
with ceftazidime and amikacin, neither on the length of fever 
nor on mortality [ 111 ]. 

 The second strategy, i.e. adding a glycopeptide in patients 
not responding to the fi rst line therapy, has been studied in 
two large placebo-controlled trials. In the fi rst one, a single- 
centre study, 114 patients were randomised to receive either 
teicoplanin or placebo after 72–96 h of imipenem monother-
apy [ 112 ]. The number of patients who became afebrile 
within 72 h after randomisation was similar in both groups 
(44.6 % in teicoplanin group vs. 46.6 % in placebo group), 
but the time to defervescence was not reported. In the second 
study, an IATCG-EORTC trial, vancomycin (or placebo) was 
added after 48–60 h of empirical therapy with piperacillin–
tazobactam in 165 neutropenic patients with persistent fever 
of unknown origin or with Gram-positive bacteraemia due to 
a strain susceptible to piperacillin–tazobactam [ 113 ]. 

Defervescence occurred in 82 of 86 patients (95 %) in the 
vancomycin group and 73 of 79 (92 %) in the placebo group 
( p  = 0.52). The difference in the median time to deferves-
cence (the primary endpoint) was not statistically signifi cant 
[3.5 days (95 % CI 2.7–4.4) in the vancomycin group and 4.3 
days (95 % CI 3.5–5.1) in the placebo group ( p  = 0.75)]. 
Gram-positive bacteraemias and the rate of addition of 
amphotericin B were also similar in both groups. Therefore, 
these two studies suggested that the empiric addition of a 
glycopeptide antibiotic is of no benefi t in persistently febrile 
neutropenic patients, in the absence of lung infi ltrates, septic 
shock, or clinically documented infections likely caused by a 
Gram-positive (such as catheter-related or skin and soft tis-
sue infections). 

 In fact, when empirical therapy apparently fails and a 
patient remains febrile, numerous possibilities other than 
infection with a resistant Gram-positive exist. They include: 
(1) slow response to initial empirical regimen (time to becom-
ing afebrile might be longer 96 h in patients with a severe 
infection); (2) infectious but not bacterial cause of fever (usu-
ally fungal or viral); or (3) a non-infectious cause of fever 
such as engraftment syndrome, drug reactions, reaction to 
infusion of blood products, the underlying malignancy, etc. 

 The conclusions from the aforementioned studies were 
confi rmed by two large meta-analyses published in 2005 
[ 109 ,  114 ]. The fi rst one included 13 studies with 2392 
patients and reported no survival benefi t for the practice of 
including vancomycin in the initial regimes, with the disad-
vantage of more frequent adverse events [ 109 ]. The second 
one, based on data from 14 randomised trials which studied 
2413 patients, admitted that slightly higher (odds ratio 
between 1.6 and 2.2) treatment success without modifi cation 
of the initial regimen was accomplished if a glycopeptide 
was included in the empirical therapy [ 114 ]. However, no 
effect on mortality or length of fever was found. Furthermore, 
adding a glycopeptide to the antimicrobial regimen in the 
case of persistence of fever for 72 or more hours after the 
start of the empirical treatment resulted in no increase in 
treatment success (odds ratio 1.02, 95 % CI 0.68–1.52) [ 114 ]. 
In consideration of the higher rate of adverse effects (odds 
ratio almost 5), including nephrotoxicity, also this meta- 
analysis concluded that glycopeptides should not be rou-
tinely used as part of the initial empirical treatment of febrile 
neutropenic patients [ 114 ]. 

 Over 10 years later, clinicians are faced with the dilemma 
if these results still apply in centres with very high incidence 
of methicillin-resistant staphylococci and ampicillin resis-
tant enterococci. It has been suggested that in centres with 
high rate of MRSA or other resistant Gram-positive, empiri-
cal therapy might be tailored accordingly [ 115 ,  116 ]. 
However, the benefi t of early treatment of VRE infections 
has been debated. Preliminary single-centre experiences 
indicate that early use of adequate antibiotics in case of VRE 
infection might not have any signifi cant impact on survival 
(see the paragraph on enterococci) [ 40 ,  41 ]. Therefore, 
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numerous guidelines agree that routine use of vancomycin 
should be avoided and indications for empirical therapy 
directed against Gram-positives remain in patients with pre-
sentation suggestive of a possible Gram-positive infection, 
such as presence of skin or soft tissue infection, pneumonia, 
or preliminary result of cultures positive for Gram -positive 
cocci [ 58 ,  115 – 118 ].  

20.7.2     Targeted Therapy of Gram-Positive 
Infections 

 As a general rule, antibiotic-resistant pathogens are more 
diffi cult to treat than susceptible ones. This is true for any 
kind of pathogen, including Gram-positive cocci. However, 
for the time being, antibiotic resistance, shortage of new 
drugs and drug-related toxicity concern primarily multidrug 
resistant Gram-negative rods. For the Gram-positives, luck-
ily, several drugs already exist or are being developed and 
approved for the treatment of methicillin-resistant staphylo-
cocci, such as linezolid, daptomycin, tigecycline, quinopris-
tin–dalfopristin, telavancin, ceftaroline, ceftobiprole, 
tedizolid or dalbavancin. However, none of these drugs has 
been approved, or even properly studied in transplant recipi-
ents or in empirical therapy of febrile neutropenia. This is 
actually an indication which is not considered any more by 
regulatory agencies, and, therefore, is not searched any more 
by drug companies. Fewer treatment options are available 
against VRE, since cephalosporins are intrinsically not active 
against these pathogens and the only options remain oxa-
zolidinones and daptomycin (see dedicated paragraphs). 

 A detailed description of all older and newer agents is 
beyond the aim of this chapter, and several reviews have 
been published on this issue [ 49 ,  119 ,  120 ]. In the following 
lines we try to discuss the main indications and limitation of 
each agent, focusing in particular, when possible, on trans-
plant setting. The standard doses of anti-Gram-positive 
agents and main  characteristics   are reported in Table  20-3 . 
 Treatment   of infections due to Gram-positive bacteria in 
transplant recipients is reported in Table  20-4 .

20.7.2.1        Vancomycin 

    Vancomycin      is the mainstay of therapy against penicillin- or 
methicillin-resistant Gram-positive cocci, but its effi cacy 
even in vancomycin in vitro-susceptible organisms has been 
challenged in the following situations: (1) infections due to 
enterococci and staphylococci displaying increased mini-
mum inhibitory concentration (MIC ≥2 for MRSA and ≥4 
for coagulase-negative staphylococci and enterococci); (2) 
poor penetration into biofi lm which may result in suboptimal 
outcomes in CVC-associated infections; (3) low and 
 sometimes insuffi cient lung penetration, with suboptimal 
response in case of pneumonia. Additionally, nephrotoxicity 

and ototoxicity might represent other pitfalls for vancomy-
cin, thus giving good reasons for choosing other agents. 

 The phenomenon of the low-level vancomycin resistance is 
one of the most common forms of decreased activity of glyco-
peptides and is thought to be a part of the so-called “MIC 
creep” phenomenon. Heteroresistant vancomycin- intermediate 
 S. aureus  (hVISA) strains have been identifi ed, although van-
comycin-resistant  S. aureus  (VRSA) remains very rare. 

 The question is whether or not pathogens expressing 
increased MICs to vancomycin still respond to vancomycin 
therapy in the real life. The issue is controversial. Increased 
treatment failures with higher MIC values have been reported 
in many, but not all studies [ 121 – 124 ]. A response has been to 
increase dosages, targeting high vancomycin trough concen-
trations (e.g. 15–20 μg/mL) through therapeutic drug moni-
toring. This strategy has been associated with modest 
improvements in clinical outcomes of selected patients, and is 
probably insuffi cient for achieving a desired PK/PD target 
(i.e. area under concentration-time curve AUC/MIC ratios 
≥400 if MIC is 2 μg/mL) in severe MRSA infections. In addi-
tion, keeping through concentrations around 20 μg/ml has 
been associated with higher rates of nephrotoxicity, which 
may affect up to 20–30 % of the patients [ 125 – 127 ]. Last but 
not least, clinical outcomes in MRSA infections might depend 
heavily on the bacterial load at the site of infection, which 
appears to be worse in case of pneumonia [ 81 ,  128 ]. Therefore, 
although a number of questions remain unanswered, treat-
ment alternative to vancomycin should be considered for 
infections with an MRSA isolate with vancomycin MIC ≥2 
μg/mL [ 124 ] and in staphylococcal pneumonia. Other limita-
tions of vancomycin include a large gap existing between 
inhibitory and bactericidal concentrations in vitro, its slow 
bactericidal activity and its insuffi cient activity in case of 
methicillin-susceptible staphylococci, in which oxacillin, naf-
cillin o  r cefazolin remain the drugs of choice [ 129 ].  

20.7.2.2     Daptomycin 

    Daptomycin      is a lipopeptide with a concentration-dependent 
bactericidal activity. The drug can be administered once- 
daily as a rapid (30 min) intravenous infusion. As expected 
for a drug with a concentration-dependent antibacterial 
activity, dosages higher than the approved 4–6 mg/kg/day 
have been associated with improved outcomes and a 
decreased risk of selecting for resistant strains. Therefore, in 
a setting with a high bacterial burden or with sequestered 
foci of infection, where it might be diffi cult to achieve ade-
quate local antibiotic concentrations, as it might happen in 
valve vegetations and abscesses, higher doses might be con-
sidered [ 130 ]. In addition, in patients with a sepsis syndrome 
the volume of distribution is usually much higher and renal 
clearance increased, both good reasons for using higher 
doses of daptomycin. In fact, even IDSA guidelines for 
MRSA infections state that high-dose daptomycin, 8–10 mg/
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kg/day, might be used for complicated bacteraemia or endo-
carditis [ 24 ]. 

 Concerns that higher dosages of daptomycin may be asso-
ciated with muscular toxicity have been raised. A reassuring 
answer has been provided by the EU-CORE study, which is 
a retrospective, multicentre, non-interventional, 
manufacturer- funded patient registry designed to collect 
real-world data on the use of daptomycin in 18 countries 
worldwide between 2006 and 2012 [ 131 ]. In this database, 
6075 patients were included and 1097 received high dose 
daptomycin (>6 mg/kg), mainly for osteomyelitis, foreign 
body prosthetic infections, and endocarditis. Increasing the 
dose of daptomycin was not related to any increase in toxic-

ity, including muscle toxicity and creatine phosphokinase 
elevation [ 130 ,  131 ]. Rapid bactericidal activity and good 
biofi lm penetration make daptomycin a valid choice in case 
bacteraemia and CVC-associated infection. Once-daily 
administration is particularly suitable for outpatient adminis-
tration, which in turn might allow early hospital discharge. 
The main limitation of daptomycin, both in general and in 
the transplant population, is its lack of activity in pneumonia. 
Indeed, in the lungs the drug is inactivated by alveolar sur-
factant. In this case the safety and effi cacy of daptomycin 
plus linezolid combination has been suggested. 

 Data from the aforementioned retrospective observational 
study (EU-CORE) obtained from neutropenic patients 

   TABLE 20-4.    Treatment of infections due to Gram-positive bacteria in transplant recipients   

 Pathogen  First line  Alternative  Comments 

  Corynebacterium 
urealyticum  

 Vancomycin  Linezolid, daptomycin  Aminoglycoside might be added to 
vancomycin for better effi cacy, but high risk 
of nephrotoxicity 

  Corynebacterium 
urealyticum  

 Vancomycin  Linezolid, daptomycin 

  Enterococci  

 Ampicillin-susceptible  Ampicillin  Ampicillin + ceftriaxone in case of 
gentamycin resistant endocarditis 

 Linezolid 
 Daptomycin 

 If susceptible gentamycin can be associated for 
bactericidal activity; if susceptible 
nitrofurantoin may be used for urinary tract 
infections only 

 Ampicillin-resistant  Vancomycin  Daptomycin 
 Linezolid 

 If susceptible gentamycin can be associated for 
bactericidal activity, but high risk of 
nephrotoxicity; if susceptible nitrofurantoin 
may be used for urinary tract infections only 

 VRE  Daptomycin 
 Linezolid 

  Listeria monocytogenes   Ampicillin  Meropenem 
 Trimethoprim–sulfamethoxazole 
 Linezolid 

 Gentamycin should be added in case of 
meningoencephalitis 

  Nocardia   TMP–SMX + meropenem–
imipenem 

 Meropenem 
 Linezolid ± meropenem 
 Imipenem + amikacin 

 Prolonged treatment recommended 

 Pneumococci  Penicillin 
 Ampicillin 
 Ceftriaxone 

 Vancomycin 

  Rhodococcus equi   2 of the following: 
levofl oxacin/ciprofl oxacin 
or rifampicin or 
azithromycin 

 Imipenem or vancomycin + one of fi rst 
line drugs 

 Prolonged treatment recommended 

  Staphylococci  

 Methicillin-susceptible 
staphylococci 

 Oxacillin 
 Nafcillin 
 Cefazolin 

 Amoxicillin–clavulanate 
 Ceftriaxone 
 Daptomycin 

 Outcomes with vancomycin has been reported 
inferior to anti-staphylococcal penicillin 

 Methicillin-resistant 
staphylococci 

 Vancomycin  Daptomycin 
 Linezolid 
 Telavancin 
 Anti-MRSA cephalosporin 

 Vancomycin should be avoided in case of high 
MIC values 

 No data for new cephalosporins 

 Viridans streptococci  Penicillin 
 Ampicillin 

 Vancomycin 
 Piperacillin–tazobactam 
 Meropenem 
 Cefepime 

   TMP–SMX  trimethoprim–sulfamethoxazole.  
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showed it was a useful and well tolerated treatment [ 132 ]. 
Daptomycin was administered mainly in case of bacteraemia 
(78 %), and VRE infection (47 %), and discontinuation due 
to a possible adverse event occurred in 6 % of patients [ 132 ].  

20.7.2.3     Daptomycin in VRE Infections 

 The optimal therapeutic choice in VRE infections remain to 
be established. At present, linezolid is the only drug approved 
for this indication, although clinical experience with the use 
of daptomycin is growing. Three recent meta-analyses 
addressed the comparison of outcomes of VRE BSI treated 
with linezolid and daptomycin [ 45 – 47 ]. All of them con-
cluded that the quality of the analysed data was poor, since 
most of the data were coming from single-centre retrospec-
tive experiences. With the evident limit of the low quality of 
data, the mortality rates were found slightly higher in case of 
daptomycin, compared to linezolid [ 45 – 47 ]. On the contrary, 
a recent retrospective cohort study comparing linezolid and 
daptomycin for the treatment of VRE-BSI in 644 patients 
admitted during years 2004–2013 concluded the opposite, 
i.e. that linezolid was associated with slight but signifi cantly 
higher risk of failure compared to daptomycin (adjusted risk 
ratio, 1.15; 95 % CI 1.02–1.30;  p  = 0.026) [ 48 ]. Additionally, 
linezolid was also associated with increased 30-day mortal-
ity and a higher rate of microbiologic failure. Indeed, the rea-
son for the discrepancy between the above mentioned studies 
might be at least partially ascribed to the dosing of daptomy-
cin, which remains problematic in enterococcal infections. 
According to in vitro data, the optimal dose of daptomycin 
against enterococci should be 10–12 mg/kg/day, which is 
almost twofold higher than approved dose, in order to 
improve effi cacy and prevent the emergence of resistance 
[ 133 ]. In our opinion, neither linezolid nor daptomycin is an 
ideal treatment option in this setting. Linezolid is bacterio-
static, may offer suboptimal activity in deep-seated infec-
tions, and, in case of prolonged use, may be associated with 
signifi cant haematological toxicity. The limitations of dapto-
mycin in VRE infections include emergence of resistance 
during therapy, the presence of mutations associated with 
resistance even in isolates that are reported as susceptible 
in vitro but with higher MIC values, the lack of data on the 
optimal dose and its lack of activity in pneumonia [ 134 ]. 

 In conclusion, enterococci are increasingly frequent in HSCT 
and SOT settings.  E. faecium  is growing in incidence, but resis-
tance to vancomycin varies signifi cantly by  geographical 
regions. Enterococcal infections, both due to VRE and vanco-
mycin-susceptible  E. faecium , could be regarded as a marker of 
poor clinical status and important comorbidities [ 34 ]. Optimal 
treatment options remain yet to be   defi ned.  

20.7.2.4     Oxazolidinones (Linezolid 
and Tedizolid) 

  Linezolid     is the fi rst  oxazolidinone   approved in 2000 in the 
USA and a year later in Europe for both intravenous and oral 
use. It is bacteriostatic, with good activity against many 
Gram-positive aerobic bacteria, including resistant strains of 
several species, such as MRSA, penicillin-resistant pneumo-
cocci and VRE. It is also active against less frequently iso-
lated strains, like  Corynebacterium  spp ., Listeria 
monocytogenes, Bacillus  spp. , Rhodococcus equi, Nocardia  
spp. and  Lactobacillus  spp [ 120 ]. It exerts activity against 
resistant strains of  M. tuberculosis . Its main features are 
good tissue and organ penetration, including lung epithelial 
lining fl uid, central nervous system and eyes; and its excel-
lent oral bioavailability. No dose adjustment is necessary in 
renal impairment, which makes it a suitable treatment option 
in patients with renal failure and if other nephrotoxic medi-
cations are being used. 

 Adverse events are unfortunately a pitfall for this drug, 
because of its myelotoxocity, which affects mostly red cell 
and platelets lineages, risk of lactic acidosis, and peripheral 
or optic neuropathy. All these side effects are seen also after 
relatively short treatment periods (as short as 14 days). 
Fortunately, all side effects, except for neuropathy which can 
be irreversible, subside shortly after drug discontinuation 
[ 120 ]. Transplant recipients frequently receive multiple other 
concomitant therapies, including anti-depressive medica-
tions. Therefore, it is worth mentioning that linezolid is a 
mild monoamine oxidase inhibitor and serotonin syndrome 
has been reported in patients taking selective serotonin re- 
uptake inhibitors (SSRI). Data from retrospective studies 
suggest that co-administration is not contraindicated as long 
as such patients are closely monitored for the development of 
the serotonin syndrome [ 135 ]. 

 Some experiences on the use of linezolid in HSCT and 
neutropenic patients have been published. A randomised 
double-blind study compared linezolid to vancomycin in 
over 600 febrile neutropenic patients. This trial was per-
formed, despite previous trials (namely the EORTC study) 
had shown that vancomycin was not useful for this indica-
tion. Although the study design was erroneous (it should 
have been a placebo-controlled trial of linezolid vs. nothing) 
a similar effi cacy rate was reported for both groups. However, 
a delayed recovery of absolute neutrophil counts was present 
in the modifi ed intention to treat population receiving line-
zolid, while no difference in time to platelet engraftment was 
observed [ 136 ]. On the contrary, in a small single-centre 
experience, haematologic side effects, which are particularly 
important in HSCT recipients, have not been reported sig-
nifi cantly more frequently in patients treated with linezolid 
during the pre-engraftment phase [ 137 ]. In particular, time to 
neutrophil and platelet engraftment were not different in 33 
cases who received more than 7 days of linezolid treatment 
compared to controls [ 137 ]. Additionally, linezolid was 
reported safe and effective in 46 adult liver transplant recipi-

20. Gram-Positive Bacterial Infections After Haematopoietic Stem Cell or Solid Organ Transplantation



350

ents, with no cases of thrombocytopenia occurred during 
treatment for over 2 weeks [ 138 ]. 

 After 15 years of use, resistance to linezolid has been 
rarely seen [ 120 ]. Resistance mechanisms were fi rst 
described for  E. faecium  and  S. aureus , and later also for  E. 
faecalis , but they affect less than 1 % of strains, as docu-
mented in a surveillance study, which reported non- 
susceptibility rates between 0.03 and 1.83 % when tested 
against more than 42,419 clinical isolates of staphylococci 
and enterococci across nine consecutive surveillance years 
(2004–2012) in the USA [ 139 ]. Cases of linezolid-resistant 
isolates of staphylococci are described especially after pro-
longed therapy (>21 days) [ 140 ]. Resistance of enterococci 
to linezolid has been associated with previous linezolid ther-
apy, although nosocomial acquisition of resistant enterococci 
has been also reported [ 120 ,  141 ,  142 ]. Coagulase-negative 
staphylococcal isolates, mainly  S. epidermidis , currently 
account for the majority of Gram-positive organisms   dis-
playing elevated MIC to linezolid [ 139 ]. 

  Tedizolid     , a new oxazolidinone, has been recently approved 
for skin and soft tissue infections [ 143 ]. While sharing line-
zolid’s excellent bioavailability and tissue penetration, its 
advantages include once daily dosing (200 mg/die) and fewer 
side effects, mostly gastrointestinal and haematological, 
together with the lack of interactions with SSRIs.  

20.7.2.5     Tigecycline 

  Tigecycline      is the fi rst in a new class of glycylcyclines (simi-
lar to tetracyclines), that has been approved for the treatment 
of complicated skin and skin structure and intra-abdominal 
infections in adults. Although it is active against MRSA, it is 
not recommended for this indication mainly because of the 
2010 FDA’s warning, based on the observation from pooled 
effi cacy data of an increased overall mortality among patients 
treated with tigecycline for serious infections. This increased 
mortality was probably the effect of study designs which did 
not take into adequate consideration the lack of activity of 
tigecycline against  P. aeruginosa.  Two meta-analyses con-
fi rmed subsequently the data [ 24 ,  144 ,  145 ]. In addition, 
tigecycline should not be used in patients with MRSA bacte-
raemia due to low plasma concentrations and bacteriostatic 
activity. At present, tigecycline is mainly used in combina-
tion regimens for the treatment carbapenemase-producing 
 Klebsiella pneumoniae  or for intra-abdominal infections.  

20.7.2.6     New Anti-MRSA Cephalosporins 

   New anti-MRSA cephalosporins      such as ceftaroline or cefto-
biprole are active against methicillin-resistant staphylococci 
and share common characteristics of beta-lactams, namely 
bactericidal activity, excellent safety profi le and possible 
paediatric administration. Although developed as anti- 
MRSA drug, ceftaroline in not recommended for treatment 
of MRSA pneumonia due to the lack of data because, sur-

prisingly, few or no patient with this infection were included 
in the registration trial. Their drawbacks include lack of oral 
formulation, need to administer two to three times daily, no 
meaningful activity against enterococci and, last but not 
least, lack of data in immunocompromised and  transplant 
patients.  

20.7.2.7     New Lipoglycopeptides 

 New  lipoglycopeptides      such as telavancin, dalbavancin and 
oritavancin are now available to treat MRSA infections. 
They are all approved for immunocompetent patients, and 
dalbavancin and oritavancin offer an advantage for outpa-
tient therapy due to their long half-life and thus the possibil-
ity of being administered up to every 7–10 days. Their role in 
transplant recipients remains yet to be established.    

20.8     Conclusion 

 In conclusion, Gram-positive micro-organisms remain dan-
gerous pathogens, both for HSCT and SOT recipients. They 
are observed relatively early after transplant in both cases, 
although they are related to different predisposing condi-
tions, such as neutropenia in HSCT and mechanical defence 
impairment related to surgery and ICU stay in SOT. They 
can cause either bacteraemias or localised infections in both 
cases, even though bacteraemias and pneumonia are more 
frequent in HSCT recipients while abscesses and intra-
abdominal infections, particularly enterococcal, are preva-
lent in the SOT population (especially in case of liver or 
pancreas transplants). Staphylococcal pneumonia can be an 
issue in thoracic organ transplantation. The mortality rate is 
variable, and usually lower than in Gram-negative or fungal 
infections. Enterococcal infections, especially VRE, can be a 
marker of disease severity. In late post-transplant phases, 
characterised by the risk of infections due to encapsulated 
organisms, pneumococci are the most important and vacci-
nation seems the most effective strategy. Although widely 
used, an empiric anti-Gram positive coverage should not be 
the rule in febrile neutropenic patients undergoing transplan-
tation, unless specifi c risk factors are present. Antibiotic 
resistance is not infrequent in Gram-positive bacteria, with 
high rate of methicillin resistance. VRE are still relatively 
rare in Europe and more common in the USA, and their treat-
ment remains challenging. Fortunately, and contrary to 
Gram-negative rods, new drugs are available for treating 
resistant Gram-positive infections. Although no drug can be 
defi ned as ideal, several treatment options exist.     
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21.1           Introduction 

21.1.1      Epidemiology of   Gram-Negative 
Rods Infections 

 Gram-negative rods (GNR)  cause signifi cant morbidity and 
mortality in hematopoietic stem cell (HSCT) and solid 
organ transplant recipients (SOTR) [ 1 – 7 ]. These patients 
are prone to infection with GNR as a result of neutropenia, 
mucositis, the use of invasive devices and due to operation 
in SOTR [ 8 ]. Invasive GNR infections usually arise from 
abdomen (including infections of the hepatobiliary system 
in liver transplant recipients) [ 9 ], the urinary tract (espe-
cially occurring in renal transplant recipients) and lungs 
(occurring in all transplant groups, but notably in lung trans-
plant recipients). In SOTR, complications (for example, 
portal vein thrombosis in liver transplant recipients) and 
prolonged mechanical ventilation represent signifi cant 
risks. Risk factors for invasive GNR infection in neutrope-
nic patients include age >45 years, recent administration of 
beta- lactams, chills, urinary symptoms, absence of gut 
decontamination with both colimycin and aminoglycosides 
[ 10 ] and previous colonization [ 11 ]. In the early years of 
transplantation, GNR were the leading cause of serious bac-
terial infection in both bone marrow and SOT recipients 
[ 12 ]. Later, gram-positive pathogens have become more fre-
quent [ 13 ,  14 ]. Reemergence of GNR is reported in recent 
years  [ 15 – 18 ]. A recent review of studies published during 
2005–2011, on bacterial infections in patients with hemato-
logical malignancies or post HSCT, reported gram-positive 
to GNR ratios in adults 60 %:40 %, with a huge variation 
between centers, from 85 %:15 % to 26 %:74 % [ 17 ]. The 
corresponding numbers in children were: 58 %:42 %, rang-
ing from 86 %:14 % to 32 %:68 % in individual studies. The 
main GN pathogens causing bacteremia in HSCT recipients 
(expressed as median prevalence, with range) were 
 Enterobacteriaceae  (24 %, 6–54 %), followed by 
 Pseudomonas aeruginosa  (10 %, 0–30 %) [ 17 ]. An ECIL-4 
survey performed in 2011 on surveillance of bacteremia in 
hematology and HSCT patients summarized recent data 

from 39 European centers. As  compared to published data, 
it showed a slight reduction of the gram-positive to GNR 
ratio (55 %:45 % vs. 60 %:40 %) and an increased rates of 
Enterobacteriaceae (30 % vs. 24 %), and decreased rate of 
 Pseudomonas aeruginosa  (5 % vs. 10 %) [ 17 ]. 

 GNR are important cause of infections in SOTR [ 19 ]. 
15.4 % of 956 SOTR developed GNR infection in one study 
[ 20 ]. The unadjusted overall incidence of gram-negative BSI 
was 15.8/1000 person-years following SOT [ 21 ]. In a recent 
multicenter Italian study, recipients of either heart or lung 
graft were at the highest risk to develop GNR bacteremia 
[ 20 ]. In another study, however, the rate of GNR infections 
was highest in simultaneous kidney–pancreas (40/1000 per-
son/years) and lowest in liver and heart (12/1000 person 
years) recipients [ 21 ]. Others reported that 50–60 % of all 
BSI in liver Tx patients were due to GNR [ 7 ,  22 ]. The major-
ity of infections with the GNR in transplant recipients occur 
in the early posttransplant period, especially in the fi rst 
month post  transplantation [ 9 ,  15 ,  16 ,  20 ,  21 ,  23 ].  

21.1.2      Clinical Manifestations and Outcome   

 GNR infections may present with diverse clinical pictures: 
bacteremia with or without concomitant local site infections. 
One study reported pulmonary infections in 28.4 %, urinary 
tract infections in 14.8 %, and skin or soft tissue infections in 
9.7 % [ 24 ]. Other studies have reported that septic shock was 
specifi cally associated with infection with GNR [ 25 ] or with 
drug-resistant GNR infections [ 26 ]. 

 Infection with GNR is associated with worse prognosis. 
Mortality rate in HSCT patients experiencing GNR BSI was 
59 % in one study [ 27 ]. In other studies, 7-and 30-day mor-
tality after BSI onset was 17–22 % and 24–31 % [ 23 ,  28 ]. In 
one study, among aerobic gram-negative pathogens, 
 Pseudomonas aeruginosa  had the highest associated mortal-
ity rate (40 %) followed by the  Enterobacter, Citrobacter, 
Serratia  group with 25 % mortality and  E. coli  or  Klebsiella  
with 3 % mortality within a 7-day period [ 15 ]. The overall 
unadjusted 28-day all-cause mortality of GNR BSI was 
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4.9 % in SOTR and was lower in kidney than in liver recipi-
ents (1.6 % vs. 13.2 %,  p  < 0.001) [ 21 ]. However, another 
study reported lower mortality 2/70 (3 %) patients [ 29 ].  

21.1.3     Antimicrobial Resistance 

21.1.3.1      Defi nitions   

 The isolate is considered  multidrug-resistant (MDR)   if it is 
non-susceptible to at least one agent in ≥3 therapeutically rel-
evant antimicrobial categories; extensively drug-resistant 
(XDR) was defi ned as non-susceptibility to at least one agent 
in all but two or fewer antimicrobial categories (i.e., bacterial 
isolates remain susceptible to only one or two categories); 
and pandrug-resistant (PDR) was defi ned as non- susceptibility 
to all agents in all antimicrobial categories [ 30 ].  

21.1.3.2     Mechanisms of Resistance 

 The major  mechanism of resistance   to cephalosporins is 
beta-lactamase production. The most important beta- 
lactamases are the plasmid-mediated extended-spectrum 
beta-lactamases (ESBLs), including CTX-M, TEM and SHV 
and inducible group 1 AmpC cephalosporinases, which are 
resistant to beta-lactamase inhibitors [ 31 – 39 ]. Class B beta- 
lactamases (metallo beta lactamases, MBLs) hydrolyze all 
penicillins, cephalosporins, and carbapenems, with the 
exception of monobactam aztreonam. The most common 
types of MBL are IMP and VIM groups [ 40 ]. 

 The usual mechanism of resistance to quinolones is muta-
tion of the genes that encode the target enzymes (DNA 
gyrase and topoisomerase IV) for quinolones.  

21.1.3.3       Epidemiology   of Resistance 

 There is a growing problem of increasing resistance to anti-
biotics all over the world, including in oncological and trans-
plant patients. There is a signifi cant site-to-site variation in 
the epidemiology of resistance. Prevalence of resistance is 
infl uenced by the local policy of antibiotic use for prophy-
laxis and treatment, infectious control measures, as well as 
prevalence of resistance in the whole hospital and country. 

 Recent literature review of studies which report on the epi-
demiology of BSI in HSCT patients reported that 41 % 
(range 18–74 %) of GNR bacteria are resistant to fl uoroqui-
nolones, 28 % (6–41 %) to aminoglycosides, 43 % (17–45 %) 
to ceftazidime and 20 % (11–72 %) to carbapenems [ 17 ]. 

 According to the ECIL-4 questionnaire assessing the recent 
situation in HSCT centers in Europe, median rates of ESBL-
producers among  Enterobacteriaceae  was 15–24 %, amino-
glycoside-resistant GNRs 5–14 % and carbapenem- resistant 
 Pseudomonas aeruginosa  5–14 %. Resistance rates were sig-
nifi cantly higher in South-East vs. North-West European 
HSCT centers [ 17 ]. The resistant pathogens causing most 
clinical problems were reported to be ESBL- producing 

 Enterobacteriaceae  in 28 (76 %) of centers, whilst the next-
most frequent concerns were fl uoroquinolone- resistant 
GNRs, ( n  = 17, 46 %), carbapenem-resistant  Pseudomonas 
aeruginosa  ( n  = 15, 41 %) and much less multidrug- resistant 
(MDR)  Acinetobacter baumannii  ( n  = 5, 14 %). 

 Several studies report on increase in MDR GNR rods in 
HSCT patients, including ESBL-producing 
 Enterobacteriaceae , AmpC cephalosporinase hyperproducing 
 Enterobacteriaceae , MDR  P. aeruginosa, Stenotrophomonas 
maltophilia ,  and  Acinetobacter baumannii  [ 18 ,  41 – 43 ].  

21.1.3.4     Risk Factors for Resistance 

 The most important   risk factor   for infection with resistant 
pathogens is prior colonization or infection by resistant 
organisms such as ESBL- and carbapenemase-producing 
Enterobacteriaceae, colistin-resistant  Klebsiella pneu-
moniae ; resistant  Acinetobacter baumannii ,  Pseudomonas 
aeruginosa , and  Stenotrophomonas maltophilia  [ 44 – 56 ]. 

 Another important risk factor for infection with resistant 
GN in transplant patients is previous exposure to broad spec-
trum antibiotics for treatment or prophylaxis [ 18 ,  40 ,  42 , 
 57 – 66 ]. Especially important in this context is the potential 
role of fl uoroquinolone prophylaxis in HSCT recipients [ 16 , 
 60 ,  67 – 72 ]. 

 Treatment with third-generation cephalosporins was 
 associated with infection due to MDR GNR pathogens 
[ 73 ]. 

 Other risk factors for resistant GNR pathogens in HSCT 
patients include serious illness (e.g., end-stage disease, sep-
sis, pneumonia), nosocomial infection, prolonged hospital 
stay and/or repeated hospitalizations, intensive care unit 
(ICU) stay, urinary catheters, and older age [ 18 ,  42 ,  45 ,  46 , 
 48 – 55 ,  60 ,  61 ,  70 – 75 ]. 

 In SOTR, risk factors for infection with resistant GNR 
include nosocomial acquisition, longer hospital stay, admis-
sion to hospital for more than 48 h before transplantation, 
previous transplantation, prior ICU admission, septic shock, 
age greater than 50 years, HCV infection, devices, increased 
severity of the underlying disease, renal failure with or with-
out dialysis [ 20 ,  26 ,  62 ,  64 ,  66 ,  76 – 78 ]. 

 In renal Tx recipients, risk factors for resistant GNR infec-
tions were double kidney–pancreas transplantation, require-
ment for posttransplant hemodialysis, surgical reoperation, 
posttransplant urinary obstruction, and requirement for 
nephrostomy [ 64 ,  77 ]. Lung transplant recipients had a 
higher risk for isolation of carbapenem-resistant  bacteria in 
one study [ 20 ].  

21.1.3.5      Impact of   Resistance 

 Infections caused by resistant GNR, including ESBL- 
producing Enterobacteriaceae, MDR NFGNR, carbapenem- 
resistant GN, are associated with increased mortality in both 
HSCT and SOT patients [ 7 ,  22 ,  41 ,  42 ,  61 ,  64 ,  79 – 85 ]. 
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 Many of these studies show that failure to cover GNR 
pathogens, particularly ESBL producers, MDR  P. aerugi-
nosa , and CRE in empiric treatments signifi cantly and inde-
pendently impairs outcomes patients, increasing mortality 
and prolonging hospitalization [ 43 ,  60 ,  61 ,  71 ,  72 ,  80 ,  86 –
 89 ]. Infection with multiresistant bacteria was associated 
with graft loss in kidney transplant recipients [ 64 ].   

21.1.4      Treatment   

 Serious infections due to the GNR rods in transplant recipi-
ents should be managed with a beta-lactam or quinolone 
antibiotic, active in vitro against the infecting organism. 

 Several studies demonstrate that onco-hematological and 
transplant patients infected with resistant and MDR GNR are 
signifi cantly more likely to receive an inadequate initial 
empiric antibiotic therapy than those with a susceptible strain 
[ 18 ,  26 ,  42 ,  60 ,  61 ,  71 ]. These studies also show that the time 
to appropriate therapy is much longer where the pathogen is 
resistant.   

21.2      Enterobacteriaceae   

21.2.1     Epidemiology 

 The  members   of the  Enterobacteriaceae  are GNR bacilli 
which are usually resident in the gastrointestinal tract. 
Examples of such organisms include  Escherichia coli , 
 Klebsiella pneumoniae ,  Enterobacter cloacae, Proteus mira-
bilis , and  Citrobacter freundii . The majority of infections are 
caused by  E. coli , followed by  Klebsiella  spp. and  Enteroba
cter / Citrobacter / Serratia  spp. [ 15 ,  21 ]. 

 The majority of BSI in SOTR are due to  Enterobacteriaceae  
[ 7 ,  20 – 22 ], they mainly occur during the fi rst month after 
SOT [ 7 ,  22 ]. The risk is highest in transplant recipients 
whose peritoneal cavity has been breached (liver, intestinal, 
and pancreatic transplant recipients). Spillage of enteric 
organisms into the peritoneal cavity in such patients may 
lead to intra-abdominal abscess formation and manipulation 
of the biliary tree may lead to cholangitis. 

 Pneumonia occurring early after lung transplantation and 
urinary tract infections in renal transplant recipients may be 
more likely to be due to the  Enterobacteriaceae  [ 90 ,  91 ].  

21.2.2     Clinical Manifestations  and   Outcome 

 Infections with the  Enterobacteriaceae  in   transplant recipi-
ents have a multitude of clinical presentations. The sites of 
infection have been diverse and have included the urinary 
tract, lower respiratory tract, intra-abdominal, bloodstream, 
and wounds. 

 All transplant recipients, by virtue of prolonged hospi-
talization, may develop skin and upper respiratory tract 

colonization with gastrointestinal tract fl ora. Therefore, 
central venous line related infections and ventilator-asso-
ciated pneumonia may occur due to the  Enterobacteriaceae . 
Liver transplant recipients are prone to development of 
intra- abdominal infections with the  Enterobacteriaceae . 
These may be mixed infections with anaerobes and entero-
cocci. Examples of such infections include peritonitis, 
intra- abdominal abscess, cholangitis, and infected bilomas. 
Renal transplant recipients may develop complicated uri-
nary tract infections or develop secondary infections 
within urinary leaks. The most common infections with 
the  Enterobacteriaceae  in lung and heart transplant recipi-
ents are pulmonary infections, which occur in all other 
SOT [ 92 ]. 

 Death in neutropenic or other heavily immunosuppressed 
patients may occur within hours of onset of signs of infec-
tion, in the absence of appropriate supportive and antibiotic 
treatment.  Enterobacter  bacteremia was associated with 
63 % mortality rate in one SOTR study   [ 12 ].  

21.2.3     Antimicrobial Resistance 

21.2.3.1     Mechanisms of Resistance 

 The increasing resistance to  carbapenems   in 
 Enterobacteriaceae , especially but not limited to  K. pneu-
moniae , is a major concern. Resistance to carbapenems may 
be mediated by several mechanisms, including production of 
carbapenemases, effl ux pump, decreased membrane perme-
ability, and combination of these mechanisms [ 93 ]. 
Combination of plasmid-encoded AmpC or ESBL expres-
sion together with decreased cell membrane permeability 
may be also responsible for resistance to carbapenems [ 94 ]. 
The main mechanism of carbapenem resistance in 
 Enterobacteriaceae  in most parts in the world is hydrolysis 
by the serine class A β-lactamase   Klebsiella pneumoniae  
carbapenemase (KPC)  . This mechanism also conferred 
resistance to all cephalosporins, aztreonam, and 
 beta- lactamase inhibitors such as clavulanic acid and tazo-
bactam. The gene encoding this enzyme  bla KPC is located 
on plasmids and can be transferred between different species 
[ 94 ,  95 ]. Specifi cally, KPC-producing  Klebsiella pneu-
moniae  clone, sequence type ST258, has emerged and dis-
seminated worldwide, being responsible for several 
outbreaks, including in HSCT patients [ 96 – 99 ]. 

 Since 2009, a novel plasmid-encoded enzyme, New 
Delhi MBL (NDM), has spread through India, Pakistan, 
and the UK, and was reported also in transplant patients 
[ 100 ,  101 ]. These strains typically also have 16S rRNA 
methylases, conferring complete aminoglycoside resis-
tance [ 102 ]. 

  Carbapenem- resistant  Enterobacteriacea  (CRE)   are fre-
quently resistant to other antibiotics, including those consid-
ered as a “last resource,” as colistin, tigecycline, fosfomycin, 
and aminoglycosides.  
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21.2.3.2     Epidemiology of Resistance 

 Two to 44 % of  Enterobacteriaceae  in HSCT patients are 
ESBL producers [ 15 ,  16 ,  41 ,  73 ,  79 ,  81 ,  83 ,  103 ].   There is 
signifi cant increase in carbapenem-resistant GNRs, espe-
cially  Klebsiella pneumoniae  (CRKp)   , in some HSCT cen-
ters [ 104 ]. 

 In one study,  CRKp infection   was independently associ-
ated with recent stem-cell transplantation or organ, and it 
found to be associated with numerous health care-related 
risk factors and with high mortality [ 105 ]. 

 In a recent retrospective Italian survey, more than a half of 
52 centers reported on CRKp infections, and the incidence is 
growing, especially in allogeneic HSCT patients [ 43 ]. The 
incidence of CRKp infections was 0.4 % (from 0.1 % in 2010 
to 0.7 % in 2013) in auto-SCT and 2 % (from 0.4 % in 2010 
to 2.9 % in 2013) in allo-SCT populations [ 43 ]. 

 ESBL producing organisms frequently colonize the gas-
trointestinal tract of SOTR. 

 The rate of ESBL-producers among Enterobacteriaceae in 
SOTR is 8–77 % [ 21 ,  22 ,  29 ,  77 ,  106 – 111 ]. 42.3 % of 80 
MDR GNR strains isolated from 350 SOT recipients were 
ESBL-positive (mainly  Enterobacteriaceae ) [ 39 ]. 

 There is increasing quinolones resistance of GNR bacteria 
in SOT [ 21 ,  112 ]. One study reported on increasing resis-
tance among  Escherichia coli  isolates to fl uoroquinolone 
antibiotics from 0 to 44 % ( p  = 0.002) throughout the study 
period (1996–2007) [ 21 ]. 

 Several studies reported on infections caused by carbape-
nem-resistant    Enterobacteriaceae  (CRE) in SOT patients. 
In one cohort study, organ transplant recipients appeared to 
be at increased risk for CRKp bacteremia [ 113 ]. Incidence 
of CRE infections was 1.3–12.9 % in liver, 9.4–26.3 % in 
kidney, 0.4–6.6 % lung, 7.5–16.7 % in heart transplant 
patients [ 100 ,  114 ]. In one recent multicenter Italian study, 
26 % of all GNR bacteria and half of all  Klebsiella pneu-
moniae  in SOT patients were carbapenem-resistant [ 20 ]. 
SOTR were involved in hospital outbreak with CRE [ 115 ]. 
The median time since SOT to infection was 12–90 days, 
late infection 218 days after lung transplant was reported 
however [ 116 ]. The site of infection was bacteremia in 
17–100 %. The other sites were pneumonia 25–50 % in 
liver, lung, and heart SOT; UTI in 60–100 % in renal trans-
plants, intraabdominal (mainly in liver transplants) and soft 
tissue infections. 

 Colonization with CRKp endangers patients with subse-
quent infection. Generally, patient colonized with CRKp has 
7.8–16 % chance to develop CRKp BSI [ 117 ,  118 ]. In trans-
plant patients this risk is higher. The rates of BSI among rec-
tal CRKp carriers was 39 % in hematological and allo-HSCT 
patients, 26 % in auto-HSCT, 18.8 % in SOTR, 18.5 % in 
ICU and 16 % in general ward patients [ 43 ,  117 – 119 ]. 
Patients with documented CRKp infection before allogeneic 
HSCT with had high chance of relapse—45.4 %; 90 % of 
them died despite early targeted therapy [ 43 ]. 

 In liver transplant patients, CRKp infection rates among 
patients non-colonized, colonized at the time of transplanta-
tion, and colonized after transplantation were 2, 18.2, and 
46.7 % in one study ( p  < 0.001) [ 120 ]. In another study in 
liver Tx, 8/9 patients known to be colonized with KPC-2 
CRKp developed infection, and fi ve (56 %) were confi rmed 
to have BSI with KPC-2-KP [ 84 ]. 

 Certain factors predispose CRKp colonized patients to 
develop infection, such as number of colonization sites, 
admission to the ICU, abdominal invasive procedure, che-
motherapy/radiation therapy, diabetes mellitus, solid tumor, 
tracheostomy, urinary catheterization, having a central 
venous catheter, receipt of antibiotics, renal replacement 
therapy; mechanical ventilation >48 h; hepatitis C virus 
(HCV) recurrence [ 117 ,  118 ,  120 ]. Some of these factors are 
routinely present in transplant patients, which can explain 
higher risks of invasive infection following colonization. In 
patients with health care-associated bacteremia, prior use of 
carbapenems may be only second to cephalosporins as the 
most signifi cant antibiotic exposure associated with the 
involvement   of ESBL-producing organisms [ 48 ].  

21.2.3.3     Impact of Resistance 

 Mortality rate in infections caused by  ESBL-producing bac-
teria   was 38–52 % as compared to 5.5–29 % in infections 
caused by non-ESBL producing bacteria in HSCT recipients 
[ 41 ,  61 ,  79 – 81 ]. 

 Mortality in infections caused by CRE was signifi cantly 
higher as compared to non-CRE bacteria (33–72 % vs. 
9–22 %) in several studies, including in transplant patients 
[ 43 ,  82 ,  104 ,  105 ,  121 – 123 ]. The infection-related mortality 
rates were 16 and 64.4 % in autologous and allogeneic HSCT 
recipients, respectively. Almost all patients died because of 
CRKp infection in one recent study [ 43 ]. The high rate of 
mortality in allo-HSCT patients was comparable or higher 
than that reported in previous series of intensive care unit 
(32–41 %), some solid organ transplant (40 %) and hemato-
logic malignancies (65 %) patients [ 43 ,  100 ,  124 ]. The 
infection- related mortality rate was 48 % in patient who 
received CRKp- targeted 1st line therapy as compared with 
73 % in those who received a not CRKp-targeted fi rst-line 
antibiotic therapy ( p  = 0.002) [ 43 ]. 

 CRE bacteremia in SOTR caused septic shock in 18 % of 
patients, and was recurrent and persistent in 29 % each, in 
one study [ 116 ]. Summary of several studies in SOTR 
infected with CRE reported on 37 % mortality [ 100 ], in one 
study it reached 78 % [ 84 ]. SOTR with at least one positive 
culture for carbapenem-resistant GNR had a 10.23-fold 
higher mortality rate than those who did not [ 20 ]. Bacteremic 
or non-bacteremic infections due to CRKp resulted in a fi ve-
fold increased risk of death after liver transplantation [ 125 ]. 
Retrospective cohort study comparing SOTR with a fi rst epi-
sode of UTI due to CRKp, ESBL-producing  Klebsiella 
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pneumoniae , or susceptible  Klebsiella pneumoniae  demon-
strated that CRKP is associated with long length of stay, and 
microbiological failure [ 78 ]. Six of 13 (46 %) kidney trans-
plant recipients with CRKp infection, and none of the 
patients with carbapenem-sensitive  Klebsiella pneumoniae  
infection, died within 6.5 months of infection onset [ 126 ]. 
Resistance to colistin has been independently associated 
with worse outcomes in patients infected with CRKp [ 127 ].   

21.2.4     Treatment 

 An  important   caveat is that ESBL-producing organisms may 
appear susceptible in vitro to third generation cephalosporins 
(ceftazidime, cefotaxime or ceftriaxone) or cefepime, yet be 
functionally resistant to these agents [ 128 ]. 8–20 % of 
patients receiving broad-spectrum cephalosporins for 
 Enterobacter  infection had resistant isolates under treatment 
due to induction of AmpC [ 129 – 132 ]. 

 ESBL producers in vitro are inhibited by beta-lactamase 
inhibitors (sulbactam, clavulanate, tazobactam). However, 
MIC to these agents rises with increasing inoculum [ 133 ]. 
Quinolones are usually inappropriate for treatment, as resis-
tance to quinolone is frequent in ESBL producing bacteria: 
20–90 % ESBL producers were resistant to quinolones, as 
compared to 2–42 % of non-ESBL-producers [ 61 ,  79 ,  134 ]. 
Carbapenems should be regarded as the drugs of choice for 
serious infections with β-lactamases-producing organisms 
[ 35 ,  37 ,  38 ,  121 ,  135 ]. 

 Treatment of carbapenem-resistant GNR is discussed 
below. Resistance to agents active against carbapenem- 
resistant GNR has been reported. For example, among 
KPC-Kp isolates in HSCT patients, 80.8 % were susceptible 
to colistin, 69.2 % to tigecycline, and 65.4 % to gentamicin in 
one study [ 104 ]. 

 Appropriate treatment for resistant bacteria is frequently 
delayed. Inadequate empirical therapy was most common in 
SOTR infected with ESBL bacteria [ 56 ]. CRKp-targeted 
therapy was provided with more than 2 days delay in one 
study in patients with hematological malignancies [ 124 ].   

21.3     Non-fermentative Gram-Negative 
Rods (NFGNR) 

21.3.1     Epidemiology 

 The  NFGNR   include  Pseudomonas aeruginosa, Acinetobacter  
spp.,  Burkholderia cepacia, Stenotrophomonas maltophilia , 
and  some other more  rare   bacteria. Non- fermentative refers to 
their inability to ferment glucose (instead, most species 
degrade glucose oxidatively). Non- fermentatives are less fre-
quent causes of BSI than  Enterobacteriaceae  in transplant 
patients [ 7 ,  12 ,  15 ,  17 ,  20 – 22 ]. However, these are more fre-
quent causes of pneumonia [ 20 ]. 

  Pseudomonas aeruginosa  is the most frequent of the 
NFGNR, causing about 5–15 % of bacteremias [ 7 ,  17 ,  20 , 
 21 ].  Acinetobacter  spp,  Burkholderia cepacia , and 
 Stenotrophomonas maltophilia  are considerably less fre-
quent—responsible for about 2 % (0–12 %) of bacteremia in 
HSCT [ 18 ,  27 ,  136 – 145 ] and 2–10 % of GNR bacteremia in 
SOTR [ 7 ,  20 ]. 

  Pseudomonas aeruginosa  is responsible for 8–25 % of 
cases of pneumonia occurring in SOTR [ 92 ,  146 ]. Lung 
transplant recipients are at greatest risk [ 90 ,  147 ,  148 ]. 

 Between 2 and 13 % of patients with cystic fi brosis (CF) 
are colonized with  Burkholderia cepacia  [ 149 – 151 ]. 
Increasing age and advanced lung disease are risk factors for 
 Burkholderia cepacia  colonization implying that candidates 
for  lung transplantation may also be at the highest risk of 
 Burkholderia cepacia .  

21.3.2       Clinical Manifestations and Outcome   

 In one study on NFGNR bacteremia in cancer patients 
(including HSCT), the risk of complications was high (47 %), 
including 35 % with septic syndrome, 19 % pneumonia, 
3.5 % enterocolitis, and 3.5 % soft-tissue infections [ 139 ]. 
There are few clinical characteristics which distinguish 
transplant recipients with infection with NFGNR from 
patients with infection with the  Enterobacteriaceae . 

  Pseudomonas aeruginosa  bacteremia may be associated 
with ecthyma gangrenosum. The skin lesions of ecthyma 
ganrenosum may be multiple, with rapid evolution through 
stages of macules, nodules, vesicles, and ulcerative eschars. 
The lesions contain little, if any, pus. In children the lesions 
tend to occur on the perineum and buttocks, but they may 
appear anywhere. Although ecthyma gangrenosum is 
regarded by some as pathognomonic for  Pseudomonas aeru-
ginosa  bacteremia, similar lesions have been reported with 
other etiologies of bacteremia, such as  Stenotrophomonas 
maltophilia  [ 152 ]. 

 In SOT patients,  Pseudomonas  can cause pneumonia, UTI 
(mainly in renal Tx) and bacteremia [ 64 ,  106 ].  Pseudomonas 
aeruginosa  may be associated with cholangitis in liver trans-
plant recipients. De novo colonization of the lung allograft 
by  Pseudomonas  is associated with the subsequent develop-
ment of bronchiolitis obliterans [ 153 ]. 

 Mortality is especially high in  Pseudomonas aeruginosa  
bacteremia in both HSCT and SOTR: 39–67 % [ 12 ,  15 ,  16 , 
 23 ,  28 ,  62 ,  154 ]; the majority of patients died within 7 days 
from the onset of infection. Mortality is especially high if 
caused by multidrug resistant (MDR) bacteria [ 83 ,  155 ]. 
Onset of  Pseudomonas aeruginosa  blood stream infections 
in ICU is an independent predictor of mortality after HSCT 
and SOT patients [ 62 ]. 

  Acinetobacter  spp,  Stenotrophomonas maltophilia , and 
other NFGNR were responsible for catheter related bactere-
mia, severe sepsis, severe hemorrhagic pneumonia and soft 
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tissue infection in HSCT patients [ 18 ,  27 ,  136 – 145 ] and 
2–10 % of GNR bacteremia in SOTR [ 7 ,  20 ,  156 ]. The most 
frequent clinical manifestation of  Stenotrophomonas malto-
philia  is pneumonia and the second most frequent is CVC- 
related bacteremia [ 144 ,  156 – 158 ]. It must be recognized 
that not every isolate from the respiratory system is a true 
cause of pneumonia, but may represent colonization of respi-
ratory tract. 

   Stenotrophomonas maltophilia    emerges particularly in 
patients with prior broad-spectrum antimicrobial therapy. 

  Acinetobacter  spp. can cause suppurative infections in vir-
tually every organ system; mainly they cause nosocomial 
infections [ 9 ]. Lung transplant recipients infected with 
 Acinetobacter  were less likely to clear infection as compared 
to non-transplant patients, and more likely to die because of 
 Acinetobacter  infection [ 85 ]. Infections with  Acinetobacter  
can be severe, a third of them were associated with septic 
shock and 47.1 % deaths in liver Tx recipients [ 9 ]. 

   Burkholderia cepacia  infection   in lung transplant recipi-
ents may produce a rapidly progressive pneumonia, some-
times accompanied by septicemia. Occasional patients have 
lung abscess or empyema [ 159 ]. Both lung transplant recipi-
ents and lung transplant candidates may have simple coloni-
zation with  Burkholderia cepacia  however. Some lung 
transplant candidates have a gradual but progressive decline 
in their clinical condition after they become colonized with 
 Burkholderia cepacia . These patients may have repeated 
hospital admissions with fever, declining respiratory func-
tion and weight loss. In contrast, some lung transplant candi-
dates have a rapidly progressive syndrome known as the 
“cepacia syndrome” [ 160 ]. These patients present with high 
fever and respiratory failure. Laboratory testing reveals leu-
kocytosis and a markedly elevated erythrocyte sedimentation 
rate (ESR). Person to person transmission of  Burkholderia 
cepacia  has been reported, most likely through direct contact 
with respiratory secretions [ 161 ]. Transplant patients with 
CF and chronic granulomatous disease are vulnerable to 
 Burkholderia cepacia  pneumonia, and bacteremia with this 
pathogen may also occur. 

 Specifi c comment should be made regarding colonization 
and lung infection due to  Burkholderia cepacia . Some, but 
not all, studies of  Burkholderia cepacia  pneumonia in lung 
transplant recipients have shown elevated mortality com-
pared to patients who were never colonized with this organ-
ism. There is a report on mortality of close to 50 % in 
 Burkholderia cepacia  colonized CF patients undergoing 
lung transplantation [ 159 ]. Others found that 1-year survival 
of  Burkholderia cepacia  colonized patients was 67 % com-
pared to 92 % for patients not colonized with this organism 
[ 162 ]. Lung SOTR with CF who were infected with 
 Burkholderia cepacia  had poorer outcomes and represented 
the majority of those who had a septic death [ 163 ]. In con-
trast, a number of small studies have not shown signifi cant 
difference in survival of  Burkholderia cepacia  colonized 
versus non-colonized patients [ 164 ,  165 ]. It appears that a 

subset of  Burkholderia cepacia , genomovar III, is linked to 
inferior outcome [ 166 ,  167 ]. Patients colonized with  B. 
cenocepacia  before lung transplant were six times more 
likely to die within one year of transplant than those 
infected with other  Burkholderia cepacia  complex (Bcc) 
species ( p  = 0.04) and eight times than noninfected patients 
( p  < 0.00005) [ 168 ]. 9/12 patients with  B. cenocepacia  
infection died following lung transplantation, as compared 
to signifi cantly better outcomes of recipients infected with 
other Bcc species, comparable to other recipients with CF 
[ 169 ]. Therefore, colonization with  B. cenocepacia  is con-
sidered as a contraindication for lung transplantation in 
some centers [ 169 ]. 

 Following lung transplantation, infection with Bcc species 
other than  B. cenocepacia  does not signifi cantly impact 
5-year survival whereas infection  with  B. cenocepacia  pre-
transplant is associated with decreased survival [ 168 ].  

21.3.3     Antimicrobial Resistance 

21.3.3.1      Mechanisms   of Resistance 

  Pseudomonas aeruginosa  displays a  diverse array of antibi-
otic resistance mechanisms [ 170 ]. Resistance to beta-lactam 
antibiotics is usually, but not exclusively, mediated by beta- 
lactamases. A frightening arrival has been the IMP and VIM 
type beta-lactamases which can hydrolyze carbapenems, and 
all other beta-lactams with the exception of aztreonam [ 171 ]. 
However the coexistence of other beta-lactamases usually 
results in resistance to aztreonam. Metallo beta-lactamase 
production was the main mechanism of resistance in NFGNR 
found in one study [ 39 ]. 

  Imipenem resistance   can be mediated by loss of OprD, a 
porin or outer membrane protein. Loss of OprD results in 
resistance to imipenem and reduced susceptibility (but usu-
ally not frank resistance) to meropenem. OprD may be co- 
regulated with an effl ux pump called MexEF-OprN [ 170 , 
 172 ]. Use of imipenem can select for loss of OprD, but not 
for upregulation of the effl ux pump. In contrast, use of qui-
nolones can select for upregulation of the effl ux pump and 
also reduced OprD (resulting in resistance to both quino-
lones and imipenem). Frank resistance to meropenem usu-
ally requires both loss of OprD and upregulation of an effl ux 
pump known as MexAB-OprM [ 172 ]. 

 The effl ux pumps are an important mechanism of multi-
drug resistance, since they may confer resistance to quino-
lones, antipseudomonal penicillins, cephalosporins, and 
sometimes also aminoglycosides. Quinolone resistance may 
also be mediated by mutations to the chromosomally medi-
ated topoisomerases II and IV. Aminoglycoside resistance 
may be mediated by outer membrane impermeability or by 
aminoglycoside modifying enzymes. 

   Stenotrophomonas maltophilia    is intrinsically resistant to 
carbapenems because of the production of carbapenem 
hydrolyzing beta-lactamases.  S. maltophilia  usually harbors 
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two types of beta-lactamases: L1, a metallo-beta-lactamase 
that hydrolyzes all beta-lactams except aztreonam and is not 
inhibited by clavulanic acid and L2, an inducible class A 
beta-lactamase that hydrolyzes aztreonam but is inhibited by 
clavulanic acid. Strains harboring these beta-lactamases 
hydrolyze almost all beta-lactams and beta-lactam–beta- 
lactamase inhibitor combinations. The majority of strains are 
susceptible to ticarcillin–clavulanate, but not to ampicillin–
sulbactam or piperacillin–tazobactam.  Stenotrophomonas 
maltophilia  is frequently resistant to all aminoglycosides, 
probably due to impermeability of the outer membrane. 

 A variety of beta-lactamases have been reportedly pro-
duced by  Burkholderia cepacia  [ 173 – 179 ]. Resistance may 
also be mediated by membrane impermeability. 

  Acinetobacter  spp. may be capable of virtually complete 
antibiotic resistance. Some authors have used the abbrevia-
tions CRAB (carbapenem-resistant  Acinetobacter bauman-
nii ) or PDRAB (pandrug-resistant  Acinetobacter baumannii ) 
[ 180 ]. As is the case with  Pseudomonas aeruginosa , resis-
tance of  Acinetobacter  spp. may be mediated by a combina-
tion of beta-lactamases and outer membrane protein 
defi ciencies. A clinically useful observation has been the 
 in-vitro effi cacy of ampicillin–sulbactam in the face of resis-
tance to almost all other drug classes. Sulbactam is able to 
bind to penicillin binding protein 2 (PBP-2) and therefore 
can impart direct antimicrobial  activity against  Acinetobacter  
spp [ 181 ].  

21.3.3.2      Epidemiology of   Resistance 

 Transplant recipients  (HSCT and SOT) are at greater risk of 
MDR  Pseudomonas aeruginosa  BSI, with an appreciable 
mortality. In a large study, resistance to all antibiotic classes 
was signifi cantly greater in  Pseudomonas  BSI isolates from 
transplant compared with non-transplant patients ( p  < 0.001). 
Of isolates from transplant recipients ( n  = 207), 43 % were 
MDR, compared with 18 % of isolates from non-transplant 
patients ( n  = 391) ( p  < 0.001) [ 62 ]. 

 In HSCT patients  Pseudomonas aeruginosa  is frequently 
resistant to several antibiotic classes. 18–72 % are resistant 
to fl uoroquinolones, 11–50 % to aminoglycosides, 15–50 % 
to third-generation cephalosporins, 10–28 % to piperacillin 
tazobactam and 8–60 % to carbapenems [ 15 ,  16 ,  23 ,  24 ,  72 , 
 182 ]; 25–71 % are MDR [ 16 ,  62 ,  72 ,  73 ,  143 ]. Outbreaks of 
multidrug resistant GNR rods ( Stenotrophomonas, 
Pseudomonas ) were reported in HSCT units [ 183 – 185 ]. 

 In SOT patients NFGNR are frequently resistant to antibi-
otics; 31–74 % of them are MDR in some reports [ 26 ,  29 ,  62 , 
 76 ,  83 ,  186 ,  187 ]; others report on XDR  Pseudomonas  and 
 Acinetobacter  [ 76 ,  83 ]. 37 % of 49 cases of  Acinetobacter 
baumannii  infection in kidney and liver transplant recipients 
were caused by carbapenem-resistant isolates in one study 
[ 89 ], while in another study in liver transplant patients, 75 % 
were carbapenem-resistant [ 9 ]. Infection with CRAB mani-
fested mainly as pneumonia (83 %) in one study in SOTR, 

half of these patients subsequently developed CRAB BSI; 
5/6 patients died [ 188 ]. CRAB caused 42.9 % of all 
 Acinetobacter  infections in abdominal SOTR as compared to 
13.7 % among non-transplant ( p  < 0.01) [ 188 ]. XDR 
 Acinetobacter baumannii  in infections were signifi cantly 
more common among cardiothoracic than abdominal trans-
plant recipients ( p  = 0.0004). Ninety-eight percent (40/41) of 
patients had respiratory tract infections, most commonly 
ventilator-associated pneumonia (VAP); 88 % [36/41]) [ 189 ]. 

 CF patients undergoing lung transplantation are fre-
quently infected with MDR and PDR NFGNR, such as 
 Pseudomonas, Burkholderia , and others. In some centers, 
44–55 % of patients harbored PDR NFGNR, mostly 
 Pseudomonas  [ 106 ,  190 ,  191 ].  Burkholderia cepacia  is fre-
quently MDR [ 192 ,  193 ]. 

 Contact with other patients colonized with resistant 
 Pseudomonas aeruginosa  may be risk factor for acquisition 
of resistant  strain [ 194 ].  

21.3.3.3      Impact of   Resistance 

 Mortality in  MDR  Pseudomonas  infections was 36 % vs. 
12.5 % in non-MDR infections in HSCT patients [ 182 ]. 

 MDR and XDR  Acinetobacter  infections is associated 
with high mortality rate of 49–95 % in HSCT and SOTR 
[ 136 ,  188 ,  189 ,  195 ]. Polymyxin-resistant  Acinetobacter  
colonization or infection after liver transplantation was inde-
pendently associated with mortality [ 196 ]. 

 Some studies reported on decreased survival in CF patients 
infected with PDR bacteria [ 190 ], others however reported 
that their survival is similar to patients without PDR coloni-
zation [ 163 ,  191 ]. Inappropriate therapy was associated with 
increased mortality in SOTR patients infected with 
 Acinetobacter  spp. and  MDR GNR [ 39 ,  89 ].   

21.3.4     Treatment 

21.3.4.1      Pseudomonas aeruginosa  

 There has been  long-standing debate over the value of com-
bination therapy in the treatment of serious   Pseudomonas 
aeruginosa  infections  . Combination therapy had been con-
sidered the mainstay of therapy for many years, but recently 
proponents of monotherapy have emerged. Much of the sup-
port for combination therapy emanated from the prospective 
observational study of 200 consecutive patients with 
 Pseudomonas aeruginosa  bacteremia, showing that combi-
nation therapy was found to be signifi cantly better than 
monotherapy in improving outcome. Mortality was signifi -
cantly higher in patients given monotherapy (47 %) than in 
patients given combination therapy (27 %) [ 197 ]. It should 
be noted that the most common combination used was piper-
acillin or ticarcillin combined with tobramycin or gentami-
cin. The monotherapy group was dominated by patients 
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given an aminoglycoside alone. Few patients received 
 cephalosporins, aztreonam, carbapenems, or quinolones 
[ 197 ]. In the contrary, there are two studies, including 
 Pseudomonas aeruginosa , on GNR bacteremia, that did not 
fi nd statistically signifi cant differences in mortality between 
those receiving beta-lactam monotherapy versus beta-
lactam- aminoglycoside combination therapy [ 198 ,  199 ]. No 
difference in mortality between monotherapy with beta-lac-
tam and combination of beta-lactam with aminoglycoside or 
fl uoroquinolone was demonstrated in the recent review of 
randomized and non-randomized studies [ 200 ]. 

 To defi nitively show that combination therapy is superior 
to monotherapy would require a randomized controlled trial 
of several hundred patients. It is not likely that such a study 
will be ever performed. The demonstration of in-vitro syn-
ergy between antipseudomonal beta-lactam antibiotics and 
aminoglycosides, and the development of resistance with 
monotherapy, prompts us to continue to recommend combi-
nation antibiotic therapy for serious  Pseudomonas  infec-
tions. It is not clear whether the combination of two 
antibiotics needs to be continued for the entire treatment 
course or whether combination therapy in the fi rst 3–5 days 
of treatment is suffi cient. A combination of antipseudomonal 
beta-lactam plus aminoglycoside is the gold standard of ther-
apy. Minimization of the aminoglycoside component of this 
regimen to 3–5 days should minimize risk of toxicity [ 201 ]. 
Combinations of beta-lactams and quinolones are sometimes 
used but the clinical data to support such combinations is 
sparse. We do not recommend combinations of two beta- 
lactams. Double beta-lactam therapy has proved inferior to 
the beta-lactam-aminoglycoside combination in animal 
models [ 202 ]. One study in humans showed emergence of 
resistance in 40 % (two of fi ve) of cases in one series of 
 Pseudomonas aeruginosa  infection treated with double beta- 
lactams [ 203 ]. 

 High doses of quinolones for therapy of serious 
 Pseudomonas  infections are recommended. For ciprofl oxa-
cin, an intravenous dose of 400 mg every 8 h is recommended 
instead of standard 400 mg every 12 h. Likewise we recom-
mend levofl oxacin at 750 mg per day, rather than 500 mg per 
day, for serious pseudomonal infections. For beta-lactams, 
the rate of bactericidal activity of beta-lactams does not 
increase substantially once concentrations exceed four times 
the MIC. Beta-lactams do not exhibit a postantibiotic effect 
against  Pseudomonas aeruginosa  with the notable exception 
of the carbapenems. Thus, high drug concentrations do not 
kill  Pseudomonas aeruginosa  any faster than low concentra-
tions, and bacterial regrowth will begin very soon after serum 
and tissue levels fall below the MIC. The duration of time 
that serum levels exceed the MIC is the pharmacokinetic 
parameter that best correlates with in vivo effi cacy of the 
beta-lactams. Continuous infusion of antipseudomonal beta- 
lactams is therefore theoretically attractive. At this time, this 
approach remains to be validated in large clinical studies. 

Aminoglycosides, even when in combination therapy, should 
be dosed once daily. Aminoglycosides exhibit concentration- 
dependent bactericidal activity, and also produce prolonged 
postantibiotic effects.  This supports the practice of once 
daily aminoglycoside dosing.  

21.3.4.2     Other NFGNR 

 There are no randomized controlled trials which can guide 
therapy of  Stenotrophomonas maltophilia . Trimethoprim–
sulfamethoxazole should be considered the primary thera-
peutic agent. Resistance may arise and the sulfonamide 
component is poorly tolerated by some patients [ 204 – 206 ]. 
However, it must be recognized that  Stenotrophomonas 
maltophilia  may be a colonizer of the airways, in which case 
not treatment is needed. Alternative agents against 
 Stenotrophomonas maltophilia  proposed by some authors 
include the beta-lactams, ticarcillin–clavulanate, and ceftazi-
dime; fl uoroquinolones, with moxifl oxacin reportedly active 
in-vitro against some ciprofl oxacin-resistant isolates from 
hematological patients [ 207 ]; minocycline and chloram-
phenicol. Combination therapy with either ticarcillin–clavu-
lanate or with a third-generation cephalosporin (mainly 
ceftazidime) should be considered in a neutropenic or 
severely ill patients [ 204 ,  208 ,  209 ]. Published cases series 
on treatment regimens other than trimethoprim–sulfa-
methoxazole are small with variable success and drugs used 
often in combination [ 50 ,  204 – 206 ]. 

  Burkholderia cepacia  can be extremely resistant, but 
ceftazidime, carbapenems (imipenem and meropenem), cip-
rofl oxacin, piperacillin, chloramphenicol, and trimethoprim–
sulfamethoxazole have the greatest likelihood of in vitro 
activity. It is important to note that combination therapy is 
highly desirable because of the probability of emergence of 
more resistant isolates during therapy.  Burkholderia cepacia  
is resistant to commonly used inhaled antibiotics (tobramy-
cin and colistin) [ 106 ]. 

  Carbapenems   (for example, imipenem or meropenem) 
have traditionally been regarded as extremely potent agents 
in the treatment of severe infections due to  Acinetobacter  
spp. This has been borne out in studies of  Acinetobacter  bac-
teremia [ 210 ]. Carbapenem-resistant  Acinetobacter bau-
mannii  may remain susceptible to sulbactam [ 2 ,  168 ,  211 ] a 
beta-lactamase inhibitor that also has clinically relevant 
intrinsic antimicrobial activity against the organism. In 
patients with strains resistant to virtually all currently avail-
able antibiotics, colistin may be the only viable option [ 212 ]. 
In-vitro studies show potential advantages of combinations 
of rifampin with colistin [ 213 ]. A new antibiotic, tigecycline, 
shows usefulness against multiresistant  Acinetobacter  organ-
isms [ 65 ,  214 ].  A. baumannii  can develop resistance to tige-
cycline by mutation, with the trait sometimes selected in 
therapy [ 215 – 217 ]; moreover some regionally prevalent 
MDR strains are non-susceptible to tigecycline [ 218 ].    
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21.4     Treatment Options 
for  Carbapenem- Resistant GNR   

 Treatment of carbapenem-resistant GNR is challenging. In 
some cases, the only treatment options include old antibiot-
ics (polymyxins and fosfomycin), tigecycline, and amino-
glycosides [ 50 ,  135 ,  219 – 221 ]. All these options have 
effi cacy, resistance, and/or toxicity issues. 

 Summary on current treatment options for carbapenem- 
resistant GNR is presented in Table  21-1 .

21.4.1       Polymyxins 

 The  polymyxins      were originally isolated from  Bacillus  spp—
polymyxin B from  B. polymyxa  in 1947 and colistin (also 
known as polymyxin E) from  B. colistinus  in 1950. The poly-
myxins act primarily on the bacterial cell wall, leading to rapid 
permeability changes in the cytoplasmic membrane. Entry 
into the cell is not necessary. The polymyxins may also have 

antiendotoxin activity. Carbapenem-resistant GN can remain 
sensitive to colistin. Increasing number of reports on success-
ful systemic polymyxins use, including in transplant patients 
[ 222 – 224 ]. Other usages of colistin reported were: as aerosols, 
in adjunction to systemic therapy in patients with pneumonia 
[ 225 ], intraventricular use for CNS infections [ 226 ] and endo-
toxin removal using polymyxin-B-based hemoperfusion 
[ 227 ]. Inhaled colistin in lung transplant patients may delay 
colonization with  Pseudomonas aeruginosa  [ 228 ]. The use of 
colistin raises several issues of concern:

    1.    Effi cacy. Treatment with colistin was associated with 
increased mortality as compared with other appropriate 
regimens in several studies; some of them included onco- 
hematological patients [ 229 ,  230 ]. Others, however, 
reported on considerable effectiveness, depending on the 
daily dosage and infection site [ 222 ,  223 ,  231 ].   

   2.    Toxicity, mainly nephrological and neurological. 
Nephrotoxicity, which was reported in up to 50 % of 
patients receiving colistin–polymyxin B in older  studies, 

   TABLE 21-1.     Main    characteristics    of   the new or revisited antibacterial drugs for treatment of infections due to MDR GNR bacteria   

 Colistin/polymyxin B [ 115 ,  220 ,  221 , 
 232 ,  235 ,  236 ,  305 ]  Tigecycline [ 216 ,  220 ,  244 ,  306 ]  Fosfomycin [ 204 ,  231 ,  307 ,  308 ] 

 Class  Polymyxin  Tetracyclines  Phosphonic acid derivative 

 Mechanism of action, 
hydro/lipophilic 

 Disrupts bacterial membranes, 
hydrophilic 

 Protein synthesis inhibition, 
lipophilic 

 Inhibits peptidoglycan synthesis, 
Hydrophilic 

 Bactericidal/-static; 
concentration/time 
dependent activity 

 Bactericidal, concentration dependent  Bacteriostatic, time dependent  Bactericidal, variable concentration-
dependent or time-dependent 

 Spectrum  Enterobacteriaceae,  P. aeruginosa ,  A. 
baumannii ,  S. maltophilia , not 
 Proteus, Serratia, Providencia  spp 

 Enterobacteriaceae,  A. baumannii, S. 
maltophilia,  not  P. aeruginosa, 
Proteus, Morganella , and 
 Providencia  spp 

 Enterobacteriaceae (esp.  E. coli ), 
some  P. aeruginosa,  not  A. 
baumannii  

 Half life  5.9 ± 2.6 h (Following administration 
of two million international units of 
colistin methanesulphonate) 

 37 ± 12 h  5.7 ± 2.8 h 

 Route of elimination  Renal  Biliary/fecal and renal  Renal and fecal 

 Dose and route  Wide dose range used (3–9 × 10 6  IU/
day) 

 Loading dose nine million IU and 
maintenance dose 4.5 million IU 
every 12 h preferred, IV 

 100 mg loading dose followed by 
50 mg twice daily, IV 

 Range 2 g three times daily up to 4 g 
four times daily, IV 

 Main side effects  Nephrotoxicity, neurotoxicity  Nausea, vomiting and headache  Gastrointestinal (rare) 

 Warnings  Increased mortality as compared to 
other appropriate regimens in some 
retrospective studies 

 Low colistin concentration after the 
fi rst few doses in the routine dose 
regimen 

 Low blood levels 
 Increased risk of death compared to 

other antibiotics used to treat 
severe infections 

 No clinical experience in this patient 
population 

 Readily selects resistance 

 European Medicines 
Agency (EMA) labeled 
indications 

 Serious infections caused by GNR 
bacteria, including those of the 
lower respiratory tract and urinary 
tract where sensitivity testing 
suggests that they are caused by 
susceptible bacteria 

 Complicated skin and soft tissue 
infections, complicated intra-
abdominal infections 

 No EMA license; individual country 
licenses include infections of lung, 
urinary tract, and bone, with 
associated bacteremia 

  Adapted from Averbuch D, Cordonnier C, Livermore DM, Mikulska M, Orasch C, Viscoli C et al. Targeted therapy against multi-resistant bacteria in leu-
kemic and hematopoietic stem cell transplant recipients: guidelines of the 4th European Conference on Infections in Leukemia (ECIL-4, 2011). 
 Haematologica  2013; 98(12): 1836–47.  
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is much less frequent in newer studies, including 
HSCT patients, with rates ranging from 10 to 30 % 
[ 221 – 224 ,  232 ].   

   3.    Appropriate dose. The recommended dose in adults is 
nine million IU daily in two or three divided doses as a 
slow intravenous infusion; in critically ill patients a load-
ing dose of nine million IU should be given. Doses should 
be reduced according to creatinine clearance in patients 
with renal impairment. In children, the suggested dose is 
75,000 to 150,000 IU/kg daily, in three divided doses 
[ 233 ]. Loading dose and high daily dosages of colistin 
may help to overcome the problem of low blood levels 
that may have been responsible for the suboptimal effi -
cacy of polymyxins, as well as to the selection of resistant 
strain variants [ 219 ,  234 – 237 ].   

   4.    Emergence of colistin-resistant GN after previous 
 exposure to colistin was reported [ 196 ,  234 ]. Susceptibility 
decreased during therapy with colistin in 40 % of SOTR 
infected with XDR  Acinetobacter baumannii  [ 195 ].    

21.4.2       Tigecycline 

  Tigecycline      has a broad spectrum of in vitro activity against 
MDR GNR bacteria, excluding  Pseudomonas aeruginosa, 
Proteus  spp.,  Providencia  spp.,  and Morganella  spp. [ 205 , 
 238 – 240 ]. Standard dosage tigecycline, in combination with 
an anti-pseudomonal drug (ß-lactams, quinolones, amino-
glycosides) achieved clinical response in 56 % of HSCT 
recipients [ 241 ]. Patients with pneumonia had lower response 
and higher mortality rates than those with bacteremia (51 % 
vs. 79 %, 44 % vs. 16 % respectively, both  p  < 0.05) [ 241 ]. In 
another study, standard dosage tigecycline used alone or 
combined with other antibiotics, showed clinical response 
(defi ned as partial or complete improvement of signs/symp-
toms of infection) in 16/23 (70 %) of bacteremia cases, 18/29 
(67 %) of pneumonia and in 7/12 (58 %) where it was used 
for empirical treatment of febrile neutropenia [ 242 ],. The 
microbiologic response rate 70 % was achieved during treat-
ment of CRKp infections after liver transplantation in the 
intensive care unit (ICU) with tigecycline, but 30 % died due 
to CRKp [ 243 ]. 

 Higher-dosage tigecycline regimens potentially may be 
advantageous in severe infections. A recent randomized 
study in patients with hospital-acquired pneumonia showed 
that clinical cure with tigecycline 100 mg twice daily after a 
loading dose of 200 mg (17/20, 85.0 %) was numerically 
higher than with tigecycline 75 mg twice daily after a load-
ing dose of 150 mg (16/23, 69.6 %) and imipenem–cilastatin 
(18/24, 75.0 %) [ 154 ]. However, evidence of increased mor-
tality, compared to other antibiotic therapies, especially in 
VAP [ 244 ] leads to caution in its use. Moreover, a serious 
drawback, at least for monotherapy in bacteremia, is the low 
serum level obtained [ 216 ]. Superinfections with pathogens 
inherently resistant to tigecycline ( Pseudomonas aerugi-

nosa ,  Proteus  spp.,  Providencia  spp., and  Morganella  spp.) 
are another concern [ 215 ,  236 ,  243 ]. Breakthrough CRE bac-
teremia during tigecycline therapy was reported due to sus-
ceptible strains [ 113 ]. Increased MIC during treatment with 
tigecycline was reported in kidney Tx patient [ 245 ].  

21.4.3     Fosfomycin 

  Fosfomycin      is another old, but increasingly revisited, antibi-
otic with broad-spectrum in vitro activity against GNR bac-
teria, excluding  Acinetobacter  spp. Several studies estimate 
80–90 % of Enterobacteriaceae with extended-spectrum 
beta-lactamases (ESBLs) and carbapenemases to be suscep-
tible to fosfomycin [ 204 ,  219 ], but other studies report that 
only 50 % of  Klebsiella  spp. and fewer than 30 % of MDR 
 Pseudomonas aeruginosa  to be susceptible [ 135 ,  221 ]. Due 
to the possibility of resistance developing during therapy, 
fosfomycin should be used in combination with other agents, 
selected according to the susceptibility results [ 204 ,  246 ]. 
Data on the effi cacy of intravenous fosfomycin are limited to 
case reports and small case series [ 204 ] and there is no pub-
lished experience of treating invasive infections in onco- 
hematological and HSCT patients. A retrospective study in 
HSCT patients showed, that in a multivariate analysis, expo-
sure to fosfomycin (route of administration not specifi ed) 
was associated with a signifi cantly decreased incidence of 
veno-occlusive liver disease [ 247 ]. Fourteen cases of UTI in 
kidney Tx recipients were treated with fosfomycin, mostly 
due to  E.coli , 50 % resistant to carbapenems. The overall 
clearance rate of UTI at 3 months was 31 %; recurrence 
occurred in 54 % and persistence occurred in 21 % of cases, 
no adverse drug reactions were reported [ 248 ]. In another 
report, 30 % microbiological cure was achieved when MDR 
GNR UTI was treated with fosfomycin in 15 SOTR; in 3 of 
them resistance to fosfomycin developed during treatment, 
and another one had superinfection due to fosfomycin- 
resistant bacteria [ 249 ].  

21.4.4     Combination Therapy in Infections 
Due to Resistant GNR 

21.4.4.1     In-Vitro Data 

 Some   in vitro data   suggest synergy in combining two agents 
(polymyxin B and either rifampin or doxycycline; fosfomy-
cin with meropenem or colistin) against carbapenemase- 
producing  Klebsiella pneumoniae , even when the pathogen 
is resistant to one of these agents [ 250 ,  251 ]. An ertapenem–
doripenem combination may be of potential usefulness 
against KPC-producing  Klebsiella pneumoniae  based on a 
study in an immunocompetent murine thigh infection model 
based on the notion that the high affi nity of KPC for ertape-
nem would “trap” the enzyme thus enhancing the activity of 
doripenem [ 252 ]. 
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 A recent meta-analysis of studies examining in vitro inter-
actions of antibiotic combinations consisting of any carbape-
nem with colistin or polymyxin B against GNR reported that 
combination therapy showed synergy rates of 77 % for 
 Acinetobacter baumannii , 44 % for  Klebsiella pneumoniae , 
and 50 % for  Pseudomonas aeruginosa , with low antago-
nism rates for all. Doripenem showed high synergy rates for 
all three bacteria. The use of combination therapy led to less 
resistance development in vitro [ 253 ]. 

 Various combinations of rifampin, beta-lactams, amino-
glycosides, quinolones, colistin–polymyxin B, fosfomycin, 
or other agents are synergistic in vitro, or in animal models, 
against MDR  Pseudomonas  or  Acinetobacter   spp. [ 135 ,  211 , 
 254 – 258 ].  

21.4.4.2      Clinical Data   

 In the era of increasing resistance, combination therapy is 
increasingly used for treatment of carbapenem-resistant and 
MDR GNR [ 221 ]. 

 Several meta-analyses of randomized controlled studies, 
some of them done before the present era of increasing resis-
tance, concluded that there was similar all-cause mortality in 
febrile neutropenic patients treated with a beta-lactam vs. the 
same beta-lactam plus an aminoglycoside as empirical or 
defi nitive therapy [ 148 ,  259 ,  260 ]. However, owing to the 
small numbers of cases of infection due to resistant bacteria, 
a benefi t of combination therapy could not be ruled out for 
those patients who were critically ill or were infected with 
 Pseudomonas aeruginosa  or some other resistant pathogen 
[ 148 ,  259 ,  260 ]. 

 In a recently published prospective multicenter study 
which compared empirical therapy with piperacillin–tazo-
bactam with or without tigecycline in high-risk neutropenic 
patients with hematologic malignancies, the combination 
therapy proved to be more effective, including in patients 
with bacteremia and clinically documented infections [ 261 ]. 

 A retrospective study reviewed patients with hematologi-
cal malignancies or post-HSCT, who were infected by 
ESBL- or AmpC-producing Enterobacteriaceae or resistant 
 Pseudomonas , most of whom were empirically treated with 
combination of a beta-lactam and an aminoglycoside. 
Mortality was lower among those patients whose pathogen 
was sensitive in vitro to either the beta-lactam or the amino-
glycoside, compared with those whose pathogen was resis-
tant to both (OR, 1.8; 95 % CI, 1.3 to 2.5) [ 87 ]. 

 Carbapenem-containing combinations were associated 
with signifi cantly reduced mortality compared to non- 
carbapenem- containing regimens in a retrospective analysis 
of 138 patients who received treatment for infections due to 
carbapenemase producing  Klebsiella pneumoniae  when the 
carbapenem MIC for the infecting organism was ≤4 mg/L 
[ 122 ]. Patients infected with CRKp who received combina-
tion therapy, especially with a combination of tigecycline, 
colistin, and meropenem, had lower mortality as compared 
to monotherapy treated group [ 262 ]. Combination antibiotic 

therapy improves the likelihood that at least one component 
agent is active in patients with severe sepsis or septic shock 
associated with GNR bacteremia [ 263 ]. 

 The combination of a carbapenem and colistin was suc-
cessfully used in SOT patients infected with CRKp and XDR 
 Acinetobacter baumannii  [ 116 ,  189 ,  195 ]. This combination 
was associated with improved survival in XDR  Acinetobacter 
baumannii  infections and decreased chance of development 
resistance to colistin as compared to other combinations 
[ 189 ]. In a recently published case-control study in critical 
patients in ICU infected with carbapenem resistant GNR, 
mainly  Pseudomonas aeruginosa , combination therapy had 
been used signifi cantly more often in survivors compared 
with non-survivors (32.1 % vs. 7.8 %,  p  < 0.01) [ 264 ]. 

  Rifampin   was considered for addition to other active anti-
biotics in the treatment of uncontrolled infection due to 
MDR bacteria [ 211 ,  240 ,  250 ,  265 – 267 ]. However, a ran-
domized, open-label clinical trial, which enrolled 210 
patients with life-threatening infections due  Acinetobacter 
baumannii  that were susceptible only to colistin showed that 
30-day mortality was not reduced by addition of rifampicin 
[ 268 ]. Similarly, another randomized controlled study com-
paring colistin to combination of colistin and rifampin for 
VAP caused by  Acinetobacter  did not show signifi cant dif-
ferences in mortality [ 269 ]. Other problems with rifampin 
include its toxic potential and drug interactions, a main con-
cern especially in transplant patients who receive a lot of 
other drugs concomitantly (such as cyclosporine, mycophe-
nolate mofetil, antifungals, antivirals) [ 268 ]. 

 Although several studies reported on the improved out-
come in patients who received combination therapy, mainly 
including colistin, a summary of the studies (12 retrospective 
cohort studies or case series, two prospective observational 
studies and two randomized controlled studies) did not dem-
onstrate difference in mortality between colistin alone and 
colistin–carbapenem combination therapy for the treatment 
of carbapenemase-producing GNB or carbapenem-resistant 
GNR [ 270 ]. 

 Two randomized controlled studies are currently recruit-
ing patients, comparing colistin–carbapenem combination 
therapy versus colistin monotherapy for invasive infections 
caused by MDR and XDR-GNB, will clarify this issue 
(  NCT01732250    ,   NCT01597973    ). 

 Aerosolized colistin can be considered as an adjunctive 
therapy for MDR infections causing pneumonia. A success-
ful use of 100–150 mg colistin, administered via a Respirgard 
II nebulizer, as part of combination therapy for nosocomial 
pneumonia caused by MDR  Pseudomonas aeruginosa  was 
described [ 271 ]. Potential concerns over aerosolized colistin 
include development of resistance to the antibiotic [ 272 ]. In 
a retrospective study which compared treatment of colistin- 
only susceptible GNR bacteria with intravenous (IV) colistin 
vs. aerosolized colistin in adjunction to IV colistin, patients 
who received the adjunction therapy had a higher clinical 
cure rate required fewer days of mechanical ventilation after 
VAP onset [ 225 ].    
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21.5      Prevention   

 A meta-analysis of 109 trials  performed during 1973–2010 
reported that antibiotic prophylaxis, especially with quino-
lones, in afebrile neutropenic patients signifi cantly reduced 
all-cause mortality [ 273 ]. Antibacterial prophylaxis with a 
fl uoroquinolone (levofl oxacin or ciprofl oxacin) to prevent 
bacterial infections was recommended for adult SCT patients 
with anticipated neutropenic periods of 7 days or more. 
Antibacterial prophylaxis is generally started at the time of 
stem cell infusion and continued until recovery from neutro-
penia or initiation of empirical antibacterial therapy for fever 
during neutropenia. The prophylaxis should not be continued 
after recovery from neutropenia. Quinolone prophylaxis, 
however, has to be reconsidered in the situation of growing 
resistance. Local epidemiological data should be carefully 
considered before applying fl uoroquinolone prophylaxis and 
once it is applied, the emergence of resistance in bacterial 
pathogens should be monitored closely because of increas-
ing quinolone resistance worldwide [ 54 ]. Prophylaxis effi -
cacy may be reduced when the prevalence of fl uoroquinolone 
GNR bacillary resistance exceeds 20 % [ 274 ,  275 ]. Although 
a meta-analysis of 27 studies, published at 2007, reported on 
nonsignifi cant increase in colonization by quinolone- 
resistant bacteria under quinolone prophylaxis [ 276 ], later 
studies reported that infections which emerge under quino-
lone prophylaxis can be caused by MDR bacteria, necessitat-
ing use of broader spectrum antibiotics for treatment [ 277 , 
 278 ]. Possible benefi t of quinolone prophylaxis has to be 
considered based on local epidemiology and resistant data 
and if prophylaxis is discontinued—outcome of bacterial 
infections has to be closely monitored . 

21.5.1     Prevention of Resistance 

 Efforts to reduce   antibiotic resistance   among transplant 
patients must address two directions: limitation of use of 
broad spectrum antibiotics and disruption of spread of resis-
tant bacteria. 

 Heavy antibiotic use has been constantly reported as one 
of the main factors for development of resistant bacteria. 
Limitation of unnecessary use of broad spectrum antibiotics 
is important to reduce the spread of resistance. 

 The ECIL group has proposed guidelines for empirical 
antibiotic therapy in the era of growing resistance [ 279 ]. 
Initial antibiotic regimen has to be targeted on the most prev-
alent bacteria at the center, unless the patient is seriously ill 
at presentation or is known to be colonized or previously 
infected with resistant bacteria. Differential approaches 
should be implemented for febrile neutropenic patients based 
on their presentation, knowledge on colonization/previous 
infection with resistant bacteria and local epidemiology in 
each center. An escalation strategy is recommended for 

patients with uncomplicated presentation, who are unknown 
to be colonized or previously infected with resistant bacteria, 
in centers where infections due to resistant pathogens are 
rarely seen at the onset of febrile neutropenia. Such patients 
should be treated empirically with either anti-pseudomonal 
cephalosporins (cefepime, ceftazidime), or beta lactam-beta 
lactamase inhibitors (piperacillin–tazobactam, ticarcillin–
clavulanate, cefoperazone–sulbactam) or combination of 
piperacillin and gentamicin. Usage of carbapenems and 
combinations should be avoided in such patients. 
Modifi cations of the initial regimen at 72–96 h should be 
based on the patient’s clinical course and the microbiological 
results. The ECIL guidelines defi ned situations in which use 
of carbapenems and combination therapy is justifi ed (de- 
escalation approach), specifi cally in seriously ill patients, 
e.g., presentation with septic shock; those known to be colo-
nized or previously infected with resistant bacteria or in cen-
ters with a high prevalence of infections due to resistant 
bacteria at the onset of febrile neutropenia. This de- escalation 
approach has to be followed by discontinuation of combina-
tion therapy or switch to a narrower-spectrum regimen in 
patients who were stable since presentation and in whom 
resistant bacteria was not isolated, especially if fever 
normalized. 

 The empirical antibacterial treatment can be discontinued 
at ≥72 h irrespective of neutrophil count or expected duration 
of neutropenia in patients without evidence of clinically or 
microbiologically documented infections, who are hemody-
namically stable since presentation and afebrile ≥48 h [ 280 ]. 
The patient should be kept hospitalized for at least 24–48 h 
under close observation if he is still neutropenic when antibi-
otic therapy is stopped. If fever recurs, antibiotics should be 
restarted urgently. This strategy aims to limit exposure to 
broad spectrum antibiotics and combinations, and also dura-
tion of antibiotic treatment, minimizing the collateral dam-
age associated with antibiotic overuse, and the further 
selection of resistance. 

 Promising new diagnostic techniques enabling rapid 
(within few hours) identifi cation of ESBL and carbapenemase- 
producing bacteria, with high sensitivity and specifi city, may 
contribute to avoid of overuse of carbapenems [ 281 – 283 ]. 
The problem is that these tests should be applied on positive 
blood cultures, meaning that still ~24 h (ideally) will pass 
from the onset of infection until the result of these tests will 
be available. These tests can miss some carbapenemases in 
some bacteria (e.g., OXA-48,  Pseudomonas aeruginosa ) and 
they do not detect carbapenem-resistant bacteria due to mech-
anisms other than carbapenemases (e.g., reduced permeabil-
ity of the outer membrane associated with overexpression of 
chromosomal or acquired AmpC and/or ESBL [ 284 – 286 ]. 

 Antibiotic stewardship is crucial to use antimicrobials in 
such a way that each and every patient receives the most effi -
cacious and safe antimicrobials to treat their infections, 
while at the same time minimizing the ecologic impact of 
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antimicrobials used [ 287 ]. Five main principles of antibiotic 
stewardship in HSCT patients were defi ned [ 288 ]:

    1.    Local surveillance of antibiotic resistance, antibiotic con-
sumption and patient outcomes, including monitoring 
reports;   

   2.    Multidisciplinary protocols and algorithms on the diag-
nosis, prevention and treatment of infections should be 
developed in collaboration of oncologists, infectious dis-
ease specialists, and medical microbiologists and updated 
to refl ect changes in bacterial antimicrobial susceptibili-
ties in the unit;   

   3.    Swift reporting of positive clinical cultures and imple-
mentation of rapid techniques for bacterial identifi cation 
and resistance patterns by the microbiology laboratory to 
control the duration of treatment and to facilitate reas-
sessment of the antibiotic therapy;   

   4.    Optimization of dosing regimens using pharmacody-
namic principles;   

   5.    Frequent multidisciplinary rounds including discussion 
of patient histories and interactive, bedside education on 
antimicrobial drug use and infection control.    

  Infectious control is crucial to prevent spread of resistant 
bacteria between patients within department, as well as 
between departments in the hospital and between hospitals. 
Antimicrobial resistance is a worldwide problem. 
Transportation of patients between departments in the same 
hospital, as ICU, surgery and transplant ward, between dif-
ferent hospitals, as well as medical tourism, contributes to 
the spread of resistant bacteria across the borders. Horizontal 
transmission of ESBL-producing  Klebsiella , from patient to 
patient, via the hands of staff members has been very well 
documented [ 289 – 291 ]. Interventions to prevent and control 
the spread of MDR bacteria include hand-hygiene measures; 
active screening of patients with cultures; contact barrier 
precautions; enforcement of isolation criteria for patients 
colonized or infected with multidrug-resistant organisms; 
the use of single rooms for HSCT recipients; cohorting of 
infected patients; environmental cleaning and anti-infective 
stewardship [ 288 ,  292 ,  293 ]. Bundles including combination 
of multiple interventions were effi cient for containment of 
carbapenem-resistant Enterobacteriaceae [ 99 ,  291 ]. 
Avoidance of contact with resistant  Pseudomonas  infected 
patients is important to prevent MDR  Pseudomonas  acquisi-
tion in lung transplant recipients [ 194 ]. 

 Rapid detection and isolation of patients colonized with 
resistant bacteria can limit its spread. Novel molecular-based 
diagnostic screening tests enable simultaneous detection of 
several resistant bacteria directly from swab samples with high 
sensitivity, specifi city, positive predictive value, and negative 
predictive value and results available in 24 h [ 294 ,  295 ]. 

 Decolonization of patients colonized with CRE with oral 
aminoglycoside or colistin was successful in 37–68 % of 
patients, although the appropriate dose has to be determined 

and there is concern that those who remained colonized will 
be colonized with resistant bacteria after de-colonization 
[ 296 – 301 ]. 

 Transmission of microorganisms from an infected brain- 
dead donor can cause severe, sometimes fatal infection in the 
SOT recipient, even if appropriate therapy is provided [ 115 , 
 302 ,  303 ]. On the other hand, the donor pool is limited and 
increasing numbers of donors have underlying diseases, and 
may be infected with MDR bacteria. Investigation of donors 
for CRE carriage by suitable approaches (e.g., rectal swab-
bing) would seem mandatory, especially in areas where CRE 
are endemic [ 302 ]. A systematic approach for the acceptabil-
ity of organs from donors infected with MDR bacteria was 
suggested, based on expert opinion [ 304 ]. The algorithm 
includes screening for MDR GNR in potential donors, who 
are at risk for MDR infection. If a donor was found to be 
colonized/infected with MDR bacteria, prophylactic antibi-
otic treatment should be initiated to donor and to recipient, 
with the appropriate agent according to susceptibility testing. 
Two conditions are contraindication to SOT: (1) if the donor 
has MDR bacteremia (2) lung transplantation from donor 
infected/colonized with MDR bacteria for which no ade-
quate antibiotic treatment for  pneumonia exists [ 304 ].   

21.6     Summary 

 Infections caused by GNR are increasingly common in trans-
plant recipients; they can cause severe, life-threatening dis-
eases. Prevention approaches, early diagnosis, appropriate 
empiric therapy based on local epidemiology and proper tar-
geted therapy are crucial for patients survival. There is a 
global problem of growing resistance among GNR and it 
compromises prophylaxis and treatment options. Previous 
colonization and exposure to antibiotics are the most impor-
tant risk factors for the development of resistance. Treatment 
of carbapenem-resistant GNR is challenging; in some cases, 
the only treatment options include old antibiotics (polymyx-
ins and fosfomycin), tigecycline, and aminoglycosides. All 
these options have effi cacy, resistance, and/or toxicity issues. 
Development of new treatment modalities is an important 
goal. Continuous monitoring of the local epidemiology and 
antimicrobial stewardship is mandatory for optimization 
therapy with the currently available drugs. Infectious control 
is crucial to limit the spread of resistance.     

   References 

    1.    Engelhard D, Marks MI, Good RA. Infections in bone marrow 
transplant recipients. J Pediatr. 1986;108(3):335–46.  

    2.    Walter EA, Bowden RA. Infection in the bone marrow trans-
plant recipient. Infect Dis Clin North Am. 1995;9(4):823–47.  

   3.    Rubin RH, Tolkoff-Rubin NE. Antimicrobial strategies in the 
care of organ transplant recipients. Antimicrob Agents 
Chemother. 1993;37(4):619–24.  

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



370

   4.    Paya CV, Hermans PE, Washington 2nd JA, Smith TF, Anhalt 
JP, Wiesner RH, et al. Incidence, distribution, and outcome of 
episodes of infection in 100 orthotopic liver transplantations. 
Mayo Clin Proc. 1989;64(5):555–64.  

   5.    Wade JJ, Rolando N, Hayllar K, Philpott-Howard J, Casewell 
MW, Williams R. Bacterial and fungal infections after liver 
transplantation: an analysis of 284 patients. Hepatology. 
1995;21(5):1328–36.  

   6.    Grossi P, De Maria R, Caroli A, Zaina MS, Minoli L. Infections 
in heart transplant recipients: the experience of the Italian 
heart transplantation program. Italian Study Group on 
Infections in Heart Transplantation. J Heart Lung Transplant. 
1992;11(5):847–66.  

            7.    Bert F, Larroque B, Paugam-Burtz C, Janny S, Durand F, 
Dondero F, et al. Microbial epidemiology and outcome of 
bloodstream infections in liver transplant recipients: an analy-
sis of 259 episodes. Liver Transpl. 2010;16(3):393–401.  

    8.    Perez F, Adachi J, Bonomo RA. Antibiotic-resistant gram- 
negative bacterial infections in patients with cancer. Clin 
Infect Dis. 2014;59 Suppl 5:S335–9.  

        9.    Gao F, Ye Q, Wan Q, Liu S, Zhou J. Distribution and resistance 
of pathogens in liver transplant recipients with Acinetobacter 
baumannii infection. Ther Clin Risk Manag. 2015;11:501–5.  

    10.    Cordonnier C, Herbrecht R, Buzyn A, Leverger G, Leclercq R, 
Nitenberg G, et al. Risk factors for Gram-negative bacterial 
infections in febrile neutropenia. Haematologica. 2005;90(8):
1102–9.  

    11.    Cohen ML, Murphy MT, Counts GW, Buckner CD, Clift RA, 
Meyers JD. Prediction by surveillance cultures of bacteremia 
among neutropenic patients treated in a protective environ-
ment. J Infect Dis. 1983;147(5):789–93.  

       12.    Wagener MM, Yu VL. Bacteremia in transplant recipients: a 
prospective study of demographics, etiologic agents, risk fac-
tors, and outcomes. Am J Infect Control. 1992;20(5):239–47.  

    13.    Singh N, Paterson DL, Chang FY, Gayowski T, Squier C, 
Wagener MM, et al. Methicillin-resistant Staphylococcus 
aureus: the other emerging resistant gram-positive coccus 
among liver transplant recipients. Clin Infect Dis. 2000;
30(2):322–7.  

    14.    Klastersky J. Science and pragmatism in the treatment and 
prevention of neutropenic infection. J Antimicrob Chemother. 
1998;41(Suppl D):13–24.  

           15.    Collin BA, Leather HL, Wingard JR, Ramphal R. Evolution, 
incidence, and susceptibility of bacterial bloodstream isolates 
from 519 bone marrow transplant patients. Clin Infect Dis. 
2001;33(7):947–53.  

         16.    Mikulska M, Del Bono V, Raiola AM, Bruno B, Gualandi F, 
Occhini D, et al. Blood stream infections in allogeneic hema-
topoietic stem cell transplant recipients: reemergence of 
Gram-negative rods and increasing antibiotic resistance. Biol 
Blood Marrow Transplant. 2009;15(1):47–53.  

          17.    Mikulska M, Viscoli C, Orasch C, Livermore DM, Averbuch 
D, Cordonnier C, et al. Aetiology and resistance in bacterae-
mias among adult and paediatric haematology and cancer 
patients. J Infect. 2014;68(4):321–31.  

          18.    Gudiol C, Bodro M, Simonetti A, Tubau F, Gonzalez-Barca E, 
Cisnal M, et al. Changing aetiology, clinical features, antimi-
crobial resistance, and outcomes of bloodstream infection in 
neutropenic cancer patients. Clin Microbiol Infect. 2013;
19(5):474–9.  

    19.    Singh N, Wagener MM, Obman A, Cacciarelli TV, de Vera 
ME, Gayowski T. Bacteremias in liver transplant recipients: 
shift toward gram-negative bacteria as predominant patho-
gens. Liver Transpl. 2004;10(7):844–9.  

                20.    Lanini S, Costa AN, Puro V, Procaccio F, Grossi PA, 
Vespasiano F, et al. Incidence of carbapenem-resistant gram 
negatives in Italian transplant recipients: a nationwide surveil-
lance study. PLoS One. 2015;10(4):e0123706.  

            21.    Al-Hasan MN, Razonable RR, Eckel-Passow JE, Baddour 
LM. Incidence rate and outcome of gram-negative blood-
stream infection in solid organ transplant recipients. Am 
J Transplant. 2009;9(4):835–43.  

         22.    Mrzljak A, Peric Z, Kovacevic V, Gustin D, Vrhovac R, 
Andrasevic AT. Rising problem of multidrug-resistant gram-
negative bacteria causing bloodstream infections after liver 
transplantation: how should we handle the issue? Liver 
Transpl. 2010;16(10):1217–9.  

       23.    Ortega M, Rovira M, Almela M, Marco F, de la Bellacasa JP, 
Martinez JA, et al. Bacterial and fungal bloodstream isolates 
from 796 hematopoietic stem cell transplant recipients 
between 1991 and 2000. Ann Hematol. 2005;84(1):40–6.  

     24.    Velasco E, Byington R, Martins CS, Schirmer M, Dias LC, 
Goncalves VM. Bloodstream infection surveillance in a can-
cer centre: a prospective look at clinical microbiology aspects. 
Clin Microbiol Infect. 2004;10(6):542–9.  

    25.    Candel FJ, Grima E, Matesanz M, Cervera C, Soto G, Almela 
M, et al. Bacteremia and septic shock after solid-organ trans-
plantation. Transplant Proc. 2005;37(9):4097–9.  

       26.    Bodro M, Sabe N, Tubau F, Llado L, Baliellas C, Roca J, et al. 
Risk factors and outcomes of bacteremia caused by drug-resis-
tant ESKAPE pathogens in solid-organ transplant recipients. 
Transplantation. 2013;96(9):843–9.  

      27.    Poutsiaka DD, Price LL, Ucuzian A, Chan GW, Miller KB, 
Snydman DR. Blood stream infection after hematopoietic 
stem cell transplantation is associated with increased mortal-
ity. Bone Marrow Transplant. 2007;40(1):63–70.  

     28.    Mikulska M, Del Bono V, Bruzzi P, Raiola AM, Gualandi F, 
Van Lint MT, et al. Mortality after bloodstream infections in 
allogeneic haematopoietic stem cell transplant (HSCT) recipi-
ents. Infection. 2012;40(3):271–8.  

      29.    Linares L, Garcia-Goez JF, Cervera C, Almela M, Sanclemente 
G, Cofan F, et al. Early bacteremia after solid organ transplan-
tation. Transplant Proc. 2009;41(6):2262–4.  

    30.   Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG et al. Multidrug-resistant, extensively drug-
resistant and pandrug-resistant bacteria: an international 
expert proposal for interim standard defi nitions for acquired 
resistance. Clin Microbiol Infect. 2012;18:268–281.  

    31.    Livermore DM. Mechanisms of resistance to cephalosporin 
antibiotics. Drugs. 1987;34 Suppl 2:64–88.  

   32.    Livermore DM. Mechanisms of resistance to beta-lactam anti-
biotics. Scand J Infect Dis Suppl. 1991;78:7–16.  

   33.    Livermore DM. Evolution of beta-lactamase inhibitors. 
Intensive Care Med. 1994;20 Suppl 3:S10–3.  

   34.    Livermore DM, Yuan M. Antibiotic resistance and production 
of extended-spectrum beta-lactamases amongst Klebsiella 
spp. from intensive care units in Europe. J Antimicrob 
Chemother. 1996;38(3):409–24.  

    35.    Paterson DL. Recommendation for treatment of severe infec-
tions caused by Enterobacteriaceae producing extended-spec-

D. Averbuch and D. Engelhard



371

trum beta- lactamases (ESBLs). Clin Microbiol Infect. 
2000;6(9):460–3.  

   36.    Paterson DL. Extended-spectrum beta-lactamases: the 
European experience. Curr Opin Infect Dis. 2001;14(6):
697–701.  

    37.    Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: 
a clinical update. Clin Microbiol Rev. 2005;18(4):657–86.  

    38.    Paterson DL, Ko WC, Von Gottberg A, Mohapatra S, Casellas 
JM, Goossens H, et al. Antibiotic therapy for Klebsiella pneu-
moniae bacteremia: implications of production of extended-
spectrum beta-lactamases. Clin Infect Dis. 2004;39(1):31–7.  

       39.    Men TY, Wang JN, Li H, Gu Y, Xing TH, Peng ZH, et al. 
Prevalence of multidrug-resistant gram-negative bacilli pro-
ducing extended-spectrum beta-lactamases (ESBLs) and 
ESBL genes in solid organ transplant recipients. Transpl Infect 
Dis. 2013;15(1):14–21.  

     40.    El Salabi A, Walsh TR, Chouchani C. Extended spectrum 
beta- lactamases, carbapenemases and mobile genetic elements 
responsible for antibiotics resistance in Gram-negative bacte-
ria. Crit Rev Microbiol. 2013;39(2):113–22.  

       41.    Gudiol C, Calatayud L, Garcia-Vidal C, Lora-Tamayo J, 
Cisnal M, Duarte R, et al. Bacteraemia due to extended-spec-
trum beta- lactamase- producing Escherichia coli (ESBL-EC) 
in cancer patients: clinical features, risk factors, molecular epi-
demiology and outcome. J Antimicrob Chemother. 2010;
65(2):333–41.  

       42.    Gudiol C, Tubau F, Calatayud L, Garcia-Vidal C, Cisnal M, 
Sanchez-Ortega I, et al. Bacteraemia due to multidrug-resis-
tant Gram-negative bacilli in cancer patients: risk factors, anti-
biotic therapy and outcomes. J Antimicrob Chemother. 
2011;66(3):657–63.  

             43.    Girmenia C, Rossolini GM, Piciocchi A, Bertaina A, Pisapia 
G, Pastore D, et al. Infections by carbapenem-resistant 
Klebsiella pneumoniae in SCT recipients: a nationwide retro-
spective survey from Italy. Bone Marrow Transplant. 2015;
50(2):282–8.  

    44.    Bossaer JB, Hall PD, Garrett-Mayer E. Incidence of 
vancomycin- resistant enterococci (VRE) infection in high-risk 
febrile neutropenic patients colonized with VRE. Support 
Care Cancer. 2010;19(2):231–7.  

    45.    Cohen J, Donnelly JP, Worsley AM, Catovsky D, Goldman 
JM, Galton DA. Septicaemia caused by viridans streptococci 
in neutropenic patients with leukaemia. Lancet. 1983;
2(8365–66):1452–4.  

    46.    Dubberke ER, Hollands JM, Georgantopoulos P, Augustin K, 
DiPersio JF, Mundy LM, et al. Vancomycin-resistant entero-
coccal bloodstream infections on a hematopoietic stem cell 
transplant unit: are the sick getting sicker? Bone Marrow 
Transplant. 2006;38(12):813–9.  

   47.    Kamboj M, Chung D, Seo SK, Pamer EG, Sepkowitz KA, 
Jakubowski AA, et al. The changing epidemiology of 
vancomycin- resistant Enterococcus (VRE) bacteremia in allo-
geneic hematopoietic stem cell transplant (HSCT) recipients. 
Biol Blood Marrow Transplant. 2010;16(11):1576–81.  

     48.    Martinez JA, Aguilar J, Almela M, Marco F, Soriano A, Lopez 
F, et al. Prior use of carbapenems may be a signifi cant risk fac-
tor for extended-spectrum beta-lactamase-producing 
Escherichia coli or Klebsiella spp. in patients with bacterae-
mia. J Antimicrob Chemother. 2006;58(5):1082–5.  

   49.    Narimatsu H, Kami M, Miyakoshi S, Yuji K, Matusmura T, 
Uchida N, et al. Value of pretransplant screening for coloniza-
tion of Pseudomonas aeruginosa in reduced-intensity umbili-
cal cord blood transplantation for adult patients. Ann Hematol. 
2007;86(6):449–51.  

     50.    Ansari SR, Hanna H, Hachem R, Jiang Y, Rolston K, Raad 
I. Risk factors for infections with multidrug-resistant 
Stenotrophomonas maltophilia in patients with cancer. Cancer. 
2007;109(12):2615–22.  

   51.    Tancrede CH, Andremont AO. Bacterial translocation and 
gram- negative bacteremia in patients with hematological 
malignancies. J Infect Dis. 1985;152(1):99–103.  

   52.    Tsiatis AC, Manes B, Calder C, Billheimer D, Wilkerson KS, 
Frangoul H. Incidence and clinical complications of 
vancomycin- resistant enterococcus in pediatric stem cell 
transplant patients. Bone Marrow Transplant. 2004;33(9):
937–41.  

   53.    Weinstock DM, Conlon M, Iovino C, Aubrey T, Gudiol C, 
Riedel E, et al. Colonization, bloodstream infection, and mor-
tality caused by vancomycin-resistant enterococcus early after 
allogeneic hematopoietic stem cell transplant. Biol Blood 
Marrow Transplant. 2007;13(5):615–21.  

    54.    Tomblyn M, Chiller T, Einsele H, Gress R, Sepkowitz K, 
Storek J, et al. Guidelines for preventing infectious complica-
tions among hematopoietic cell transplant recipients: a global 
perspective. Preface Bone Marrow Transplant. 2009;44(8):
453–5.  

    55.    Zirakzadeh A, Gastineau DA, Mandrekar JN, Burke JP, 
Johnston PB, Patel R. Vancomycin-resistant enterococcal col-
onization appears associated with increased mortality among 
allogeneic hematopoietic stem cell transplant recipients. Bone 
Marrow Transplant. 2008;41(4):385–92.  

     56.    Winters HA, Parbhoo RK, Schafer JJ, Goff DA. Extended- 
spectrum beta-lactamase-producing bacterial infections in 
adult solid organ transplant recipients. Ann Pharmacother. 
2011;45(3):309–16.  

    57.    Hyle EP, Bilker WB, Gasink LB, Lautenbach E. Impact of dif-
ferent methods for describing the extent of prior antibiotic 
exposure on the association between antibiotic use and antibi-
otic-resistant infection. Infect Control Hosp Epidemiol. 
2007;28(6):647–54.  

   58.    Kim SH, Kwon JC, Choi SM, Lee DG, Park SH, Choi JH, 
et al. Escherichia coli and Klebsiella pneumoniae bacteremia 
in patients with neutropenic fever: factors associated with 
extended-spectrum beta-lactamase production and its impact 
on outcome. Ann Hematol. 2013;92(4):533–41.  

   59.    Lautenbach E, Patel JB, Bilker WB, Edelstein PH, 
Fishman NO. Extended-spectrum beta-lactamase-producing 
Escherichia coli and Klebsiella pneumoniae: risk factors for 
infection and impact of resistance on outcomes. Clin Infect 
Dis. 2001;32(8):1162–71.  

       60.    Ortega M, Marco F, Soriano A, Almela M, Martinez JA, 
Munoz A, et al. Analysis of 4758 Escherichia coli bacteraemia 
episodes: predictive factors for isolation of an antibiotic-resis-
tant strain and their impact on the outcome. J Antimicrob 
Chemother. 2009;63(3):568–74.  

         61.    Tumbarello M, Spanu T, Sanguinetti M, Citton R, Montuori E, 
Leone F, et al. Bloodstream infections caused by extended- 
spectrum- beta-lactamase-producing Klebsiella pneumoniae: 

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



372

risk factors, molecular epidemiology, and clinical outcome. 
Antimicrob Agents Chemother. 2006;50(2):498–504.  

         62.    Johnson LE, D'Agata EM, Paterson DL, Clarke L, Qureshi 
ZA, Potoski BA, et al. Pseudomonas aeruginosa bacteremia 
over a 10-year period: multidrug resistance and outcomes in 
transplant recipients. Transpl Infect Dis. 2009;11(3):227–34.  

   63.    Ram R, Farbman L, Leibovici L, Raanani P, Yeshurun M, 
Vidal L, et al. Characteristics of initial compared with subse-
quent bacterial infections among hospitalised haemato-onco-
logical patients. Int J Antimicrob Agents. 2012;40(2):123–6.  

        64.    Linares L, Cervera C, Cofan F, Ricart MJ, Esforzado N, 
Torregrosa V, et al. Epidemiology and outcomes of multiple 
antibiotic- resistant bacterial infection in renal transplantation. 
Transplant Proc. 2007;39(7):2222–4.  

    65.    Sopirala MM, Pope-Harman A, Nunley DR, Moffatt-Bruce S, 
Ross P, Martin SI. Multidrug-resistant Acinetobacter bauman-
nii pneumonia in lung transplant recipients. J Heart Lung 
Transplant. 2008;27(7):804–7.  

     66.    Safdar N, Maki DG. The commonality of risk factors for noso-
comial colonization and infection with antimicrobial-resistant 
Staphylococcus aureus, enterococcus, gram-negative bacilli, 
Clostridium diffi cile, and Candida. Ann Intern Med. 
2002;136(11):834–44.  

    67.    Bow EJ. Fluoroquinolones, antimicrobial resistance and neu-
tropenic cancer patients. Curr Opin Infect Dis. 2011;24(6):
545–53.  

   68.    Castagnola E, Haupt R, Micozzi A, Caviglia I, Testi AM, 
Giona F, et al. Differences in the proportions of fl uoroquino-
lone-resistant Gram-negative bacteria isolated from bacterae-
mic children with cancer in two Italian centres. Clin Microbiol 
Infect. 2005;11(6):505–7.  

   69.    Freire AT, Melnyk V, Kim MJ, Datsenko O, Dzyublik O, 
Glumcher F, et al. Comparison of tigecycline with imipenem/
cilastatin for the treatment of hospital-acquired pneumonia. 
Diagn Microbiol Infect Dis. 2010;68(2):140–51.  

    70.    Lopez-Dupla M, Martinez JA, Vidal F, Almela M, Soriano A, 
Marco F, et al. Previous ciprofl oxacin exposure is associated 
with resistance to beta-lactam antibiotics in subsequent 
Pseudomonas aeruginosa bacteremic isolates. Am J Infect 
Control. 2009;37(9):753–8.  

     71.   Trecarichi EM, Pagano L, Candoni A, Pastore D, Cattaneo C, 
Fanci R, et al. Current epidemiology and antimicrobial resis-
tance data for bacterial bloodstream infections in patients with 
hematologic malignancies: an Italian multicentre prospective 
survey. Clin Microbiol Infect. 2015;21(4):337–43.  

       72.    Trecarichi EM, Tumbarello M, Caira M, Candoni A, 
Cattaneo C, Pastore D, et al. Multidrug resistant Pseudomonas 
aeruginosa bloodstream infection in adult patients with hema-
tologic malignancies. Haematologica. 2011;96(1):e1–3. 
author reply e4.  

      73.    Oliveira AL, de Souza M, Carvalho-Dias VM, Ruiz MA, Silla 
L, Tanaka PY, et al. Epidemiology of bacteremia and factors 
associated with multi-drug-resistant gram-negative bacteremia 
in hematopoietic stem cell transplant recipients. Bone Marrow 
Transplant. 2007;39(12):775–81.  

   74.    Garnica M, Maiolino A, Nucci M. Factors associated with 
bacteremia due to multidrug-resistant gram-negative bacilli in 
hematopoietic stem cell transplant recipients. Braz J Med Biol 
Res. 2009;42(3):289–93.  

    75.    Henning KJ, Delencastre H, Eagan J, Boone N, Brown A, 
Chung M, et al. Vancomycin-resistant Enterococcus faecium 
on a pediatric oncology ward: duration of stool shedding and 
incidence of clinical infection. Pediatr Infect Dis 
J. 1996;15(10):848–54.  

      76.    Bodro M, Sabe N, Tubau F, Llado L, Baliellas C, Gonzalez- 
Costello J, et al. Extensively drug-resistant Pseudomonas 
aeruginosa bacteremia in solid organ transplant recipients. 
Transplantation. 2015;99(3):616–22.  

     77.    Linares L, Cervera C, Cofan F, Lizaso D, Marco F, Ricart MJ, 
et al. Risk factors for infection with extended-spectrum and 
AmpC beta-lactamase-producing gram-negative rods in renal 
transplantation. Am J Transplant. 2008;8(5):1000–5.  

     78.    Brizendine KD, Richter SS, Cober ED, van Duin D. 
Carbapenem- resistant Klebsiella pneumoniae urinary tract 
infection following solid organ transplantation. Antimicrob 
Agents Chemother. 2015;59(1):553–7.  

       79.    Trecarichi EM, Tumbarello M, Spanu T, Caira M, Fianchi L, 
Chiusolo P, et al. Incidence and clinical impact of extended- 
spectrum- beta-lactamase (ESBL) production and fl uoroquino-
lone resistance in bloodstream infections caused by Escherichia 
coli in patients with hematological malignancies. J Infect. 
2009;58(4):299–307.  

    80.    Ariffi n H, Navaratnam P, Mohamed M, Arasu A, Abdullah 
WA, Lee CL, et al. Ceftazidime-resistant Klebsiella pneu-
moniae bloodstream infection in children with febrile neutro-
penia. Int J Infect Dis. 2000;4(1):21–5.  

     81.    Kang CI, Chung DR, Ko KS, Peck KR, Song JH. Risk factors 
for infection and treatment outcome of extended-spectrum 
beta- lactamase- producing Escherichia coli and Klebsiella 
pneumoniae bacteremia in patients with hematologic malig-
nancy. Ann Hematol. 2012;91(1):115–21.  

    82.    Marchaim D, Navon-Venezia S, Schwaber MJ, Carmeli 
Y. Isolation of imipenem-resistant Enterobacter species: emer-
gence of KPC-2 carbapenemase, molecular characterization, 
epidemiology, and outcomes. Antimicrob Agents Chemother. 
2008;52(4):1413–8.  

       83.    Moreno A, Cervera C, Gavalda J, Rovira M, de la Camara R, 
Jarque I, et al. Bloodstream infections among transplant recip-
ients: results of a nationwide surveillance in Spain. Am 
J Transplant. 2007;7(11):2579–86.  

     84.    Lubbert C, Becker-Rux D, Rodloff AC, Laudi S, Busch T, 
Bartels M, et al. Colonization of liver transplant recipients 
with KPC- producing Klebsiella pneumoniae is associated 
with high infection rates and excess mortality: a case-control 
analysis. Infection. 2014;42(2):309–16.  

     85.    Nunley DR, Bauldoff GS, Mangino JE, Pope-Harman 
AL. Mortality associated with Acinetobacter baumannii infec-
tions experienced by lung transplant recipients. Lung. 
2010;188(5):381–5.  

    86.    Elting LS, Rubenstein EB, Rolston KV, Bodey GP. Outcomes 
of bacteremia in patients with cancer and neutropenia: obser-
vations from two decades of epidemiological and clinical tri-
als. Clin Infect Dis. 1997;25(2):247–59.  

    87.    Martinez JA, Cobos-Trigueros N, Soriano A, Almela M, 
Ortega M, Marco F, et al. Infl uence of empiric therapy with a 
beta-lactam alone or combined with an aminoglycoside on 
prognosis of bacteremia due to gram-negative microorgan-
isms. Antimicrob Agents Chemother. 2010;54(9):3590–6.  

D. Averbuch and D. Engelhard



373

   88.    Lupei MI, Mann HJ, Beilman GJ, Oancea C, Chipman 
JG. Inadequate antibiotic therapy in solid organ transplant 
recipients is associated with a higher mortality rate. Surg 
Infect. 2010;11(1):33–9.  

      89.    de Gouvea EF, Martins IS, Halpern M, Ferreira AL, Basto ST, 
Goncalves RT, et al. The infl uence of carbapenem resistance 
on mortality in solid organ transplant recipients with 
Acinetobacter baumannii infection. BMC Infect Dis. 
2012;12:351.  

     90.    Deusch E, End A, Grimm M, Graninger W, Klepetko W, 
Wolner E. Early bacterial infections in lung transplant recipi-
ents. Chest. 1993;104(5):1412–6.  

    91.    Takai K, Aoki A, Suga A, Tollemar J, Wilczek HE, Naito K, 
et al. Urinary tract infections following renal transplantation. 
Transplant Proc. 1998;30(7):3140–1.  

     92.    Bonatti H, Pruett TL, Brandacher G, Hagspiel KD, Housseini 
AM, Sifri CD, et al. Pneumonia in solid organ recipients: spec-
trum of pathogens in 217 episodes. Transplant Proc. 
2009;41(1):371–4.  

    93.    Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella 
pneumoniae carbapenemase-producing bacteria. Lancet Infect 
Dis. 2009;9(4):228–36.  

     94.    Nordmann P, Dortet L, Poirel L. Carbapenem resistance in 
Enterobacteriaceae: here is the storm! Trends Mol Med. 
2012;18(5):263–72.  

    95.    Perez F, Van Duin D. Carbapenem-resistant Enterobacteriaceae: 
a menace to our most vulnerable patients. Cleve Clin J Med. 
2013;80(4):225–33.  

    96.    Snitkin ES, Zelazny AM, Thomas PJ, Stock F, Henderson DK, 
Palmore TN, et al. Tracking a hospital outbreak of carbapenem- 
resistant Klebsiella pneumoniae with whole-genome sequenc-
ing. Sci Transl Med. 2012;4(148):148ra116.  

   97.    Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos 
GL, Cormican M, et al. Clinical epidemiology of the global 
expansion of Klebsiella pneumoniae carbapenemases. Lancet 
Infect Dis. 2013;13(9):785–96.  

   98.    Kitchel B, Rasheed JK, Patel JB, Srinivasan A, Navon-Venezia 
S, Carmeli Y, et al. Molecular epidemiology of KPC-producing 
Klebsiella pneumoniae isolates in the United States: clonal 
expansion of multilocus sequence type 258. Antimicrob 
Agents Chemother. 2009;53(8):3365–70.  

     99.    Schwaber MJ, Lev B, Israeli A, Solter E, Smollan G, 
Rubinovitch B, et al. Containment of a country-wide outbreak 
of carbapenem- resistant Klebsiella pneumoniae in Israeli hos-
pitals via a nationally implemented intervention. Clin Infect 
Dis. 2011;52(7):848–55.  

       100.    Satlin MJ, Jenkins SG, Walsh TJ. The global challenge of 
carbapenem- resistant Enterobacteriaceae in transplant recipi-
ents and patients with hematologic malignancies. Clin Infect 
Dis. 2014;58(9):1274–83.  

    101.    Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, 
Balakrishnan R, et al. Emergence of a new antibiotic resis-
tance mechanism in India, Pakistan, and the UK: a molecular, 
biological, and epidemiological study. Lancet Infect Dis. 
2010;10(9):597–602.  

    102.    Livermore DM, Warner M, Mushtaq S, Doumith M, Zhang J, 
Woodford N. What remains against carbapenem-resistant 
Enterobacteriaceae? Evaluation of chloramphenicol, cipro-
fl oxacin, colistin, fosfomycin, minocycline, nitrofurantoin, 
temocillin and tigecycline. Int J Antimicrob Agents. 
2011;37(5):415–9.  

    103.    Wroblewska MM, Marchel H, Luczak M. Multidrug resis-
tance in bacterial isolates from blood cultures of haematology 
patients. Int J Antimicrob Agents. 2002;19(3):237–40.  

      104.    Pagano L, Caira M, Trecarichi EM, Spanu T, Di Blasi R, Sica 
S, et al. Carbapenemase-producing Klebsiella pneumoniae 
and hematologic malignancies. Emerg Infect Dis. 
2014;20(7):1235–6.  

     105.    Patel G, Huprikar S, Factor SH, Jenkins SG, Calfee 
DP. Outcomes of carbapenem-resistant Klebsiella pneumoniae 
infection and the impact of antimicrobial and adjunctive thera-
pies. Infect Control Hosp Epidemiol. 2008;29(12):1099–106.  

       106.    van Duin D, van Delden C. Multidrug-resistant gram-negative 
bacteria infections in solid organ transplantation. Am 
J Transplant. 2013;13 Suppl 4:31–41.  

   107.    Bellier C, Bert F, Durand F, Retout S, Belghiti J, Mentre F, 
et al. Risk factors for Enterobacteriaceae bacteremia after liver 
transplantation. Transpl Int. 2008;21(8):755–63.  

   108.    Pinheiro HS, Mituiassu AM, Carminatti M, Braga AM, Bastos 
MG. Urinary tract infection caused by extended-spectrum 
beta- lactamase- producing bacteria in kidney transplant 
patients. Transplant Proc. 2010;42(2):486–7.  

   109.    Green M, Barbadora K. Recovery of ceftazidime-resistant 
Klebsiella pneumoniae from pediatric liver and intestinal 
transplant recipients. Pediatr Transplant. 1998;2(3):224–30.  

   110.    Valera B, Gentil MA, Cabello V, Fijo J, Cordero E, Cisneros 
JM. Epidemiology of urinary infections in renal transplant 
recipients. Transplant Proc. 2006;38(8):2414–5.  

    111.    Rebuck JA, Olsen KM, Fey PD, Langnas AN, Rupp 
ME. Characterization of an outbreak due to extended-spec-
trum beta-lactamase-producing Klebsiella pneumoniae in a 
pediatric intensive care unit transplant population. Clin Infect 
Dis. 2000;31(6):1368–72.  

    112.    Laupland KB, Gregson DB, Church DL, Ross T, Pitout 
JD. Incidence, risk factors and outcomes of Escherichia coli 
bloodstream infections in a large Canadian region. Clin 
Microbiol Infect. 2008;14(11):1041–7.  

     113.    Nguyen M, Eschenauer GA, Bryan M, O’Neil K, Furuya EY, 
Della-Latta P, et al. Carbapenem-resistant Klebsiella pneu-
moniae bacteremia: factors correlated with clinical and micro-
biologic outcomes. Diagn Microbiol Infect Dis. 2010;67(2):
180–4.  

    114.    Cicora F, Mos F, Paz M, Allende NG, Roberti J. Infections 
with blaKPC-2-producing Klebsiella pneumoniae in renal 
transplant patients: a retrospective study. Transplant Proc. 
2013;45(9):3389–93.  

      115.    Bergamasco MD, Barroso Barbosa M, de Oliveira Garcia D, 
Cipullo R, Moreira JC, Baia C, et al. Infection with Klebsiella 
pneumoniae carbapenemase (KPC)-producing K. pneumoniae 
in solid organ transplantation. Transpl Infect Dis. 2012;14(2):
198–205.  

      116.    Clancy CJ, Chen L, Shields RK, Zhao Y, Cheng S, Chavda 
KD, et al. Epidemiology and molecular characterization of 
bacteremia due to carbapenem-resistant Klebsiella pneu-
moniae in transplant recipients. Am J Transplant. 2013;
13(10):2619–33.  

      117.    Borer A, Saidel-Odes L, Eskira S, Nativ R, Riesenberg K, 
Livshiz- Riven I, et al. Risk factors for developing clinical 
infection with carbapenem-resistant Klebsiella pneumoniae in 
hospital patients initially only colonized with carbapenem-
resistant K pneumoniae. Am J Infect Control. 2012;40(5):
421–5.  

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



374

     118.    Giannella M, Trecarichi EM, De Rosa FG, Del Bono V, 
Bassetti M, Lewis RE, et al. Risk factors for carbapenem-
resistant Klebsiella pneumoniae bloodstream infection among 
rectal carriers: a prospective observational multicentre study. 
Clin Microbiol Infect. 2014;20(12):1357–62.  

    119.    Schechner V, Kotlovsky T, Kazma M, Mishali H, Schwartz D, 
Navon-Venezia S, et al. Asymptomatic rectal carriage of 
blaKPC producing carbapenem-resistant Enterobacteriaceae: 
who is prone to become clinically infected? Clin Microbiol 
Infect. 2013;19(5):451–6.  

     120.    Giannella M, Bartoletti M, Morelli MC, Tedeschi S, Cristini F, 
Tumietto F, et al. Risk factors for infection with carbapenem- 
resistant Klebsiella pneumoniae after liver transplantation: the 
importance of pre- and posttransplant colonization. Am 
J Transplant. 2015;15(6):1708–15.  

     121.    Schwaber MJ, Carmeli Y. Carbapenem-resistant 
Enterobacteriaceae: a potential threat. JAMA. 2008;300(24):
2911–3.  

    122.    Daikos GL, Petrikkos P, Psichogiou M, Kosmidis C, 
Vryonis E, Skoutelis A, et al. Prospective observational 
study of the impact of VIM-1 metallo-beta-lactamase on 
the outcome of patients with Klebsiella pneumoniae blood-
stream infections. Antimicrob Agents Chemother. 2009;
53(5):1868–73.  

    123.    Borer A, Saidel-Odes L, Riesenberg K, Eskira S, Peled N, 
Nativ R, et al. Attributable mortality rate for carbapenem-
resistant Klebsiella pneumoniae bacteremia. Infect Control 
Hosp Epidemiol. 2009;30(10):972–6.  

     124.    Satlin MJ, Calfee DP, Chen L, Fauntleroy KA, Wilson SJ, 
Jenkins SG, et al. Emergence of carbapenem-resistant 
Enterobacteriaceae as causes of bloodstream infections in 
patients with hematologic malignancies. Leukemia 
Lymphoma. 2013;54(4):799–806.  

    125.    Kalpoe JS, Sonnenberg E, Factor SH, del Rio Martin J, 
Schiano T, Patel G, et al. Mortality associated with carbape-
nem-resistant Klebsiella pneumoniae infections in liver trans-
plant recipients. Liver Transpl. 2012;18(4):468–74.  

    126.    Simkins J, Muggia V, Cohen HW, Minamoto GY. Carbapenem- 
resistant Klebsiella pneumoniae infections in kidney trans-
plant recipients: a case-control study. Transpl Infect Dis. 
2014;16(5):775–82.  

    127.    Capone A, Giannella M, Fortini D, Giordano A, Meledandri 
M, Ballardini M, et al. High rate of colistin resistance among 
patients with carbapenem-resistant Klebsiella pneumoniae 
infection accounts for an excess of mortality. Clin Microbiol 
Infect. 2013;19(1):E23–30.  

    128.    Paterson DL, Ko WC, Von Gottberg A, Casellas JM, 
Mulazimoglu L, Klugman KP, et al. Outcome of cephalospo-
rin treatment for serious infections due to apparently suscep-
tible organisms producing extended-spectrum beta-lactamases: 
implications for the clinical microbiology laboratory. J Clin 
Microbiol. 2001;39(6):2206–12.  

    129.    Chow JW, Fine MJ, Shlaes DM, Quinn JP, Hooper DC, 
Johnson MP, et al. Enterobacter bacteremia: clinical features 
and emergence of antibiotic resistance during therapy. Ann 
Intern Med. 1991;115(8):585–90.  

   130.    Kaye KS, Cosgrove S, Harris A, Eliopoulos GM, Carmeli 
Y. Risk factors for emergence of resistance to broad-spectrum 
cephalosporins among Enterobacter spp. Antimicrob Agents 
Chemother. 2001;45(9):2628–30.  

   131.    Choi SH, Lee JE, Park SJ, Lee SO, Jeong JY, Kim MN, et al. 
Emergence of antibiotic resistance during therapy for infec-
tions caused by Enterobacteriaceae producing AmpC beta-
lactamase: implications for antibiotic use. Antimicrob Agents 
Chemother. 2008;52(3):995–1000.  

    132.    Jacoby GA. AmpC beta-lactamases. Clin Microbiol Rev. 
2009;22(1):161–82. Table of Contents.  

    133.    Lopez-Cerero L, Picon E, Morillo C, Hernandez JR, Docobo 
F, Pachon J, et al. Comparative assessment of inoculum effects 
on the antimicrobial activity of amoxycillin-clavulanate and 
piperacillin- tazobactam with extended-spectrum beta-
lactamase- producing and extended-spectrum beta-lactamase-
non-producing Escherichia coli isolates. Clin Microbiol Infect. 
2010;16(2):132–6.  

    134.    Paterson DL, Mulazimoglu L, Casellas JM, Ko WC, Goossens 
H, Von Gottberg A, et al. Epidemiology of ciprofl oxacin resis-
tance and its relationship to extended-spectrum beta-lactamase 
production in Klebsiella pneumoniae isolates causing bactere-
mia. Clin Infect Dis. 2000;30(3):473–8.  

       135.    Falagas ME, Karageorgopoulos DE. Extended-spectrum beta- 
lactamase- producing organisms. J Hosp Infect. 2009;73(4):
345–54.  

      136.    Kim SB, Min YH, Cheong JW, Kim JS, Kim SJ, Ku NS, et al. 
Incidence and risk factors for carbapenem- and multidrug- 
resistant Acinetobacter baumannii bacteremia in hematopoi-
etic stem cell transplantation recipients. Scand J Infect Dis. 
2014;46(2):81–8.  

   137.    Araoka H, Fujii T, Izutsu K, Kimura M, Nishida A, Ishiwata 
K, et al. Rapidly progressive fatal hemorrhagic pneumonia 
caused by Stenotrophomonas maltophilia in hematologic 
malignancy. Transpl Infect Dis. 2012;14(4):355–63.  

   138.    Tada K, Kurosawa S, Hiramoto N, Okinaka K, Ueno N, 
Asakura Y, et al. Stenotrophomonas maltophilia infection in 
hematopoietic SCT recipients: high mortality due to pulmo-
nary hemorrhage. Bone Marrow Transplant. 2013;48(1):
74–9.  

    139.    Martino R, Gomez L, Pericas R, Salazar R, Sola C, Sierra J, 
et al. Bacteraemia caused by non-glucose-fermenting gram-
negative bacilli and Aeromonas species in patients with hae-
matological malignancies and solid tumours. Eur J Clin 
Microbiol Infect Dis. 2000;19(4):320–3.  

   140.    Cattaneo C, Quaresmini G, Casari S, Capucci MA, Micheletti 
M, Borlenghi E, et al. Recent changes in bacterial epidemiol-
ogy and the emergence of fl uoroquinolone-resistant 
Escherichia coli among patients with haematological malig-
nancies: results of a prospective study on 823 patients at a 
single institution. J Antimicrob Chemother. 2008;61(3):
721–8.  

   141.    Saavedra S, Sanz GF, Jarque I, Moscardo F, Jimenez C, 
Lorenzo I, et al. Early infections in adult patients undergoing 
unrelated donor cord blood transplantation. Bone Marrow 
Transplant. 2002;30(12):937–43.  

   142.    Mullen CA, Nair J, Sandesh S, Chan KW. Fever and neutrope-
nia in pediatric hematopoietic stem cell transplant patients. 
Bone Marrow Transplant. 2000;25(1):59–65.  

    143.    Narimatsu H, Matsumura T, Kami M, Miyakoshi S, Kusumi E, 
Takagi S, et al. Bloodstream infection after umbilical cord 
blood transplantation using reduced-intensity stem cell trans-
plantation for adult patients. Biol Blood Marrow Transplant. 
2005;11(6):429–36.  

D. Averbuch and D. Engelhard



375

    144.    Yazaki M, Atsuta Y, Kato K, Kato S, Taniguchi S, Takahashi S, 
et al. Incidence and risk factors of early bacterial infections 
after unrelated cord blood transplantation. Biol Blood Marrow 
Transplant. 2009;15(4):439–46.  

     145.    Dettenkofer M, Wenzler-Rottele S, Babikir R, Bertz H, Ebner 
W, Meyer E, et al. Surveillance of nosocomial sepsis and 
pneumonia in patients with a bone marrow or peripheral blood 
stem cell transplant: a multicenter project. Clin Infect Dis. 
2005;40(7):926–31.  

    146.    Singh N, Gayowski T, Wagener MM, Marino IR. Predictors 
and outcome of early- versus late-onset major bacterial infec-
tions in liver transplant recipients receiving tacrolimus 
(FK506) as  primary immunosuppression. Eur J Clin Microbiol 
Infect Dis. 1997;16(11):821–6.  

    147.    Aguilar-Guisado M, Givalda J, Ussetti P, Ramos A, Morales P, 
Blanes M, et al. Pneumonia after lung transplantation in the 
RESITRA Cohort: a multicenter prospective study. Am 
J Transplant. 2007;7(8):1989–96.  

      148.    Campos S, Caramori M, Teixeira R, Afonso Jr J, Carraro R, 
Strabelli T, et al. Bacterial and fungal pneumonias after lung 
transplantation. Transplant Proc. 2008;40(3):822–4.  

    149.    Mahenthiralingam E, Vandamme P, Campbell ME, Henry DA, 
Gravelle AM, Wong LT, et al. Infection with Burkholderia 
cepacia complex genomovars in patients with cystic fi brosis: 
virulent transmissible strains of genomovar III can replace 
Burkholderia multivorans. Clin Infect Dis. 2001;33(9):
1469–75.  

   150.    Agodi A, Barchitta M, Giannino V, Collura A, Pensabene T, 
Garlaschi ML, et al. Burkholderia cepacia complex in cystic 
fi brosis and non-cystic fi brosis patients: identifi cation of a 
cluster of epidemic lineages. J Hosp Infect. 2002;50(3):
188–95.  

    151.    Agodi A, Mahenthiralingam E, Barchitta M, Giannino V, 
Sciacca A, Stefani S. Burkholderia cepacia complex infection 
in Italian patients with cystic fi brosis: prevalence, epidemiol-
ogy, and genomovar status. J Clin Microbiol. 2001;39(8):
2891–6.  

    152.    Teo WY, Chan MY, Lam CM, Chong CY. Skin manifestation 
of Stenotrophomonas maltophilia infection—a case report and 
review article. Ann Acad Med Singapore. 2006;35(12):
897–900.  

    153.    Botha P, Archer L, Anderson RL, Lordan J, Dark JH, Corris 
PA, et al. Pseudomonas aeruginosa colonization of the allograft 
after lung transplantation and the risk of bronchiolitis obliter-
ans syndrome. Transplantation. 2008;85(5):771–4.  

     154.    Ramirez J, Dartois N, Gandjini H, Yan JL, Korth-Bradley J, 
McGovern PC. Randomized phase 2 trial to evaluate the 
 clinical effi cacy of two high-dosage tigecycline regimens ver-
sus imipenem- cilastatin for treatment of hospital-acquired 
pneumonia. Antimicrob Agents Chemother. 2013;57(4):
1756–62.  

    155.    Hakki M, Limaye AP, Kim HW, Kirby KA, Corey L, Boeckh 
M. Invasive Pseudomonas aeruginosa infections: high rate of 
recurrence and mortality after hematopoietic cell transplanta-
tion. Bone Marrow Transplant. 2007;39(11):687–93.  

     156.    Yeshurun M, Gafter-Gvili A, Thaler M, Keller N, Nagler A, 
Shimoni A. Clinical characteristics of Stenotrophomonas 
maltophilia infection in hematopoietic stem cell transplanta-
tion recipients: a single center experience. Infection. 2010;
38(3):211–5.  

   157.    Shi SH, Kong HS, Xu J, Zhang WJ, Jia CK, Wang WL, et al. 
Multidrug resistant gram-negative bacilli as predominant bac-
teremic pathogens in liver transplant recipients. Transpl Infect 
Dis. 2009;11(5):405–12.  

    158.    Shiratori S, Wakasa K, Okada K, Sugita J, Akizawa K, 
Shigematsu A, et al. Stenotrophomonas maltophilia infection 
during allogeneic hematopoietic stem cell transplantation: a 
single-center experience. Clin Transpl. 2014;28(6):656–61.  

     159.    Snell GI, de Hoyos A, Krajden M, Winton T, Maurer 
JR. Pseudomonas cepacia in lung transplant recipients with 
cystic fi brosis. Chest. 1993;103(2):466–71.  

    160.    Isles A, Maclusky I, Corey M, Gold R, Prober C, Fleming P, 
et al. Pseudomonas cepacia infection in cystic fi brosis: an 
emerging problem. J Pediatr. 1984;104(2):206–10.  

    161.    LiPuma JJ, Dasen SE, Nielson DW, Stern RC, Stull TL. Person- 
to- person transmission of Pseudomonas cepacia between 
patients with cystic fi brosis. Lancet. 1990;336(8723):1094–6.  

    162.    Chaparro C, Maurer J, Gutierrez C, Krajden M, Chan C, 
Winton T, et al. Infection with Burkholderia cepacia in cystic 
fi brosis: outcome following lung transplantation. Am J Respir 
Crit Care Med. 2001;163(1):43–8.  

     163.    Meachery G, De Soyza A, Nicholson A, Parry G, Hasan A, 
Tocewicz K, et al. Outcomes of lung transplantation for cystic 
fi brosis in a large UK cohort. Thorax. 2008;63(8):725–31.  

    164.    Egan JJ, McNeil K, Bookless B, Gould K, Corris P, 
Higenbottam T, et al. Post-transplantation survival of cystic 
fi brosis patients infected with Pseudomonas cepacia. Lancet. 
1994;344(8921):552–3.  

    165.    Flume PA, Egan TM, Paradowski LJ, Detterbeck FC, 
Thompson JT, Yankaskas JR. Infectious complications of lung 
transplantation. Impact of cystic fi brosis. Am J Respir Crit 
Care Med. 1994;149(6):1601–7.  

    166.    De Soyza A, McDowell A, Archer L, Dark JH, Elborn SJ, 
Mahenthiralingam E, et al. Burkholderia cepacia complex 
genomovars and pulmonary transplantation outcomes in 
patients with cystic fi brosis. Lancet. 2001;358(9295):1780–1.  

    167.    De Soyza A, Archer L, McDowell A, Moore J, Dark JH, 
Elborn S, et al. Lung transplantation for cystic fi brosis; the 
effect of B cepacia genomovars on post transplant outcomes. 
J Heart Lung Transplant. 2001;20(2):158.  

      168.    Alexander BD, Petzold EW, Reller LB, Palmer SM, Davis 
RD, Woods CW, et al. Survival after lung transplantation of 
cystic fi brosis patients infected with Burkholderia cepacia 
complex. Am J Transplant. 2008;8(5):1025–30.  

     169.    De Soyza A, Meachery G, Hester KL, Nicholson A, Parry G, 
Tocewicz K, et al. Lung transplantation for patients with cystic 
fi brosis and Burkholderia cepacia complex infection: a single- 
center experience. J Heart Lung Transplant. 2010;29(12):
1395–404.  

     170.    Livermore DM. Multiple mechanisms of antimicrobial resis-
tance in Pseudomonas aeruginosa: our worst nightmare? Clin 
Infect Dis. 2002;34(5):634–40.  

    171.    Cornaglia G, Mazzariol A, Lauretti L, Rossolini GM, Fontana 
R. Hospital outbreak of carbapenem-resistant Pseudomonas 
aeruginosa producing VIM-1, a novel transferable metallo-
beta- lactamase. Clin Infect Dis. 2000;31(5):1119–25.  

     172.    Livermore DM. Of Pseudomonas, porins, pumps and car-
bapenems. J Antimicrob Chemother. 2001;47(3):247–50.  

    173.    Trepanier S, Prince A, Huletsky A. Characterization of the 
penA and penR genes of Burkholderia cepacia 249 which 

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



376

encode the chromosomal class A penicillinase and its LysR-
type transcriptional regulator. Antimicrob Agents Chemother. 
1997;41(11):2399–405.  

   174.    Baxter IA, Lambert PA. Isolation and partial purifi cation of a 
carbapenem- hydrolysing metallo-beta-lactamase from 
Pseudomonas cepacia. FEMS Microbiol Lett. 1994;122(3):
251–6.  

   175.    Joris B, Galleni M, Frere JM, Labia R. Analysis of the penA 
gene of Pseudomonas cepacia 249. Antimicrob Agents 
Chemother. 1994;38(2):407–8.  

   176.    Simpson IN, Hunter R, Govan JR, Nelson JW. Do all 
Pseudomonas cepacia produce carbapenemases? J Antimicrob 
Chemother. 1993;32(2):339–41.  

   177.    Proenca R, Niu WW, Cacalano G, Prince A. The Pseudomonas 
cepacia 249 chromosomal penicillinase is a member of the 
AmpC family of chromosomal beta-lactamases. Antimicrob 
Agents Chemother. 1993;37(4):667–74.  

   178.    Aronoff SC. Outer membrane permeability in Pseudomonas 
cepacia: diminished porin content in a beta-lactam-resistant 
mutant and in resistant cystic fi brosis isolates. Antimicrob 
Agents Chemother. 1988;32(11):1636–9.  

    179.    Prince A, Wood MS, Cacalano GS, Chin NX. Isolation and 
characterization of a penicillinase from Pseudomonas cepacia 
249. Antimicrob Agents Chemother. 1988;32(6):838–43.  

    180.    Hsueh PR, Teng LJ, Chen CY, Chen WH, Yu CJ, Ho SW, et al. 
Pandrug-resistant Acinetobacter baumannii causing nosoco-
mial infections in a university hospital. Taiwan Emerg Infect 
Dis. 2002;8(8):827–32.  

    181.    Levin AS. Multiresistant Acinetobacter infections: a role for 
sulbactam combinations in overcoming an emerging world-
wide problem. Clin Microbiol Infect. 2002;8(3):144–53.  

     182.    Caselli D, Cesaro S, Ziino O, Zanazzo G, Manicone R, 
Livadiotti S, et al. Multidrug resistant Pseudomonas aerugi-
nosa infection in children undergoing chemotherapy and 
hematopoietic stem cell transplantation. Haematologica. 
2010;95(9):1612–5.  

    183.    Labarca JA, Leber AL, Kern VL, Territo MC, Brankovic LE, 
Bruckner DA, et al. Outbreak of Stenotrophomonas malto-
philia bacteremia in allogenic bone marrow transplant patients: 
role of severe neutropenia and mucositis. Clin Infect Dis. 
2000;30(1):195–7.  

   184.    Klausner JD, Zukerman C, Limaye AP, Corey L. Outbreak of 
Stenotrophomonas maltophilia bacteremia among patients 
undergoing bone marrow transplantation: association with 
faulty replacement of handwashing soap. Infect Control Hosp 
Epidemiol. 1999;20(11):756–8.  

    185.    Paez J, Levin AS, Fu L, Basso M, Fonseca GH, Dulley FL, 
et al. Clusters of infection due to metallo-beta-lactamase- 
producing Pseudomonas aeruginosa in stem cell transplant 
and haematology units. J Hosp Infect. 2011;77(1):76–7.  

    186.    Sganga G, Spanu T, Bianco G, Fiori B, Nure E, Pepe G, et al. 
Bacterial bloodstream infections in liver transplantation: etio-
logic agents and antimicrobial susceptibility profi les. 
Transplant Proc. 2012;44(7):1973–6.  

    187.    Silveira FP, Marcos A, Kwak EJ, Husain S, Shapiro R, Thai N, 
et al. Bloodstream infections in organ transplant recipients 
receiving alemtuzumab: no evidence of occurrence of organ-
isms typically associated with profound T cell depletion. 
J Infect. 2006;53(4):241–7.  

      188.    Reddy P, Zembower TR, Ison MG, Baker TA, Stosor 
V. Carbapenem-resistant Acinetobacter baumannii infections 
after organ transplantation. Transpl Infect Dis. 2010;12(1):
87–93.  

       189.    Shields RK, Clancy CJ, Gillis LM, Kwak EJ, Silveira FP, 
Massih RC, et al. Epidemiology, clinical characteristics and 
outcomes of extensively drug-resistant Acinetobacter bau-
mannii infections among solid organ transplant recipients. 
PLoS One. 2012;7(12):e52349.  

     190.    Hadjiliadis D, Steele MP, Chaparro C, Singer LG, Waddell 
TK, Hutcheon MA, et al. Survival of lung transplant patients 
with cystic fi brosis harboring panresistant bacteria other than 
Burkholderia cepacia, compared with patients harboring sen-
sitive bacteria. J Heart Lung Transplant. 2007;26(8):834–8.  

     191.    Dobbin C, Maley M, Harkness J, Benn R, Malouf M, Glanville 
A, et al. The impact of pan-resistant bacterial pathogens on 
survival after lung transplantation in cystic fi brosis: results 
from a single large referral centre. J Hosp Infect. 2004;56(4):
277–82.  

    192.    Boussaud V, Guillemain R, Grenet D, Coley N, Souilamas R, 
Bonnette P, et al. Clinical outcome following lung transplanta-
tion in patients with cystic fi brosis colonised with Burkholderia 
cepacia complex: results from two French centres. Thorax. 
2008;63(8):732–7.  

    193.    Murray S, Charbeneau J, Marshall BC, LiPuma JJ. Impact of 
burkholderia infection on lung transplantation in cystic fi bro-
sis. Am J Respir Crit Care Med. 2008;178(4):363–71.  

     194.    Saiman L, Siegel JD, LiPuma JJ, Brown RF, Bryson EA, 
Chambers MJ, et al. Infection prevention and control guideline 
for cystic fi brosis: 2013 update. Infect Control Hosp Epidemiol. 
2014;35 Suppl 1:S1–67.  

      195.    Shields RK, Kwak EJ, Potoski BA, Doi Y, Adams-Haduch JM, 
Silviera FP, et al. High mortality rates among solid organ 
transplant recipients infected with extensively drug-resistant 
Acinetobacter baumannii: using in vitro antibiotic combina-
tion testing to identify the combination of a carbapenem and 
colistin as an effective treatment regimen. Diagn Microbiol 
Infect Dis. 2011;70(2):246–52.  

     196.    Freire MP, Van Der Heijden IM, do Prado GV, Cavalcante LS, 
Boszczowski I, Bonazzi PR, et al. Polymyxin use as a risk fac-
tor for colonization or infection with polymyxin-resistant 
Acinetobacter baumannii after liver transplantation. Transpl 
Infect Dis. 2014;16(3):369–78.  

     197.    Hilf M, Yu VL, Sharp J, Zuravleff JJ, Korvick JA, Muder 
RR. Antibiotic therapy for Pseudomonas aeruginosa bactere-
mia: outcome correlations in a prospective study of 200 
patients. Am J Med. 1989;87(5):540–6.  

    198.    Leibovici L, Paul M, Poznanski O, Drucker M, Samra Z, 
Konigsberger H, et al. Monotherapy versus beta-lactam- 
aminoglycoside combination treatment for gram-negative bac-
teremia: a prospective, observational study. Antimicrob 
Agents Chemother. 1997;41(5):1127–33.  

    199.    Vidal F, Mensa J, Almela M, Martinez JA, Marco F, Casals C, 
et al. Epidemiology and outcome of Pseudomonas aeruginosa 
bacteremia, with special emphasis on the infl uence of antibi-
otic treatment. Analysis of 189 episodes. Arch Intern Med. 
1996;156(18):2121–6.  

    200.    Vardakas KZ, Tansarli GS, Bliziotis IA, Falagas ME. beta-
Lactam plus aminoglycoside or fl uoroquinolone combination 

D. Averbuch and D. Engelhard



377

versus beta- lactam monotherapy for Pseudomonas aeruginosa 
infections: a meta-analysis. Int J Antimicrob Agents. 
2013;41(4):301–10.  

    201.    Paterson DL, Playford EG. Should third-generation cephalo-
sporins be the empirical treatment of choice for severe 
community- acquired pneumonia in adults? Med J Aust. 
1998;168(7):344–8.  

    202.    Johnson DE, Thompson B. Effi cacy of single-agent therapy 
with azlocillin, ticarcillin, and amikacin and beta-lactam/ami-
kacin combinations for treatment of Pseudomonas aeruginosa 
bacteremia in granulocytopenic rats. Am J Med. 1986;
80(5C):53–8.  

    203.    Winston DJ, Barnes RC, Ho WG, Young LS, Champlin RE, 
Gale RP. Moxalactam plus piperacillin versus moxalactam 
plus amikacin in febrile granulocytopenic patients. Am J Med. 
1984;77(3):442–50.  

          204.    Falagas ME, Giannopoulou KP, Kokolakis GN, Rafailidis 
PI. Fosfomycin: use beyond urinary tract and gastrointestinal 
infections. Clin Infect Dis. 2008;46(7):1069–77.  

    205.    Nicodemo AC, Paez JI. Antimicrobial therapy for 
Stenotrophomonas maltophilia infections. Eur J Clin Microbiol 
Infect Dis. 2007;26(4):229–37.  

     206.    Safdar A, Rolston KV. Stenotrophomonas maltophilia: chang-
ing spectrum of a serious bacterial pathogen in patients with 
cancer. Clin Infect Dis. 2007;45(12):1602–9.  

    207.    Venditti M, Monaco M, Micozzi A, Tarasi A, Friedrich A, 
Martino P. In vitro activity of moxifl oxacin against 
Stenotrophomonas maltophilia blood isolates from patients 
with hematologic malignancies. Clin Microbiol Infect. 2001;
7(1):37–9.  

    208.    Muder RR, Harris AP, Muller S, Edmond M, Chow JW, 
Papadakis K, et al. Bacteremia due to Stenotrophomonas 
(Xanthomonas) maltophilia: a prospective, multicenter study 
of 91 episodes. Clin Infect Dis. 1996;22(3):508–12.  

    209.    Cercenado E, Unal S, Eliopoulos CT, Rubin LG, Isenberg HD, 
Moellering Jr RC, et al. Characterization of vancomycin resis-
tance in Enterococcus durans. J Antimicrob Chemother. 
1995;36(5):821–5.  

    210.    Cisneros JM, Reyes MJ, Pachon J, Becerril B, Caballero FJ, 
Garcia-Garmendia JL, et al. Bacteremia due to Acinetobacter 
baumannii: epidemiology, clinical fi ndings, and prognostic 
features. Clin Infect Dis. 1996;22(6):1026–32.  

      211.    Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii: 
emergence of a successful pathogen. Clin Microbiol Rev. 
2008;21(3):538–82.  

    212.    Levin AS, Barone AA, Penco J, Santos MV, Marinho IS, 
Arruda EA, et al. Intravenous colistin as therapy for nosoco-
mial infections caused by multidrug-resistant Pseudomonas 
aeruginosa and Acinetobacter baumannii. Clin Infect Dis. 
1999;28(5):1008–11.  

    213.    Hogg GM, Barr JG, Webb CH. In-vitro activity of the combi-
nation of colistin and rifampicin against multidrug-resistant 
strains of Acinetobacter baumannii. J Antimicrob Chemother. 
1998;41(4):494–5.  

    214.    Henwood CJ, Gatward T, Warner M, James D, Stockdale MW, 
Spence RP, et al. Antibiotic resistance among clinical isolates of 
Acinetobacter in the UK, and in vitro evaluation of tigecycline 
(GAR-936). J Antimicrob Chemother. 2002;49(3):479–87.  

     215.    Anthony KB, Fishman NO, Linkin DR, Gasink LB, Edelstein 
PH, Lautenbach E. Clinical and microbiological outcomes of 

serious infections with multidrug-resistant gram-negative 
organisms treated with tigecycline. Clin Infect Dis. 
2008;46(4):567–70.  

     216.    Peleg AY, Potoski BA, Rea R, Adams J, Sethi J, Capitano B, 
et al. Acinetobacter baumannii bloodstream infection while 
receiving tigecycline: a cautionary report. J Antimicrob 
Chemother. 2007;59(1):128–31.  

    217.    Schafer JJ, Goff DA, Stevenson KB, Mangino JE. Early expe-
rience with tigecycline for ventilator-associated pneumonia 
and bacteremia caused by multidrug-resistant Acinetobacter 
baumannii. Pharmacotherapy. 2007;27(7):980–7.  

    218.    Navon-Venezia S, Leavitt A, Carmeli Y. High tigecycline 
resistance in multidrug-resistant Acinetobacter baumannii. 
J Antimicrob Chemother. 2007;59(4):772–4.  

      219.    Falagas ME, Maraki S, Karageorgopoulos DE, Kastoris AC, 
Mavromanolakis E, Samonis G. Antimicrobial susceptibility 
of multidrug-resistant (MDR) and extensively drug-resistant 
(XDR) Enterobacteriaceae isolates to fosfomycin. Int 
J Antimicrob Agents. 2010;35(3):240–3.  

     220.    Giamarellou H. Multidrug-resistant gram-negative bacteria: 
how to treat and for how long. Int J Antimicrob Agents. 
2010;36 Suppl 2:S50–4.  

        221.    Averbuch D, Cordonnier C, Livermore DM, Mikulska M, 
Orasch C, Viscoli C, et al. Targeted therapy against multi-
resistant bacteria in leukemic and hematopoietic stem cell 
transplant recipients: guidelines of the 4th European 
Conference on Infections in Leukemia (ECIL-4, 2011). 
Haematologica. 2013;98(12):1836–47.  

     222.    Durakovic N, Radojcic V, Boban A, Mrsic M, Sertic D, 
Serventi- Seiwerth R, et al. Effi cacy and safety of colistin in the 
treatment of infections caused by multidrug-resistant 
Pseudomonas aeruginosa in patients with hematologic malig-
nancy: a matched pair analysis. Intern Med. 2011;50(9):
1009–13.  

    223.    Hachem RY, Chemaly RF, Ahmar CA, Jiang Y, Boktour MR, 
Rjaili GA, et al. Colistin is effective in treatment of infections 
caused by multidrug-resistant Pseudomonas aeruginosa in 
cancer patients. Antimicrob Agents Chemother. 2007;
51(6):1905–11.  

     224.    Mostardeiro MM, Pereira CA, Marra AR, Pestana JO, 
Camargo LF. Nephrotoxicity and effi cacy assessment of poly-
myxin use in 92 transplant patients. Antimicrob Agents 
Chemother. 2013;57(3):1442–6.  

     225.    Tumbarello M, De Pascale G, Trecarichi EM, De Martino S, 
Bello G, Maviglia R, et al. Effect of aerosolized colistin as 
adjunctive treatment on the outcomes of microbiologically 
documented ventilator- associated pneumonia caused by colis-
tin-only susceptible gram-negative bacteria. Chest. 
2013;144(6):1768–75.  

    226.    Segal-Maurer S, Mariano N, Qavi A, Urban C, Rahal Jr 
JJ. Successful treatment of ceftazidime-resistant Klebsiella 
pneumoniae ventriculitis with intravenous meropenem and 
intraventricular polymyxin B: case report and review. Clin 
Infect Dis. 1999;28(5):1134–8.  

    227.    Novelli G, Morabito V, Ferretti G, Poli L, Novelli S, Ruberto 
F, et al. Safety of polymyxin-B-based hemoperfusion in kid-
ney and liver transplant recipients. Transplant Proc. 
2012;44(7):1966–72.  

    228.    Suhling H, Rademacher J, Greer M, Haverich A, Warnecke G, 
Gottlieb J, et al. Inhaled colistin following lung transplantation 

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



378

in colonised cystic fi brosis patients. Eur Respir J. 2013;42(2):
542–4.  

    229.    Paul M, Bishara J, Levcovich A, Chowers M, Goldberg E, 
Singer P, et al. Effectiveness and safety of colistin: prospective 
comparative cohort study. J Antimicrob Chemother. 
2010;65(5):1019–27.  

    230.    Yahav D, Farbman L, Leibovici L, Paul M. Colistin: new lessons 
on an old antibiotic. Clin Microbiol Infect. 2012;18(1):18–29.  

     231.    Falagas ME, Rafailidis PI, Ioannidou E, Alexiou VG, 
Matthaiou DK, Karageorgopoulos DE, et al. Colistin therapy 
for microbiologically documented multidrug-resistant gram-
negative bacterial infections: a retrospective cohort study of 
258 patients. Int J Antimicrob Agents. 2010;35(2):194–9.  

     232.    Falagas ME, Kasiakou SK. Toxicity of polymyxins: a system-
atic review of the evidence from old and recent studies. Crit 
Care. 2006;10(1):R27.  

    233.   European Medicines Agency completes review of polymyxin- 
based medicines. 2014.   http://www.ema.europa.eu/ema/index.
jsp?curl=pages/news_and_events/news/2014/10/news_
detail_002194.jsp&mid=WC0b01ac058004d5c1    .  

     234.    Beno P, Krcmery V, Demitrovicova A. Bacteraemia in cancer 
patients caused by colistin-resistant gram-negative bacilli after 
previous exposure to ciprofl oxacin and/or colistin. Clin 
Microbiol Infect. 2006;12(5):497–8.  

    235.    Garonzik SM, Li J, Thamlikitkul V, Paterson DL, Shoham S, 
Jacob J, et al. Population pharmacokinetics of colistin methane-
sulfonate and formed colistin in critically ill patients from a mul-
ticenter study provide dosing suggestions for various categories 
of patients. Antimicrob Agents Chemother. 2011;55(7):3284–94.  

     236.    Plachouras D, Karvanen M, Friberg LE, Papadomichelakis E, 
Antoniadou A, Tsangaris I, et al. Population pharmacokinetic 
analysis of colistin methanesulfonate and colistin after intrave-
nous administration in critically ill patients with infections 
caused by gram-negative bacteria. Antimicrob Agents 
Chemother. 2009;53(8):3430–6.  

    237.    Dalfi no L, Puntillo F, Mosca A, Monno R, Spada ML, 
Coppolecchia S, et al. High-dose, extended-interval colistin 
administration in critically ill patients: is this the right dosing 
strategy? A preliminary study. Clin Infect Dis. 2012;
54(12):1720–6.  

    238.    Cai Y, Wang R, Liang B, Bai N, Liu Y. Systematic review and 
meta-analysis of the effectiveness and safety of tigecycline for 
treatment of infectious disease. Antimicrob Agents Chemother. 
2011;55(3):1162–72.  

   239.    Hirsch EB, Tam VH. Detection and treatment options for 
Klebsiella pneumoniae carbapenemases (KPCs): an emerging 
cause of multidrug-resistant infection. J Antimicrob 
Chemother. 2010;65(6):1119–25.  

     240.    Neonakis IK, Spandidos DA, Petinaki E. Confronting 
multidrug- resistant Acinetobacter baumannii: a review. Int 
J Antimicrob Agents. 2011;37(2):102–9.  

     241.    Chemaly RF, Hanmod SS, Jiang Y, Rathod DB, Mulanovich V, 
Adachi JA, et al. Tigecycline use in cancer patients with seri-
ous infections: a report on 110 cases from a single institution. 
Medicine. 2009;88(4):211–20.  

    242.    Bassetti M, Nicolini L, Repetto E, Righi E, Del Bono V, 
Viscoli C. Tigecycline use in serious nosocomial infections: a 
drug use evaluation. BMC Infect Dis. 2010;10:287.  

     243.    Mouloudi E, Massa E, Piperidou M, Papadopoulos S, Iosifi dis 
E, Roilides I, et al. Tigecycline for treatment of carbapenem-

resistant Klebsiella pneumoniae infections after liver trans-
plantation in the intensive care unit: a 3-year study. Transplant 
Proc. 2014;46(9):3219–21.  

     244.    Arpin C, Labia R, Andre C, Frigo C, El Harrif Z, Quentin C. 
SHV- 16, a beta-lactamase with a pentapeptide duplication in 
the omega loop. Antimicrob Agents Chemother. 2001;45(9):
2480–5.  

    245.    Rodriguez-Avial C, Rodriguez-Avial I, Merino P, Picazo 
JJ. Klebsiella pneumoniae: development of a mixed popula-
tion of carbapenem and tigecycline resistance during antimi-
crobial  therapy in a kidney transplant patient. Clin Microbiol 
Infect. 2012;18(1):61–6.  

    246.    Nilsson AI, Berg OG, Aspevall O, Kahlmeter G, Andersson 
DI. Biological costs and mechanisms of fosfomycin resistance 
in Escherichia coli. Antimicrob Agents Chemother. 
2003;47(9):2850–8.  

    247.    Hasegawa S, Horibe K, Kawabe T, Kato K, Kojima S, 
Matsuyama T, et al. Veno-occlusive disease of the liver after 
allogeneic bone marrow transplantation in children with 
hematologic malignancies: incidence, onset time and risk fac-
tors. Bone Marrow Transplant. 1998;22(12):1191–7.  

    248.    Reid GE, Grim SA, Layden JE, Akkina S, Tang I, Campara M, 
et al. The use of fosfomycin to treat urinary tract infections in 
kidney transplant recipients. Transplantation. 2013;96(3):
e12–4.  

    249.    Neuner EA, Sekeres J, Hall GS, van Duin D. Experience with 
fosfomycin for treatment of urinary tract infections due to 
multidrug- resistant organisms. Antimicrob Agents Chemother. 
2012;56(11):5744–8.  

     250.    Elemam A, Rahimian J, Doymaz M. In vitro evaluation of 
antibiotic synergy for polymyxin B-resistant carbapenemase-
producing Klebsiella pneumoniae. J Clin Microbiol. 
2010;48(10):3558–62.  

    251.    Souli M, Galani I, Boukovalas S, Gourgoulis MG, 
Chryssouli Z, Kanellakopoulou K, et al. In vitro interactions of 
antimicrobial combinations with fosfomycin against KPC-2-
producing Klebsiella pneumoniae and protection of resistance 
development. Antimicrob Agents Chemother. 2011;55(5):
2395–7.  

    252.    Bulik CC, Nicolau DP. Double-carbapenem therapy for 
carbapenemase- producing Klebsiella pneumoniae. Antimicrob 
Agents Chemother. 2011;55(6):3002–4.  

    253.    Zusman O, Avni T, Leibovici L, Adler A, Friberg L, 
Stergiopoulou T, et al. Systematic review and meta-analysis of 
in vitro synergy of polymyxins and carbapenems. Antimicrob 
Agents Chemother. 2013;57(10):5104–11.  

    254.    Rahal JJ. Novel antibiotic combinations against infections 
with almost completely resistant Pseudomonas aeruginosa and 
Acinetobacter species. Clin Infect Dis. 2006;43 Suppl 
2:S95–9.  

   255.    Tripodi MF, Durante-Mangoni E, Fortunato R, Utili R, Zarrilli 
R. Comparative activities of colistin, rifampicin, imipenem 
and sulbactam/ampicillin alone or in combination against epi-
demic multidrug-resistant Acinetobacter baumannii isolates 
producing OXA-58 carbapenemases. Int J Antimicrob Agents. 
2007;30(6):537–40.  

   256.    Tascini C, Ferranti S, Messina F, Menichetti F. In vitro and 
in vivo synergistic activity of colistin, rifampin, and amikacin 
against a multiresistant Pseudomonas aeruginosa isolate. Clin 
Microbiol Infect. 2000;6(12):690–1.  

D. Averbuch and D. Engelhard

http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/10/news_detail_002194.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/10/news_detail_002194.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2014/10/news_detail_002194.jsp&mid=WC0b01ac058004d5c1


379

   257.    Rynn C, Wootton M, Bowker KE, Alan Holt H, Reeves DS. In 
vitro assessment of colistin’s antipseudomonal antimicrobial 
interactions with other antibiotics. Clin Microbiol Infect. 
1999;5(1):32–6.  

    258.    Stanzani M, Tumietto F, Giannini MB, Bianchi G, Nanetti A, 
Vianelli N, et al. Successful treatment of multi-resistant 
Pseudomonas aeruginosa osteomyelitis after allogeneic bone 
marrow transplantation with a combination of colistin and 
tigecycline. J Med Microbiol. 2007;56(Pt 12):1692–5.  

     259.    Marcus R, Paul M, Elphick H, Leibovici L. Clinical implica-
tions of beta-lactam-aminoglycoside synergism: systematic 
review of randomised trials. Int J Antimicrob Agents. 
2011;37(6):491–503.  

     260.    Safdar N, Handelsman J, Maki DG. Does combination antimi-
crobial therapy reduce mortality in gram-negative bacterae-
mia? A meta-analysis. Lancet Infect Dis. 2004;4(8):519–27.  

    261.    Bucaneve G, Micozzi A, Picardi M, Ballanti S, Cascavilla N, 
Salutari P, et al. Results of a multicenter, controlled, random-
ized clinical trial evaluating the combination of piperacillin/
tazobactam and tigecycline in high-risk hematologic patients 
with cancer with febrile neutropenia. J Clin Oncol. 
2014;32(14):1463–71.  

    262.    Tumbarello M, Viale P, Viscoli C, Trecarichi EM, Tumietto F, 
Marchese A, et al. Predictors of mortality in bloodstream 
infections caused by Klebsiella pneumoniae carbapenemase-
producing K. pneumoniae: importance of combination ther-
apy. Clin Infect Dis. 2012;55(7):943–50.  

    263.    Micek ST, Welch EC, Khan J, Pervez M, Doherty JA, Reichley 
RM, et al. Empiric combination antibiotic therapy is associ-
ated with improved outcome against sepsis due to gram-nega-
tive bacteria: a retrospective analysis. Antimicrob Agents 
Chemother. 2010;54(5):1742–8.  

    264.   Bass SN, Bauer SR, Neuner EA, Lam SW. Mortality risk fac-
tors for critically ill patients with carbapenem-resistant bacte-
remia: impact of combination antimicrobial therapy. 
Antimicrob Agents Chemother. 2015.  

    265.    Bassetti M, Repetto E, Righi E, Boni S, Diverio M, Molinari 
MP, et al. Colistin and rifampicin in the treatment of multidrug- 
resistant Acinetobacter baumannii infections. J Antimicrob 
Chemother. 2008;61(2):417–20.  

   266.    Cirioni O, Ghiselli R, Orlando F, Silvestri C, Mocchegiani F, 
Rocchi M, et al. Effi cacy of colistin/rifampin combination in 
experimental rat models of sepsis due to a multiresistant 
Pseudomonas aeruginosa strain. Crit Care Med. 
2007;35(7):1717–23.  

    267.    Giamarellos-Bourboulis EJ, Sambatakou H, Galani I, 
Giamarellou H. In vitro interaction of colistin and rifampin on 
multidrug- resistant Pseudomonas aeruginosa. J Chemother. 
2003;15(3):235–8.  

     268.    Durante-Mangoni E, Signoriello G, Andini R, Mattei A, De 
Cristoforo M, Murino P, et al. Colistin and rifampicin com-
pared with colistin alone for the treatment of serious infections 
due to extensively drug-resistant Acinetobacter baumannii: a 
multicenter, randomized clinical trial. Clin Infect Dis. 
2013;57(3):349–58.  

    269.    Aydemir H, Akduman D, Piskin N, Comert F, Horuz E, Terzi 
A, et al. Colistin vs. the combination of colistin and rifampicin 
for the treatment of carbapenem-resistant Acinetobacter bau-
mannii ventilator- associated pneumonia. Epidemiol Infect. 
2013;141(6):1214–22.  

    270.    Paul M, Carmeli Y, Durante-Mangoni E, Mouton JW, 
Tacconelli E, Theuretzbacher U, et al. Combination therapy 
for carbapenem- resistant gram-negative bacteria. J Antimicrob 
Chemother. 2014;69(9):2305–9.  

    271.    Hamer DH. Treatment of nosocomial pneumonia and tracheo-
bronchitis caused by multidrug-resistant Pseudomonas aerugi-
nosa with aerosolized colistin. Am J Respir Crit Care Med. 
2000;162(1):328–30.  

    272.    Feeley TW, Du Moulin GC, Hedley-Whyte J, Bushnell LS, 
Gilbert JP, Feingold DS. Aerosol polymyxin and pneumonia in 
seriously ill patients. N Engl J Med. 1975;293(10):471–5.  

    273.    Gafter-Gvili A, Fraser A, Paul M, Vidal L, Lawrie TA, van de 
Wetering MD, et al. Antibiotic prophylaxis for bacterial infec-
tions in afebrile neutropenic patients following chemotherapy. 
Cochrane Database Syst Rev. 2012;1:CD004386.  

    274.    Ng ES, Liew Y, Earnest A, Koh LP, Lim SW, Hsu LY. Audit of 
fl uoroquinolone prophylaxis against chemotherapy-induced 
febrile neutropenia in a hospital with highly prevalent fl uoro-
quinolone resistance. Leukemia Lymphoma. 
2011;52(1):131–3.  

    275.    Lingaratnam S, Thursky KA, Slavin MA. Fluoroquinolone 
prophylaxis: a word of caution. Leukemia Lymphoma. 
2011;52(1):5–6.  

    276.    Gafter-Gvili A, Paul M, Fraser A, Leibovici L. Effect of quino-
lone prophylaxis in afebrile neutropenic patients on microbial 
resistance: systematic review and meta-analysis. J Antimicrob 
Chemother. 2007;59(1):5–22.  

    277.    Garnica M, Nouer SA, Pellegrino FL, Moreira BM, Maiolino 
A, Nucci M. Ciprofl oxacin prophylaxis in high risk neutrope-
nic patients: effects on outcomes, antimicrobial therapy and 
resistance. BMC Infect Dis. 2013;13(1):356.  

    278.    Rangaraj G, Granwehr BP, Jiang Y, Hachem R, Raad I. Perils 
of quinolone exposure in cancer patients: breakthrough bacte-
remia with multidrug-resistant organisms. Cancer. 
2010;116(4):967–73.  

    279.    Averbuch D, Orasch C, Cordonnier C, Livermore DM, 
Mikulska M, Viscoli C, et al. European guidelines for empiri-
cal antibacterial therapy for febrile neutropenic patients in the 
era of growing resistance: summary of the 2011 4th European 
Conference on Infections in Leukemia. Haematologica. 
2013;98(12):1826–35.  

    280.    Orasch C, Averbuch D, Mikulska M, Cordonnier C, Livermore 
DM, Gyssens IC, et al. Discontinuation of empirical antibiotic 
therapy in neutropenic leukaemia patients with fever of 
unknown origin is ethical. Clin Microbiol Infect. 
2015;21(3):e25–7.  

    281.    Garcia-Fernandez S, Morosini MI, Marco F, Gijon D, Vergara 
A, Vila J, et al. Evaluation of the eazyplex(R) SuperBug CRE 
system for rapid detection of carbapenemases and ESBLs in 
clinical Enterobacteriaceae isolates recovered at two Spanish 
hospitals. J Antimicrob Chemother. 2015;70(4):1047–50.  

   282.    Dortet L, Brechard L, Poirel L, Nordmann P. Rapid detection 
of carbapenemase-producing Enterobacteriaceae from blood 
cultures. Clin Microbiol Infect. 2014;20(4):340–4.  

    283.    Dortet L, Poirel L, Nordmann P. Rapid detection of ESBL- 
producing Enterobacteriaceae in blood cultures. Emerg Infect 
Dis. 2015;21(3):504–7.  

    284.    Huang TD, Berhin C, Bogaerts P, Glupczynski Y. Comparative 
evaluation of two chromogenic tests for rapid detection of car-

21. Gram-Negative Bacterial Infections After Hematopoietic Stem Cell or Solid Organ Transplantation



380

bapenemase in Enterobacteriaceae and in Pseudomonas aeru-
ginosa isolates. J Clin Microbiol. 2014;52(8):3060–3.  

   285.    Dortet L, Brechard L, Cuzon G, Poirel L, Nordmann P. 
Strategy for rapid detection of carbapenemase-producing 
Enterobacteriaceae. Antimicrob Agents Chemother. 2014;
58(4):2441–5.  

    286.    Johansson A, Ekelof J, Giske CG, Sundqvist M. The detection 
and verifi cation of carbapenemases using ertapenem and 
matrix assisted laser desorption ionization-time of fl ight. BMC 
Microbiol. 2014;14:89.  

    287.    Tverdek FP, Rolston KV, Chemaly RF. Antimicrobial steward-
ship in patients with cancer. Pharmacotherapy. 2012;32(8):
722–34.  

     288.    Gyssens IC, Kern WV, Livermore DM. The role of antibiotic 
stewardship in limiting antibacterial resistance among hema-
tology patients. Haematologica. 2013;98(12):1821–5.  

    289.    Eisen D, Russell EG, Tymms M, Roper EJ, Grayson ML, 
Turnidge J. Random amplifi ed polymorphic DNA and plasmid 
analyses used in investigation of an outbreak of multiresistant 
Klebsiella pneumoniae. J Clin Microbiol. 1995;33(3):713–7.  

   290.    Royle J, Halasz S, Eagles G, Gilbert G, Dalton D, Jelfs P, et al. 
Outbreak of extended spectrum beta lactamase producing 
Klebsiella pneumoniae in a neonatal unit. Arch Dis Child Fetal 
Neonatal Ed. 1999;80(1):F64–8.  

     291.    Munoz-Price LS, Quinn JP. Deconstructing the infection con-
trol bundles for the containment of carbapenem-resistant 
Enterobacteriaceae. Curr Opin Infect Dis. 2013;26(4):
378–87.  

    292.   Kallen A, Guh A. United States Centers for Disease Control 
and Prevention issue updated guidance for tackling 
carbapenem- resistant enterobacteriaceae. Euro Surveill. 
2012;17(26). pii: 20207.  

    293.    Tacconelli E, Peschel A, Autenrieth IB. Translational research 
strategy: an essential approach to fi ght the spread of antimicro-
bial resistance. J Antimicrob Chemother. 2014;69(11):
2889–91.  

    294.   Weiss J, Arielly H, Ganor N, Paitan Y. Evaluation of the 
NanoCHIP Infection Control Panel test for direct detection 
and screening of methicillin-resistant Staphylococcus aureus 
(MRSA), Klebsiella pneumoniae carbapenemase (KPC)-
producing bacteria and vancomycin- resistant Enterococcus 
(VRE). Infection. 2015.  

    295.    Vasoo S, Cunningham SA, Kohner PC, Mandrekar JN, Lolans 
K, Hayden MK, et al. Rapid and direct real-time detection of 
blaKPC and blaNDM from surveillance samples. J Clin 
Microbiol. 2013;51(11):3609–15.  

    296.    Oren I, Sprecher H, Finkelstein R, Hadad S, Neuberger A, 
Hussein K, et al. Eradication of carbapenem-resistant 
Enterobacteriaceae gastrointestinal colonization with nonab-
sorbable oral antibiotic treatment: a prospective controlled 
trial. Am J Infect Control. 2013;41(12):1167–72.  

   297.    Tascini C, Sbrana F, Flammini S, Tagliaferri E, Arena F, 
Leonildi A, et al. Oral gentamicin gut decontamination for pre-

vention of KPC-producing Klebsiella pneumoniae infections: 
relevance of concomitant systemic antibiotic therapy. 
Antimicrob Agents Chemother. 2014;58(4):1972–6.  

   298.    Oostdijk EA, Kesecioglu J, Schultz MJ, Visser CE, de Jonge 
E, van Essen EH, et al. Effects of decontamination of the oro-
pharynx and intestinal tract on antibiotic resistance in ICUs: a 
randomized clinical trial. JAMA. 2014;312(14):1429–37.  

   299.    Lubbert C, Faucheux S, Becker-Rux D, Laudi S, Durrbeck A, 
Busch T, et al. Rapid emergence of secondary resistance to 
gentamicin and colistin following selective digestive decon-
tamination in patients with KPC-2-producing Klebsiella pneu-
moniae: a single- centre experience. Int J Antimicrob Agents. 
2013;42(6):565–70.  

   300.    Saidel-Odes L, Polachek H, Peled N, Riesenberg K, Schlaeffer 
F, Trabelsi Y, et al. A randomized, double-blind, placebo-con-
trolled trial of selective digestive decontamination using oral 
gentamicin and oral polymyxin E for eradication of carbape-
nem-resistant Klebsiella pneumoniae carriage. Infect Control 
Hosp Epidemiol. 2012;33(1):14–9.  

    301.    Zuckerman T, Benyamini N, Sprecher H, Fineman R, 
Finkelstein R, Rowe JM, et al. SCT in patients with carbape-
nem resistant Klebsiella pneumoniae: a single center experi-
ence with oral gentamicin for the eradication of carrier state. 
Bone Marrow Transplant. 2011;46(9):1226–30.  

     302.    Giani T, Conte V, Mandala S, D'Andrea MM, Luzzaro F, 
Conaldi PG, et al. Cross-infection of solid organ transplant 
recipients by a multidrug-resistant Klebsiella pneumoniae iso-
late producing the OXA-48 carbapenemase, likely derived 
from a multiorgan donor. J Clin Microbiol. 2014;52(7):
2702–5.  

    303.    Goldberg E, Bishara J, Lev S, Singer P, Cohen J. Organ trans-
plantation from a donor colonized with a multidrug-resistant 
organism: a case report. Transpl Infect Dis. 2012;14(3):
296–9.  

     304.    Bishara J, Goldberg E, Lev S, Singer P, Ashkenazi T, Cohen 
J. The utilization of solid organs for transplantation in the set-
ting of infection with multidrug-resistant organisms: an expert 
opinion. Clin Transpl. 2012;26(6):811–5.  

    305.    Evans ME, Feola DJ, Rapp RP. Polymyxin B sulfate and colis-
tin: old antibiotics for emerging multiresistant gram-negative 
bacteria. Ann Pharmacother. 1999;33(9):960–7.  

    306.    Noskin GA. Tigecycline: a new glycylcycline for treatment of 
serious infections. Clin Infect Dis. 2005;41 Suppl 5:S303–14.  

    307.    Apisarnthanarak A, Mundy LM. Use of high-dose 4-h infusion 
of doripenem, in combination with fosfomycin, for treatment 
of carbapenem- resistant Pseudomonas aeruginosa pneumonia. 
Clin Infect Dis. 2010;51(11):1352–4.  

    308.    Falagas ME, Roussos N, Gkegkes ID, Rafailidis PI, 
Karageorgopoulos DE. Fosfomycin for the treatment of infec-
tions caused by gram-positive cocci with advanced antimicro-
bial drug resistance: a review of microbiological, animal and 
clinical studies. Expert Opin Investig Drugs. 2009;18(7):
921–44.    

D. Averbuch and D. Engelhard



381

    22 
   Typical and Atypical Mycobacterium Infections 
After Hematopoietic Stem Cell or Solid Organ 
Transplantation                     
     Jo-Anne     H.     Young       and     Daniel     J.     Weisdorf    

© Springer International Publishing Switzerland 2016
P. Ljungman et al. (eds.), Transplant Infections, DOI 10.1007/978-3-319-28797-3_22

22.1           Bacteriology 

 Mycobacteria share the staining characteristic referred to  as   
 acid fastness  [ 1 ]. These include the organisms causing tuber-
culosis ( Mycobacterium tuberculosis  and  Mycobacterium 
bovis ) and a variety of other mycobacterial species of vary-
ing pathogenicity and clinical importance. The term  acid- 
fast bacilli  is, practically speaking, the identifying feature of 
mycobacteria, although some other non-mycobacterial 
microbes, notably  Nocardia , are variably acid fast. 

 From a clinical standpoint, mycobacteria can be divided 
into the following four broad classes:  Mycobacterium tuber-
culosis  complex ( M. tuberculosis ,  M. bovis ,  M. bovis-BCG , 
 M. africanum ,  M. microti , and  M. canetti ),   Mycobacterium 
avium  complex   ( M. avium  and  M. intracellulare ),  Hansen’s 
disease   (leprosy,  M. leprae ), and the rest. The last class is 
also referred to as nontuberculous mycobacteria ( NTM  ), 
atypical mycobacteria, or anonymous mycobacteria [ 2 ]. The 
organisms of  M. tuberculosis  complex can be differentiated 
from other mycobacteria by their in vitro culture characteris-
tics, including slower growth (typically >10 days); lack of 
pigment; niacin production; and, most often, sensitivity to 
isoniazid (INH). The atypical mycobacteria grow more rap-
idly, usually lack niacin production, produce heat-resistant 
catalase in large amounts and are highly resistant to INH. 
In stained preparations,  M. tuberculosis  demonstrates ser-
pentine cord formation, whereas nontuberculous atypical 
mycobacteria orient randomly. Using the culture characteris-
tics of NTM, Timpe and Runyon [ 1 ,  3 ] proposed a useful 
method of classifi cation based on colony characteristics, the 
rate of growth in culture, and pigment production. The four 
major groups are referred to as photochromogens, scoto-
chromogens, nonchromogens, and rapidly growing myco-
bacteria. More sophisticated methods have been used to 
speciate mycobacteria in culture. These include DNA 
hybridization methods that use highly specifi c DNA probes, 
polymerase chain reaction (PCR)-based sequencing, 
computer-assisted gas liquid chromatography, or matrix 
assisted laser desorption- time of fl ight mass spectrometry 
(MALDI-TOF MS) [ 4 – 7 ]. These techniques can readily 

speciate mycobacteria, but they are time and labor intensive, 
they require pure cultures, and they generally have been 
available only in specialized laboratories. However, their 
clinical application, especially MALDI-TOF MS, is becoming 
more widespread, thus allowing the rapid early identifi cation 
of mycobacterial species growing in vitro.  

22.2     Epidemiology and Pathogenesis 

  M. tuberculosis  is an aerobic,    nonspore-forming, nonmotile, 
and slow-growing bacillus with a lipid-rich cell wall. 
Humans are the only known reservoir of this organism. 
Almost all infections are caused by the inhalation of infec-
tious particles aerosolized by coughing, sneezing or talking. 
 M. tuberculosis  can survive only for extremely short periods 
outside the human body. Fomites, therefore, are rarely 
responsible for transmitting infection.  M. tuberculosis  rarely, 
if ever, has a commensal presence. The isolation of  M. tuber-
culosis  from pathologic specimens should therefore always 
be considered evidence of infection. 

 Atypical mycobacteria are free-living organisms that 
are ubiquitous in nature. They have been found in soil, 
water, domestic and wild animals, milk, and fruit products. 
They have been known to colonize body surfaces and secre-
tions and they frequently can contaminate clinical specimens 
from the environment [ 8 – 11 ]. Therefore, unlike  M. tubercu-
losis , in which the isolation of even a single colony is consid-
ered evidence of infection and is always viewed as clinically 
signifi cant, atypical mycobacterial species may colonize 
body surfaces and secretions for prolonged periods without 
causing disease. Differentiation between contamination, col-
onization, and disease is often diffi cult. Guidelines have 
been proposed to facilitate making such decisions [ 12 ,  13 ]. 
Characteristics of a clinically signifi cant atypical mycobac-
terial infection include a clinical presentation compatible 
with atypical mycobacterial infection; the culture of the 
pathogen from a normally sterile site, such as cerebrospinal 
or pleural fl uid or a liver biopsy specimen; and/or repeated 
isolation of potential mycobacterial pathogens from nonsterile 
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sites. The isolation of a  species   not known to cause human 
disease should be considered of clinical importance, because 
the clinical site sampled had some signs or symptoms of 
infection, particularly in an immunocompromised host. 

 Atypical mycobacterial infections may occur more often 
in the compromised host because immune defi ciency con-
tributes to the pathogenesis of mycobacterial infections. In 
the presence of normal host immune function, the organiza-
tion of lymphocytes, macrophages, and Langerhans giant 
cells results in granuloma formation and the containment of 
infection [ 14 ]. When host immunity is compromised, the tis-
sue reaction can be minimal or nonexistent, and uncontrolled 
proliferation of mycobacteria can continue without granu-
loma formation [ 15 ] or any effective means to control infec-
tion. Patients undergoing blood and bone marrow or  solid 
organ transplantation   require potent, and often prolonged, 
immunosuppressive therapy. These patients, therefore, have 
an increased risk of a variety of infections, including myco-
bacteria [ 16 ]. Furthermore, because the host response to 
these infections is limited, these patients may often present 
with atypical features, making the diagnosis diffi cult and the 
response to therapy suboptimal [ 16 ].  

22.3     Immune Defects in Transplant 
Recipients That Are Permissive 
for Mycobacterial Infection 

 The  incidence   of mycobacterial infections is higher in trans-
plant recipients than that observed in the general population. 
However, the rate in hematopoietic stem cell transplantation 
(HCT) recipients is not as high as that seen in solid organ 
transplant recipients. This may be due, at least in part, to the 
prolonged and often lifetime duration of immunosuppression 
in the solid organ recipients compared with that for the usual 
HCT recipient. Marrow allograft recipients typically recover 
adequate immune function in 9–12 months, unlike organ 
transplant recipients who experience immunosuppression for 
several years or throughout their lives. Therefore, the tran-
sient immune compromise experienced by HCT recipients 
may induce only a limited risk period of infection compared 
with that of organ allograft recipients. 

  Therapeutic immunosuppression   to prevent graft rejection 
creates a permissive milieu for mycobacterial replication. The 
ideal immunosuppressive agent, which would prevent graft 
rejection while preserving antimicrobial immunity, is unavail-
able. Although agents differ in their mechanism of action and 
the aspects of immune function that they affect, all agents have 
increased infection risk as one of their major side effects. 

  Corticosteroids   are commonly included in most immuno-
suppressive regimens to prevent graft rejection. The spectrum 
of host defense defects induced by corticosteroids includes 
the suppression of macrophage function; the blunting of acute 
infl ammation; the inhibition of the T-cell activation cascade 

yielding impaired cellular immunity; and impaired antibody 
production [ 17 – 19 ]. Corticosteroid effects appear to be dose 
dependent, although a threshold dose below which immune 
function is unaffected is not apparent [ 20 ,  21 ]. 

  Azathioprine  , a purine analogue, has been a common 
component of immunosuppressive regimens for prevent-
ing organ allograft rejection, although less often used in 
recent years. After its in vivo conversion to 6-mercapto-
purine, it inhibits purine nucleotide synthesis, thereby 
preventing antigen- induced lymphocyte proliferation and 
leading to impairments in natural killer cell activity, 
generation of cytotoxic T-cells and antibody production 
by B-cells [ 22 ]. In addition, azathioprine is myelosup-
pressive, and the resulting leukopenia further adds to 
infection risk. 

  Cyclosporine A  , which was introduced in the early 1980s, 
has had a major impact on the prevention of graft rejection 
and improvement in graft survival rates. Unlike corticoste-
roids and cytotoxic agents, cyclosporine has a narrowly 
focused effect on T helper cells, while sparing cytotoxic 
T-cell function [ 23 ]. Its major action is to block the antigen- 
induced T-cell expression of lymphokines, including inter-
leukin (IL)-2, IL-3, IL-4,  interferon   gamma, and tumor 
necrosis factor-α [ 24 ,  25 ]. Natural killer cells and macro-
phages are probably unaffected by cyclosporine. Unlike 
azathioprine and other cytotoxic agents, cyclosporine does 
not result in bone marrow suppression. 

 Patients on immunosuppressive regimens containing 
cyclosporine are at a lower risk of infection than those on 
non-cyclosporine immunosuppressive regimens [ 26 ,  27 ]. 
The risk of mycobacterial infections in cyclosporine-treated 
patients also appears to be less than in noncyclosporine- 
treated patients [ 28 ], although randomized comparative 
studies reporting the risks of mycobacterial infections are 
not available. Tacrolimus is nearly ten times more potent 
than is cyclosporine, and it has a similar, but distinct mecha-
nism of action. The risk of infection in tacrolimus-treated 
patients is expected to be similar to that observed in 
cyclosporine- treated patients. 

 Other agents have been broadly applied for prevention of 
rejection in solid organ transplantation and graft-versus-host 
disease ( GVHD  ) prophylaxis after HCT.  Mycophenolate 
mofetil   is a prodrug of mycophenolic acid with potent immu-
nosuppressive capacity. It selectively and reversibly inhibits 
inosine monophosphate dehydrogenase and thereby blocks 
the de novo pathway of purine synthesis in lymphocytes. It 
has recognized additive and synergistic immunosuppressive 
activity with calcineurin inhibitors (cyclosporine and tacroli-
mus). Due to its lesser myelosuppressive activity it has fre-
quently replaced methotrexate in GVHD prophylaxis for 
reduced intensity conditioning HCT and is widely used fol-
lowing umbilical cord blood grafting. Its broad T-cell immu-
nosuppressive effects augment risks of infection, but no 
specifi c relationship to mycobacterial infection has been 
recognized. 
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  Sirolimus   is now broadly applied to prevent kidney and liver 
rejection and has promising activity in GVHD prophylaxis. It 
is a naturally occurring compound from a soil fungus and in 
addition to its immunosuppressive properties, sirolimus has 
antifungal, antiviral and antineoplastic properties, although 
limited in potency. Similar in mechanism of action to calcineu-
rin inhibitors, sirolimus additionally binds to FK-binding pro-
tein 12 and then complexes with mammalian target of 
rapamycin (MTOR) to blunt T cell activation and proliferation. 
It inhibits IL-2 driven signaling from the T cell receptor and has 
activity limiting dendritic cell activation through reduced anti-
gen uptake, cellular maturation, intracellular signaling, and 
apoptosis. Its side effects include modest impairment of renal 
function, but it induces hyperlipidemia and in combination 
with calcineurin inhibitors, increases risks of thrombotic 
microangiopathy. Although its broadly immunosuppressive 
capacity could augment infection, no specifi c reports of its 
relation to mycobacterial infection are available. 

  Antilymphocyte globulin  ,  antithymocyte globulin  , 
 alemtuzumab  , and  monoclonal anti-T-cell antibodies 
(OKT3)   have long been used for the treatment of graft 
rejection. Reports indicate a signifi cant increase in the 
incidence of bacterial and viral infections with the use of 
these agents. One report suggests that OKT3 use led to a 
mycobacterial infection [ 29 ]. However, specifi c data on 
the effect of these agents on mycobacterial infections are 
not available [ 30 – 32 ].  

22.4     Screening and Secondary 
 Chemoprophylaxi  s 

  Screening   for latent tuberculosis infection is recommended 
prior to organ transplantation [ 33 ,  34 ]. Transplant candidates 
at risk for reactivation of latent tuberculosis can be readily 
identifi ed during the pretransplantation evaluation based 
on residence in endemic areas or a history of exposure 
to tuberculosis. These transplant candidates should undergo 
tuberculin skin testing (TST) or testing with an  ex vivo 
interferon-gamma release assay (IFGRA)   such as T-spot or 
QuantiFERON-TB Gold [ 35 – 38 ]. TST alone is an imperfect 
identifi er of high-risk patients, because as many as 80 % of 
transplant candidates may be skin test anergic [ 39 ,  40 ]. For 
example, the QuantiFERON-TB Gold IFGRA test measures 
the release of interferon-gamma in fresh heparinized whole 
blood in response to stimulation of synthetic peptides repre-
senting two proteins present in  M. tuberculosis : early secre-
tory antigenic target-6 and culture fi ltrate protein-10 [ 41 , 
 42 ]. It distinguishes between active pulmonary tuberculosis 
and nontuberculous mycobacterial infections [ 43 ]. 

 In the general population, QuantiFERON-TB Gold has 
96–99 % specifi city that is unaffected by prior bacille 
Calmette-Guérin  vaccinatio  n [ 44 ,  45 ]. In a study of 153 
patients with chronic liver disease awaiting transplantation, 
37 (24 %) had a positive TST and 34 (22 %) had a positive 

QuantiFERON-TB Gold assay, with overall agreement 
between the tests of 85 % [ 46 ]. Discordant test results were 
noted in both directions: 12 TST positive patients  h  ad nega-
tive QuantiFERON-TB Gold assays, whereas nine patients 
with positive QuantiFERON-TB Gold assays had negative 
TST. Indeterminate QuantiFERON-TB Gold assays were 
found among patients with low lymphocyte counts and high 
model for end-stage liver disease (MELD) scores. There 
is a need for  cautio  n when interpreting a negative 
QuantiFERON-TB Gold test in an endemic country, as 
illustrated by a case of tuberculosis that developed in a liver 
transplant recipient in Italy [ 47 ]. 

  Positive QuantiFERON-TB Gold testing  , in the setting of 
negative TST, frequently anticipates the booster phenome-
non, helping to explain the discordance between the two tests 
[ 48 ]. In the setting of a pretransplant evaluation, which may 
occur over several days and is not amenable to serial TST 
testing, performing both TST and QuantiFERON-TB 
Gold testing may be helpful in fi nding most cases of latent 
tuberculosis infection. 

 Previous  bacille Calmette-Guérin immunotherapy   has 
been reported to result in reactivation after transplantation 
[ 49 – 51 ]. INH chemoprophylaxis has been suggested for 
patients with previous bacille Calmette-Guérin vaccination, 
but defi nitive data to quantify the risk posed by previous bac-
ille Calmette-Guérin vaccination or the benefi t of INH 
 chemoprophylaxis are scant. INH chemoprophylaxis can be 
withheld if there is negative QuantiFERON-TB Gold assay 
for a transplant candidate with previous vaccination [ 45 ]. 

 Chemoprophylaxis with INH should be given prior to 
transplant for all TST-positive or Quantiferon-positive can-
didates. In randomized trials in transplant recipients from 
India and Pakistan, INH prophylaxis effectively prevented 
tuberculosis [ 52 – 54 ]. One report from Turkey indicated 
that none of the 77 HCT patients treated with INH developed 
active tubercular infection, while fi ve of the 274 other 
patients studied developed active peritransplantation myco-
bacterial infection [ 55 ]. Programs in Pakistan [ 53 ] and in 
Turkey [ 55 ] give INH to all TST-negative HCT recipients 
for 6 months, with a reduction in the development of active 
tuberculosis. Specifi cally, in liver transplant candidates at 
risk for infection after transplantation, INH chemoprophy-
laxis  used   during candidacy does not adversely affect 
hepatic function [ 56 ,  57 ]. 

  INH chemoprophylaxis   that starts before transplantation 
is continued to complete 6–12 total months continuous ther-
apy [ 58 ]. The course can be completed prior to transplant if 
possible, but it is not a contraindication to proceed with 
transplantation while  c  ompleting therapy [ 49 ,  59 ]. It is more 
practical to complete this course before the transplantation 
period for renal transplant candidates  on renal replacement 
therapy   [ 60 ], where there are prolonged wait list times. INH 
prophylaxis is safe for renal, lung and liver transplant candi-
dates, and it would probably be effective prior to heart 
transplantation as well [ 52 ,  56 ,  61 ,  62 ]. 

22. Typical and Atypical Mycobacterium Infections After Hematopoietic Stem Cell or Solid Organ Transplantation
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 Potential problems with INH therapy include liver toxicity 
(drug-induced hepatitis, especially in older individuals), neu-
ropathy, drug interactions with medications such as cyclospo-
rine, and the possibility of selecting out INH- resistant 
organisms. INH does not affect the  bioavailability of cyclo-
sporine   in renal transplant recipients such that dosing changes 
are necessary [ 63 ]. INH therapy may be interrupted in trans-
plant recipients who develop liver function abnormalities, a 
particularly common problem in the HCT and liver transplant 
settings. Tuberculosis prophylaxis with levofl oxacin in liver 
transplant patients is associated with tenosynovitis [ 64 ]. 

  Donor screening   is performed in countries where tubercu-
losis is endemic. A report from Turkey found a 23 % rate of 
TST reactivity among both HCT donors and intended recipi-
ents [ 49 ]. A report from a Mexican program  notes   screening 
of all potential donors [ 65 ]. 

  Transmission   of tuberculosis by the transplanted organ, 
although rare, has also been documented [ 66 – 69 ]. Two sepa-
rate cases of  multidrug-resistant tuberculosis   occurred in 
lung transplant recipients who probably acquired the disease 
from the donor [ 66 ,  67 ]; one of these cases required pulmo-
nary resection for control of the infection [ 67 ]. Quinibi et al. 
suggest INH prophylaxis for TST-negative  recipients   of 
organs from TST-positive donors [ 40 ]. 

 One report of tuberculous meningitis following travel to an 
endemic area 4 years after transplant suggests prophylaxis dur-
ing travel [ 70 ]. This cannot be  su  bstantiated by other cases.  

22.5     Hematopoietic Stem Cell 
Transplants 

22.5.1     Epidemiology 

 Patients receiving allogeneic or autologous HCT are severely 
immunocompromised because of their underlying condition, 
the  pretransplantation chemotherapy   and radiation therapy 
and by the later development of  GVHD   and its prolonged, 
intensive immunosuppressive therapy. A variety of typical 
and atypical mycobacterial infections  have   been described in 
these patients [ 71 – 85 ]. However, even though the literature 
describing mycobacterial infections in HCT recipients is 
small, studies have not shown a high incidence of mycobac-
terial infections (summarized in Table  22-1 ). There is no 
information regarding the relative impact of stem cell source 
and conditioning regimen on risk.

   Navari et al. reported seven mycobacterial infections 
(approximately 1 %) in their series of 682 patients with acute 
leukemia who received allogeneic bone marrow grafts [ 74 ]. 
Four pulmonary and three extrapulmonary infections with 
 M. tuberculosis  or atypical mycobacteria were observed. In a 
report from the M. D. Anderson Hospital that was published 
in 1984, Kurzrock et al. reported three patients (3.3 %) with 
mycobacterial infections in a series of 90 allogeneic bone 
marrow transplantations for hematologic malignancies or 
aplastic anemia [ 83 ]. Two infections were with  M. tuberculo-

sis , and one was with  Mycobacterium avium-intracellulare  
complex. The two patients with  M. tuberculosis  infections 
were from Latin America, a high prevalence area for tuber-
culosis. The authors of this report emphasized the diffi culties 
in making a specifi c diagnosis due to the unusual presenta-
tions, which often involved more than one pathogen. 

 A study from the University of Minnesota reviewed the 
experience with mycobacterial infections after bone marrow 
transplantation over a 20-year period [ 73 ]. Eleven mycobac-
terial infections (0.49 %) were diagnosed in 2241 recipients 
of allogeneic (9 of 1486) or autologous (2 of 755) HCTs. 
Two patients with  M. tuberculosis , two with  M. avium- 
intracellulare complex , and seven with infections caused by 
rapidly growing, atypical mycobacteria (e.g.,  Mycobacterium 
fortuitum  or  Mycobacterium chelonae ) were described. 

 Other reports describing tuberculosis in allotransplant 
recipients from areas where the infection is more endemic 
have been reported. Tuberculosis develops in 1.4–3.5 % of 
allograft recipients, both pulmonary and extrapulmonary 
[ 77 – 79 ,  85 ]. In China, tuberculosis infections were diag-
nosed in 9 (3.1 %) of the 295 transplant recipients, from 45 to 
165 days after transplantation [ 78 ]. Multivariate analysis 
revealed that a previous history of tuberculosis and total 
body irradiation increased the risk of tuberculosis in HCT 
patients (relative risk, 4.8 and 12.5, respectively) [ 78 ]. In 
Taiwan, while 1.9 % of HCT  r  ecipients developed newly 
diagnosed TB, the 10-year cumulative incidence was 3.5 %, 
and those with TB had a higher mortality rate than recipients 
without TB [ 85 ]. Independent risk factors for TB included 
adult age and  GVH  D [ 85 ]. 

 Several additional case reports of both typical and atypical 
mycobacterial infections in HCT recipients have been pub-
lished [ 15 ,  51 ,  55 ,  72 ,  76 ,  79 ,  82 ,  84 ,  86 – 90 ]. These reports 
emphasize the low incidence and the variety of unusual pre-
sentations of mycobacterial infection in HCT recipients and 
the generally successful treatment outcome with appropriate 
therapy. Even in Turkey, where the prevalence of tuberculo-
sis is much higher, HCT recipients have relatively few active 
infections, especially with the judicious use of INH prophy-
laxis [ 55 ]. 

 Atypical mycobacterial infection prior to transplant is not 
necessarily a contraindication to transplant [ 91 ]. A patient 
with chronic myeloid leukemia who developed a disseminated 
infection involving the liver with  Mycobacterium avium  com-
plex was successfully treated 2 years prior to transplant. The 
patient underwent allogeneic bone marrow transplantation 
from a  human leukocyte antigen (HLA)-matched sibling 
donor.   The  antimycobacterial prophylaxis   given during trans-
plant included ciprofl oxacin and clarithromycin to day 100.  

22.5.2     Clinical Manifestations and Diagnosis 

 Atypical presentations make  th  e recognition of mycobacterial 
infections in HCT recipients diffi cult. These patients are 
severely immunocompromised and often neutropenic, which 

J.H. Young and D.J. Weisdorf
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can mask a febrile response and can obscure a granulomatous 
reaction. The presenting features are nonspecifi c, and they are 
related to the site of infection. In a review of mycobacterial 
infections in 2241 transplant recipients over a 20-year period, 
the clinical manifestations of mycobacterial infection included 
unexplained fever, pulmonary infi ltrates, osteomyelitis, and 
central venous catheter tunnel infl ammation [ 73 ]. The most 
common manifestation of mycobacterial infection in these 
patients was central venous catheter-related infection, which 
occurred in 6 of 11 patients. Atypical, rapidly growing myco-
bacteria caused all of the central venous catheter–related 
infections. Reports from other blood and marrow transplanta-
tion centers have described a similar spectrum of mycobacte-
rial infectious syndromes [ 15 ,  55 ,  72 ,  76 ,  79 ,  83 ,  84 ,  86 ,  88 , 
 92 ]. A large series from Seattle indicated that less than 1 % of 
patients were infected with atypical mycobacteria, with nearly 
all (21 of 23) experiencing catheter-related infections that 
resolved with therapy and removal of the catheter [ 72 ]. 

 Invasive procedures may be required to obtain diagnostic 
material for culture or histopathology. Because the labora-
tory diagnosis of mycobacterial infection requires specifi c 
cultures that are often held for prolonged periods [ 4 ,  5 ], a 
high index of suspicion is required to request the appropriate 
diagnostic studies specifi cally to identify these infections. 
HCT recipients often  h  ave multiple coexisting infectious 
pathogens that can mask the existence or the signifi cance of 
mycobacterial isolates. Although mycobacterial infections 
are uncommon in HCT recipients, they should be considered 
in all apparently affected HCT recipients, particularly those 
at high risk because of previous tuberculosis exposure, a 
positive TST or QuantiFERON-TB Gold test, residence in 
endemic area, or ethnic background.   

22.6     Solid Organ Transplants 

22.6.1      Immune Defects   in Solid Organ 
Transplant Recipients 

 Several factors contribute to the incidence of infection in 
solid organ transplant recipients [ 93 – 124 ]. These patients 
are often immunosuppressed because of their underlying 
condition (e.g., uremia, liver failure, or malnutrition). In 
addition, therapeutic immunosuppression to prevent graft 
rejection is lifelong and is probably the most important fac-
tor contributing to infection in transplant recipients. The risk 
is likely exaggerated in those requiring boosted immunosup-
pression for episodes of rejection.  

22.6.2     Epidemiology 

 Mycobacterial  infection  s are more common in recipients of 
solid organ transplant than stem cell transplant (Table  22-2 ). 
In contrast to HCT recipients, solid organ transplant recipi-
ents typically remain immunosuppressed for long periods 

or for life. Consistent with this is the observation that myco-
bacterial infections generally occur later and more frequently 
in organ transplant recipients compared with patients who 
receive HCTs. Infections were diagnosed a mean of 48 
months following transplantation, with rare infections being 
reported as late as 269 months after transplantation [ 108 , 
 109 ]. In some, but not all, reports from heart transplant recip-
ients, early infections have been noted [ 104 ,  110 ]. This con-
trasts with the experience in HCT recipients, in whom many 
infections occur early in the course of the transplantation 
[ 73 ]. A higher incidence of  M. tuberculosis  and  nontubercular 
mycobacterial infections has been reported in renal trans-
plant recipients than in the general population [ 125 ]. Three 
US renal transplantation centers [ 105 ,  106 ,  120 ] reported a 
0.5–0.7 % incidence of tuberculosis, compared with that of 
0.01 % in the general population [ 126 ]. In contrast, centers in 
areas endemic for tuberculosis report much higher inci-
dences that range from 3.5 to 11.8 % [ 40 ,  93 ,  98 ,  100 ,  107 ]. 
Patients undergoing liver or heart transplantation also have 
higher rates of  mycobacterial infections   than do the general 
population; the reported incidences varied between 0.5 and 
2.7 % [ 28 ,  39 ,  104 ,  127 – 129 ].

   Nontuberculous mycobacterial infections after  solid organ 
transplantation   have been  published   mainly as case reports, 
which prevent a reliable estimation of the incidence of such 
infections in these patients. These are usually caused by  M. 
avium-intracellulare  complex [ 102 ,  103 ,  112 ], 
 Mycobacterium kansasii  [ 94 ,  102 ],  M. abscessus  [ 130 ],  M. 
chelonae  [ 103 ], and  M. fortuitum  [ 94 ,  131 ] and, rarely, by 
other species [ 116 ,  130 ,  132 – 134 ]. Their diagnosis is most 
frequent within the fi rst year after transplantation [ 135 ], but 
it can be as late as 11 years after transplantation (mean of 3.5 
years) [ 121 ,  136 ]. Patients present with isolated pulmonary 
infections, cutaneous lesions, tenosynovitis, joint infections, 
empyema, enteritis, or surgical wound infection.  

22.6.3     Clinical Manifestations and Diagnosis 

 Tuberculosis and atypical  mycobacterial   infections often 
demonstrate unusual features in immunocompromised 
patients. Patients often present with nonlocalized, systemic 
symptoms. Studies of tuberculosis in organ transplant recipi-
ents consistently show a high proportion of patients—as 
many as 63 %—with nonpulmonary or disseminated tuber-
culosis [ 16 ,  40 ]. Extrapulmonary presentations include men-
ingitis [ 39 ,  98 ,  99 ], peritonitis [ 114 ], lymphadenopathy [ 99 ], 
liver abscess [ 39 ,  111 ], disseminated intravascular coagula-
tion [ 39 ], pericarditis [ 137 ], cutaneous abscesses [ 138 ], and 
renal tuberculosis. In one study, 20 % of renal transplant 
recipients had a fever of unknown origin [ 100 ]. Some patients 
may be asymptomatic, and the infection may be  diagnosed 
  incidentally or, rarely, at the postmortem examination [ 107 ]. 

 Because of nonspecifi c clinical manifestations, the diagno-
sis of mycobacterial infections in organ transplant recipients 
can be diffi cult. Patients receiving immunosuppressive therapy 

22. Typical and Atypical Mycobacterium Infections After Hematopoietic Stem Cell or Solid Organ Transplantation
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have a blunted infl ammatory response, so the characteristic 
granulomatous reaction to mycobacteria may not be seen. 
Patients may often have coexistent infectious and noninfec-
tious complications that can add to the diffi culty in diagnosis 
[ 40 ,  104 ]. A high index of suspicion is therefore crucial to 
performing an appropriate diagnostic workup and requesting 
mycobacterial cultures. Invasive procedures may often be 
necessary to obtain diagnostic material [ 98 ,  108 ,  139 ]. 

 Patients who develop liver failure from INH may go on to 
orthotopic liver transplantation, and will require the remain-
der of their antituberculous treatment course in the months 
immediately following transplantation. In three cases, liver 
transplantation performed for progressive hepatic failure was 
successful [ 140 ,  141 ]. Even multidrug resistance was not a 
contraindication to liver transplant [ 141 ]. A modifi ed antitu-
berculous drug regimen was used while taking standard 
doses of immunosuppressive drugs.  

22.6.4     Treatment 

 As in the general  po  pulation, the treatment of tuberculosis in 
transplant recipients involves therapy with combination  anti-
m  ycobacterial agents [ 142 ]. Most centers use a combination 
of INH with or without rifampin for at least 12 months. One 
or two additional drugs, such as ethambutol or pyrazinamide, 
are often included in the treatment program for the fi rst 2–3 
months. Despite continuing immunosuppression, reports 
indicate that HCT recipients with tuberculosis respond to 
 standard antimycobacterial therapy  , but extensive data  o  n the 
clinical and bacteriologic  responses   are not available. 

 The optimal duration of  antituberculous therapy   in these 
patients is controversial. Therapy is usually given for 12–18 
months [ 142 ]. Limited experience suggests that a shorter treat-
ment duration, similar to therapy in immunocompetent hosts, 
may be adequate. Successful outcomes with a 9-months regi-
men have been recorded in renal transplant recipients with 
localized pulmonary  tuberculosi  s [ 100 ,  102 ,  123 ,  143 ]. 

 Some drugs used to treat tuberculosis can have important 
side effects and drug interactions in HCT recipients. INH 
may cause  transplant-related liver toxicity  , and it must often 
be discontinued in the immediate posttransplantation period. 
Rifampin, a hepatic cytochrome P-450 enzyme inducer, can 
accelerate cyclosporine metabolism, resulting in subthera-
peutic drug levels and increasing the risk of  GVHD   or graft 
rejection [ 144 ]. In posttransplant patients, rifampin- 
containing regimens are often avoided. Comparative effi cacy 
data on which recommendations regarding the choice of 
therapy of tuberculosis in organ graft recipients to base are 
unavailable. The clinical setting, the frequency of drug resis-
tance in the community, and in vitro sensitivities should 
guide therapy, but nonrifampin-containing regimens gener-
ally need to be administered for longer periods [ 119 ]. 

  Multidrug-resistant tuberculosis   occurs in several endemic 
areas around the world, including the USA and Europe. 

A case of multidrug-resistant tuberculosis in a Chinese dou-
ble-lung transplant recipient was probably acquired from the 
donor [ 66 ].  Tenosynovitis   was noted in a heart transplant 
recipient in France [ 145 ]. Reactivation of pulmonary tuber-
culosis acquired 10 years prior to heart transplant, while the 
patient was incarcerated [ 146 ], was resistant to both INH and 
rifampin during susceptibility testing. A report of drug-resis-
tant tuberculosis in a bone marrow transplant recipient had a 
good result to second line therapy [ 147 ]. A renal transplanta-
tion center in India reported a high incidence of  primary 
drug-resistant tuberculosis   [ 148 ]. INH resistance was seen in 
7 of 23 and rifampin resistance in 5 of 23 M . tuberculosis  
isolates from 727 renal allograft recipients [ 148 ]. This sug-
gests that multidrug-resistant infections are likely in patients 
who come from communities harboring a large reservoir of 
drug-resistant  M. tuberculosis . Patients residing in areas 
where drug-resistant tuberculosis rates are high should begin 
treatment with four antituberculous drugs, such as INH, 
rifampin, ethambutol, and pyrazinamide, until antimicrobial 
susceptibility results are available. The duration of therapy 
should be prolonged for 18–24 months in patients with drug-
resistant tuberculosis. 

 Treatment of atypical  mycobact  erial infections is dictated 
by the identifi ed species. Coverage with a macrolide and a 
fl uoroquinolone is used until susceptibilities are ready. 
Remembering that atypical mycobacteria are often not sus-
ceptible to the agents typically used to treat tuberculosis is 
important. Furthermore, the drug susceptibilities of atypical 
mycobacteria are often unpredictable. Therefore, in vitro 
drug sensitivity assays should always be performed, and 
treatment should be revised if resistance to any of the drugs 
being used is demonstrated. 

 In general,  antituberculous therapy   in transplant recipients 
is effective despite continuing immunosuppression. However, 
mortality from tuberculous infections in transplant recipients 
has been reported. The role of temporarily reducing immu-
nosuppression to facilitate antituberculous response has been 
discussed in the literature without achieving a consensus. 
Some authors recommend routinely decreasing immunosup-
pression until febrile illness resolves [ 110 ], yet this is rarely 
done in heart or lung transplant recipients who need higher 
 immunosuppressive drug dosing  , particularly in the early 
posttransplant period. Several investigators, however, report 
successful treatment of tuberculosis despite continuing 
immunosuppression.  

22.6.5     Secondary Prophylaxis 

 Because of the lifelong  immuno   suppression   in solid organ 
transplant recipients, posttreatment prophylaxis with INH has 
been proposed by some investigators [ 98 ]. However, reports of 
successful treatment in most patients, without a signifi cant 
incidence of late recurrence, argue against the need for post-
treatment prophylaxis. In the liver transplant population, a history 
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of tuberculosis  trea  ted prior to transplant did not lead to 
reactivation among the 6 of 1116 liver transplant recipients, 
who were observed for a median of 25.5 months (range 
12–82). This study found no rationale  f  or INH prophylaxis in 
liver transplant recipients with past diagnosis of tuberculosis, 
when the disease was considered to be inactive [ 149 ].   

22.7     Conclusion 

 A clinical strategy of aggressive surveillance in high- risk 
patients, maintenance of a high index of suspicion, early 
diagnosis, and prompt treatment is most likely to be effective 
in limiting morbidity and mortality from mycobacterial 
infections in transplant recipients.     
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   Other Bacterial Infections After Hematopoietic 
Stem Cell or Solid Organ Transplantation                     
     Lynne     Strasfeld       and     Stephen     Dummer    

23.1           Introduction 

 This chapter describes the  epidemiology  ,  clinical presenta-
tion  ,  diagnosis  , and  management   of infections caused by a 
diverse group of bacterial pathogens. These include classic 
opportunistic infections and also infections that are common 
in immunocompetent patients, but particularly prevalent or 
morbid in transplant populations. Some uncommon bacterial 
pathogens that have a predilection for patients with impaired 
immunity are discussed. Finally, the chapter touches on 
some miscellaneous bacterial infections that are important 
because they may be unanticipated in transplant recipients or 
present diagnostic or therapeutic challenges.  

23.2     Gram-Positive Organisms 

23.2.1     Listeria  Mo  nocytogenes 

   Listeria    are small  gram-positive bacilli   that produce weak 
beta hemolysis on blood  agar   and have characteristic  tum-
bling motility   when observed by light microscopy [ 1 ]. 
Isolation from mixed specimens such as stool requires spe-
cial media or a process called “cold enrichment” that capital-
izes on the ability of  Listeria  to grow well at refrigerator 
temperatures. In clinical specimens, the organisms may 
appear gram-variable or resemble diphtheroids. Indeed, iso-
lation of a “diptheroid” from the blood or CSF should raise 
concern for laboratory misidentifi cation of  Listeria . 

 Of the seven species of  Listeria , only one,   L. monocyto-
genes    ,  is responsible for almost all cases of listeriosis. This 
organism is widespread in nature and has been isolated from 
tap water, sewage, several animals, and multiple foodstuffs 
including dairy products, fruits, vegetables, fi sh, and meats 
[ 1 ].  Human exposure   to  Listeria  appears to be universal. 
Gastrointestinal carriage has been documented in about 5% 
of healthy adults and asymptomatic kidney transplant recipi-
ents [ 1 – 3 ]. 

 Excepting  perinatal transmission   and rare cases  of   person- 
to- person spread,  Listeria  infections are thought to be 

acquired by ingestion of contaminated food [ 4 ]. High profi le 
outbreaks [ 4 ,  5 ] have highlighted the foodborne nature of this 
infection, but most sporadic cases have no identifi ed food 
source. The incubation period for self-limited cases of febrile 
gastroenteritis is about 24 h, while the incubation period of 
invasive infection averages 35 days, with a range of 1–91 
days [ 5 ,  6 ].  Invasive listeriosis   occurs predominately in four 
risk groups: immunocompromised individuals, pregnant 
women, infants, and adults over 60 years of age. Three quar-
ters of the 1651 of patients identifi ed with listeriosis in the 
USA between 2009 and 2011 who did not have age or preg-
nancy as a risk factor were immunocompromised [ 7 ]. Recent 
surveillance data indicate that the incidence of both non-peri-
natal  Listeria  infection and  Listeria -associated mortality are 
decreasing, trends that are likely due to improved control 
mechanisms in the food industry [ 8 ]. 

 Experiments by Mackaness in the 1960s demonstrated the 
central role of  cell-mediated immunity   in protection against 
 Listeria  infection [ 9 ]. Multiple arms of the immune response 
are involved, but memory CD8 T cells seem to be most 
important to protection.  Listeria  infection has been reported 
after both solid organ transplantation (SOT) and hematopoi-
etic cell transplantation (HCT). The risk for invasive listerio-
sis is highest early after transplantation or following 
augmentation of immune suppression [ 10 ,  11 ]. Some early 
posttransplant  Listeria  infections are postulated to arise by 
translocation from pretransplant gut carriage [ 12 ,  13 ]. 
 Listeria  infections also occur years after transplantation, 
when  immunosuppression   is generally less intensive [ 12 ]. 
Recent 7-year data from France showed an incidence of 
 Listeria  infection of 7.91 cases /100,000 persons/year in 
SOT recipients, which was 21 times higher than in the general 
population; the mortality rate in transplant patients was 
6% [ 14 ]. 

 In transplant recipients, listeriosis typically  presents   as a 
sepsis syndrome, often accompanied by central nervous sys-
tem (CNS) involvement. The presentation can be acute or 
can follow a prodrome of milder symptoms. Almost all 
transplant recipients with listeriosis have bacteremia and 
between 40 and 60% have meningitis [ 11 ,  15 ]. Signs of CNS 
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involvement may be subtle, and nuchal rigidity is present in 
only about one-half of patients [ 1 ].  Focal neurologic signs   
are less common than diffuse signs, such as personality 
changes or forgetfulness. 

 In the largest series of  Listeria  meningitis, the median cere-
brospinal fl uid (CSF) leukocyte count was 585 cells/mm 3  and 
nearly 70% of patients had <1000 leukocytes/mm 3  [ 16 ]. CSF 
smears typically showed a predominance of neutrophils. 
Elevated CSF protein and low CSF glucose levels were com-
mon, although these values were sometimes normal, particu-
larly early in the illness. The organism is only occasionally 
visualized on Gram stains of CSF, but centrifugation of CSF 
may increase the yield. Cultures of CSF are relatively insensi-
tive, identifying only 30–35% of cases [ 16 ,  17 ]. 

 In addition to meningitis,   L. monocytogenes    can cause 
cerebritis, encephalitis, and brain abscess (see Figure  23-1 ). 
 Rhombencephalitis   is an unusual form of listerial encephalitis 
involving the brainstem. It presents with movement disorders, 
facial nerve palsies, cerebellar signs, and hemiparesis or 
hemisensory defi cits.  Listeria  brain abscesses often involve 
subcortical areas, including the brain stem. Most patients 
with  Listeria  brain abscess are bacteremic, and 10–25% have 
meningitis [ 1 ,  11 ,  16 ,  17 ]. The mortality of isolated bactere-
mia with  L. monocytogenes  is only 3%, but is as high as 30% 
in patients with CNS involvement [ 11 ,  15 – 17 ]. Non-CNS 
 Listeria  also occasionally causes localized infection in  trans-
plant recipients  , including peritonitis [ 18 ], hepatitis [ 19 ], 
arthritis [ 20 ], endophthalmitis [ 21 ], and endocarditis [ 22 ].

   Lacking controlled studies, recommendations for treatment 
of listeriosis are based on in vitro testing, animal models, and 
clinical observation. The therapy of  choice   is high-dose 
ampicillin or penicillin [ 1 ,  17 ]. Laboratory evidence of 
synergy between  ampicillin   and  aminoglycosides   has led to 
the recommendation for combination therapy when infection 
is severe or occurs in immunocompromised hosts [ 23 ]. 
In transplant recipients, however, the potential benefi t of 
 aminoglycoside therapy   must be weighed against the risk 
of nephrotoxicity.  Trimethoprim-sulfamethoxazole (TMP-
SMX)   is the drug of choice in penicillin-allergic patients [ 1 ]. 
 Imipenem and meropenem   have been successfully used to 
treat  Listeria  infections, but they are generally less active 
than ampicillin and may lower the seizure threshold [ 24 , 
 25 ]. Linezolid can be considered for patients with multi-
ple drug allergies based on its excellent CNS penetration 
and effectiveness in a few clinical cases [ 26 ].  Vancomycin   
has good in vitro activity against  Listeria  but suffers from 
poor penetration into the CNS; clinical failure for both CNS 
and non-CNS listeriosis has been reported with vancomycin 
[ 27 ,  28 ].  Cephalosporins   are inactive against  Listeria . Due to 
the high risk of recurrence, transplant recipients should 
receive 3 weeks of therapy for bacteremia or meningitis, and 
longer courses for brain abscess. 

 Guidelines for preventing  Listeria  infection from the 
Centers for Disease Control and Prevention (CDC) include 
standard approaches to food safety, such as thorough cook-
ing of meat, washing of fresh fruits and vegetables, and 
physical separation of uncooked meat from other foods 
[ 29 ]. Persons at high risk of listeriosis are encouraged to 
avoid foods that may harbor  Listeria , including unpasteur-
ized milk, soft cheeses, hot dogs, and luncheon meats. 
 Standard sulfonamide prophylaxis   for   Pneumocystis  infec-
tion   is thought to prevent  Listeria  infection but the low 
incidence of infection has made this difficult to prove 
[ 1 ,  17 ].  

23.2.2     Nocardia 

  Nocardia  are aerobic gram-positive rods that have character-
istic fi lamentous, branching chains (see Figure  23-2a ). They 
are present in soil and decaying organic material, and most 
human infections result from the inhalation of airborne 
bacilli. A small number of patients are infected by accidental 
inoculation into the skin.  Nocardia  infection was fi rst 
described in transplant  recipients   in the 1960s [ 30 ].  Nocardia  
infections occur in between 0.1 and 3.5% of SOT patients, 
with lung and heart recipients at highest risk [ 31 ,  32 ]. The 
reported frequency of nocardiosis after HCT is low. An inci-
dence of 0.3% was reported in 6759 HCT recipients at three 
large transplant centers [ 33 ]; cases occurred exclusively in 
allogeneic recipients. In a separate single-center study, 
nocardial infection occurred in 1.7% of 302 allogeneic HCT 
recipients but only 0.2% of 542 autologous recipients [ 34 ]; 

  FIGURE 23-1.    MRI demonstrating ill-defi ned enhancing focus 
with surrounding  vasogenic-type edema   in the juxtacortical left 
parietal lobe.       
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all patients with  Nocardia  infection had recently received 
immunosuppressive medications.

    Nocardia  infections are usually  sporadic   and acquired in 
the outpatient setting, but small nosocomial outbreaks have 
been reported [ 35 ]. Wilson and coauthors [ 30 ] noted few 
 Nocardia  infections in the fi rst month after SOT; the fre-
quency of cases peaked between 1 and 6 months after trans-
plantation and then occurred sporadically at lower rates 
thereafter. Similarly, most cases of nocardiosis in HCT 
recipients occur after engraftment but within the fi rst post-
transplant year [ 33 ,  34 ]. Receipt of high-dose corticosteroids 
in the previous 6 months, high blood levels of calcineurin 
inhibitors and a history of cytomegalovirus disease have 
been shown to be independent risk factors for  Nocardia  
infection in SOT recipients [ 32 ]. 

 The  clinical manifestations   of nocardiosis are similar in 
SOT and HCT recipients [ 30 – 34 ]. Eighty percent to 90% of 
patients have a respiratory illness, ongoing for a week or 

more. Typical  symptoms   are fever, productive cough, pleuritic 
chest pain, dyspnea, weight loss, and hemoptysis. Lung nod-
ules, which may be cavitary, are the classic radiographic 
fi nding, but alveolar consolidation and/or pleural effusion 
are also seen [ 36 ]. At presentation, up to one-half of patients 
have disseminated infection. Sites of  dis  semination include 
the CNS in roughly one-third of patients and the skin in up to 
15%. Occasional patients have spread to the bone, joints or 
muscle [ 30 – 33 ].  Skin lesions   of disseminated nocardiosis are 
palpable, mildly tender, deep abscesses that may or may not 
appear erythematous. Cerebral abscesses are the usual mani-
festation of CNS infection. They may manifest with focal 
neurologic defects, headache, and/or seizures [ 30 ]. Some 
brain abscesses are clinically silent. Given the relative fre-
quency of CNS involvement, neuroimaging is advised in all 
patients with nocardiosis. Meningitis due to  Nocardia  also 
occurs but is considerably less common than brain abscess. 

 The gold standard for  diagnosis   of  Nocardia  infection is 
culture of the organism from a clinical specimen. Biopsy of 
lung, brain, or other involved tissue is often necessary. 
 Nocardia  colonies may appear on aerobic cultures as early as 
3–5 days, but can take 2 weeks or longer to be detected. In a 
study of 11 lung transplant recipients with  Nocardia  infec-
tion, the mean time of culture diagnosis was 9 days [ 37 ]. The 
appearance of  Nocardia  on Gram stain (see Figure  23-2a ) is 
distinctive enough to allow for a presumptive early diagno-
sis. Most strains of  Nocardia  are weakly acid fast (see Figure 
 23-2b ), a feature that aids in identifi cation and in differentia-
tion from  Actinomyces  species. 

  Sulfonamides   are the agents of choice for nocardiosis 
because of their reliable activity and the high drug concen-
trations achieved in affected tissues. Trimethoprim- 
sulfamethoxazole is the preferred sulfonamide, but excellent 
results also have been achieved with other sulfonamides [ 30 , 
 34 ,  38 ,  39 ]. Adjustment of sulfonamide dosing for creatinine 
clearance is often necessary in transplant patients. Ideal 
serum levels are between 100 and 150 mcg/mL. Clinical fail-
ure of sulfonamide therapy is uncommon. A high rate of 
in vitro resistance of  Nocardia  isolates to sulfonamides was 
reported in one recent study [ 40 ]. However, a subsequent 
study from six reference laboratories showed resistance to 
TMP-SMX in only 2 of 552  Nocardia  isolates [ 41 ]. Other 
antimicrobials that have good activity against most species 
are minocycline, amikacin, imipenem, meropenem, cefotaxime, 
and ceftriaxone [ 31 ]. A recent in vitro study demonstrated 
that tigecycline and moxifl oxacin were active against the 
majority of 51 clinical isolates of  Nocardia  [ 42 ]. Selected 
strains are susceptible to ampicillin, ampicillin-clavulanate, 
ciprofl oxacin, erythromycin, and other macrolides, but use 
of these antibiotics is only advised if supported by suscepti-
bility testing. Ertapenem is 16-fold less active than imipe-
nem and should not be viewed as a useful agent [ 42 ]. 
 Linezolid   has excellent in vitro activity against  Nocardia  
species and has demonstrated therapeutic potential in case reports 
[ 43 ,  44 ]. Unfortunately, the long-term use of linezolid may 

  FIGURE 23-2.    ( a ) Branching, beaded fi lamentous rods (hematoxylin and 
eosin stain). ( b )  Modifi ed acid fast stain  , demonstrating the weakly acid 
fast staining property of  Nocardia  species.       
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be limited by adverse effects such as myelosuppression and 
peripheral neuropathy. 

 Susceptibility testing of  Nocardia  species has not been 
rigorously correlated with clinical outcomes, but offers com-
parative data and may be helpful with more resistant strains, 
such as  N. farcinica  or  N. transvalensis , or if therapy must be 
changed from a fi rst-line agent because of toxicity or inade-
quate response [ 42 ,  45 ]. 

  Animal models   have demonstrated that certain antimicro-
bial combinations, such as imipenem with amikacin or moxi-
fl oxacin, may achieve more rapid reduction in bacterial 
colony counts than sulfonamides [ 46 – 48 ]. These regimens 
may be an excellent alternative to sulfonamides or serve as 
initial therapy until clinical stability is achieved and suscep-
tibility data is available. Ultimately, most patients respond to 
initial therapy and can be transitioned to a simple oral regi-
men to complete treatment. The optimal duration of therapy 
is unknown, but treatment courses of 4–6 months are typical 
for pulmonary and soft tissue infections. Treatment is usu-
ally extended to 12 months or longer in patients who have 
disseminated or CNS disease. 

 Although TMP-SMX is generally an active agent for  treat-
ment   of nocardiosis, low-dose TMP-SMX prophylaxis for 
 Pneumocystis  is not consistently protective against  Nocardia  
infection [ 32 – 34 ,  37 ]. Interestingly, isolates from patients 
who develop nocardiosis while on low-dose TMP- SMX are 
usually susceptible to TMP-SMX [ 32 ].  

23.2.3     Lactobacilli 

  Lactobacilli   are strict or facultatively anaerobic, gram- 
positive rods that are ubiquitous inhabitants of the human 
oral cavity, vagina, and gastrointestinal tract. Previously, 
they have often been considered nonpathogenic. However, 
serious infections due to lactobacilli have been  reported   in 
both immunosuppressed and immunocompetent patient pop-
ulations [ 49 – 55 ]. 

 A review of 200  Lactobacillus  infections found that 9% of 
the infections occurred in transplant recipients [ 54 ]. Patel 
et al. described  Lactobacillus  bloodstream infections in 8 
patients within the fi rst 6 months after liver transplantation 
[ 51 ]. All of the infections but one were polymicrobial, and in 
most cases the organisms were also isolated from abscess fl uid 
or bile. The presence of a Roux-en-Y choledochojejunostomy 
was a strong risk factor for infection. Other reports of serious 
infection include endocarditis and mediastinitis in a heart 
recipient [ 49 ], splenic abscess in a kidney recipient with 
concomitant HIV infection [ 53 ] and relapsing bacteremia 
and meningitis in a cord blood transplant recipient [ 56 ]. 
A case of  Lactobacillus  pneumonia and empyema occurring 
early after lung transplantation was thought to be transmitted 
by the transplanted lung [ 52 ]. 

 The current use of probiotics containing “non- pathogenic” 
microorganisms for various gastrointestinal conditions has 

raised concerns that this may be an unsafe practice in 
transplant patients. Indeed, serious  Lactobacillus  infections 
have been described in transplant recipients receiving probi-
otics that contained  Lactobacillus species  [ 57 ,  58 ]. In one 
case, an isolate from an empyema collection was found to 
be identical by molecular typing to the organism in the 
patient’s probiotic preparation [ 58 ]. 

 The standard treatment for  Lactobacillus  infection is 
high-dose penicillin or ampicillin, with or without an ami-
noglycoside for synergy [ 54 ,  55 ]. Other active antibiotics 
include erythromycin and other macrolides,  carbapenems  , 
linezolid, and quinupristin-dalfopristin [ 54 ,  55 ,  59 ]. 
Trimethoprim-sulfamethoxazole, metronidazole, and van-
comycin have unreliable activity [ 51 ,  54 ,  55 ,  59 ]. Whenever 
possible, in vitro susceptibility tests should be obtained to 
direct therapy.  

23.2.4      Rhodococcus equi  

  R.    equi    is a gram-positive coccobacillus of the order 
Actinomycetales. It is a veterinary pathogen that causes 
chronic suppurative pneumonia in foals and submaxillary 
lymphadenitis in swine [ 60 ]. Herbivores, such as horses and 
cattle, are colonized in the gut, and the organism inhabits soil 
contaminated by their manure. Approximately one-third of 
individuals with  Rhodococcus  infection report contact with 
farms or livestock [ 60 ].  R. equi  infections occur primarily in 
patients who have defects in cell-mediated immunity. 
Approximately 10% of human   R. equi    infections occur in 
SOT and HCT recipients [ 61 – 64 ]. 

 The lung is most common site of  Rhodococcus  infection. 
Patients present with a subacute course, characterized by 
fever, dyspnea, and nonproductive cough [ 60 ,  64 ,  65 ]. Other 
common symptoms include fatigue, weight loss, pleuritic 
chest pain and hemoptysis. Chest imaging demonstrates 
infi ltrates or nodules, which frequently cavitate. Pleural effu-
sions are common and often infected. Infection frequently 
disseminates to extrapulmonary sites such as the skin, bones, 
and brain. Disseminated infection is seen in roughly one-half 
of transplant recipients [ 61 ,  63 ]. 

 The diagnosis of  Rhodococcus  requires laboratory isola-
tion of the organism from a patient with a compatible clinical 
presentation. Early growth of  R. equi  may occur within 
24–48 h, but the characteristic, mucoid, salmon-colored 
appearance of the colonies is not evident until a few days 
later [ 60 ]. The organism is easily missed in respiratory cul-
tures and can be mistaken for “diptheroids” [ 66 ]; therefore, 
the laboratory should be alerted whenever  R. equi  infection 
is being considered. Blood cultures are positive in more than 
one-half of immunocompromised hosts [ 61 ,  65 ]. 

 Many antibiotics are active against  Rhodococcus . The 
most potent agents are vancomycin, imipenem, rifampin, 
quinolones, macrolides, and linezolid [ 61 ,  67 ,  68 ]. Clinical 
experience with linezolid is limited, but Munoz et al. 
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reported successful treatment of multidrug-resistant, 
relapsing  Rhodococcus  pulmonary infection in  a   heart 
transplant recipient [ 70 ]. Treatment with penicillins and 
cephalosporins has been unreliable and  these   antibiotics 
should be avoided. Treatment for immunocompromised 
hosts should consist of combination therapy with 2 or 3 
active antibiotics. Intravenous therapy is commonly used 
initially, especially in patients with bacteremia or pulmo-
nary abscesses. After the patient stabilizes and susceptibil-
ity results are available, therapy can be switched to an oral 
regimen. A treatment course of several months is typically 
required and it may be extended to 6 months or longer in 
disseminated infection [ 61 ]. Even with prolonged treat-
ment, relapses may occur [ 71 ]. Adjunctive surgical therapy 
may be useful in selected patients [ 72 ].  

23.2.5      Clostridium diffi cile  

  C.    diffi cile    is a spore-forming, gram-positive, anaerobic 
bacillus that elaborates toxins that cause colitis. Infection 
is usually associated with current or recent antibiotic use. 
 C. diffi cile  is part of the intestinal fl ora in approximately 
3% of healthy adults, and as many as 30% of hospitalized 
patients [ 73 ].  Transmissio  n in the health care setting is 
well documented. 

 The frequency of  C. diffi cile  infection is substantially 
higher in transplant populations than in other hospitalized 
patients. A meta-analysis, drawing on data from 21,683 SOT 
recipients, reported a pooled prevalence of  C. diffi cile  infec-
tion from transplantation to the fi rst discharge of 7.4% [ 74 ]. 
The prevalence varied from 3.2% in pancreas transplant 
recipients to 10.8% in lung recipients. The  C. diffi cile  recur-
rence rate across the population was estimated to be 19.7%. 
In a large retrospective single center study spanning 6 years, 
the 1-year incidence of  C. diffi cile  infection among HCT 
recipients was 9.2%, with a breakdown of 6.5% among 
autologous and 12.5% among allogeneic recipients [ 75 ]. 
Relapsing  C. diffi cile  infection was observed in 21.7% of the 
patients at a median of 69 days after initial infection. Risk 
factor analysis showed the presence of  gastrointestinal graft- 
versus- host disease (GVHD) to   be highly associated with 
both overall and recurring  C. diffi cile  infection.  C. diffi cile  
infection also correlated with the subsequent development of 
gastrointestinal GVHD. It was postulated that  C. diffi cile  
 infe  ction  triggered   gastrointestinal GVHD by disruption 
of the mucosal barrier and release of proinfl ammatory 
cytokines. This association between  C. diffi cile  infection and 
gastrointestinal GVHD has been found in some but not all 
studies [ 76 – 78 ]. 

 The symptoms of  C. diffi cile  infection in transplant recipi-
ents resemble those in other patients—watery diarrhea, 
lower abdominal pain and, at times, fever—and may be 
similar to symptoms of GVHD. The severity of  C. diffi cile  
infection in transplant populations has been variably reported 

to be greater or less than in control populations [ 75 – 77 ,  79 ]. 
Authors who have found less severe disease in transplant 
recipients have speculated that immunosuppression attenu-
ated the colonic infl ammatory response and led to a less 
severe clinical course. It is also possible that less severe man-
ifestations in transplant recipients were simply due to earlier 
diagnosis and treatment. 

 The  cytotoxicity cell assay   is the gold standard for diagno-
sis of  C. diffi cile  infection, but it is labor intensive and not 
widely used. Until recently the diagnosis was usually made 
by enzyme linked immunoassay (ELISA) for  C. diffi cile  
toxin. Detection of  C. diffi cile  DNA by polymerase chain 
reaction (PCR) testing is more sensitive than ELISA and it is 
increasingly the primary test used for diagnosis. PCR testing 
has the drawback that it also detects asymptomatic carriage. 
Another accepted option for diagnosis is to employ a two- 
step algorithm, with an initial stool screen for a cell wall pro-
tein ( glutamate dehydrogenase  ) common to both toxigenic 
and nontoxigenic strains, with subsequent testing by  ELISA   
and/or  PC  R [ 80 ,  81 ]. 

 The fi rst consideration  in   treating  C. diffi cile  infection is 
cessation of the inciting antimicrobial agent(s) or transition 
to a narrower spectrum regimen, whenever possible. 
Management protocols for  C. diffi cile  infection generally 
recommend a stratifi ed approach: oral metronidazole 
(500 mg every 8 h) is given for initial episodes of mild-to- 
moderate infection; oral vancomycin (125 mg every 6 h) is 
used for severe infection; and high-dose vancomycin 
(500 mg every 6 h) is administered orally or per rectum with 
or without intravenous metronidazole for severe, compli-
cated infections [ 82 ]. Mild fi rst recurrences can be retreated 
with oral metronidazole, but additional or severe recur-
rences should be managed with oral vancomycin using a 
tapered or pulse regimen.  Fidaxomicin   is an effective but 
costly  alternativ  e treatment which may be associated with a 
lower recurrence rate [ 83 ,  84 ]. For severely ill patients, 
especially those with toxic megacolon, colectomy may be a 
life-saving intervention. 

 No controlled studies are available to inform the treatment 
of  C. diffi cile  infection in transplant patients. Initial therapy is 
typically administered for 10–14 days, or longer if other 
antimicrobial therapy cannot be discontinued. If a prolonged 
duration of  C. diffi cile  treatment is planned, oral vancomycin 
is often the preferred agent to avoid the neurologic and hema-
tologic toxicities associated with the extended use of metroni-
dazole. Recently,  fecal microbiota transplant (FMT)   has 
emerged as an effective treatment for recurrent  C. diffi cile  
infection [ 85 ]. Initial data on use of FMT in transplant recipi-
ents is limited but encouraging [ 86 ,  87 ]. There is a lack of 
conclusive data to support the use of probiotics to prevent  C. 
diffi cile  infection, particularly in transplant recipients where 
there is risk for bloodstream infection [ 57 ,  58 ,  82 ]. Prevention of 
 C. diffi cile  infection in populations at risk requires a multifac-
eted program, including aggressive infection control measures 
and an effective antibiotic stewardship program.   
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23.3     Gram-Negative Organisms 

23.3.1     Legionella 

   Legionella    are fastidious, aerobic, gram-negative rods that 
have been found in soil and freshwater lakes and streams. Over 
50 species and 70 serogroups of  Legionella  have been 
described, and 20 species have been linked to human infection. 
The predominant species,  Legionella pneumophila  causes 95% 
or more of human illness in Europe and the USA [ 88 ]. 
Serogroup 1 makes up 80–90% of infectious isolates of  L. 
pneumophila . Other  Legionella  species known to cause clinical 
infection in transplant patients include  Legionella micdadei, 
Legionella longbeachae , and  Legionella dumoffi i  [ 89 – 91 ]. 

 Defects in  cell-mediated immunity   make transplant recipi-
ents particularly susceptible to legionellosis. Infection has 
been frequently reported in recipients of kidney [ 89 ,  90 ,  92 ], 
heart [ 93 ], liver [ 94 ], and hematopoietic cell [ 95 ,  96 ] trans-
plants.  Legionella  infections can occur at any time after 
transplantation, but the frequency is greatest early after 
transplantation or following anti-rejection treatment. 

  Legionella  infection is acquired by inhalation of  infectious 
aerosols   or by aspiration of infected  water  . Person-to- person 
transmission does not occur. Infections may be sporadic or 
part of health care-associated or community- associated out-
breaks. Several outbreaks of  Legionella  infection in trans-
plant recipients have been described [ 97 – 99 ].  Legionellae  
have a major, clinically relevant reservoir  in institutional 
plumbing systems  . They enter these systems via cold water 
intakes and subsequently colonize hot water heaters, from 
which they are dispersed to spigots and showerheads on 
patient wards [ 100 ,  101 ]. Outbreaks of  Legionella  pneumo-
nia have been epidemiologically linked to several sources, 
including potable tap water, cooling towers, evaporative con-
densers, humidifi ers, whirlpools, and decorative water foun-
tains [ 88 ,  100 ,  102 – 107 ]. 

  Pneumonia   is the usual clinical presentation of  Legionella  
infection. Some clinical features may suggest the diagnosis of 
legionellosis. Patients often experience a fl u-like prodrome 
of high fever, chills, myalgias, and malaise, but antecedent 
upper respiratory symptoms are usually absent. Progressive 
infection results in dyspnea and a mildly productive cough, 
which is often associated with pleuritic chest pain. 
Approximately one-half of patients develop watery diarrhea. 
Mild CNS symptoms, such as headache and confusion, 
are often present. Some investigators have noted the pres-
ence of a pulse–temperature disassociation with a relative 
bradycardia [ 92 ]. The most common radiographic appear-
ance of  Legionella  pneumonia is alveolar consolidation, 
which is frequently multilobar [ 108 ]. Pleural effusions, cavi-
tation may be seen and focal nodular densities, mimicking 
invasive fungal infection, have been described [ 109 ] (see 
Figure  23-3 ).

    Extrapulmonary  Legionella  infection   is a rare occurrence, 
usually seen in immunocompromised hosts, with or without 

primary pneumonia. Some reported types of extrapulmonary 
involvement are cutaneous infection [ 110 ], aortitis [ 111 ], 
prosthetic valve endocarditis and sternal wound infection 
[ 112 ]. The morbidity of legionellosis in transplant recipients 
is substantial; the reported mortality ranges from 14 to 30% 
[ 96 ,  113 ], but can be as high as 80% for untreated health 
care-associated infection [ 92 ]. 

 The  laboratory diagnosis   of legionellosis is often diffi cult 
and depends on the available level of expertise. Although 
 Legionella  are gram-negative bacilli, they are usually not 
visualized on Gram stain because of their small size and poor 
stain avidity. The defi nitive method of diagnosis is by cul-
ture.  Legionella  are fastidious and their isolation requires the 
use of enriched media (buffered charcoal yeast extract agar) 
in a CO2-rich environment (see Figure  23-4 ). Colonies 
appear after 3–5 days on agar plates but may be masked by 
overgrowth of other less fastidious organisms. Cultured 
organisms are more readily visualized by Gram stain than 
those in clinical specimens. It is notable that on tissue biopsy 
specimens  L. micdadei  can demonstrate weak acid-fast stain-
ing, highlighting the importance of  Legionella  culture when 
this diagnosis is suspected [ 114 ].

   Several indirect methods for  Legionella  diagnosis are 
available. Direct fl uorescent antibody (DFA) staining of 
sputum or tissue  specimens   is a rapid technique, but it has 
a low sensitivity (50%), and reagents are lacking for some 
species and serogroups [ 115 ].   Legionella  serology   has been 
useful for epidemiological studies but has limited value for 
diagnosis. The detection of urinary antigen is a well-estab-
lished, rapid-turnaround assay with a sensitivity of greater 
than 85% for infections caused by  L. pneumophila  sero-
group 1, but has little utility for the diagnosis of infection 
by other  Legionella  species. In the current era, most diag-
noses of legionellosis are made by urinary antigen testing 
[ 88 ,  116 ]. Methods employing detection of  Legionella  

  FIGURE 23-3.    CT chest demonstrating multifocal nodular consoli-
dations in a  stem cell transplant   recipient on  high-dose immune 
suppression  , demonstrated to have  Legionella  infection.       

 

L. Strasfeld and S. Dummer



403

DNA by PCR have been developed and have potential for 
clinical application [ 88 ]. 

 The most active antibiotics for  Legionella  treatment are 
the newer macrolides, such as  azithromycin  , and  fl uoroqui-
nolones  , especially  levofl oxacin   and  moxifl oxacin  . 
 Erythromycin  ,  rifampin  , the  tetracyclines  , and TMP-SMX 
also have activity. All beta-lactam antibiotics, the  aminogly-
cosides  ,  vancomycin  , and  clindamycin   are ineffective [ 92 , 
 117 – 119 ]. Data regarding the benefi t of combination therapy 
with rifampin are inconclusive [ 120 ], and drug-drug interac-
tions pose a major drawback to the use of rifamycins in 
transplant populations. 

 Isolation for hospitalized patients with  Legionella  infec-
tion is unnecessary. If a hospital outbreak of legionellosis is 
detected, surveillance should include culturing of hospital 
water sources. Routine environmental sampling for 
 Legionella  in hospitals has been adopted in several states and 
by the US Veterans Affairs Healthcare System. It has also 
been recommended by the CDC for institutions with HCT 
programs. Community outbreaks of legionellosis have been 
linked to recreational or occupational exposure to aerosol-
ized water, such as occurs in whirlpool spas or commercial 
water displays. It is therefore prudent to warn transplant 
recipients about the potential hazards of prolonged exposure 
to such aerosols.  

23.3.2     Bartonella 

  Bartonella henselae  is a fastidious, gram-negative bacillus 
that has a natural reservoir in domestic cats. Immunocompetent 
patients with  B. henselae  infection typically develop painful 
regional adenopathy and fever after a cat bite or scratch (“cat 
scratch disease”). Bacillary peliosis, bacillary angiomatosis, 

and persistent bacteremia with fever are typical manifesta-
tions of disseminated  infection   seen in patients with AIDS 
and other immunosuppressed hosts. Patients with bacillary 
peliosis have studding of the liver and spleen with numerous 
small infl ammatory nodules that appear as hypodense lesions 
on computed tomography scanning. Bacillary angiomatosis 
is a vasculoproliferative form of disseminated  B. henselae  
infection associated with lytic bone lesions and characteris-
tic violaceous, friable skin nodules [ 121 – 123 ]. 

  B. henselae  infection has been reported  in kidney  ,  liver  , 
 heart  ,  lung  , and HCT recipients [ 121 ,  124 ]. Transplant recipi-
ents may present with localized cat scratch disease or with one 
or more of the syndromes associated with disseminated dis-
ease. Of 29 cases of  B. henselae  infection  in SOT recipients   
reported by Psarros and coauthors, two-thirds were classifi ed 
as disseminated [ 121 ]. An unusual form of  bacillary angioma-
tosis   with vegetating papillomatous lesions in the oral cavity 
has been described following HCT [ 124 ].   Bartonella  endocar-
ditis   has been described in transplant recipients [ 121 ]. Unusual 
manifestations of  Bartonella  infection reported in kidney 
recipients include hemophagocytic  syndrom  e [ 125 ] and vas-
culitis with allograft glomerulonephritis [ 126 ]. 

  Donor-transmitted bartonellosis   has been suspected in 
some cases, one of which had good documentation [ 121 , 
 127 ]. In this case, a pediatric liver recipient was found to 
have a nodule of the liver and enlarged abdominal lymph 
nodes 2 months after transplantation [ 127 ]. Biopsies of the 
liver and lymph nodes showed granulomatous changes. 
 Bartonella  infection was confi rmed by PCR of the liver. The 
recipient had no cat exposure  a  nd the donor was found to be 
seropositive for  B. henselae.  

 Unlike  B. henselae , humans are the only known reservoir 
of  Bartonella quintana. B.    quintana    is transmitted by the 
human body louse , Pediculus humanus , and is the etiologic 
agent of trench fever. There is a single report of  B. quintana  
infection after SOT presenting as bacillary angiomatosis in a 
kidney recipient from the Czech Republic [ 128 ]. 

  Bartonella  organisms are not routinely isolated from 
blood. Culture of tissue specimens on blood or chocolate 
agar may require an incubation period of 30 days and is not 
sensitive. For this reason, performing PCR on tissue speci-
mens or blood is increasingly relied upon for diagnosis [ 129 , 
 130 ]. Serology can be used as supportive evidence of infec-
tion in the appropriate clinical setting [ 121 ]. The diagnosis is 
strongly suggested when typical pathological changes are 
found in tissue sections, especially if Warthin–Starry stains 
of the tissue show organisms. 

  Cat scratch disease   generally resolves without therapy in 
immunocompetent hosts. One small randomized trial showed 
a greater decrease in volume of affected lymph nodes in 
patients treated with azithromycin as compared with placebo 
[ 131 ]. No studies specifi cally address the treatment of barton-
ellosis in transplant recipients. Given the theoretical risk for 
dissemination, it seems prudent to recommend antimicrobial 
therapy for all transplant recipients with  Bartonella  infection. 

  FIGURE 23-4.    Colonies of   Legionella pneumophila    on buffered 
charcoal yeast extract (BCYE)  ag  ar. (Photo provided courtesy of 
A. William Pasculle Sc. D, Department of Pathology, University of 
Pittsburgh Medical Center, Pittsburgh, PA).       
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Based on 2004 recommendations [ 132 ], a 5-day course of 
azithromycin is recommended as fi rst-line treatment for cat 
scratch disease. Treatment for disseminated bartonellosis has 
not been studied, but observational data suggest that both 
macrolides and doxycycline should be effective agents; a 
treatment duration of 3–4 months is recommended [ 132 ]. 
Rifampin and gentamicin appear to be active agents and 
might be considered for adjunctive treatment of diffi cult or 
refractory cases [ 132 ]. Prevention of bartonellosis in trans-
plant populations entails counseling individuals to avoid con-
tact with cats, particularly  younger   cats, as they are associated 
with the highest risk  fo  r transmission [ 133 ].  

23.3.3      Bordetella bronchiseptica  

   Bordetella bronchiseptica    is a small, pleomorphic, aerobic, 
gram-negative coccobacillus. It is a cause of infection in 
household and farm animals and is known among pet owners 
as the etiologic agent of “kennel cough.” Most human infec-
tions with  B. bronchiseptica  occur in immunocompromised 
hosts. There are numerous reports of   B. bronchiseptica    infec-
tion after SOT and HCT [ 134 – 140 ]. Most patients present 
with fever and cough. Findings on  chest imaging   are variable 
and include infi ltrates, nodular densities, or cavities [ 136 ]. 
Some patients develop respiratory failure or bacteremia. The 
organism can be cultured from respiratory secretions or 
 blood   using standard laboratory techniques. 

 Infected patients frequently report contact with animals 
and sometimes there is a documented or suspected infection 
in a household pet [ 135 ,  137 ,  138 ]. In one instance, a kid-
ney–pancreas transplant recipient with pneumonia appeared 
to have acquired the organism from a pet dog that had been 
immunized with live-attenuated, intranasal  B. bronchisep-
tica  vaccine [ 134 ]. In another report, two allogeneic HCT 
recipients at the same center developed severe  B. bronchi-
septica  infection within 3 days of each other [ 139 ].  Pulsed-
fi eld gel electrophoresis analysis   indicated that the two 
patients’ isolates were identical. Neither patient reported 
contact with animals after transplantation, but both were 
being treated in the same transplant ward and clinic, sug-
gesting the possibility that  B. bronchiseptica  was transmit-
ted in the health care setting. 

 There are no defi nitive guidelines on treatment of  B. bron-
chiseptica  infection. The organism is often susceptible to 
erythromycin and azithromycin, antipseudomonal penicillins, 
third-generation cephalosporins, TMP-SMX, aminoglyco-
sides, tetracyclines, and fl uoroquinolones [ 135 ,  136 ,  139 ]; it 
is usually resistant to penicillin, ampicillin, and clindamycin 
[ 135 – 137 ].    Treatment is complicated by the fact that antibi-
otic susceptibilities do not always predict the clinical 
response. Patients may suffer microbiological or clinical 
relapses, possibly due to the capacity of  B. bronchiseptica  to 
invade and persist in respiratory epithelium and alveolar 
macrophages. Emergence  of   resistance after antibiotic treatment 
has also been documented [ 134 ,  137 ,  140 ]. Infection with  B. 

bronchiseptica  might be prevented by advising transplant 
recipients to avoid close contact with animals that are sick or 
have recently received live  B. bronchiseptica  vaccine.  

23.3.4      Helicobacter pylori  

  H.    pylori    is a curved, gram-negative bacillus that infects 
25–50% of adults in developed countries and causes chronic 
gastritis [ 141 ]. Infection with  H. pylori  has been defi ni-
tively linked to the occurrence of peptic ulcer disease, and 
it is a major risk factor for the development of gastric can-
cer. Infected persons  develop   antibodies to  H. pylori , and 
seropositivity is a reliable indicator of chronic infection in 
the stomach. 

 Several studies have investigated  H. pylori  infection in 
transplant recipients. An investigation found that 29% of 202 
kidney transplant recipients were seropositive for  H. pylori  
antibodies, a rate similar to patients on hemodialysis [ 142 ]. 
Seropositivity was associated with dyspeptic symptoms. In 
another study, 48% of 33 kidney recipients undergoing upper 
endoscopy between 2 and 4 months after transplantation had 
 H. pylori  identifi ed by histology or urease testing [ 143 ]. The 
 Helicobacter -infected patients were more likely to have gas-
tritis, peptic ulcers, or dyspeptic symptoms. Somewhat dis-
parate results were seen in a longitudinal study of 100 heart 
transplant recipients, 35% of whom were seropositive before 
transplantation [ 144 ]. Only 1 of the 65 seronegative patients 
seroconverted over a follow-up of 3.5 years. Seropositive 
patients did not have more episodes of ulcer disease, gastri-
tis, or gastrointestinal bleeding than seronegative patients, 
but 40% of  Helicobacter -seropositive patients became sero-
negative in follow-up. This fi nding correlated with a more 
intensive use of antibiotics, which appeared to have inadver-
tently cured the patients of their  Helicobacter  infections. 
Similar reversions to seronegative status have been reported 
 from   liver transplant recipients in Germany [ 145 ] and kidney 
 transplant   recipients in Finland [ 146 ]. 

 Information on  Helicobacter  infection in patients under-
going HCT is limited. A study of 276 HCT recipients under-
going endoscopy, either before or after transplantation, 
disclosed only one case of  H. pylori  infection [ 147 ]. 
Castagnola et al. diagnosed  H. pylori  infection using a stool 
antigen assay in 13 (3%) of 478 children with hematologic 
malignancy, including 3 children who had undergone HCT 
[ 148 ]. Patients presented with dyspepsia or gastrointestinal 
bleeding and all improved with treatment of the  Helicobacter  
infection; however, there was no direct evidence that 
 Helicobacter  infection had caused the patients’ symptoms. 

 Despite limitations, these studies suggest that SOT and 
HCT recipients are not more likely, and they may be less 
likely, to be chronically infected with  H. pylori  than the gen-
eral population. The available data does not answer the ques-
tion whether transplant recipients with  Helicobacter  
infection are more or less likely than immunocompetent 
hosts to develop ulcer disease. 
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 An intriguing manifestation of  H. pylori  infection in 
transplant recipients is the occurrence of mucosa-associated 
lymphoid tissue (MALT) B-cell lymphomas. MALT lym-
phomas in the stomach are associated with  H. pylori  infec-
tion. They have been reported to respond to and even be 
cured by treatment of  Helicobacter  infection, thus obviating 
the need for cancer chemotherapy. Four cases of gastric 
MALT lymphoma were described in 1850 liver transplant 
recipients, a rate of 0.2%, which is 10–100 times more com-
mon than in the general population [ 149 ]. MALT lympho-
mas have also been described in heart and kidney recipients 
[ 150 ]. The mortality of  MALT lymphomas   appears low 
compared to other transplant tumors, as only two deaths 
from  malignancy   were seen among 16 cases in a transplant 
tumor registry [ 150 ]. 

 The most commonly used regimen for  H. pylori  infection 
is 3-drug therapy, consisting of a proton pump inhibitor, clar-
ithromycin, and amoxicillin [ 141 ]. Metronidazole is substi-
tuted for amoxicillin in penicillin-allergic patients. In areas 
where clarithromycin resistance is high, a 4-drug regimen is 
preferred. The most common 4-drug regimen employs  a 
  proton pump inhibitor, bismuth subsalicylate, metronidazole, 
and a tetracycline compound. Confi rmation of cure is recom-
mended when patients have persistent symptoms, underlying 
ulcer disease or a  Helicobacter -associated cancer. Testing 
can be done with a urea breath test, a stool antigen assay, or 
repeat endoscopy and should be delayed until at least 4 
weeks after the end of therapy [ 141 ].   

23.4     Mycoplasma 

23.4.1      Mycoplasma  and  Ureaplasma  

 The mycoplasmas and  ureaplasmas   differ from most bacteria 
in their small size (150–250 nm) and lack of a cell wall. The 
principal species causing transplant infections are 
 Mycoplasma pneumoniae , which is a respiratory pathogen, 
and  M. hominis  and  Ureaplasma urealyticum , which have a 
role in minor genitourinary infections, but occasionally 
cause severe extragenital disease [ 151 ,  152 ]. Because these 
organisms cannot be detected on Gram stain and their culture 
requires specialized techniques, only a minority of clinical 
infections receive an etiologic diagnosis. 

   M. pneumoniae    is a common cause of bronchitis and 
pneumonia [ 151 ], but it is also is associated with a number of 
interesting extrapulmonary conditions, including cold 
agglutinin- positive hemolysis and Stevens–Johnson syn-
drome. Occasional patients with  M. pneumoniae  infection 
develop secondary carditis or CNS diseases such as aseptic 
meningitis or encephalitis [ 153 ,  154 ]. An unusual case of 
disseminated  M. pneumoniae  infection was diagnosed in a 
kidney recipient by PCR testing from multiple infected sites, 
including an axillo-femoral bypass graft, the knee joint, and 
a psoas abscess [ 155 ].  M. pneumoniae  with  Stevens–Johnson 

syndrome   has been described in HCT and liver transplant 
recipients [ 156 ,  157 ].  Chronic  M. pneumoniae  pulmonary 
infection   was reported in a pediatric kidney transplant recipi-
ent with  hypogammaglobulinemia  , The patient had fever and 
respiratory symptoms for 6 months and the diagnosis was 
fi nally established by PCR testing of  B  AL fl uid [ 158 ]. 

   M. hominis    and  Ureaplasma species  have been isolated 
from the genitourinary fl ora of many sexually experienced 
men and women. They are often commensals, but seem to 
play a role in some common infections, such as non- 
gonococcal urethritis ( U. urealyticum ) and bacterial vagino-
sis ( M. hominis ) [ 152 ].  M. hominis   infections   outside the 
genitourinary tract are well described, particularly in patients 
who are postpartum or have compromised immune systems 
[ 159 ]. Two-thirds of 17 patients in a case series of invasive 
extragenital  M. hominis  infections were immunosuppressed 
[ 159 ].  M. hominis  infection has been reported in all types of 
SOT recipients [ 159 – 163 ]. Mixed infection with  M. hominis  
and  U. urealyticum  has been reported in kidney, liver, and 
lung recipients [ 164 – 166 ]. 

 Superfi cial or deep   M. hominis  sternal wound infections   in 
heart and heart–lung recipients usually occur within a few 
weeks of transplantation. These patients have fever with 
sternal infl ammation and drainage but Gram stains and cultures 
of the drainage are negative [ 167 ,  168 ]. Some reports of 
early posttransplant  M. hominis  pneumonia in lung recipi-
ents are suspicious for donor transmission, including a case 
of  M. hominis  and  U. urealyticum  coinfection [ 160 ,  166 ]. 
Cases of  M. hominis  deep wound infection reported follow-
ing kidney transplantation seem likely to be due to spread of 
 Mycoplasma  colonizing either the donor or recipient urinary 
tract [ 169 ]. Other well-documented types of  M. hominis  
infection are septic arthritis, peritonitis, meningitis and bac-
teremia [ 159 ].  M. hominis  infection is rare after HCT. In the 
only reported case,  M. hominis  was cultured from BAL fl uid, 
pharyngeal secretions and urine of a patient with diffuse 
alveolar hemorrhage [ 170 ]. It was unclear if the organism 
had any causal role in the clinical illness. 

  Diagnosis   of  Mycoplasma  infection requires a high 
index of suspicion, as routine stains of purulent material 
are negative. Translucent colonies may be seen after 4–5 
days of culture on blood agar plates but are often  mistake  n 
for water droplets. The organism grows best on 
 Mycoplasma -specifi c media, producing colonies with a 
“fried egg” appearance. Because of these diagnostic chal-
lenges, clinicians should alert the microbiologist if 
 Mycoplasma  infection is suspected. Increasingly, diagno-
sis is made by PCR [ 155 ,  162 ]. 

 Macrolides, tetracyclines and fl uoroquinolones are active 
against  M. pneumoniae , but resistance to macrolides has 
recently emerged in Asia and will undoubtedly spread to other 
countries [ 151 ,  171 ]. Most  M. hominis  isolates are sensitive to 
clindamycin, rifampin, fl uoroquinolones, and tetracycline 
[ 159 ]. The organism is resistant to other macrolides, ami-
noglycosides, sulfonamides, and cell wall-active agents 
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including beta-lactam antibiotics. The treatment duration 
should be at least 2 weeks or longer when severe, deep- seated 
infection is present. There is a paucity of laboratory data to 
guide treatment of  Ureaplasma  infection, but resistance to 
macrolides and tetracycline appears to be increasing. 
Fluoroquinolones, particularly moxifl oxacin, should be con-
sidered for management of complicated or refractory cases 
[ 172 ,  173 ].   

23.5      Spiroc  hetes 

23.5.1      Treponema pallidum  

  T.    pallidum   , the causative organism of syphilis, is a non- 
cultivatable spirochete. The primary modes of acquisition 
are sexual contact, transplacental passage to the fetus or, 
rarely, accidental direct inoculation. Infection can also be 
transmitted by blood transfusion, but the risk is low because 
blood donors are screened and the organism cannot survive 
for longer than 24–48 h in stored blood units [ 174 ]. 

 The potential for transmission of syphilis by donated 
organs is a concern and organ donors are routinely screened 
for syphilis.  Transplantation   of organs from donors with pos-
itive syphilis serology has been reported in kidney, liver, and 
lung transplantation [ 175 ,  176 ]. In these cases, the donors 
had no symptoms of active syphilis and were thought to have 
latent or convalesced infection. Transient seroconversion of 
both treponemal and non-treponemal serology occurred in 
some recipients, but without evidence of acute clinical disease 
or sequelae [ 175 – 177 ]. All recipients received penicillin 
therapy posttransplantation. Serological conversion may 
have represented an immune response to asymptomatic 
infection; however, it was also proposed that serological con-
version in the recipients may have derived from antibodies 
elaborated by donor-derived B cells. This was likely the case 
in one Japanese patient who seroconverted their syphilis 
serology after allogeneic HCT [ 178 ]. The sibling donor had 
positive syphilis serology but had been appropriately treated 
with penicillin before harvest of stem cells. The available 
data are limited but suggest that screening of SOT and HCT 
donors should continue. Administering high-dose penicillin 
to recipients posttransplantation or  to   living donors pretrans-
plantation should be adequate to prevent signifi cant disease. 

 There are reports of active secondary syphilis in SOT 
recipients [ 179 – 181 ]. The clinical fi ndings were typical and 
included fever, diffuse skin rash (see Figure  23-5 ), hepatitis 
and various neurological symptoms such as headache, dyses-
thesias and visual changes. Neurosyphilis was documented 
in over one-half of the patients. All patients responded well 
to antibiotic treatment.

   The diagnosis of  syphilis   is based on serologic testing for 
non-treponemal antibodies (VDRL test or rapid plasma 
reagin) accompanied by a specifi c treponemal antibody test 

such as  T. pallidum  particle agglutination [TP-PA]. The diag-
nosis can also be suggested when typical pathological 
changes are found on tissue biopsy of affected organs 
[ 179 ,  181 ]. The treatment of choice is parenteral penicillin. 
Doxycycline or erythromycin are second-line agents for 
patients with penicillin allergy.  

23.5.2     Borrelia 

  Lyme disease   is an infection  transmitted   by  Ixodes  ticks and 
caused by various  Borrelia  species ( B. burgdorferi  and  B. 
pacifi cus  in the USA, and primarily  B. afzelii  and  B. garinii  
in Europe and Asia). The animal reservoirs in the USA are 
small rodents, but large animals, such as deer and cattle, sup-
port the life cycle of the  Ixodes  ticks. Lyme disease has been 
reported in SOT recipients [ 182 – 184 ] and in a HCT recipient 
[ 185 ], with manifestations ranging from localized erythema 
migrans to disseminated disease with carditis or neurologic 
involvement. Given the paucity of data on Lyme disease in 
transplant recipients, it is  no  t clear if the severity of disease 
is greater than in immunocompetent patients. 

 Because serologic diagnosis of infection has potential 
limitations in immunocompromised patients, a high index 
of suspicion is warranted in any transplant patient who has 
exposure in an endemic area and has signs or symptoms 
suggestive of Lyme disease [ 184 ,  185 ]. Treatment is univer-
sally indicated in patients with active Lyme disease. Oral 
doxycycline is commonly prescribed for most patients with 
erythema migrans, those with isolated facial nerve palsy or 
with arthritis without neurologic involvement. Parenteral 
therapy (e.g., ceftriaxone) is usually reserved for patients 
who have disseminated disease with neurologic or cardiac 
involvement [ 186 ].   

  FIGURE 23-5.    Classic skin fi ndings  of   secondary syphilis. (Photo 
provided courtesy of Kent Sepkowitz, M.D., Division of Infectious 
Diseases, Memorial Sloan Kettering Cancer Center, New York, NY).       
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23.6      Ricke  ttsiosis 

23.6.1      Coxiella burnetii  

  C.    burnetii   , the etiologic agent of Q fever, is a pleomorphic 
gram-negative coccobacillus. Infection usually arises 
from exposure to infected livestock or unpasteurized milk. 
The most common clinical manifestation is an acute febrile 
illness associated with pneumonia or hepatitis. Many patients 
who are untreated recover, but a small proportion may 
develop a chronic febrile illness, often accompanied by 
endocarditis. 

  C. burnetii  infection has been reported in patients with a 
variety of immunocompromising conditions, [ 187 ], and there 
are a few reports of acute or chronic Q fever after SOT and 
HCT that have demonstrated response to doxycycline- 
containing regimens [ 188 – 191 ]. Although the literature on Q 
fever in the transplant population is sparse,  treating   a patient 
who has a positive serologic response seems prudent to prevent 
chronic infection, even when symptoms are mild or resolving.  

23.6.2     Other Rickettsial Organisms 

  Rickettsia ,   Ehrlichia   , and   Anaplasma  species   are members 
of the order  Rickettsiales . They are fastidious, obligate intra-
cellular bacteria with gram-negative cell walls, but are poorly 
visualized by Gram stain. A number of these organisms are 
important human  path  ogens that are transmitted by arthro-
pod vectors. 

 A single case report describes a heart transplant recipient 
with Rocky Mountain spotted fever, a tick-borne illness 
caused by  Rickettsia rickettsi  [ 192 ]. The patient had a mild 
febrile illness with rash and responded to 3 weeks of treat-
ment with doxycycline. The diagnosis was initially made by 
immunofl uorescence staining of a skin biopsy and later con-
fi rmed by seroconversion. There are two case reports of SOT 
recipients with Mediterranean spotted fever, a tick-borne ill-
ness caused by   Rickettsia conorii    .  One kidney recipient pre-
sented with rash and spontaneous splenic rupture after recent 
travel to southern France; the patient improved on empiric 
doxycycline and the  diagnosis   was ultimately made by PCR 
amplifi cation of spleen and skin tissue [ 193 ]. The second 
patient was a liver recipient in Spain who developed high 
fever, myalgias and rash; the diagnosis of  R. conorii  infec-
tion was made serologically and the patient responded 
promptly to doxycycline treatment [ 194 ].  Murine typhus   is 
caused by   Rickettsia typhi    and transmitted by fl eas. A single 
case of murine typhus was reported in a liver transplant 
recipient from Thailand who had fever, hepatitis, and inter-
stitial pneumonia; the diagnosis was made by serology and 
treatment with doxycycline resulted in clinical cure [ 195 ]. 
Murine typhus may be encountered around the world and 
some recent cases have been described in Texas and Southern 
California [ 196 ]. 

  Human ehrlichiosis and anaplasmosis   have similar clinical 
manifestations but differ in their geographic distributions, the 
tick vector and the specifi c blood cells—either monocytes or 
granulocytes—that support infection. Human monocytic 
ehrlichiosis is caused by  Ehrlichia chaffeensis  and transmitted 
by the lone star tick ( Amblyomma americanum ). It was fi rst 
reported in a liver transplant recipient from Kentucky in 1995 
[ 197 ]. This patient  developed   fever, pancytopenia, elevated 
transaminases, and shortness of breath 2 weeks after a tick 
bite. He made a full recovery on empiric doxycycline therapy, 
with the diagnosis subsequently established by serology. 
Human granulocytic anaplasmosis is caused by   Anaplasma 
phagocytophilum    and transmitted by   Ixodes scapularis   . It was 
fi rst reported in a kidney transplant recipient from Minnesota 
who developed fever, myalgia, diarrhea, and pancytopenia a 
 week   after tick exposure [ 198 ].   Ehrlichia ewingii    is the agent 
of canine granulocytic ehrlichiosis, It was fi rst reported to 
cause human infection in 1999 [ 199 ]. Infection with  E. ewingii  
generally produces a milder illness than  E. chaffeensis . Most 
reported cases have been in immunocompromised hosts, 
including transplant recipients [ 199 ,  200 ]. 

  Cellular immunity   is an important host defense against 
rickettsial infection and poor outcomes have been reported 
in HIV-seropositive individuals [ 201 ,  202 ]. It is not clear if 
transplant recipients have more severe disease or worse 
outcomes. Thomas et al. compared clinical characteristics 
of ehrlichiosis (both  E. chaffeensis  and  E. ewingii ) in 15 
SOT patients and 43 immunocompetent patients [ 200 ]. 
Transplant recipients had less rash and less hepatic enzyme 
elevation but more leukopenia and renal dysfunction than 
the immunocompetent patients. All transplant patients 
responded rapidly to doxycycline therapy and their mean 
hospital stay was only 4 days. In a review of 23 immuno-
compromised patients with  Ehrlichia  infection, severe dis-
ease occurred in some of the 7 SOT recipients, but they all 
survived; the six deaths reported in the series occurred in 
patients with HIV or splenectomy [ 202 ]. 

 A case of probable donor-derived  Ehrlichia  infection has 
been reported in two kidney recipients of a common donor 
[ 203 ]. Both recipients developed high grade fever in the 
early posttransplant period. The diagnosis was made by 
detection of  E. chaffeensis  DNA by PCR from serum in one 
recipient and by serology in the other; unfortunately, no 
serum or tissue  was   available from the donor for confi rma-
tory testing. 

 Monocytic ehrlichiosis and anaplasmosis can sometimes 
be diagnosed by fi nding “morulae,” or characteristic intracy-
toplasmic inclusions, in a buffy coat smear. Morulae are 
found in monocytes in monocytic ehrlichiosis but are uncom-
mon (<10%); they are found in granulocytes in anaplasmosis 
and are relatively frequent (20–80%). Serology for  E. 
chaffeensis  and  A. phagocytophilum  is useful for retrospec-
tive diagnosis and epidemiologic studies, but not rapid 
enough  for   clinical purposes. Specifi c serology is not available 
for  E. ewingii , although patients with  E. ewingii  infection 
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often develop cross-reactive antibodies to  E. chaffeensis  
[ 199 ]. Culture is not commercially available. PCR testing is 
now the preferred way to make a rapid, species-specifi c diag-
nosis [ 199 ,  200 ,  204 ]. Empirical treatment should be initi-
ated in patients with suspected ehrlichiosis or anaplasmosis, 
pending results of diagnostic testing. The agent of choice is 
doxycycline. In regions endemic for anaplasmosis doxycy-
cline will treat for the possibility of coinfection with  B. burg-
dorferi , which is also transmitted by  Ixodes  ticks.      
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24.1           Virus Structure and Replication 

 Human cytomegalovirus (CMV) is a member of the beta (β) 
herpesvirus subfamily, along with human herpesvirus 
(HHV)-6 and HHV-7. The CMV virion shares  structural 
similarities   with other herpesviridae. Namely, the double- 
stranded DNA genome is encased within an icosahedral cap-
sid, which in turn is surrounded by a proteinaceous tegument 
(or matrix). A lipid membrane containing  surface viral gly-
coproteins   that function in host cell binding and entry is the 
outermost component of the virion. 

 The CMV genome is approximately 230 kb, making 
CMV one of the largest among human viruses, and is orga-
nized into unique long (UL) and unique short (US) segments 
that are fl anked by inverted genomic repeats. Most CMV 
genes are named according to their position within the 
genome based on the reference strain AD169 [ 1 ]. For exam-
ple, UL97 is the 97th open reading frame (ORF) in the UL 
segment and US28 is the 28th ORF in the US segment. CMV 
genes may also have names that refl ect historical usage, 
function, or homology to genes of other herpesviruses. 

 Like all herpesviruses, CMV establishes latency after pri-
mary infection, during which  replication-competent virus   
remains present in the infected cell but evidence of viral rep-
lication is undetectable until triggered to reactivate. The viral 
and host factors that regulate latency and reactivation are 
poorly understood [ 2 ]. The site(s) of latency are not well 
defi ned but bone marrow stem cells of the myeloid lineage 
such as CD34+ and CD14+ cells have been shown to be one 
site of CMV latency [ 3 ,  4 ]. It has also been shown that the 
allogeneic effect can contribute to reactivation from periph-
eral blood mononuclear cells [ 5 ]. Since CMV can be trans-
mitted from donor to recipient during solid organ transplant 
[ 6 ], parenchymal cells in these organs may also harbor latent 
virus.  

24.2     CMV and the  Host   Immune 
System 

24.2.1     Adaptive Immunity 

 Infection with CMV is associated with pronounced induction 
of CD4 +  and CD8 +  T cell responses. Immunodominant T cells 
responses are directed primarily against the gene products of 
UL123 (IE-1) and UL83 (pp65) [ 7 – 12 ]. However, CMV-
specifi c T-cell immunity is now recognized as complex due to 
the large numbers of antigens, both lytic and latency-associ-
ated, that have been found to be targeted by T-cell responses 
[ 13 – 16 ]. Numerous studies have documented the importance 
of both CMV-specifi c CD8 +  and CD4 +  responses in determin-
ing the incidence and outcome CMV infection after alloge-
neic HCT [ 17 – 26 ]. Similar fi ndings have been observed after 
newer HCT techniques such as haploidentical HCT [ 27 ] and 
umbilical cord blood transplant (CBT) [ 28 – 30 ]. 

 The contribution of humoral immunity in controlling 
CMV replication is less clear. Antibodies to glycoprotein B 
(gB) and glycoprotein H (gH) predominate during infection 
[ 31 – 33 ], but while such antibodies may neutralize virus in 
tissue culture, their capacity to prevent primary infection is 
not well defi ned. While evidence suggests that antibody may 
serve to limit CMV dissemination and disease severity [ 34 –
 36 ], lack of antibody does not alter the course of the primary 
MCMV infection in murine models [ 36 ]. Thus, the contribu-
tion of antibody to the control of CMV infection remains 
poorly understood.  

24.2.2     Innate Immunity 

  Innate immunity   plays a critical role in controlling herpesvi-
rus infections through the production of infl ammatory cyto-
kines such as type I interferons (IFN α and β), interleukin 12 
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(IL-12), and tumor necrosis factor (TNF) that exert a direct 
antiviral effect and induce adaptive immunity [ 37 ,  38 ]. The 
CMV glycoproteins gB and gH trigger the toll-like receptor 
2 (TLR2) upon binding to the target cell [ 39 – 41 ]. In addition, 
viral DNA triggers TLR3 and TLR9 as well as the DNA sen-
sor ZBP1 [ 42 – 47 ]. Attempts to correlate polymorphisms in 
donor and recipient TLRs and other innate immune sensors 
with CMV infection after HCT have yielded confl icting 
results that require further study [ 48 – 52 ]. 

 Expansion of  natural killer (NK) cells   during CMV infec-
tion has been reported in both immunocompetent humans 
and after HCT [ 53 – 58 ]. While NK cells have been shown to 
limit MCMV replication in mice [ 59 – 63 ], their role in con-
trolling CMV infection in humans is less clear although 
associative evidence strongly indicates an  important   contri-
bution [ 22 ,  64 ,  65 ]. In addition, the genotype of the donor 
activating KIR (aKIR) has been demonstrated to infl uence 
the development of CMV  infection   after allogeneic HCT 
[ 66 – 68 ]. The mechanistic basis underlying these correlative 
fi ndings is not well defi ned. 

 γδ T cells represent a minority (<6%) subset of circulating 
T cells in healthy individuals but are more prominent in 
peripheral sites such as mucosal surfaces [ 69 ]. Marked by the 
expression of receptors composed of γ and δ chains [ 38 ], as 
opposed to α and β chains associated with CD4+ and CD8+ 
responses, they respond to CMV infection with both in both 
innate- and adaptive- type immune function [ 70 ,  71 ]. CMV 
 infection   stimulates γδ T cell proliferation in both humans 
and mice, and defi cient γδ T cell function has been associated 
with impaired regulation of CMV infection [ 70 ,  72 – 74 ].  

24.2.3     Immune Evasion Mechanisms 

 As a successful human pathogen, CMV has necessarily 
evolved numerous mechanisms to evade and counteract vir-
tually all aspects of the host immune response. Starting at the 
earliest stages of infection, CMV utilizes virion-associated 
and immediate-early proteins to effectively prevent host cell 
apoptosis, interferon-mediated  pathwa  ys, and other innate 
immune responses such as shutoff of host cell protein syn-
thesis in response to viral nucleic acid accumulation [ 75 – 79 ]. 
Multiple CMV proteins as well as the noncoding viral 
microRNAs miR-UL122 and miR-112 inhibit NK cell func-
tion [ 80 – 82 ]. 

 A hallmark of CMV immune evasion is the blunting of 
CTL responses by inhibiting MHC-I restricted antigen pre-
sentation [ 83 ]. A number of CMV proteins contribute to this, 
including the tegument protein pp65 and genes of the US2- 11 
region [ 84 – 92 ] 

 Finally, CMV encodes several homologues of  cellula  r 
proteins, including MHC class-I molecules, chemokine 
receptors, IL-10, TNF receptors, and CXC-1 homologues, 
that function  to   evade the host immune response [ 93 – 97 ].   

24.3     Diagnostic Methods 

 The serologic determination of IgG and IgM has an impor-
tant role in determining a patient’s risk for CMV infection 
after HCT (see below, “Risk Factors”) but is not useful in the 
diagnosis of active CMV infection or disease. 

 Histopathologic examination of tissue specimens remains 
the “gold standard” in the diagnosis of invasive CMV disease. 
In addition to observing nonspecifi c viral cytopathic effect in 
tissue, immunohistochemical techniques are used to identify 
CMV antigens (Figure  24-1a  left and middle panels).

   Growth of CMV in tissue culture takes several weeks, 
limiting its clinical usefulness as a diagnostic tool. Culture- 
proven viremia is highly predictive of CMV disease, but is of 
limited utility for screening since this fi nding frequently 
coincides with the onset of symptomatic disease [ 98 – 100 ]. 

 The  shell vial technique  , in which monoclonal antibodies 
are used to detect CMV immediate-early proteins in cultured 
cells, can be performed within 18–24 h after inoculation. 
This assay is not sensitive enough to use for routine blood 
monitoring [ 99 ], but is highly useful on bronchoalveolar 
lavage (BAL) fl uid in the diagnosis of CMV pneumonia due 
to its established specifi city in this setting [ 101 ]. Many labo-
ratories have abandoned culture-based techniques in favor of 
nucleic acid testing so that today these techniques have lim-
ited availability in many parts of the world. 

 The  detection   of the CMV pp65 tegument phosphoprotein 
in peripheral blood leukocytes offers a rapid, sensitive, and 
specifi c method of diagnosing and roughly quantitating 
CMV viremia. In the transplant setting, a positive or quanti-
tatively increasing CMV pp65 assay has been shown to pre-
dict the development of invasive disease [ 102 ,  103 ] but is not 
always positive in the setting of proven end-organ disease, 
particularly gastrointestinal tract disease [ 104 – 107 ]. The 
predictive value of this assay has not been validated when 
performed on other body fl uids such as BAL fl uid. Since this 
assay relies on the detection of pp65 in circulating leuko-
cytes, it may not be reliable in patients with profound leuko-
penia, such as in the pre-engraftment stage after HCT. At 
most centers, this assay has been replaced by nucleic acid 
testing primarily using quantitative polymerase chain reac-
tion ( qPCR  ). 

 qPCR relies on the amplifi cation and quantitative mea-
surement of CMV DNA. PCR is the most sensitive method 
for detecting CMV [ 108 ], while at the same time maintains 
high specifi city. In addition, it is very rapid, with results 
usually available within 24 h, and does not rely on the pres-
ence of circulating leukocytes as does the pp65 antigenemia 
assay. qPCR provides a direct quantitative measurement of 
circulating CMV viral load, which is an accurate predictor 
of CMV disease after transplantation in most cases [ 109 –
 113 ]. Like the pp65 antigenemia assay, serum or blood PCR 
may be negative in the setting of visceral disease [ 104 ,  106 , 
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 107 ]. qPCR values of circulating CMV in plasma versus 
whole blood in a given patient may vary [ 114 ]; therefore, it 
is important to use the same blood component for testing 
when following serial viral loads. Although PCR has been 
used on BAL fl uid [ 115 ], viral-load cutoffs have not been 
defi ned, and while the sensitivity and negative predictive 
values are very high, the specifi city and positive predictive 
values are not known. Similarly, the signifi cance of detec-
tion of CMV DNA by PCR in tissue samples such as lung, 
colon, or liver biopsy specimens for the diagnosis of CMV 
end-organ disease is not well established and will require 
further development and evaluation.  PCR testing of CSF   is 
specifi c and strongly indicative of CMV replication in the 
CNS. PCR testing of vitreous fl uid strengthens the diagnosis 
of CMV retinitis. 

 The detection of CMV mRNA by PCR amplifi cation on 
blood samples is equivalent to utilizing DNA PCR or p65 

antigenemia to guide preemptive therapy after HCT [ 116 , 
 117 ]. However, this method has not been as widely adopted 
as DNA-based PCR assays.  

24.4     Clinical Manifestations 

 Defi ning the fundamental  conc  epts of CMV “infection” 
and “disease” has been tremendously useful in the care of 
the individual patient and also in patient-centered clinical 
research. First developed and published in 1993, CMV 
defi nitions were updated in 1995 and 2002 to refl ect 
advances in diagnostics and recognition of the “indirect 
effects” of CMV infection [ 118 ]. CMV “infection” simply 
indicates the detection of CMV, typically by DNA or mes-
senger ribonucleic acid (mRNA) PCR, or pp65 antigen-
emia, from plasma or whole blood. CMV “disease” was 

  FIGURE 24-1.    ( a )  CMV colitis   in a CBT recipient.  Left panel : histopathologic examination of ulcer biopsy specimen showing loss of super-
fi cial mucosal integrity ( arrows ) and viral inclusions ( arrowheads ). Inset shows higher magnifi cation view of viral inclusion.  Middle 
panel : immunohistochemistry demonstrating CMV-infected cells in biopsy specimen using an antibody recognizing the CMV gB protein. 
 Right panel : endoscopic visualization of mucosal ulceration ( arrow ). Microscopy images courtesy of Dr. John Fortune, Department of 
Pathology, Oregon Health and Science University. ( b ) Chest X-ray ( left panel ) and computed tomography ( right panel ) of an allogeneic 
HCT recipient demonstrating bilateral interstitial infi ltrates typical of CMV pneumonia.       
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historically limited to “proven,” as defi ned by the presence 
of symptoms and signs compatible with CMV end-organ 
involvement along with the detection of CMV in tissue 
from the relevant organ by histopathology, immunohisto-
chemistry, or DNA hybridization [ 118 ]. Only retinitis was 
defi ned based solely on symptoms and/or signs when 
assessed by an experienced ophthalmologist. These defi ni-
tions are being revised and expanded to include “probable” 
disease categorization based on new diagnostic techniques, 
primarily PCR-based (Table  24-1 ). Since CMV infection 
and disease are generally managed differently (see below), 
distinguishing between the two is critical.

24.4.1        Direct   Effects 

 Almost any organ can be affected by CMV in the HCT recip-
ient. Since the introduction of effective antivirals such as 
ganciclovir and sensitive monitoring techniques such as 
PCR, the overall incidence of CMV disease in the fi rst year 
after HCT has fallen from approximately 30–35 to 5–10% 
among seropositive recipients [ 119 ]. Gastrointestinal disease 
and pneumonia are the most common manifestations of 
CMV end-organ disease after HCT. 

  Pneumonia   is the most important clinical manifestation of 
CMV disease due to its high associated mortality. Prior to the 

        TABLE 24-1.    Defi nitions of CMV disease in HCT  recipient  s   

 Disease manifestation 

 Classifi cation 

 Proven a   Probable a  

 Pneumonia  Tissue CMV positive by:  BAL or lung tissue CMV positive by: 

 Immunohistochemistry or  qPCR value above established threshold 

 Histopathology  or   

 DNA hybridization 

  Or  

 BAL: culture/shell vial 

 Gastrointestinal b   Macroscopic mucosal lesions  Tissue CMV positive by: 

  And   Immunohistochemistry  or  

 Tissue CMV positive by:  Histopathology  or  

 Immunohistochemistry  or   DNA hybridization 

 Histopathology  or  

 DNA hybridization 

 Hepatitis  Abnormal serum transaminases  Not defi ned 

   And    

 Tissue CMV positive by: 

 Immunohistochemistry  or  

 Histopathology  or  

 DNA hybridization 

  And  

 Absence of other cause of hepatitis 

 Retinitis  Ophthalmological signs c   Not defi ned 

 Vitreal fl uid CMV PCR positive d  

 CNS e   Tissue CMV positive by:  CSF CMV positive by PCR f  

 Immunohistochemistry  or  

 Histopathology  or  

 DNA hybridization  or  

 Culture   or    

 PCR 

   a Both require the presence of the appropriate symptoms and/or signs of CMV disease. 
  b Esophagitis, gastritis, small or large bowel disease. 
  c As determined by an experienced ophthalmologist. 
  d Use as supporting evidence if clinical presentation is atypical. 
  e Ventriculitis, encephalitis. 
  f Requires absence of signifi cant (visible) bloody contamination in CSF sample obtained.  
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development of effective preemptive and prophylactic strat-
egies, the incidence of CMV pneumonia ranged from 1 to 
6% after autologous HCT and 10 to 30% after allogeneic 
HCT [ 120 ]. Currently, CMV pneumonia accounts for 
approximately one-third of the cases of CMV disease [ 121 ]. 
The vast majority of cases occur after allogeneic HCT and 
typically within the fi rst 60 days, but up to 30% of cases 
occur after day +100 [ 109 ,  122 ]. CMV pneumonia often 
manifests with fever, nonproductive cough, and hypoxia. It 
is important to recognize that fever may be absent in patients 
receiving high-dose immune suppression. The onset of 
symptoms can occur over 1–2 weeks, often times with rapid 
progression to respiratory failure and the requirement for 
mechanical ventilation. Although there are no specifi c radio-
logic changes, the most common radiographic fi ndings con-
sist of bilateral, ground-glass interstitial infi ltrates 
(Figure   24-1b ); small centrilobular nodules and air-space 
consolidations may also be present [ 123 ,  124 ]. 

 The diagnosis of CMV  pneumonia   is established 
(“proven”) by detection of CMV by shell-vial, culture, or 
histology in BAL or lung biopsy specimens in the presence 
of compatible clinical signs and symptoms (Table  24-1 ). 
Pulmonary shedding of CMV is common, but CMV detec-
tion in BAL by shell vial assay from asymptomatic patients 
who underwent routine BAL screening at day 35 after HCT 
was predictive of subsequent CMV pneumonia in approxi-
mately two-thirds of cases [ 125 ]. In centers where these 
techniques are no longer available, quantifi cation of CMV 
DNA by qPCR in BAL fl uid at a level above the threshold 
established by the center is indicative of “probable” CMV 
pneumonia (Table  24-1 ). Due to the high negative predic-
tive value afforded by its high sensitivity, a negative PCR 
result can be used to rule out the diagnosis of CMV pneu-
monia [ 115 ]. 

 Prior to effective  antiviral therapy  , the mortality rate of 
CMV pneumonia after HCT approached 100% [ 126 ]. The 
introduction of agents with potent anti-CMV activity resulted 
in improved outcomes but mortality rates remain in the range 
of 30–50% [ 126 – 131 ]. In the current era of preemptive anti-
viral therapy, lymphopenia and requirement for mechanical 
ventilation predict both overall and infection-attributable 
mortality [ 131 ]. 

  Gastrointestinal disease   is now the most common end- 
organ manifestation of CMV infection after HCT [ 104 ]. As 
with pneumonia, most cases occur within the fi rst 3 months 
after allogeneic HCT [ 132 ]; however, direct infection- 
attributable mortality with GI tract disease is uncommon. 

 Any part of the gastrointestinal tract can be affected, 
from the esophagus to the colon. Esophagitis typically 
results in odynophagia, while gastritis often presents with 
epigastric abdominal pain and nausea. Hematochezia, 

diarrhea, and diffuse abdominal pain may occur with coli-
tis. As none of these symptoms are pathognomic for CMV 
infection, endoscopy with tissue biopsy of abnormal areas 
is required for diagnosis (Table  24-1 ). Ulcers are often 
seen on endoscopy (Figure  24-1a , right panel), and visual 
differentiation of these lesions from other processes that 
may affect the gastrointestinal tract in these populations, 
such as  graft-versus-host disease (GVHD)  , is often diffi -
cult. Therefore, the diagnosis of gastrointestinal disease 
ultimately relies on detection of CMV in biopsy speci-
mens by histology combined with  immunohistochemistry   
or  DNA hybridization techniques   (Figure  24-1a , left and 
middle panels) or with viral culture (if available). Notably, 
gastrointestinal disease can occur in the absence of CMV 
detection in the blood [ 105 ,  106 ,  133 ]. It should also be 
noted that GVHD and CMV gastrointestinal disease fre-
quently occur together and therefore each condition’s 
relative contribution to the patient’s symptoms might be 
diffi cult to assess. 

  CMV hepatitis   is less common than GI tract disease. 
Based on presenting features alone, it is diffi cult to distin-
guish hepatitis caused by CMV from other causes of hepati-
tis encountered after HCT, including GVHD. Therefore, 
liver biopsy is required to establish the diagnosis. 

  Retinitis   is relatively uncommon after HCT [ 134 – 137 ]. 
Patients will often present with decreased visual acuity or 
blurred vision, and approximately 60% will have involve-
ment of both eyes [ 135 ]. Most cases present later than 
day 100 after transplantation and are associated with 
prior CMV reactivation, delayed lymphocyte engraft-
ment, and GVHD [ 135 ]. The  diagnosis   of CMV retinitis 
can often be made by an experienced ophthalmologist 
based on signs and symptoms alone. Detection of CMV in 
vitreal fluid by PCR can give supportive evidence for the 
diagnosis (Table  24-1 ). 

 CMV infection of the central nervous system (CNS) is 
less common after HCT than in the setting of advanced 
human immunodefi ciency virus (HIV) infection. As opposed 
to pneumonia and GI tract disease, the onset of CNS disease 
is often late (after day +100) after HCT [ 138 ]. The most 
common disease manifestations are typical of encephalitis, 
with cognitive dysfunction and confusion [ 138 – 140 ]. The 
diagnosis of CMV CNS disease is made by detecting CMV 
in cerebrospinal fl uid (CSF) by PCR or culture, or in brain 
tissue by culture or histopathology, in the appropriate clini-
cal setting (Table  24-1 ) [ 118 ]. 

 CMV rarely causes  end-organ disease   including, but not 
limited to, nephritis, cystitis, pancreatitis, and myocarditis; 
these additional disease categories are defi ned by the pres-
ence of  compatible   symptoms and signs, and documentation 
of CMV by biopsy.  
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24.4.2     Indirect Effects 

 In addition to the direct end-organ effects of CMV infection, 
CMV appears to be associated with consequences indirectly 
related to  activ  e infection [ 141 ]. After HCT, CMV infection 
has been associated with an increased risk of invasive bacte-
rial and fungal infections [ 142 ]. CMV infection has also 
been suggested to be a risk factor for subsequent both acute 
and chronic GVHD after HCT [ 143 – 145 ] similar to the asso-
ciative fi nding with rejection after solid organ transplant 
[ 146 – 149 ]. These fi ndings have been attributed largely to 
modulation of the host immune system during infection. 

 Recently, there has been great interest in the role of CMV 
on disease relapse after HCT. The fi rst hint of an effect came 
with the observation that patients with CMV infection had 
less relapse of leukemia compared with patients who had no 
CMV infection after BMT [ 150 ]. This fi nding was confi rmed 
in a pediatric population in which CMV donor (D) seronega-
tive/recipient (R) seronegative HCT was associated with an 
increased risk of relapse compared to D+ or R+ HCT [ 151 ]. 
A subsequent study in adults undergoing allogeneic HCT for 
AML found that early CMV reactivation was associated with 
a signifi cant reduction in risk of leukemic relapse at 10 years 
after HCT [ 152 ]. Evaluation of a larger cohort of adults 
found that CMV reactivation was associated with a decreased 
risk of relapse at day +100 among patients with AML, and 
was associated with a decreased risk of relapse at 1 year in 
all patients when analyzed together [ 153 ]. Finally, a protec-
tive effect of CMV reactivation on relapse was observed in a 
small cohort of patients who underwent transplant for CML 
[ 154 ]. A large CIBMTR study assessing CMV infection and 
relapse after HCT is now underway. The mechanisms under-
lying these fi ndings are poorly understood. An interesting 
hypothesis is that CMV reactivation stimulates γδ T cells 
that cross-recognize leukemic cells [ 155 ]. Other proposed 
mechanisms are through stimulation of NK-cell mediated 
clearance of leukemic cells, or by direct  induction   of apopto-
sis in leukemic cells [ 156 – 159 ]. However, any potential ben-
efi t of CMV reactivation in terms of disease relapse is almost 
certainly outweighed by the negative effect of CMV serosta-
tus and reactivation on non-relapse and overall mortality 
[ 104 ,  153 ,  160 – 162 ].   

24.5     Risk Factors for CMV Infection 
and Disease 

24.5.1     Allogeneic HCT Recipients 

 In the setting of  allogeneic HCT  , the most important risk fac-
tor is the serological status of the donor and recipient [ 161 ]; 
both should be routinely assessed prior to HCT. CMV D−/
R− transplants have a very low risk of primary infection in 
the recipient. Primary infection can still occur if CMV is 

transmitted in transfused blood products or is acquired via 
contact with another individual with active CMV infection. 

 Approximately 20–30% of seronegative recipients who 
receive stem cells from a seropositive donor will develop pri-
mary CMV infection due most likely to transmission of latent 
CMV via the allograft [ 163 ,  164 ]. The risk of transmission is 
directly related to the allograft nucleated white blood cell count 
[ 163 ], consistent with  hematopoietic myeloid lineage cells   act-
ing as a reservoir of latent CMV [ 2 ]. CMV D+/R− mismatch-
ing negatively impacts the overall survival and increases the 
transplant-related mortality, especially those caused by bacte-
rial and fungal infections [ 142 ,  165 ]. More recent studies per-
formed in the modern diagnostic and therapeutic era have 
confi rmed the negative effect of CMV D+/R− mismatching 
[ 160 ]. Recently, a large  study   found a strong negative effect on 
overall survival, relapse- free survival, and transplant- related 
mortality in CMV D+/R−  unrelated  HCT but a much smaller 
negative effect for human leukocyte antigen (HLA)-identical 
sibling D+/R− HCT, and no effect in patients receiving mis-
matched related donor grafts [ 166 ]. Thus the impact of D+/R− 
sero- mismatching may be infl uenced by the type of HCT. 

 Without prophylaxis, approximately 60–70% of CMV- 
seropositive patients will experience CMV infection after 
allogeneic peripheral blood or bone marrow HCT. It is well- 
established that a CMV-seropositive recipient is at higher 
risk for mortality than a seronegative recipient after HCT 
[ 167 – 170 ]. 

 Unlike the situation of D+/R− HCT, in which the negative 
impact of a seropositive donor is well-described, the impact 
of donor serostatus when the recipient in seropositive has 
been the subject of controversy. Some studies reported a ben-
efi cial effect of having seropositive donor with regard to a 
reduction in relapse- or nonrelapse-related mortality (NRM), 
whereas other studies found no such benefi t [ 117 ,  151 ,  169 , 
 171 – 179 ]. 

 To reconcile these differences, a large retrospective anal-
ysis of over 29,000 patients from the European Society for 
Blood and Marrow Transplantation (EBMT) registry was 
performed [ 166 ]. Seropositive patients receiving grafts from 
seropositive unrelated donors had improved overall survival 
compared with seronegative donors if they had received 
myeloablative, but not reduced-intensity, conditioning, per-
haps due to loss of CMV-specifi c T cell function after mye-
loablative conditioning. No effect was observed when they 
received allograft from HLA identical sibling donors. Thus, 
the negative effect of CMV D−/R+ mismatching may be lim-
ited to high-risk transplant settings. 

 In addition to the effects  on   non-relapse mortality and 
overall survival, the D−/R+ serological combination has 
been reported as a risk factor for delayed CMV specifi c 
immune reconstitution [ 180 – 183 ], CMV reactivation [ 181 , 
 184 ], late CMV recurrence [ 185 ], and CMV disease [ 113 , 
 181 ,  186 ]. 
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 Other risk factors for CMV infection after allogeneic 
HCT include the use of steroids at doses greater than 1 mg/
kg body weight/day, T-cell depletion (either ex vivo or 
in vivo), acute and chronic GVHD, the use of total body irra-
diation CD4 +  lymphopenia, and the use of mismatched or 
unrelated donors [ 110 ,  113 ,  186 – 190 ]. Whether the source of 
stem cells (peripheral blood versus bone marrow) has a sig-
nifi cant impact on the development of CMV infection and 
disease is not clear, as several studies have yielded confl ict-
ing results [ 186 ,  190 – 192 ]. Interestingly, the use of sirolimus 
for GVHD prophylaxis appears to protect against CMV 
infection, possibly due to the inhibition of cellular signaling 
pathways that are co-opted by CMV during infection for 
synthesis of viral proteins [ 186 ,  193 ,  194 ]. 

 The use of HLA-matched, related nonmyeloablative con-
ditioning regimens generally results in a less CMV infection 
and disease early after HCT compared to standard myeloab-
lative regimens [ 195 ]. However, by 1 year after HCT, the 
risk of CMV infection and disease is equal among nonmye-
loablative and myeloablative groups [ 194 ,  196 ]. 

  Umbilical cord blood transplantation (CBT)   is a tech-
nique that is now utilized when a suitable donor for bone 
marrow or peripheral blood stem cell transplantation is not 
available [ 197 ]. Since most infants are born without CMV 
infection, the transplanted allograft is almost always CMV- 
negative. CMV seropositive CBT recipients are at particu-
larly high risk for infection compared to GSCF-mobilized 
peripheral blood stem cell transplant recipients due to 
delayed T cell immune reconstitution [ 198 ] and failure of 
functional CMV-specifi c T cells to achieve suffi cient num-
bers to control CMV reactivation after CBT [ 29 ]. The 
reported rate of CMV reactivation after CBT varies widely, 
from 21 to 100%, while disease occurs in ~5–28% of recipi-
ents [ 190 ,  199 – 208 ]. The variability in reported infection 
rates likely refl ects differences in conditioning regimens, 
inclusion of low-risk CMV seronegative recipients in certain 
data cohorts, and approaches to CMV prevention after 
CBT. One center reported a markedly high rate of CMV dis-
ease, particularly during the pre-engraftment period, and 
associated mortality after CBT [ 205 ], prompting a change in 
their  preventative   approach after CBT (discussed below). 

 An alternative stem cell source for patients who do not 
have matched donors is the HLA-haploidentical 2 or 3-loci 
mismatched family donor [ 209 ]. Such haploidentical trans-
plantation has traditionally been associated with a high inci-
dence of severe GVHD and graft rejection, prompting the 
implementation of T cell depletion strategies to reduce these 
adverse alloreactive events [ 209 ]. While  T cell depletion   
does prevent GVHD, the consequent delayed immune recon-
stitution led to increased risk of infection [ 210 – 212 ]. High 
rates of CMV disease, antiviral drug resistance, and infection- 
attributable mortality have been reported in this population 
[ 213 ]. Performing  T-cell-replete haploidentical HCT   with 

posttransplant cyclophosphamide to induce immune tolerance 
[ 214 ] may reduce the incidence of CMV infection and disease 
compared to T-cell depletion [ 215 ,  216 ].  

24.5.2     Autologous HCT 

 After autologous transplantation, approximately 40% of 
seropositive patients will have detectable CMV infection 
[ 217 ,  218 ]. While CMV disease is rare after autologous 
transplantation [ 191 ,  219 – 221 ], the outcome of CMV pneu-
monia is similar to that after allogeneic HCT [ 217 ,  222 ,  223 ]. 
Risk factors for CMV disease after autologous transplanta-
tion include CD34+ selection, high-dose corticosteroids, and 
the use of total-body irradiation or fl udarabine as part of the 
conditioning regimen [ 191 ]. Therefore, while CMV is not 
typically considered a signifi cant pathogen after autologous 
HCT, certain patients who are at high risk for CMV in this 
setting merit routine surveillance and preemptive therapy.  

24.5.3     Late CMV Infection 
After Allogeneic HCT 

 Whereas CMV was typically seen by 100 days after alloge-
neic HCT [ 224 ], it has become recognized as a signifi cant 
problem after day 100 as well [ 109 ,  185 ,  225 ]. Several fac-
tors predict the development of late CMV infection, includ-
ing prolonged or repeated CMV infection and/or disease 
before day +100, use of antiviral prophylaxis during the 
early posttransplant period, slow response to antiviral ther-
apy,  qualitative   or quantitative lymphopenia, cord blood 
transplants, patients with severe acute or chronic GVHD, 
and HLA-mismatched transplant [ 19 ,  20 ,  109 ,  113 ,  185 , 
 186 ,  226 ]. Patients, who have experienced prolonged or 
repeated CMV episodes before day 100, cord blood trans-
plant recipients, and patients with signifi cant immunosup-
pression should have continued weekly surveillance to 
reduce the risk of late CMV disease.   

24.6     Antiviral Agents 

 Agents licensed for the  treatment   or prevention of CMV 
infection include ganciclovir (GCV) and its oral prodrug val-
ganciclovir (vGCV), foscarnet (FOS), and cidofovir (CDV) 
(Table  24-2 ). All exert their antiviral effect by inhibiting 
viral DNA synthesis through targeting of the viral DNA 
polymerase encoded by the UL54 gene. Acyclovir (ACV) 
and its oral prodrug valacyclovir (vACV) do not possess 
potent activity against CMV and therefore cannot be used for 
treatment of infection but have shown effi cacy when used as 
prophylaxis (discussed below).
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    GCV   is a nucleoside analogue of guanosine that acts as a 
competitive inhibitor of deoxyguanosine triphosphate incor-
poration into viral DNA by the viral DNA polymerase UL54. 
A CMV gene, UL97, encodes a kinase that phosphorylates 
GCV to GCV monophosphate, a necessary step in conver-
sion of GCV to its active form. Cellular kinases then phos-
phorylate GCV monophosphate to the active triphosphate 
form. GCV is currently the fi rst-line agent for CMV prophy-
laxis, preemptive treatment, and treatment of CMV disease, 
barring contraindications. Neutropenia occurs in up to 30% 
of HCT recipients during GCV therapy [ 227 ], thereby plac-
ing the patient at risk of invasive bacterial and fungal infec-
tions [ 227 ,  228 ]. vGCV achieves serum concentrations at 
least equivalent to intravenous GCV [ 229 ,  230 ] and the tox-
icity profi le appears similar. However, drug levels can be 
unpredictable, especially in patients with gastrointestinal 
tract GVHD, and therapeutic drug monitoring can therefore 
be a useful tool in managing patients on vGCV therapy. 
Neutropenia often responds to dose reduction and support 
with granulocyte-colony stimulating factor, but occasionally 
discontinuation of  GCV   or vGCV  is   required, in which case 
FOS is typically the second-line agent of choice. 

  FOS   is a pyrophosphate analogue that binds directly to 
and competitively inhibits the CMV DNA polymerase UL54. 
Although a randomized, controlled trial showed similar effi -
cacy and rate of side effects for GCV and FOS when used as 
preemptive therapy [ 231 ], practical issues such as the need 
for intensive hydration along with the electrolyte wasting 
that accompany FOS have resulted in its use mostly as a 
second- line agent when GCV or vGCV are contraindicated 
or not tolerated, or there is suspicion of GCV resistance (see 
below). 

  CDV   is a cytosine nucleotide analogue that, like FOS, 
does not require phosphorylation by the CMV UL97 kinase 
for antiviral activity. Instead, cellular enzymes convert CDV 

to CDV triphosphate, which then inhibits the CMV DNA 
polymerase. The long half-life of cidofovir allows a once- 
per- week dosing schedule. However, the major toxicity with 
CDV—renal tubular damage—limits its utility after HCT 
and it should therefore be considered third-line therapy after 
GCV and FOS. 

24.6.1     Antiviral Resistance 

  Drug resistance   is relatively uncommon after peripheral 
blood or bone marrow HCT [ 232 ] but the  risk   has been 
reported to be increased after T-cell-depleted haploidentical 
HCT [ 213 ]. Resistance typically occurs in the setting of 
ongoing, intermittent or recurrent viral replication in the 
presence of drug. This situation arises most often due to pro-
found host immunosuppression and/or suboptimal drug lev-
els. Therefore, reducing immune suppression and 
optimization of drug delivery are important aspects of man-
agement. CBT or T-cell-depleted transplant recipients and 
those on augmented immune suppression for GVHD should 
be considered at increased risk for resistance. Inadequate 
drug delivery may occur in a patient receiving vGCV during 
GI GVHD, or when dosages are improperly adjusted for 
renal dysfunction. When available, therapeutic drug level 
monitoring may be of benefi t. 

 Drug resistance should be suspected in patients with some 
or all of the above risk factors who have a rising viral load 
after at least 2 weeks of antiviral therapy or who experience 
worsening or relapse of clinical disease or viremia while on 
prolonged therapy. In general, resistance requires accumu-
lated drug exposure; in treatment-naïve patients, no decrease 
 or   even a moderate increase in the  viral   load will occur in 
many patients within the fi rst 2 weeks of starting therapy that 
is likely due to the underlying immunosuppression, not true 

   TABLE 24-2.    Agents licensed for the treatment  or   prevention of CMV infection and disease   

 Agent  Target 
 Route of 
administration 

 Dose a  

 Toxicities b  
 Resistance 
mutations  Induction  Maintenance 

 Ganciclovir  UL54  IV  5 mg/kg bid  5 mg/kg/day  Neutropenia, anemia, 
thrombocytopenia, 
diarrhea, fever 

 UL97, UL54 

 Valganciclovir  UL54  oral  900 mg bid 
(≥40 kg) 

 900 mg/day 
(≥40 kg) 

 Same as  gancicl  ovir  UL97, UL54 

 Foscarnet  UL54  IV  90 mg/kg bid  90 mg/kg/day  Nephrotoxicity, 
electrolyte, wasting, 
nausea, urethral 
ulceration, paresthesia, 
hallucination 

 UL54 

 Cidofovir  UL54  IV  5 mg/kg/week  5 mg/kg every 
other week 

 Nephrotoxicity, 
neutropenia, headache, 
nausea, uveitis/iritis, 
diarrhea, ocular 
hypotony 

 UL54 

   a All agents require dose adjustment in the setting of renal dysfunction. 
  b For full listing of toxicities, please refer to the summary of product characteristics (SPC) for each agent.  
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drug resistance [ 103 ]. Thus, this situation does usually not 
warrant change of therapy. The duration of drug exposure 
required to select for resistance and the increase in viral load 
that should prompt testing for resistance after HCT are not 
well defi ned and likely depend on the above mentioned host 
factors, viral loads during therapy, and genetic barrier to 
resistance for the drug in question. 

 Since GCV/vGCV is typically used as a fi rst-line agent 
for CMV infection and disease, resistance to this antiviral is 
the most commonly encountered problem. A general 
approach to the patient with suspected GCV resistance is 
presented in Figure  24-2 . GCV resistance is usually due to 
mutations in the UL97 gene; mutations in UL54 may follow 
UL97 mutations with continued GCV exposure. UL97 and 
UL54 mutations that confer GCV resistance have been deter-
mined and genotypic assays are available for diagnostic 
analysis in reference laboratories [ 232 ]. Since different 
UL97 mutations confer varying degrees of GCV resistance, 
some cases of genotypically defi ned GCV -resistant CMV 
may still respond to high-dose GCV therapy (i.e., twice stan-
dard induction dose) if they confer low-level (two- to three-
fold) resistance [ 232 ]. However, if there is evidence of CMV 
disease or the viral load is increasing rapidly, a switch to 
FOS is recommended [ 232 ].

   Since neither FOS nor CDV activity are dependent on 
phosphorylation by the UL97 gene product, CMV that has 
acquired GCV resistance due to UL97 mutations will still 
be susceptible to these agents. Due to its relatively favor-
able toxicity profi le compared to CDV, FOS is most often 
used as the agent of choice in the setting of GCV resistance. 
Studies evaluating the utility of combination therapy of 
FOS and GCV for GCV-resistant CMV disease have been 
inconclusive, and therefore, this strategy is not routinely 
recommended [ 233 ]. 

 Mutations in UL54 may confer resistance to GCV, 
FOS, CDV, or cross-resistance to combinations thereof. 
Cross- resistance between FOS and GCV due to UL54 
mutations rarely occurs, while on the other hand most 
UL54 mutations that confer GCV resistance also result in 
CDV resistance [ 232 ]. Rarely, mutations in UL54 that 
confer  resistance   to all three agents—GCV, FOS, and 
CDV—are encountered [ 232 ]. Therapeutic options in 
such situations are limited and highlight the need for anti-
viral agents with targets other than UL54. The use of a 
sirolimus-based regimen for GVHD prophylaxis may pro-
vide some benefi t for  reasons   discussed above but should 
be viewed as an adjunct to, not a substitute for, direct anti-
viral therapy.  

Change to FOS

Adjust antiviral therpay as appropriate

Consult reference to determine
significance of UL54 mutation

UL54 mutation present

1. rapidly increasing viral load (i.e.
one log10)
2. presence of severe, symptomatic
disease

Change to FOS while awaiting
genotypic resistance testing if:

No UL97 or UL54 mutations

 UL97 and UL54 genotyping

Continue full- dose GCV

2-3x resistance

Degree of resistance
conferred by UL97

mutation

Presence of UL97 mutation
UL54 wild-type (no mutation)

Reduce immune suppression if
feasible

Suspicion of GCV resistance based on:

2. Progressive/relapsed viremia or clinical disease while on prolonged (typically ≥ 4-6 weeks) therapy

1. Rising viral load after ≥ two weeks of therapy
and/or
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or
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  FIGURE 24-2.    Approach to the patient with suspected  G  CV resistance.       
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24.6.2     Antiviral Agents in Development 

  Maribavir (MBV)   (Table  24-3 ) is an oral agent that inhibits 
the CMV UL97 kinase and potently inhibits CMV replica-
tion in vitro [ 234 ]. Due to its mechanism of action, MBV is 
active against CMV strains resistant to GCV, FOS, and CDV 
[ 235 ] but antagonizes the antiviral activity of GCV [ 236 ]. 
After promising results phase I and II clinical trials, MBV 
failed to effectively prevent CMV infection compared to pla-
cebo after HCT when used as prophylaxis in a phase III trial 
[ 237 – 239 ]. The reason(s) underlying the failure of MBV in 
the phase III study are not clear but the use of too low a dose 
of MBV is often cited [ 240 ]. A phase II dose-ranging trial 
comparing higher doses of MBV to standard of care GCV (or 
vGCV) as preemptive therapy after allogeneic HCT 
(EudraCT: 2010-024247-32) has been completed. In addi-
tion, MBV has demonstrated effi cacy in the treatment of 
refractory or resistant CMV infections after transplantation 
[ 241 ,  242 ] and a phase II study for this indication has been 
completed (ClinicalTrials.gov NCT01611974). Results from 
these two phase II trials are forthcoming. MBV resistance 
due to mutations in UL97 has occurred in patients treated 
with this agent [ 243 ,  244 ].

    Letermovir   (Table  24-3 ) inhibits the activity of the essen-
tial CMV UL56/UL89 DNA terminase complex [ 245 ]. 
Letermovir is active against wild-type and drug-resistant 
CMV in tissue culture [ 245 ]. Experience using letermovir 
for multidrug-resistant CMV disease in vivo is promising but 
very limited [ 246 ]. A phase II study of letermovir as prophy-
laxis in CMV-seropositive HCT recipients showed a dose- 
dependent reduction of prophylaxis failure (defi ned as 
discontinuation of letermovir or placebo because of CMV 
antigen or DNA detection, end-organ disease, or any other 
cause) compared to placebo [ 247 ]. A phase III randomized 
multicenter trial as prophylaxis in seropositive HCT recipi-
ents has completed patient enrollment (ClinicalTrials.gov 
NCT02137772). Letermovir appears to be very well toler-
ated, with few demonstrable side effects or toxicities [ 247 ]. 

Resistance mutations mapping to UL56 can be selected for 
in tissue culture [ 248 ]; whether similar mutations will be 
arise in patients treated with letermovir remains to be seen. 
Demonstration of an additive antiviral effect when combined 
with DNA polymerase inhibitors [ 249 ] raises the possibility 
of combination therapy similar to strategies currently 
employed for the treatment of hepatitis C and HIV. 

  Brincidofovir (CMX-001)   (Table  24-3 ) is a lipid- 
conjugated nucleotide analogue of CDV that has a high oral 
bioavailability and long half-life. It has activity against most 
DNA viruses, including CMV [ 250 ]. In contrast to CDV, 
brincidofovir is not associated with signifi cant nephrotoxic-
ity. Brincidofovir at a dose of 100 mg twice daily was shown 
to be effective in preventing CMV infection after HCT when 
used as prophylaxis in a phase II placebo-controlled study 
[ 251 ]. However, diarrhea and acute gastrointestinal GVHD 
were reported more frequently in the group that received this 
dose compared to placebo or lower dose brincidofovir, and 
gastrointestinal side effects were dose-limiting at 200 mg 
twice weekly. A phase III randomized multicenter trial using 
a dose of 100 mg twice weekly as prophylaxis in seroposi-
tive HCT recipients (ClinicalTrials.gov NCT01769170) has 
been completed, and results are forthcoming. While resis-
tance to brincidofovir has not been well characterized, it is 
expected that mutations in UL54 conferring CDV resistance 
will also result in brincidofovir resistance [ 252 ]. 

 While reports of  lefl unomide   and the  antimalarial artesu-
nate   having anti-CMV activity exist [ 253 – 255 ], neither of 
these have conclusively demonstrated benefi t and are not 
approved by European or American regulatory authorities 
for the treatment of CMV; therefore, their routine use cannot 
be recommended. The immunosuppressive drug sirolimus 
inhibits CMV replication in tissue culture by regulating key 
cellular signaling pathways and has been shown to reduce 
the risk of CMV reactivation after HCT and renal transplan-
tation [ 186 ,  193 ,  256 ]. Thus, this agent may be a useful 
adjunct when ongoing immune suppressive therapy is 
required in the setting of refractory CMV infection.   

     TABLE 24-3.    CMV antiviral agents in development   

 Agent  Target 
 Route of 
administration  Dose  Toxicities 

 Resistance 
mutations 

 Maribavir     UL97 kinase  Oral  400–1200 mg 
twice daily 

 Taste disturbance  UL97, UL27 a  

  Letermovir (AIC-246)    UL56/UL89 terminase 
complex 

 Oral, IV  240 mg daily b , 
480 mg daily c  

 None apparent  UL56 a  

 Brincidofovir (CMX-0   01)  UL54 DNA polymerase  Oral  100 mg twice 
weekly b  

 Gastrointestinal d   Not described 

   a Found only in tissue culture thus far. 
  b Dose chosen for phase III studies. 
  c In patients receiving cyclosporine for GVHD prophylaxis. 
  d Diarrhea, nausea, vomiting, abdominal pain, aGVHD, elevated ALT.  
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24.7     Prevention of Infection  a  nd 
Disease 

24.7.1     Choice of Donor 

 Recipients who are CMV seronegative before allogeneic 
HCT should ideally receive a graft from a CMV seronegative 
donor to prevent primary infection via the allograft. No data 
exists indicating whether HLA-matching is more important 
compared to CMV serostatus in affecting a good outcome for 
the patient. Given the choice, an antigen-matched donor for 
HLA-A, B, or DR would most likely be preferred to a CMV-
negative donor. For lesser degrees of mismatch, (allele-mis-
matches or mismatches on HLA-C, DQ, or DP), the 
CMV-serostatus of donor should be considered a factor even 
if the match was poorer. Compared to other donor factors 
such as donor age or blood group, a CMV-seronegative 
donor would have preference. If the patient is CMV sero-
positive, it has been shown that a CMV seropositive unre-
lated donor confers a survival advantage if the patient will 
receive myeloablative conditioning [ 166 ]. Similar to the 
situation with a CMV seronegative patient, an antigen-match 
on A, B, and DR is the major selection criterion but CMV-
status should be weighed among other factors with lesser 
degrees of HLA-mismatch.  

24.7.2     Transmission via Blood Products 

 Previously, the transfusion of  blood   products represents a 
signifi cant source for CMV infection in seronegative trans-
plant recipients. Today preventive measures such as using 
blood products from CMV seronegative donors or leukocyte- 
reduced, fi ltered blood products are widely used and greatly 
reduce this risk [ 257 – 259 ]. It is not clear which strategy is 
the  most   effective [ 260 ,  261 ] and no controlled study has 
investigated whether there is an extra benefi t from the use of 
both methods.  

24.7.3     Immune Therapy 

  Intravenous immune globulin (IVIG)   is not reliably effec-
tive as prophylaxis against primary CMV infection. One 
study demonstrated a reduction in the rate of CMV infection 
but not disease,  while   another study was unable to confi rm 
protection from infection [ 262 ,  263 ]. Similarly negative 
results were observed using a CMV-specifi c monoclonal 
antibody [ 264 ]. Likewise, the effect of immunoglobulin on 
reducing CMV infection in seropositive patients is modest, 
and no survival benefi t among those receiving immuno-
globulin has been reported in any study or meta-analysis 
[ 265 – 270 ]. Therefore, the prophylactic use of IVIG is not 
recommended.  

24.7.4     Chemoprevention 

 The strategies of  prophylactic   or preemptive use of antiviral 
agents after HCT have markedly reduced the incidence of 
CMV disease and improved survival among at-risk popula-
tions. All centers performing allogeneic transplants should 
therefore have one of these strategies in place for all alloge-
neic HCT recipients at risk for CMV infection (seropositive 
recipients, or seronegative recipients of a seropositive 
donor graft) [ 271 ]. Studies in the eras of pp65 and qPCR 
monitoring have documented the equivalence of prophy-
laxis and preemptive therapy in terms of preventing CMV 
infection and disease after HCT [ 127 ,  272 ]. Most transplant 
centers have moved towards preemptive strategies as pp65 
antigenemia and qPCR-based diagnostics techniques have 
become readily available [ 273 ]. DNA qPCR has become 
the standard for monitoring at many institutions as it is 
more sensitive than pp65 antigenemia [ 127 ] and techni-
cally easier to perform than mRNA detection. Additionally, 
it has been reported that qPCR-based initial viral load and 
viral load kinetics are important as risk factors for CMV 
disease [ 111 ]. 

  Prophylaxis   denotes the routine administration of antivi-
rals to all at-risk patients regardless of the presence of active 
CMV infection,  typically   until day +100 after HCT. ACV 
and its vACV, while not approved for the treatment of CMV, 
are used at some centers for CMV prophylaxis after HCT 
[ 273 ]. High dose ACV and vACV have demonstrated effi -
cacy in reducing the risk for CMV infection and disease after 
HCT [ 220 ,  274 – 276 ]. Routine monitoring for CMV infec-
tion is still required if vACV or ACV prophylaxis is used, 
and therapy with GCV or vGCV is indicated if CMV is 
detected. GCV prophylaxis, begun at engraftment and con-
tinued until day +100, has been demonstrated to reduce the 
risk of CMV infection and disease after HCT compared to 
placebo, although its use is limited by toxicity, primarily 
marrow suppression [ 127 ,  228 ,  277 ]. Data regarding vGCV 
prophylaxis is more limited. A recent randomized, double- 
blind study of vGCV prophylaxis compared to preemptive 
therapy for the prevention of late CMV infection after HCT 
demonstrated reduced CMV viremia in the prophylaxis 
group but no difference in CMV disease [ 272 ]. 

  Preemptive therapy  , on the other hand, withholds antivi-
ral therapy until CMV infection is detected in whole blood 
or plasma samples. This strategy mandates sensitive, spe-
cifi c, and rapid turnaround laboratory tests to detect circu-
lating CMV in order to enable initiation of antiviral therapy 
prior to the development of CMV end-organ disease. All 
patients who have undergone allogeneic HCT should be 
monitored at least once per week beginning either at the 
time of transplant or ~day +10 and extending to at least day 
+100 after HCT [ 271 ]. Surveillance should be extended past 
day +100 in those at risk for late infection and disease 
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( discussed above). The ideal duration and frequency of 
CMV monitoring in the later transplantation periods have 
not been defi ned [ 195 ,  278 ]. 

 Although CMV infection is rare in D−/R− patients, such 
a monitoring strategy is effective in identifying CMV infec-
tion and preventing disease in a large cohort of such patients 
[ 279 ]. Routine monitoring of autologous HCT recipients is 
not recommended, with the exception being high-risk 
patients as described above. 

 In all patients in whom  viremia   is detected, a thorough 
evaluation of the patient in order to assess for signs and 
symptoms of CMV disease is necessary. Initiation of 
induction- dose preemptive antiviral therapy is generally rec-
ommended [ 271 ]. However, it has been clearly shown that 
most patients with low viral loads can be safely spared pre-
emptive antiviral therapy unless there are special high risk 
features [ 104 ,  113 ,  280 ]. Currently, there are no validated 
universal viral load thresholds for starting preemptive ther-
apy, and such thresholds are diffi cult to establish due to dif-
ferences in assay performance and testing material (i.e., 
whole blood versus plasma) [ 281 ]; the development of an 
international standard for CMV qPCR calibration [ 282 ] may 
eventually allow for this. Additionally, thresholds for initiat-
ing preemptive therapy need to account for underlying 
patient characteristics which determine the risk for progres-
sion to CMV disease. 

 Currently, considerable variation in practice exists per-
taining to the duration of induction dose preemptive treat-
ment [ 273 ]. In general, this should be continued for a 
minimum of 1–2 weeks and a decrease in viral load has been 
documented by qPCR, followed by maintenance therapy 
until the CMV viral load is undetectable [ 271 ] or below a 
center’s established cutoff. After discontinuation of preemp-
tive therapy, routine weekly screening until day +100 or later 
if risk factors for late infection are present are still necessary 
to monitor for recurrence of viremia [ 271 ]. If less sensitive 
markers than qPCR, such as the pp65 antigenemia assay, are 
used, then preemptive therapy should be continued until 2 
negative assays are obtained [ 231 ]. 

 GCV is considered the fi rst-line agent for preemptive 
therapy [ 271 ]. While FOS has demonstrated equivalence to 
GCV when used in a preemptive manner [ 231 ], practical 
aspects of its administration relegate its use to situations 
when GCV is contraindicated or not tolerated. The results of 
several uncontrolled studies suggest that vGCV is compara-
ble to intravenous GCV in terms of effi cacy and safety when 
used as preemptive therapy after allogeneic HCT [ 283 – 288 ]. 
A prospective, randomized trial comparing vGCV to intrave-
nous GCV supported these observations [ 289 ]. Thus, in the 
HCT recipient who is able to tolerate oral therapy and in 
whom no barriers to effi cient absorption of an oral agent 
exist, vGCV appears to be a reasonable alternative to intra-
venous GCV for preemptive therapy. 

 There has been great interest in utilizing methods to 
determine  CMV-specifi c immune reconstitution   after HCT 
as an additional means to stratify risk of CMV infection and 
disease (“immune monitoring”) and further tailor surveil-
lance and preemptive therapy strategies. The types of assays 
used, their strengths and limitations, and their predictive 
value in terms of CMV infection and disease after transplan-
tation have been extensively reviewed elsewhere [ 69 ,  290 ]. 
While promising, the use of immune monitoring in this fash-
ion requires validation in large, randomized trials before it 
can be recommended.  

24.7.5     Vaccination 

 Given the costs and toxicities  a  ssociated with antiviral ther-
apy, a vaccine to prevent CMV infection would be of sub-
stantial benefi t. Indeed, the Institute of Medicine has given 
the development of a CMV vaccine highest priority [ 291 ]. 
Historically, most vaccine candidates yielded mixed results 
[ 292 ]. Recently, the safety and effi cacy of a DNA vaccine 
expressing the CMV immunogenic proteins gB and pp65 
was evaluated in a phase II, placebo controlled trial in CMV 
seropositive allogeneic HCT recipients [ 293 ]. While no dif-
ference in initiation of preemptive anti-CMV therapy or 
duration of antiviral therapy was observed between the 
groups, the group receiving the vaccine had fewer episodes 
of viremia, lower viral loads, and was more likely to be 
viremia- free at 1 year after HCT. No differences in CMV dis-
ease were observed but the overall incidence of disease was 
low (7.5% in vaccine group vs. 8.8% in placebo group). A 
phase III study of this vaccine in a similar patient population 
is currently underway (ClinicalTrials.gov NCT01877655). 
CMV peptide vaccines designed to elicit pp65-specifi c CTL 
were found to be safe and immunogenic in healthy adults 
[ 294 ] and a phase II study in HCT recipients is under way 
(ClinicalTrials.gov NCT02396134).  

24.7.6     Special Populations 

 Patients with CMV disease occurring prior to planned  allo-
geneic HCT   have a very high risk of death after transplanta-
tion [ 295 ]. After transplantation, a patient with documented 
pretransplant CMV disease should either be monitored for 
CMV very closely (i.e., twice weekly), or be given prophy-
laxis with GCV or FOS. 

 The CMV seropositive CBT recipient population may 
benefi t from more intensive prevention strategies. The reac-
tivation rate in CMV seropositive CBT recipients in the 
absence of high-dose ACV/vACV or anti-CMV prophylaxis 
has been reported at 70–100% [ 205 ,  207 ,  208 ,  296 ]. A com-
bination approach of high-dose vACV prophylaxis coupled 
with continued monitoring and preemptive therapy was 
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associated with rates of CMV reactivation and disease simi-
lar to those seen after allogeneic BMT or PBSCT [ 190 ]. 
Other studies have described successful vGCV or GCV pro-
phylaxis and preemptive treatment strategies after CBT 
using protocols similar to other allogeneic HCT recipients 
[ 208 ,  297 ]. More recently, an aggressive approach of pre-
transplant GCV along with posttransplant high dose ACV/
vACV prophylaxis and biweekly monitoring was demon-
strated to reduce the incidence of CMV infection and dis-
ease after CBT [ 205 ]; the relatively contributions of these 
interventions towards CMV prevention are unclear. Thus, 
the optimal approach to CMV after CBT has not been 
determined.   

24.8      Management   of CMV Disease 

 As mentioned earlier, the diagnosis of CMV disease requires 
documenting the presence of CMV in the appropriate diag-
nostic specimen, coupled with symptoms and signs consis-
tent with CMV. GCV is considered fi rst-line therapy for 
end-organ disease, with FOS reserved as an alternative if 
neutropenia or other factors precluding GCV use are present. 
As opposed to preemptive therapy, the treatment of end- 
organ disease requires longer courses of induction-dosing 
antiviral therapy. For gastrointestinal disease, standard ther-
apy generally entails induction treatment with an intrave-
nous antiviral, most often GCV, for 3–4 weeks followed by 
several weeks of maintenance. Shorter courses of induction 
therapy (2 weeks) are not as effective [ 298 ]. Recurrence of 
GI disease may occur in approximately 30% of patients in 
the setting of continued immunosuppression and such 
patients may benefi t from secondary prophylaxis with main-
tenance antivirals until immunosuppression has been 
reduced. Similar to GI tract disease, the treatment of CMV 
pneumonia  involv  es induction-dose GCV for 3–4 weeks, 
followed by a period of maintenance therapy. 

 The role of vGCV in the management of CMV disease 
after HCT is not well established. vGCV has been shown to 
be noninferior to IV GCV in the treatment of non-life threat-
ening CMV disease after solid-organ transplant, primarily 
kidney transplant recipients [ 299 ]. However, similar studies 
have not been performed in HCT recipients. Therefore, IV 
anti-CMV therapy remains the standard of care, although 
oral vGCV may be considered for patients with mild or mod-
erate, non-life threatening disease after an initial period of IV 
therapy to bring disease under control and suppress viremia. 
In general, vGCV should only be used if there are no factors 
that would impair the absorption of an orally administered 
medication, such as severe gastrointestinal GVHD. 

 The role of IVIG as an adjunct to antiviral therapy for 
CMV disease remains controversial due to the lack of pro-
spective, randomized trials evaluating the additional benefi t 

of this intervention over antiviral therapy alone [ 122 ]. There 
does not appear to be a specifi c advantage of CMV-specifi c 
immune globulin (CMV-Ig) compared to pooled immuno-
globulin [ 300 ]. While there is no role for IVIG in the treat-
ment of gastrointestinal disease [ 301 ], it has been considered 
as standard-of-care at many centers in the management of 
CMV pneumonia based on small studies showing improved 
survival rates with the addition of IVIG compared to histori-
cal controls using antiviral therapy alone [ 302 – 304 ]. On the 
other hand, a recent, large retrospective analysis was unable 
to demonstrate an improvement in overall or infection- 
attributable mortality with the addition of IVIG to antiviral 
therapy [ 131 ]. Thus, the role of IVIG in the management of 
CMV pneumonia remains unclear. 

  CMV retinitis   is typically treated with systemic therapy, 
with or without intraocular GCV injections or implants [ 135 , 
 305 – 307 ]. The optimal duration of therapy is not well estab-
lished, but in general longer courses are needed in order to 
prevent recurrence. 

 Other manifestations of CMV disease, such as hepatitis 
and encephalitis, are uncommon and are typically managed 
with intravenous therapy.  The   duration of therapy for these 
manifestations has not been well established and should be 
tailored to the individual patient.  

24.9     Adoptive Immunotherapy 

 Due to the importance of  CMV  -specifi c functional T cells in 
the control of CMV infection after HCT [ 23 ], there has been 
intense interest in promoting CMV immune reconstitution 
via the adoptive transfer of CMV-reactive T cells [ 308 ]. This 
topic is discussed in more detail elsewhere in this book.     
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   Cytomegalovirus Infection After Solid 
Organ Transplantation                     
     Raymund     R.     Razonable       and     Ajit     P.     Limaye    

25.1           Epidemiology and Pathogenesis 

 Cytomegalovirus (CMV) is a β-herpes virus that commonly 
infects humans [ 1 – 5 ]. The  seroprevalence rates   of CMV vary 
from as low as 50% in the USA and the developed world to 
as high as >95% in developing countries [ 1 – 5 ]. The serop-
revalence rate increases with age, and reaches over 90% of 
adults >80 years of age [ 5 ]. Primary CMV infection is 
acquired from contact with infected body fl uids such as 
saliva, urine, or genital secretions [ 6 ]. In immunocompetent 
individuals, primary CMV infection is mostly asymptom-
atic, although it may occasionally manifest clinically as an 
infectious mononucleosis-like syndrome characterized by 
fever and lymphadenopathy [ 6 ]. 

 The  immune response   to CMV infection is initiated upon 
the recognition of CMV antigens by pathogen-recognition 
receptors, such as Toll-like receptors, expressed on macro-
phages, dendritic cells, and other innate immune cells [ 7 –
 11 ]. This pathogen–immune cell interaction results in the 
secretion of interferon-γ, tumor-necrosis factor (TNF)-α, 
various interleukins, and other cytokines, and the upregula-
tion of co-stimulatory molecules that orchestrates the devel-
opment of adaptive CMV-specifi c cell-mediated and humoral 
immunity [ 9 – 13 ]. Despite a robust innate and adaptive 
immune response, CMV infection leads to lifelong latency 
and persistence in the host, with intermittent periods of sub-
clinical reactivation that is controlled by CMV-specifi c 
memory cells [ 14 – 16 ]. 

 Cells that allow for CMV latency and persistence are 
widely distributed, including hematopoietic progenitor cells 
[ 17 ], peripheral blood mononuclear cells [ 6 ,  18 ], polymor-
phonuclear leukocytes [ 19 ], and macrophages [ 20 ]. CMV 
also infects fi broblasts, smooth muscle cells, and endothelial 
cells [ 21 ]. The wide distribution of CMV-infected cells in 
tissues and organs, such as blood, liver, kidney, lungs, and 
heart allows for its effi cient transmission during organ trans-
plantation [ 22 – 25 ].  

25.2     Mechanisms of Acquiring CMV 
Infection After Solid Organ 
Transplantation 

 The three major patterns for acquiring CMV infection after 
solid organ transplantation are (1) primary infection, (2) 
reactivation, and (3) superinfection. 

25.2.1     Primary Infection (CMV D+/R− 
and D−/ R−) 

 Primary CMV infection  o  ccurs when a CMV-seronegative 
person (CMV R-) receives an organ from a CMV-
seropositive donor (CMV D+). Since latent CMV is 
widely distributed, it is likely harbored in the allograft of 
CMV-seropositive donors. About 15–25% of solid organ 
transplantation in adults is in CMV D+/R− mismatched 
patients, and is characterized by effi cient transmission of 
latent CMV from donor to the recipient [ 26 – 29 ]. Multiple 
viral strains may be transmitted from a single donor [ 30 , 
 31 ]. Without any specifi c prevention strategy, this often 
leads clinically to CMV disease, which can be severe in 
nature [ 32 ]. 

 Much less commonly, primary infection may occur in a 
CMV D−/R− transplant recipient who acquires CMV from 
transfusion of blood products from CMV-seropositive 
donors (transfusion-transmitted CMV infection) or through 
natural transmission routes in the community (i.e., contact 
with CMV-infected body fl uids and secretions such as 
saliva) [ 33 ,  34 ]; the latter two mechanisms account for pri-
mary CMV infection in CMV D−/R− solid organ transplant 
recipients. Use of CMV-seronegative or leuko-reduced 
blood products for transfusion among transplant recipients 
has reduced the incidence of transfusion-transmitted CMV 
infection [ 35 ].  
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25.2.2     Reactivation (CMV D−/R+) 

 This mechanism occurs when endogenous latent CMV in a 
CMV-seropositive (CMV R+) transplant recipient reacti-
vates during the periods of impaired immunity after solid 
organ transplantation. Because CMV R+ patients have pre-
existing CMV-specifi c cell-mediated and humoral immunity, 
the degree of CMV replication is lower compared to primary 
CMV infection in CMV D+/R− patients and hence a rela-
tively lower risk of CMV disease [ 36 ,  37 ].  

25.2.3     Superinfection (CMV D+/R+) 

 Superinfection (also termed reinfection)  o  ccurs when a 
CMV R+ transplant recipient is infected with an exogenous 
CMV strain from a CMV-seropositive donor (or other exog-
enous sources such as blood transfusion), and subsequently, 
either the donor allograft-transmitted exogenous CMV or 
recipient-derived endogenous CMV, or both, reactivate to 
cause clinical disease [ 38 ]. In the majority of cases, donor- 
derived CMV strain is the predominant virus that reactivates 
in CMV D+/R+ patients [ 38 – 40 ]. However, recent analysis 
of the CMV genomic variants indicates complex reactivation 
patterns after solid organ transplantation, and often, multiple 
viral strains reactivate concurrently, making it diffi cult to 
distinguish donor or recipient origin [ 30 ,  31 ].   

25.3     Mechanisms of Cytomegalovirus 
Reactivation After Solid Organ 
Transplantation 

 Table  25-1  lists the major risk factors for CMV infection and 
disease after solid organ transplantation [ 27 ]. Central to 
these factors is a pro-infl ammatory state characterized by 
secretion of cytokines [ 41 – 43 ], most notably TNF-α, which 
is a potent CMV transactivator [ 44 ]. Stimulation of the TNF- 
α1 receptor results in the activation of protein kinase C and 
nuclear factor-kappa B (NF-κB), which translocates into the 
nucleus and binds to the CMV-immediate early enhancer/
promoter region [ 41 ,  45 – 48 ], triggering a cascade of events 
that lead to CMV reactivation [ 49 ]. Likewise, catechol-
amines that are released during periods of stress, whether 
physiologic or in response to critical illness, could stimulate 
CMV-immediate early enhancer/promoter activity through 
the cyclic adenosine monophosphate (cAMP) pathway [ 45 , 
 46 ]. Collectively, infl ammation, stress, and other factors that 
infl uence the cAMP and NF-κB signaling pathways could 
lead to CMV reactivation after solid organ transplantation. 
Indeed, conditions characterized by high TNF-α levels, such 
as bacterial sepsis and allograft rejection, have been associ-
ated with CMV infection in solid organ transplant and non- 
transplant settings [ 29 ,  50 – 52 ].

25.4        Risk Factors for CMV Infection 

 The incidence rates of CMV disease after solid organ 
transplantation vary, depending on several factors such as 
underlying immunity (or lack thereof), viral factors, and 
the type of transplant (Table  25-2 ) [ 53 – 55 ]. In general, 
these factors can be categorized into (a) those that favor 
disease progression (such as delayed immune recovery, 
immunosuppressive drugs, viral load, viral coinfections) 
and (b) those that control viral replication and prevent 
disease (such as CMV- specific immunity, antiviral ther-
apy) (Table  25-1 ).

25.4.1       CMV D+/R− Serostatus 

 CMV D+/R− mismatch serostatus is the most common 
clinical predictor of CMV infection and disease after solid 
organ transplantation. Hence, it is standard practice to mea-
sure CMV-IgG (a measure of previous exposure and a sur-
rogate marker for the presence of latent virus; see 
Laboratory Diagnosis of CMV Infection section below) on 
all transplant candidates and donors in order to stratify the 
risk of disease, and guide the type of CMV prevention strat-
egy [ 56 ]. Historical data indicate that up to 70% of CMV 
D+/R− solid organ transplant recipients, who lack preexist-
ing CMV- specifi c cellular and humoral immunity, will 

    TABLE 25-1.    Factors that infl uence the reactivation of CMV and the 
risk of clinical disease after solid organ transplantation   

 Factors that 
infl uence 
CMV 
reactivation 

 Factors that infl uence progression to CMV disease 

 Increase risk of CMV 
disease 

 Diminish risk of CMV 
disease 

 Allogeneic 
stimulation 

 Allograft 
rejection 

 Lymphocyte-
depleting 
agents 
 ATG, ALG, 

OKT3 
 Stress 
 Critical 

illness 
 Surgical 

procedure 
 Bacterial 

sepsis 
 Fungal sepsis 

 Lack of CMV-specifi c 
immunity (i.e., D+/R−) 
 CMV-seronegativity 
 Defi cient CMV-specifi c 

T cells 
 Pharmacologic 

immunosuppression 
 ATG, ALG, OKT3 
 Alemtuzumab 
 Mycophenolate mofetil 

(>2 g/day) 
 High-dose 

methylprednisolone 
 Viral burden (viral load) 

 Preexisting CMV-specifi c 
immunity (R+) 
 CMV-seropositivity 
 CMV-specifi c CD4/CD8 

T cells 
 Antiviral prophylaxis 
 Preemptive antiviral 

therapy 
 Immunotherapy 

 Immunoglobulins 
 Adoptive T cell therapy a  
 CMV vaccine a  

 Reduced 
immunosuppression 

 mTOR inhibitors 
 Sirolimus 
 Everolimus 

   CMV  cytomegalovirus,  OKT3  muromonab-CD3,  ATG  anti-thymocyte glob-
ulin,  ALG  antilymphocyte globulin,  D+/R−  donor positive/recipient nega-
tive,  R+  recipient positive. 
  a Investigational.  
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develop primary CMV infection and disease after trans-
plantation, if they do not receive any CMV prevention 
strategy (Table  25-2 ) [ 27 ]. The lack of CMV-specifi c 
immunity in CMV D+/R− solid organ transplant recipients 
allows for a very rapid CMV replication dynamics, with an 
estimated CMV doubling rate of 1 day [ 57 ]; this translates 
to high rates of CMV disease [ 36 ,  37 ]. Mathematical esti-
mates suggest that CMV doubling rate is slower among 
solid organ transplant patients with adequate lymphocyte 
function [ 58 ]. Indeed, preexisting immunity in CMV R+ 
solid organ transplant recipients is believed to dampen 
CMV replication dynamics [ 36 ,  37 ]. Hence, reactivation 
and reinfection are characterized by a slower CMV replica-
tion dynamics, lower viral load, and lower incidence and 
severity of CMV disease in CMV R+ solid organ transplant 
patients [ 36 ,  37 ,  59 ,  60 ].  

25.4.2     Defects in CMV-Specifi c T-Cell 
Immunity 

 CMV-specifi c T lymphocytes  a  re essential for the adequate 
control of infection [ 59 – 62 ]. Expectedly, CMV-specifi c 
CD4+ and CD8+ T lymphocytes are absent in CMV D+/
R− mismatch patients, thereby predisposing to high levels 
of viral replication and greater severity of CMV disease 
[ 61 ,  63 ,  64 ]. In contrast, preexisting CMV-specifi c CD4+ 
and CD8+ T lymphocytes control CMV infection in CMV 
R+ solid organ transplant recipients, although the lympho-
cyte population and function can be severely impaired by 
immunosuppressive drugs [ 61 ,  62 ,  64 ,  65 ]. In this context, 
intense pharmacologic immunosuppression is a major risk 
factor for CMV disease in CMV D+/R− and R+ solid organ 
transplant recipients. Studies have attempted to estimate 
the optimal threshold of CMV-specifi c CD4+ and CD8+ T 
lymphocytes suffi cient for protection from CMV disease, 
but these values have not been precisely defi ned (see 
Laboratory Diagnosis of CMV Infection section below) 
[ 61 ,  62 ,  64 – 66 ].  

25.4.3     Hypogammaglobulinemia 

 Serum IgG level <700 mg/dl  is   common during the fi rst year 
after solid organ transplantation [ 67 ]. Its incidence is highest 
among lung (69%) and heart (48%) recipients and lowest 
among liver recipients (16%) [ 67 ]. Severe  hypogammaglob-
ulinemia  , defi ned as IgG level <400 mg/dl, has been 
 associated with a higher risk of opportunistic infections, 
including CMV [ 67 ]. A small study reported that 
 CMV- hyperimmunoglobulin replacement was associated 
with low incidence of CMV disease in heart recipients with 
hypogammaglobulinemia [ 68 ]. However, a recent study 
demonstrated that intravenous immunoglobulin and 
 CMV- hyperimmunoglobulin supplementation did not 
improve overall patient and graft survival outcomes [ 69 ].  

25.4.4     Defects in Innate Immunity 

 Defi ciencies  in   innate immunity have been implicated as risk 
factors for CMV disease after solid organ transplantation 
[ 70 – 76 ]. In some studies, defects in cell signaling through 
Toll-like receptors, mannose-binding lectin, mannose- 
associated serine protease-2, and activating and inhibitory 
killer cell immunoglobulin-like receptors have been signifi -
cantly associated with a higher incidence of CMV disease 
after solid organ transplantation [ 8 ,  71 – 78 ].  

25.4.5      Pharmacologic Immunosuppression 

 Induction  therapy   and maintenance immunosuppressive 
drugs, which are administered for the prevention and treat-
ment of allograft rejection, signifi cantly impair adaptive 
immune responses to CMV. These drugs, especially 
lymphocyte- depleting agents, dampen CMV-specifi c cell- 
mediated and humoral immune responses, thereby allowing 
for CMV disease development [ 52 ,  79 ]. Among the drugs 
most commonly associated with CMV disease are high-dose 
mycophenolate mofetil, anti-lymphocyte globulins (ALG), 

    TABLE 25-2.    Estimated incidence rates of CMV disease after solid organ transplantation   

 Type of solid organ transplant± 

 CMV D+/R−  CMV R+ 

 No preventive strategy  Prophylaxis c   No preventive strategy  Prophylaxis c  

 Kidney and/or pancreas  45–65%   6–29%   8–10%   1–2% 

 Liver  45–65%   6–29%   8–19%   4–13% 

 Heart  29–74%  19–30%  20–40%   2% 

 Lung and lung-heart  50–91%  36–40% a  
  4–10% b  

 35–59%  10% a  
 <5% b  

   CMV  cytomegalovirus,  D+/R−  donor positive, recipient negative,  R+  recipient positive. 
 ±The estimated incidence after small bowel transplantation is 22% of all patients, including all donor and recipient CMV serostatus. 
  a Antiviral prophylaxis is given for a duration of 3 months unless otherwise indicated ( b  indicates 6–12 months of prophylaxis after lung transplantation). 
  c CMV disease in patients who received prophylaxis generally occurs after the completion of antiviral prophylaxis (delayed-onset CMV disease).  
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anti-thymocyte globulins (ATG), alemtuzumab, and high- dose 
steroids [ 80 – 90 ]. Administration of lymphocyte- depleting 
antibodies is often complicated by a cytokine release syn-
drome, characterized by high levels of TNF-α, fevers, and rig-
ors [ 91 ], which could theoretically induce CMV reactivation 
[ 80 ]. In addition to the individual effects of specifi c immuno-
suppressive drugs, the net state of immunosuppression is a 
major factor predisposing to CMV disease after solid organ 
transplantation. In contrast, the mTOR inhibitors (everolimus 
and sirolimus) appear to be associated with a lower incidence 
of CMV disease after solid organ transplantation [ 92 – 94  ].  

25.4.6     Allograft Rejection 

 Acute rejection is one of the  major   risk factors for CMV dis-
ease after solid organ transplantation [ 52 ,  79 ,  95 – 97 ]. Pro- 
infl ammatory cytokines, such as TNF-α, released during 
acute rejection are a potent trans-activator of CMV. In one 
study, acute rejection increased the risk of CMV disease by 
sixfold in a cohort of CMV D+/R− liver and kidney recipi-
ents [ 52 ]. Conversely, CMV increases the risk of acute and 
chronic rejection, thereby establishing their bidirectional 
“synergistic” relationship after solid organ transplantation 
[ 79 ,  98 ]. Antiviral prophylaxis has been associated in some 
studies to reduce not only the incidence of CMV disease but 
also acute rejection [ 32 ,  99 ,  100 ].  

25.4.7     Type of Organ Transplant 

 Lung, small intestinal, and pancreas recipients generally have 
the highest risk, while  liver and heart recipients   have intermedi-
ate risk, and  kidney recipients   have the lowest risk for CMV 
disease [ 27 ,  56 ,  101 ].  Composite tissue allograft transplant 
recipients   are also at high risk of CMV disease [ 102 ,  103 ]. 
While this heightened risk for some types of transplant may be 
due to high intensity of drug-induced immunosuppression, it 
has also been suggested that the large amount of latent CMV 
harbored in the allograft (i.e., viral burden) may contribute to 
the increased predisposition of lung and small intestinal recipi-
ents to develop CMV disease [ 27 ,  101 ].  

25.4.8     Viral Burden and Genotype 

 The degree of viremia, as measured  by   nucleic acid testing and 
antigenemia, is a predictor of CMV disease after solid organ 
transplantation [ 36 ,  37 ,  104 – 108 ]. Genetic variability of viral 
strains (i.e., the viral genotype) has also been suggested to 
infl uence the risk of CMV [ 109 ], potentially accounting for 
the higher rate of CMV disease among CMV D+/R+ com-
pared to CMV D−/R+ patients [ 30 ,  31 ]. The majority of reac-
tivated CMV strains in CMV D+/R+ solid organ transplant 
recipients appear to be of donor origin [ 38 – 40 ].  

25.4.9     Bacterial, Fungal, and Other Viral 
Infections 

 Occurrence of  bacterial and fungal infections   has been asso-
ciated with a subsequent higher incidence of CMV disease 
after solid organ transplantation [ 29 ,  110 – 112 ]. These pro- 
infl ammatory conditions would favor CMV reactivation, and 
lead to clinical disease. Conversely, CMV increases the risk 
of other opportunistic infections, possibly through CMV- 
induced immunomodulation [ 112 – 114 ]. CMV disease is 
more common in liver and kidney recipients with human her-
pes virus (HHV)-6 and HHV-7 infections [ 96 ,  115 – 119 ]. 
The underlying mechanism for the association is not defi ned, 
although HHV-6 and HHV-7 have immunomodulating prop-
erties that could predispose to CMV disease [ 116 ,  117 ,  119 , 
 120 ]. Alternatively, the heightened predisposition to develop 
other opportunistic infections in patients with CMV disease 
may merely indicate a severely impaired global immune 
function.   

25.5     Clinical Manifestations of CMV 
Disease 

 CMV infection in solid  organ   transplant recipients exhibits a 
wide spectrum of clinical symptoms [ 121 ,  122 ]. Based on 
these clinical manifestations, CMV infection may be classi-
fi ed either as an asymptomatic infection (termed subclinical 
CMV infection) or symptomatic infection (termed CMV dis-
ease). CMV disease can be further classifi ed based on the 
presence of organ involvement (termed tissue-invasive CMV 
disease) or lack thereof (termed CMV syndrome) (Table  25-3 ) 
[ 56 ,  123 ,  124 ].

   Traditionally, the onset of CMV infection and disease 
occur most commonly during the fi rst 3–4 months after solid 
organ transplantation [ 80 ,  125 – 128 ]. However, the onset has 
been delayed in some populations, especially among CMV 
D+/R− solid organ transplant recipients who are receiving 
anti-CMV prophylaxis; in these patients, CMV infection 
occurs most commonly during the fi rst 3–6 months after 
completion of prophylaxis [ 28 ,  29 ,  32 ,  129 – 135 ]. 

25.5.1     Direct CMV Effects 

 CMV disease is characterized by the reactivation of the virus 
in latently infected cells (including the allograft), dissemina-
tion in the blood, and invasion and replication in target 
organs (such as the allograft and other organs, most com-
monly the gastrointestinal tract). Clinically, this produces a 
characteristic febrile illness, often accompanied by bone 
marrow suppression, and various end-organ invasive dis-
eases such as pneumonitis, gastritis, enteritis, colitis, enceph-
alitis, hepatitis, retinitis, among others (Table  25-3 ). The 
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diagnosis of CMV disease is confi rmed by demonstrating the 
virus in the blood, other body fl uids, or tissue specimens 
[ 121 ,  124 ]. Table  25-4  lists the various laboratory methods 
used for the diagnosis of CMV infection and disease after 
solid organ transplantation [ 136 ].

25.5.1.1       CMV Syndrome 

 CMV syndrome is  t  he most common clinical presentation of 
CMV disease, and accounts for over 60–90% of all cases, 
after solid organ transplantation [ 28 ,  29 ,  124 ,  133 ,  137 ,  138 ]. 
CMV syndrome is the term for CMV disease without end- 
organ involvement, and it is most commonly manifested as 
fever (>38 °C for at least 2 days) and constitutional symp-
toms such as new or increasing malaise [ 121 ,  124 ,  139 ]. 
CMV syndrome is also characterized by bone marrow sup-
pression, with patients presenting most commonly with new 
or increasing leukopenia and thrombocytopenia [ 121 ,  124 , 
 139 ]. In some cases, atypical lymphocytosis and elevation in 
hepatic enzymes may be observed [ 121 ,  139 ]. In all cases of 
CMV syndrome, CMV should be demonstrated in the blood, 
either by nucleic acid testing or pp65 antigenemia [ 121 ,  124 , 
 139 ]. For defi nite diagnosis of CMV syndrome, there should 
be no other etiology that could account for the clinical symp-
toms, such as bacterial and other viral infections [ 121 ,  139 ]. 
In some cases, however, coinfections with HHV-6 and 
HHV-7 may be demonstrated, although the role of these 
viruses in the clinical manifestations of CMV syndrome is 
debated [ 140 – 144 ].  

25.5.1.2      Tissue-Invasive CMV Disease 

 CMV  di  sease may manifest with signs and symptoms of 
organ dysfunction [ 27 – 29 ,  32 ,  121 ,  132 ,  133 ,  139 ,  145 ]. 
Patients with organ-specifi c symptoms should be suspected 
as having tissue-invasive CMV disease, and the diagnosis 
confi rmed by the demonstration of CMV by histopathology 
(i.e., inclusion bodies and cytopathic changes), immunohis-
tochemistry, or in situ DNA hybridization [ 121 ,  124 ,  139 ]. In 
most cases of tissue-invasive CMV disease, the virus is also 
demonstrated in the peripheral blood by nucleic acid testing 
or pp65 antigenemia. However, there is a proportion of local-
ized or compartmentalized tissue-invasive CMV disease 
with no detectable virus in the blood [ 27 ]; in these cases, a 
tissue biopsy is needed to confi rm the diagnosis of tissue- 
invasive disease [ 27 ,  121 ,  139 ]. 

 The most common form of tissue-invasive disease is gas-
trointestinal CMV disease, which can involve any part of the 
gastrointestinal tract [ 27 – 29 ,  32 ,  132 ,  133 ,  145 – 147 ]. The 
most severe forms of tissue-invasive CMV disease are pneu-
monia and central nervous system disease (e.g., encephalitis) 
[ 129 ]. In some cases, multiple organs may be involved, such 
as concomitant CMV colitis and hepatitis. It is rare for solid 
organ transplant recipients to develop CMV retinitis, 
although this diagnosis should be considered and screened 
for in patients with compatible symptoms [ 101 ,  148 ]. 
Virtually any organ system can be affected by CMV, and 
some of the less common sites of tissue involvement are the 
gallbladder and biliary tree, epididymis, skin, and endome-
trium [ 149 – 154 ]. Congenital CMV has been reported in the 
offspring of female transplant recipients [ 155 ,  156 ]. 

 CMV disease may involve the transplanted allograft, 
especially among CMV D+/R− patients. This is not unex-
pected since the virus is harbored in the allograft. CMV 
reactivates in the transplanted organ and cause graft dys-
function and allograft tissue-invasive CMV disease [ 157 –
 161 ]. Hence, liver recipients may present with CMV 
hepatitis [ 162 ], pancreas recipients with CMV pancreatitis 
[ 157 ], kidney recipients with CMV nephritis [ 163 ], heart 
recipients with CMV myocarditis [ 161 ], and lung recipients 
with CMV pneumonitis [ 158 – 160 ]. Because the clinical 
manifestations of tissue-invasive CMV disease are diffi cult 
to differentiate from allograft rejection, tissue biopsy for 
defi nitive diagnosis is imperative to guide appropriate ther-
apy [ 121 ,  139 ]. 

 The clinical manifestations of tissue-invasive CMV dis-
ease depend on the organ and severity of involvement. CMV 
hepatitis typically manifests with fever and elevated serum 
levels of gamma-glutamyl transferase, alkaline phosphatase, 
and aminotransferases, with minimal elevations in serum 
bilirubin levels [ 162 ]. CMV pneumonitis manifests as fever, 
dyspnea, and cough, accompanied by hypoxemia and radio-
graphic fi ndings of bilateral interstitial, unilateral lobar, or 
nodular pulmonary infi ltrates [ 164 ]. CMV can affect any 
segment of the gastrointestinal tract [ 165 ], and depending on 

     TABLE 25-3.    Impact of CMV on solid organ transplantation   

 Direct effects  Indirect effects 
 Other associated 
outcomes 

 CMV syndrome  Acute allograft rejection  Increased total cost 
 Increased resource 

utilization 
 Prolonged 

hospitalization 

 Tissue-invasive 
CMV disease 

  Gastrointestinal 
disease 

  Hepatitis 
  Pneumonitis 
  CNS disease 
  Retinitis 
  Nephritis 
  Pancreatitis 
  Carditis 
  Others a  

 Chronic rejection and 
allograft failure 

  Bronchiolitis obliterans 
(lung) 

  Cardiac vasculopathy 
(heart) 

  Tubulointerstitial fi brosis 
(kidney) 

 Opportunistic and other 
infections 

  Fungi ( Aspergillus , 
 Pneumocystis ) 

  Bacteria (i.e.,  Nocardia ) 
  Epstein–Barr virus-

associated PTLD 
  Hepatitis C recurrence 
  Other viruses (HHV-6, 

HHV-7) 

 Mortality (direct) 

 New-onset diabetes mellitus 

 Mortality (indirect and 
all-cause) 

   PTLD  posttransplant lymphoproliferative disease,  HHV  human herpes virus. 
  a Any organ system may be affected by cytomegalovirus.  
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the segment involved, it may manifest with dysphagia and 
odynophagia (CMV esophagitis), nausea, vomiting, and 
abdominal pain (CMV gastritis), gastrointestinal hemor-
rhage (CMV gastritis, enteritis, or colitis), and diarrhea 
(CMV enteritis and colitis) [ 166 – 168 ]. The endoscopic fi nd-
ings of gastrointestinal CMV disease may be nonspecifi c 
such as erythema and diffuse, shallow erosions, but charac-
teristic ulcers are typically observed [ 167 ]. Histopathologic 
examination to demonstrate cytomegalic cells with CMV 
inclusion bodies in tissue specimens, the use of in situ 
hybridization or CMV-specifi c immunochemical stains to 
demonstrate the presence of the virus in biopsy specimens 
are necessary to confi rm tissue-invasive CMV disease [ 166 ]. 
CMV has been reported to cause vasculitis that resulted in 
ischemic colitis [ 169 ], or hepatic artery thrombosis [ 170 , 
 171 ]. Rarely, CMV may cause retinitis, usually at a later 
stage beyond 6 months after solid organ transplantation 
[ 101 ]. Patients with CMV retinitis may be asymptomatic, or 
they may experience blurring of vision, scotomata, or 
decreased visual acuity [ 101 ]. Characteristic fundoscopic 
fi ndings by an experienced ophthalmologist often reveal the 
diagnosis of CMV retinitis, although the demonstration of 
CMV in vitreous fl uid by nucleic acid testing may be neces-
sary in atypical cases [ 101 ]. Central nervous system involve-
ment by CMV occurs very rarely, and it is manifested as 
change in mental function and confi rmed by the demonstra-
tion of CMV by nucleic acid testing of the cerebrospinal 
fl uid [ 153 ].    

25.5.2     Indirect CMV Effects 

 CMV is associated with numerous indirect effects 
(Table  25-3 ), which occur as a result of its ability to modu-
late the immune system, either directly or through the 
upregulation of cytokines, chemokines, growth factors, and 
other immune molecules [ 172 ]. Some of the indirect effects 
may be delayed direct effects of persistent subclinical CMV 
infection in the transplanted allograft (e.g., chronic allograft 
failure) [ 173 ]. 

25.5.2.1     Opportunistic Infections 

 CMV  cause  s immunomodulation that predisposes to oppor-
tunistic bacterial and fungal infections after solid organ 
transplantation [ 113 ,  174 ,  175 ]. Studies have shown that the 
incidence of bacterial and fungal infections was lower among 
solid organ transplant recipients who received antiviral pro-
phylaxis [ 114 ,  176 ,  177 ]. The immunomodulatory property 
of CMV is postulated to increase the risk of Epstein–Barr 
virus-induced posttransplantation lymphoproliferative disor-
ders (PTLD) in transplant patients [ 178 ].  

25.5.2.2     Allograft Rejection 

 CMV has been associated with  reduced   allograft survival 
after liver, kidney, lung, pancreas, and heart transplantation 
[ 29 ,  179 ,  180 ]. Acute rejection was signifi cantly higher 

      TABLE 25-4.    Laboratory methods for the diagnosis of CMV infection and disease after solid organ transplantation   

 Method  Examples  Principle  Clinical use  Comments 

 Viral culture  Tube culture 
 Shell vial assay 

 Virus isolation  Diagnosis of CMV infection and 
disease 

 High specifi city but poor sensitivity 
 Slow turnaround time 
 Virus isolate may be used for phenotypic 

drug susceptibility 

 Serology  ELISA  Antibody detection 
(IgG, IgM) 

 Pretransplant assessment of CMV 
exposure (IgG only) 

 Not used for real-time diagnosis of 
acute disease after transplantation 

 IgG preferred for screening 
 IgM suggests acute infection, but 

caution for false positive results 

 Antigenemia  Slide method  pp65 antigen 
detection 

 Rapid diagnosis of CMV infection 
and disease 

 Guide for preemptive therapy 
 Guide for duration of antiviral therapy 

 More sensitive than shell vial assay 
 Reduced sensitivity during leukopenia 

and neutropenia 
 Labor intensive and lacks 

standardization 
 Operator-dependent (subjective 

interpretation) 
 Requires immediate processing (relies 

on life span of leukocytes ex vivo) 

 Nucleic acid tests  Commercial assays 
 Laboratory-developed 

assays 

 Viral nucleic acid 
(DNA or RNA) 
detection 

 Rapid diagnosis of CMV infection 
and disease 

 Assessment of risk of CMV disease 
 Guide for initiation of preemptive 

therapy 
 Guide for duration of antiviral therapy 
 Marker for risk of relapse and drug 

resistance 

 Quantitation allows for assessing 
severity of infection; qualitative assay 
does not distinguish latency from 
active replication 

 Standardization with the use of 
calibrators 

 Thresholds for various clinical 
indications have not been fully 
determined to be applied widely 

   ELISA  enzyme linked immunosorbent assay,  CMV  cytomegalovirus.  
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among CMV-infected transplant recipients [ 181 ]. Prolonged 
CMV replication has been associated with an increased risk 
of chronic rejection after liver transplantation [ 182 ]. 
Although the mechanisms underlying these associations 
have not been fully elucidated, persistent CMV replication 
may mediate persistent T-cell stimulation, either directly or 
indirectly, by increasing the immunogenicity of the allograft 
(i.e., γ-interferon-mediated up-regulation of major histo-
compatibility complex antigens) resulting in a chronic 
infl ammatory process [ 183 ].  

25.5.2.3     Chronic Allograft Failure 

 CMV has been signifi cantly  a  ssociated with bronchiolitis 
obliterans syndrome, a form of chronic lung allograft rejec-
tion characterized by bronchiolar infl ammation and granula-
tion [ 160 ]. Ganciclovir prophylaxis has been reported to 
reduce the incidence of bronchiolitis obliterans after lung 
transplantation [ 184 ]. Among heart recipients, CMV has 
been implicated in the pathogenesis of accelerated vascu-
lopathy [ 184 – 186 ]. CMV disease has been implicated as a 
factor for the development of vanishing bile duct syndrome, 
characterized by ductopenia, severe jaundice, and pruritus 
after liver transplantation [ 187 – 189 ]. Among kidney recipi-
ents, CMV has been associated with tubulointerstitial fi bro-
sis and glomerulopathy, characterized by enlargement and 
necrosis of endothelial cells and accumulation of mononu-
clear cell infi ltration and fi brillary material deposition in glo-
merular capillaries [ 29 ,  154 ].  

25.5.2.4     Vasculopathy and Procoagulation 

 A  sig  nificant association between CMV and vasculopa-
thy has been reported after heart transplantation [ 185 , 
 186 ,  190 – 192 ]. This association is supported by experi-
mental data showing the ability of CMV to infect endo-
thelial cells, influence smooth muscle cell migration and 
growth in vitro, and induce neointimal proliferation in rat 
aortic allografts [ 193 ]. Experimental in vivo data demon-
strate that rat CMV causes endothelial inflammation that 
results in intimal thickening in aortic and cardiac 
allografts, and this was diminished by ganciclovir [ 194 , 
 195 ] or experimental CMV vaccination [ 196 ]. In addi-
tion, CMV-enhanced allograft vasculopathy may be 
mediated by a proliferative effect on the smooth muscle 
cells and/or inflammatory cells with enhanced produc-
tion of growth factors [ 190 ,  194 ,  195 ,  197 ,  198 ]. CMV 
infection of endothelial cells may also lead to a proco-
agulant response that could account for the clinical asso-
ciation between CMV and vascular thrombosis [ 171 ,  199 , 
 200 ]. Antiviral drugs together with CMV-hyperimmune 
globulins have reduced the risk of vasculopathy after 
heart transplantation [ 185 ,  186 ].  

25.5.2.5     Viral Interactions 

 Reactivation  o  f multiple latent viruses, including CMV, is 
common after solid organ transplantation, thereby creating 
an environment that would allow potential interactions [ 119 , 
 141 – 143 ]. Such interaction may lead to altered clinical pre-
sentation of various viral infections [ 119 ,  120 ,  141 – 143 ,  179 , 
 201 ,  202 ]. Examples are the proposed interactions among 
β-herpesviruses, which may be manifested as an increased 
incidence and severity of CMV disease [ 119 ,  120 ], the pro-
posed association between CMV and EBV-associated PTLD 
[ 178 ], and the ability of CMV to accelerate the clinical 
course of recurrent hepatitis C, resulting in higher rates of 
infl ammation, fi brosis, allograft failure and mortality after 
liver transplantation [ 201 – 203 ].  

25.5.2.6     New-Onset Diabetes Mellitus 
After Transplantation 

 CMV has been associated with new-onset diabetes mellitus 
after transplantation. A meta-analysis of seven clinical trials 
reported that CMV was a risk factor for new onset diabetes 
mellitus [ 204 ]. However, the mechanism underlying this 
relationship is yet to be determined.   

25.5.3     Mortality 

 Solid organ transplant recipients with CMV disease have a 
signifi cantly  higher   mortality rate compared to those without 
CMV disease [ 29 ,  134 ,  205 – 208 ]. The causes of death are 
most commonly non-CMV related, although occasionally, 
CMV may directly cause death if not diagnosed and treated 
appropriately. The use of effective antiviral drugs for preven-
tion and treatment has reduced all-cause mortality after solid 
organ transplantation [ 95 ,  111 ,  205 ,  209 – 212 ].   

25.6     Laboratory Diagnosis of CMV 
Infection 

 The laboratory methods for the diagnosis of CMV infection 
detect (1) the virus in clinical samples, and (2) the immune 
response to the virus [ 104 ] (Table  25-4 ). The most common 
method to confi rm clinical suspicion of CMV infection is a 
molecular test that quantifi es viral nucleic acid in blood and 
other clinical samples [ 104 ]. Other methods that may be 
used for this purpose are pp65 antigenemia and viral culture, 
although their use has markedly declined during the last 
decade [ 104 ]. The diagnosis of tissue-invasive CMV disease 
is confi rmed by histopathologic examination of biopsy sam-
ples. Serology to detect CMV IgG antibodies is the standard 
test to screen for prior exposure, and serve as a surrogate for 
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latent CMV, among donors and candidates [ 121 ]. A novel 
immunologic test undergoing clinical evaluation is the detec-
tion, quantifi cation, and functional assessment of CMV- 
specifi c T lymphocytes [ 66 ]. 

25.6.1     Nucleic Acid Tests 

  Nucleic acid  tests   are the most common methods for the 
detection of CMV in blood and other clinical samples [ 104 ]. 
These tests are most commonly performed using  polymerase 
chain reaction (PCR)  , which amplifi es CMV nucleic acid in 
clinical samples of patients with active CMV infection [ 104 ]. 
There are numerous nucleic acid tests, including commercial 
and laboratory-developed (also known as “home-brew”) 
tests. Until recently, the tests were not standardized, result-
ing in wide inter-assay variability in viral load reporting 
[ 213 ]. In a large multicenter study, which included 33 labo-
ratories that were asked quantify the viral load of samples 
with known viral quantity, there was wide inter-laboratory 
variability in viral load values and limit of detection [ 213 ]. 
This variability in viral load values has limited direct com-
parison of practices among transplant centers. The calibra-
tion standard was identifi ed as the most signifi cant variable 
that accounted for the wide inter-assay variability [ 214 ,  215 ]. 
Hence, a WHO International Standard (National Institute for 
Biological Standards and Control, UK) and a certifi ed refer-
ence material (National Institutes of Standards and 
Technology, USA) were developed [ 104 ]. Several commer-
cial and laboratory-developed tests have now been optimized 
based on these calibration standards [ 104 ,  137 ,  216 ,  217 ]. 

  Nucleic acid tests   are used for several clinical indications, 
including (1) sensitive and rapid diagnosis of CMV infection, 
(2) assessment of the risk of CMV disease and its severity, (3) 
guiding initiation of preemptive therapy for preventing CMV 
disease, (4) assessment of the effi cacy of antiviral therapy, (5) 
guiding the duration of antiviral treatment, and (6) assess the 
risk of relapse of infection and disease (Table  25-4 ) [ 104 ]. 
Three different viral load measures are often used for these 
clinical uses – absolute viral load, change in viral load over 
time, and viral load suppression. In one study, viral load of 
3983 IU/ml was suggested and validated as the threshold for 
initiating preemptive therapy in CMV R+ solid organ trans-
plant recipients [ 218 ]. In another study, a viral load threshold 
of 2275 IU/ml was suggested to discriminate self-resolving 
infection from those that need antiviral treatment in a cohort 
of CMV R+ solid organ transplant recipients [ 219 ]. A level of 
2000 copies/ml was defi ned in another study as optimal 
threshold to initiate preemptive therapy in moderate risk 
CMV R+ kidney transplant recipients [ 220 ]. A lower viral 
load value may be more signifi cant in CMV D+/R− solid 
organ transplant recipients, where clinical disease have been 
observed in as low as 1500 copies/ml, hence the need to treat 
high-risk patients even at much lower viral load values. In 
general, however, viral load values during the onset of CMV 

disease are signifi cantly higher in CMV D+/R− compared to 
CMV R+ solid organ transplant recipients, and in tissue-inva-
sive disease (mean value, 20,893 IU/ml) compared to CMV 
syndrome (9120 IU/ml) [ 137 ]. 

 Nucleic acid tests have been compared, on multiple occa-
sions, with antigenemia to compare their performance in 
diagnosis of CMV infection. While the results of numerous 
studies have been variable, there were more studies that indi-
cated nucleic acid tests are more sensitive than pp65 antigen-
emia [ 104 ]. Indeed, more centers are currently relying on 
nucleic acid tests for diagnosis of CMV in solid organ trans-
plant recipients.   

25.6.2     Antigenemia 

 The pp65  antigenemia test   is  another   common method for 
the diagnosis of CMV infection after solid organ transplanta-
tion, although its use is currently declining due to more 
widespread application of nucleic acid tests [ 219 ,  220 ]. The 
antigenemia test is based on the principle of detecting pp65 
antigen that is expressed in polymorphonuclear cells during 
active CMV infection. Blood is collected and the polymor-
phonuclear cells are separated and stained with monoclonal 
antibody against the pp65 antigen. The number of pp65- 
staining polymorphonuclear cells are counted, and expressed 
per a predefi ned number of polymorphonuclear cells (for 
example, per 100,000 polymorphonuclear cells). Like 
nucleic acid tests, the pp65 antigenemia has been used for 
rapid diagnosis of CMV infection (more rapid than viral cul-
ture), assess severity of infection (higher number of cells 
suggest greater severity), guide preemptive therapy, and 
guide duration of antiviral therapy. Various cutoffs (e.g., 
number of positive cells) have been defi ned by different cen-
ters, and the variable thresholds identifi ed are likely infl u-
enced by the underlying net state of immunity [ 219 ,  220 ].  

25.6.3     Viral Culture 

 Detection of  CMV   using conventional culture methods and 
shell vial techniques have become less common due to their 
labor intensive nature, slow turnaround time, and low to 
modest sensitivity [ 104 ,  221 – 224 ]. While viral culture is 
highly specifi c for CMV disease, the sensitivity for viral 
detection is low. Moreover, the slow turnaround time limits 
real-time clinical applicability. Rapid and real-time tests 
such as nucleic acid tests have generally supplanted the use 
of viral culture in the clinical setting [ 104 ,  221 ].  

25.6.4      Histopathology 

 The  diagnosis   of tissue-invasive CMV disease relies on tis-
sue biopsy demonstrating histologic changes, including 
cytomegalic inclusion cells [ 121 ,  163 ]. In situ hybridization 
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and immunohistochemistry staining may be needed when 
the histologic fi ndings are nonspecifi c. The most common 
organs biopsied are the gastrointestinal tract (the most com-
mon organ involved in tissue-invasive disease) and the trans-
planted allograft [ 163 ]. Allograft biopsy is often needed to 
distinguish CMV disease from allograft rejection [ 121 ]. One 
study suggested that detection of virus in the blood by nucleic 
acid testing may obviate the need for biopsy in patients pre-
senting with symptoms of gastrointestinal CMV disease 
[ 147 ]. The overall sensitivity of this approach is 85%, which 
increases to 100% with primary gastrointestinal CMV dis-
ease but declines to 73% among CMV R+ solid organ trans-
plant recipients [ 147 ]. The decline in sensitivity is accounted 
for by CMV R+ solid organ transplant recipients with com-
partmentalized or localized gastrointestinal CMV disease 
with low or absent viremia [ 147 ,  225 ]. Hence, biopsy should 
be considered when there is clinical concern for CMV dis-
ease even if the nucleic acid test in the blood is negative 
[ 121 ]. The virus is detected in the affected tissue for longer 
period compared blood [ 146 ]. In a study of primary 
 gastrointestinal CMV disease, the virus was demonstrated in 
the tissue for at least 1 week beyond viral eradication in the 
blood [ 146 ]. However, it is not necessary to repeat endos-
copy and intestinal biopsy to document clearance of infec-
tion before discontinuing antiviral treatment, except in cases 
of severe disease that involves multiple gastrointestinal seg-
ments [ 146 ].   

25.6.5     Serology 

 CMV IgG  serology is the   standard test to screen transplant 
candidates and potential donors for previous exposure to 
CMV [ 121 ]; this serves as a surrogate marker of latent 
CMV. Based on the serologic testing of the donor and recipi-
ents, the risk of CMV infection and disease can be stratifi ed 
as high risk (CMV D+/R−), moderate risk (CMV R+) and 
low risk (CMV D−/R−) [ 121 ]. Such risk profi le assessment 
determines the type of CMV prevention strategy after solid 
organ transplantation [ 121 ]. One study further stratifi ed the 
risk of CMV infection after liver transplantation among 
CMV R+ recipients based on the serologic titer; in this study, 
CMV R+ liver recipients with lower CMV-IgG titer has a 
higher risk of developing CMV disease [ 110 ]. However, 
serology should not be used to diagnose active CMV infec-
tion after transplantation, since patients have impaired abil-
ity to mount an effective immune response, resulting in 
delayed antibody production [ 121 ].  

25.6.6     Cellular Immune Monitoring 

 Assessment of CMV-specifi c T cell  numbe  r and function is 
an emerging tool to assess the risk of CMV after solid organ 
transplantation [ 66 ]. A variety of methods are available 
including cytokine fl ow cytometry, ELISpot, or assessment of 

cytokine secretion such as interferon-gamma (e.g., interferon- 
gamma release assays) [ 66 ]. Detection of functional CMV-
specifi c T cells refl ects the ability of a patient to mount an 
effective immune response, and a lower risk of CMV disease. 
Various thresholds for risk prediction have been suggested 
using different assays and patient populations, but their lack 
of standardization has limited their widespread clinical appli-
cation. A positive QuantiFERON-CMV test, an investiga-
tional assay that measures interferon-gamma release after 
stimulation with CMV antigens ex vivo, was associated with 
lower risk of CMV disease in a large cohort of solid organ 
transplant recipients, including CMV D+/R− group [ 226 , 
 227 ]. Several studies have examined the role of ELISpot, with 
variable positive thresholds as indicative of risk of CMV dis-
ease [ 228 – 230 ]. There are various studies using cytokine fl ow 
cytometry, with inconsistent results likely due to differences 
in techniques, reagents and antigens, patient populations and 
degree of immunosuppression [ 65 ,  66 ,  231 ,  232 ].   

25.7     Prevention of Cytomegalovirus 
Infection and Disease 

 Because of the negative impact of CMV on outcomes, its 
prevention is a major focus of management after solid organ 
transplantation. The most common method is the use of anti-
viral drugs either as antiviral prophylaxis or preemptive 
 therapy. In addition, a common practice is the use of CMV-
seronegative, fi ltered, or leukocyte-reduced blood products 
when blood transfusion is necessary for patient care. CMV-
seronegative donor and recipient matching, which would 
pair a CMV-seronegative donor and recipient, is logistically 
diffi cult and rarely performed. Waiting for a CMV-
seronegative donor may result in an unnecessarily prolonged 
waiting time for a patient who needs a lifesaving trans-
plant procedure. Currently, non-selected or CMV- 
hyperimmunoglobulin are less commonly used, partly 
because of its expense, modest effi cacy, and the availability 
of effective antiviral drug strategies. There is no vaccine that 
is available clinically for active immunization against CMV 
in humans, although some are in early clinical development. 

25.7.1     Antiviral Strategies 

 The two major  antiviral   strategies for preventing CMV dis-
ease after solid organ transplantation are (1) antiviral pro-
phylaxis and (2) preemptive therapy [ 26 ,  56 ,  123 ,  233 – 237 ] .  
Antiviral prophylaxis entails the administration of an antivi-
ral drug for a fi xed duration of time (usually, a minimum of 
3–6 months) to all patients or to “at-risk” patients after solid 
organ transplantation (Figure  25-1a ) [ 56 ,  123 ,  233 ]. A vari-
ant of this approach is targeted prophylaxis, which adminis-
ters antiviral drugs only during periods highly associated 
with CMV reactivation, such as those times when ATG, 
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ALG, OKT3, and alemtuzumab are used for treatment of 
acute rejection [ 56 ,  123 ,  233 ]. In contrast, preemptive ther-
apy involves the administration of antiviral drug only to 
transplant recipients with evidence of early asymptomatic 
CMV replication (Figure  25-1b ) [ 56 ,  123 ,  233 ]. The goal of 
preemptive therapy is to treat early CMV reactivation prior 
to the onset of clinical disease [ 121 ].

   There is an ongoing debate whether antiviral prophylaxis 
or preemptive therapy is the optimal strategy for preventing 
CMV disease after solid organ transplantation. It is generally 
believed however that both strategies are effective for CMV 
disease prevention [ 121 ,  238 – 240 ]. Several meta-analyses 
concluded that antiviral prophylaxis and preemptive therapy 
are both effective in preventing CMV disease (Table  25-5 ) 
[ 209 – 212 ]. A reduction in incidence of indirect effects was 
evident with antiviral prophylaxis [ 209 – 212 ], specifi cally, a 
reduction in all-cause mortality [ 27 ,  176 ,  241 ]. In head-to- 
head clinical trials that directly compared both strategies in 
cohorts of kidney recipients, both were similarly effective in 
preventing CMV disease (Table  25-6 ) [ 238 – 240 ]. The over-
all cost of both antiviral strategies appears to be similar, with 

cost of drug (for antiviral prophylaxis) being counter- 
balanced by the cost of laboratory monitoring (for preemp-
tive therapy) [ 240 ]. Table  25-7  summarizes the potential 
benefi ts and disadvantages of the two antiviral strategies 
[ 27 ]. Which of these two strategies is more effective in a 
specifi c transplant setting or a specifi c transplant population 
is most likely infl uenced by a variety of factors, such as 
recipient and donor characteristics, underlying medical 
comorbidity, the logistics of frequent CMV surveillance, the 
availability of sensitive and rapid methods for CMV detec-
tion, and the availability and cost of antiviral drugs [ 242 , 
 243 ]. Hence, the choice of which antiviral approach to use 
after solid organ transplantation is institution-, organ trans-
plant-, and resource-dependent.

25.7.1.1         Antiviral Prophylaxis 

 The  antiviral   drugs for preventing CMV disease after solid 
organ transplantation are valganciclovir, oral and intrave-
nous ganciclovir, and valacyclovir (Table  25-8 ) [ 32 ,  132 , 
 135 ,  244 – 248 ]. Foscarnet and cidofovir are not routinely 

Time (in months) since solid organ transplantation

0 3 6 12

CMV surveillance by NAT or pp65 antigen

CMV surveillance by NAT or pp65 antigen

Preemptive antiviral
treatment

Preemptive therapy

Antiviral prophylaxis

Antiviral prophylaxis

a

b

c

  FIGURE 25-1.    Schematic representation of antiviral prophylaxis ( a ), preemptive therapy ( b ) and a hybrid approach ( c ) after solid organ 
transplantation.       
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    TABLE 25-5.    Meta-analyses of randomized controlled trials of antiviral prophylaxis and preemptive therapy for the prevention of cyto-
megalovirus disease after solid organ transplantation   

 Author (reference)  Study characteristics  CMV disease a   CMV infection a   All-cause mortality a   Other effects 

  Antiviral prophylaxis  

 Hodson [ 241 ]  RCT of GCV, ACV, and 
VACV prophylaxis vs. 
placebo or no 
treatment 

 0.42 (0.34–0.52) 
 19 Trials 
 1981 Patients 

 0.61 (0.48–0.77) 
 17 Trials 
 1786 Patients 

 0.63 (0.43–0.92) 
 17 Trials 
 1838 Patients 

 Reduction in HSV, VZV, bacterial, 
and protozoal infections 

 No signifi cant effect on fungal 
infection, acute rejection, and 
graft loss 

 Kalil [ 210 ]  Prophylaxis vs. placebo 
or no treatment 

 0.20 (0.13, 0.31) 
 11 Trials 
 1582 Patients 

 NA  0.62 (0.40–0.96) 
 7 Trials 
 1338 Patients 

 Reduction in allograft rejection 
(RR: 0.74; 95% CI: 0.59–0.94) 

 Small [ 211 ]  GCV prophylaxis vs. 
placebo or no 
treatment 

 0.34 (0.24–0.48) 
 8 Trials 
 930 Patients 

 NA  0.99 (0.68–1.43) 
 12 Trials 
 1322 Patients 

 No signifi cant reduction in 
rejection (RR: 0.90; 95% CI: 
0.79–1.01) 

 Hodson [ 339 ]  RCT of IgG vs. placebo 
or no treatment 

 0.80 (0.61–1.05) 
 16 Trials 
 770 Patients 

 0.94 (0.80–1.10) 
 14 Trials 
 775 Patients 

 0.57 (0.32–1.03) 
 8 Trials 
 502 Patients 

 Reduction in CMV- related deaths 
(RR: 0.33; 95% CI: 0.14–0.80) 

 No signifi cant difference in the 
risk of CMV disease, CMV 
infection, and all-cause 
mortality between antiviral drug 
combined with IgG compared 
to antiviral medication alone 

  Preemptive therapy  

 Hodson [ 241 ]  RCT of preemptive 
therapy vs. placebo or 
no treatment 

 0.29 (0.11–0.80) 
 6 Trials 
 288 Patients 

 NA  1.23 (0.35–4.30) 
 2 Trials 
 176 Patients 

 No signifi cant effect of acute 
rejection (RR: 1.06; 95% CI: 
0.64–1.76) 

 Kalil [ 210 ]  Preemptive therapy vs. 
placebo or no 
treatment 

 0.28 (0.11–0.69) 
 6 Trials 
 398 Patients 

 NA  0.94 (0.32–2.76) 
 3 Trials 
 253 Patients 

 Signifi cant reduction in allograft 
rejection (RR: 0.47; 95% CI: 
0.24–0.91) 

 Small [ 211 ]  Preemptive therapy with 
GCV 

 0.30 (0.15–0.60) 
 9 Trials 
 457 Patients 

 NA  0.94 (0.43–2.07) 
 4 Trials 
 208 Patients 

 No signifi cant reduction in 
rejection (RR: 0.54; 95% CI: 
0.29–1.01) 

   RCT  randomized controlled trial,  NA  not assessed,  RR  relative risk,  95% CI  confi dence intervals,  IgG  immunoglobulin G,  HSV  herpes simplex virus,  VZV  
varicella zoster virus,  CMV  cytomegalovirus,  GCV  ganciclovir,  ACV  acyclovir,  VACV  valacyclovir. 
  a Data presented as Relative Risk (95% confi dence intervals), number of trials included, and number of patients.  

    TABLE 25-6.    Selected clinical trials comparing preemptive therapy and antiviral prophylaxis in kidney transplant recipients   

 Study reference  Trial A [ 240 ]  Trial B [ 238 ]  Trial C [ 239 ] 

 Total no. of patients 
 No. patients for preemptive therapy 

versus antiviral prophylaxis 
 % CMV D+/R− 

 98 
 49 vs. 49 
 33% vs. 26% 

 70 
 36 vs. 34 
 17% vs. 12% 

 148 
 74 vs. 74 
 33.8% vs. 30.1% 

 Monitoring strategy for preemptive 
therapy 

 qPCR WB weekly × 16 weeks  qPCR WB weekly × 16 weeks  qPCR WB weekly × 4 weeks then Q2 
weeks until 12 weeks 

 Drug for preemptive therapy  VGCV 900-mg BID x21d  VGCV 900-mg BID x≥14d  IV GCV 5-mg/kg BID x≥10d 

 Drug for antiviral prophylaxis  VGCV 900-mg QD × 100d  VACV 2-g QID x90d  Oral GCV 1-g TID x90d 

 Outcomes (preemptive therapy versus antiviral prophylaxis) 

 CMV infection  59% vs. 29% ( p  = 0.004)  92% vs. 59% ( p <0.001)  51% vs. 18% ( p <0.001) 

 CMV disease  2% vs. 8% ( p  = 0.362)  6% vs. 9% ( p  = ns)  18.5% vs. 6.8% ( p  = 0.04) 

 Biopsy-proven allograft rejection at 
12 months 

 8% vs. 2% ( p  = 0.36)  36% vs. 15% ( p  = 0.034)  28% vs. 19% ( p  = ns) 

 Mortality  0% vs. 0%  0% vs. 3% ( p  = ns)  5% vs. 7% ( p  = ns) 

 Other outcomes  No difference in overall cost  No difference in overall cost  Comparable CrCl at 12 mo 
 Prophylaxis increased long-term 

survival (92% vs. 78%;  p  = 0.04) 
 CMV associated with severe 

impairment in graft function 

   CMV  cytomegalovirus,  D+/R−  donor positive/recipient negative,  GCV  ganciclovir,  VGCV  valganciclovir,  VACV  valacyclovir,  d  days,  w  weeks,  mo  months, 
 CrCl  creatinine clearance.  
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    TABLE 25-7.    Benefi ts and risks of universal antiviral prophylaxis and preemptive therapy against CMV after solid organ transplantation   

 Strategy  Benefi ts  Risks and disadvantages 

 Universal prophylaxis  • Prevents reactivation of other herpes viruses (i.e., herpes 
simplex virus, HHV-6) 

 • Does not rely on frequent laboratory monitoring for CMV 
detection 

 • Reduces incidence of indirect CMV effects (acute rejection, 
chronic allograft failure, opportunistic bacterial and viral 
infections, posttransplant lymphoproliferative disease, 
mortality) 

 • Prolonged antiviral drug use may lead to the 
emergence of antiviral drug resistance 

 • Prolonged antiviral drug use may lead to higher 
incidence of adverse drug effects 

 • Associated with late-onset CMV disease 

 Preemptive therapy  • Reduced number of patients exposed to antiviral drugs 
 • Reduced direct drug costs 
 • Reduced duration of antiviral drug use 
 • Reduced toxicity related to antiviral drugs 
 • Lower risk of antiviral drug resistance (although resistance 

has been observed with prolonged preemptive therapy) 

 • Requires a predictive test for early identifi cation of 
patients at risk of CMV disease 

 • Requires patients to comply with stringent 
surveillance schedule 

 • Requires personnel to actively implement the 
logistics of the CMV surveillance program 

 • Increased cost of diagnostic surveillance testing 
 • May not identify all patients at risk of CMV disease 

because of rapid viral replication in CMV 
D+/R− patients 

 • CMV-selective nature does not prevent reactivation 
of other herpes viruses 

   CMV  cytomegalovirus,  HHV  human herpesvirus.  

         TABLE 25-8.    Selected randomized controlled clinical trials of antiviral prophylaxis after solid organ transplantation   

 Type of 
transplant  Reference 

 Study 
characteristics 

 Number of patients 
per group (# of D+/
R− patients a ) 

 Prophylactic 
regimen  Outcome and comments  CMV disease b   Mortality b  

  Valganciclovir  vs.  oral ganciclovir  

 Kidney, 
pancreas, 
liver, and 
heart 

 [ 135 ]  Primary 
prophylaxis; 
prospective, 
randomized, 
controlled, 
multicenter 

 245 (245) vs. 127 
(127) 

 VGCV 900-mg 
once daily vs. 
GCV 1-g PO 
TID 

 Similar overall 
incidence of CMV 
disease 

 Higher rate of 
tissue-invasive 
CMV disease in 
liver recipients on 
VGCV vs. oral 
GCV prophylaxis 

 Higher incidence of 
neutropenia in 
VGCV group 

 12.1% vs. 15.2% at 
6 months 

 17.2% vs. 18.4% at 
12 months 

 Investigator- 
treated CMV: 
30.5% vs. 28% 

 Not reported 

 Kidney  [ 131 ]  Primary 
prophylaxis; 
randomized 
controlled 
multicenter 
trial 

 All D+/R− 
 326 (326) 

 VGCV 900-mg 
once daily for 
200 days vs. 
100 days 

 Lower incidence of 
CMV viremia and 
disease with 200 
days of prophylaxis 
compared to 100 
days of prophylaxis 

 16.1% vs. 36.8% at 
12 months 

 No deaths in 
200 day 
group 
compared 
to 4 deaths 
in the 100 
day group 

 Lungs  [ 129 ]  Primary 
prophylaxis; 
randomized 
controlled 
multicenter 
trial 

 66 (25) vs. 70 (20)  VGCV 900-mg 
once daily for 
3 months vs. 
12 months 

 Signifi cant reductions 
in CMV infection, 
and disease severity 

 32% vs. 4%  Not reported 

  Ganciclovir  vs.  other regimens (including placebo)  

 Kidney  [ 247 ]  Primary 
prophylaxis 

 17 (17) vs. 17 (17)  IV GCV 5 mg /kg 
2×/day × 14 
days (days 
14–28) vs. No 
ganciclovir 

 Delayed onset CMV 
infection; Reduced 
severity of CMV 
disease; no change 
in incidence of 
CMV infection or 
disease 

 47% vs. 73%  0% vs. 0% 

(continued)
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 Type of 
transplant  Reference 

 Study 
characteristics 

 Number of patients 
per group (# of D+/
R− patients a ) 

 Prophylactic 
regimen  Outcome and comments  CMV disease b   Mortality b  

 Heart  [ 246 ]  Prospective, 
double-blind 

 76 (19) vs. 73 (16)  IV GCV 5 mg/kg 
2×/day × 14 
days, then 
6 mg/kg 5/
week × 14 days 
vs. placebo 

 Reduced incidence of 
CMV disease in the 
R +  subgroup 

 Delayed incidence of 
CMV shedding 

 35% vs. 29% in 
D+/R− 

 9% vs. 46% in R+ 

 4% vs. 1% 

 Lung  [ 245 ]  13 (3) vs. 12 (3)  IV GCV 5 mg/kg 
4×/day × 2 
weeks; then 
5 mg/kg/
day × 1 week; 
then 5 mg/kg/
day for 5 days/
week through 
90 days vs. IV 
GCV 5 mg/kg 
4×/day × 2 
weeks; then 
5 mg/kg/
day × 1 week; 
then PO ACV 
800 mg 4×/day 
through 90 
days 

 Decreased CMV 
infection and 
disease; increased 
median infection- 
free duration 

 0% vs. 25%  15% vs.25% 

 Liver  [ 132 ]  Prospective; 
double-
blind, 
placebo- 
controlled 

 150 (21) vs. 154 
(25) 

 PO GCV 3 g/
day × 98 days 
vs. placebo 

 Reduced CMV 
infection (24.5% 
vs. 51.5%); reduced 
HSV infection 

 4.8% vs. 18.9% 
 (14.8% vs. 44% 

among D+/R−) 

 6.7% vs. 
10.4% 

  Acyclovir or valacyclovir  vs.  placebo or no prophylaxis  

 Kidney  [ 244 ]  Prospective, 
double-blind 

 53 (6) vs. 51 (7)  PO ACV 800 mg 
4×/day × 12 
weeks vs. 
placebo 

 Decreased CMV 
infection and 
disease, especially 
in 
the D + /R −  subgroup 

 8% vs. 29%  4% vs. 6% 

 [ 32 ]  Prospective  306 (102) vs. 310 
(106) 

 PO VACV 2 g 
4×/day × 90 
days vs. 
placebo 

 Reduced allograft 
rejection and 
incidence of HSV 

 Increased 
hallucinations and 
confusion 

 16% vs. 45% in 
D+/R−; 

 1% vs. 6% in R+ 

 5% vs. 4% 
 in D+/R− 
 1% vs. 5% 
 in R+ 

 Liver  [ 248 ]  Prospective  60 (0) vs. 60 (0)  IV ACV 500 mg/
m 2  3×/day × 10 
days, then PO 
ACV 3200 mg/
day through 3 
months vs. no 
prophylaxis 

 Decreased incidence 
of CMV infection 
and disease 

 7% vs. 23%  No effect on 
patient 
survival 

   CMV  cytomegalovirus,  HSV  herpes simplex virus,  D  donor,  R  recipient,  PO  per orem (orally administered),  IV  intravenous,  ACV  acyclovir,  VACV  valacy-
clovir,  GCV  ganciclovir. 
  a If known, the number of patients who were D + /R −  is given in parentheses. 
  b Amongst patients given, fi rst listed vs. second listed regimen.  

TABLE 25-8. (continued)

used for prevention of CMV disease after solid organ trans-
plantation because of renal and other toxicities [ 27 ]. 
Numerous clinical trials have demonstrated the effi cacy and 
safety of antiviral drugs for prevention of CMV disease after 

solid organ transplantation (Table  25-8 ) [ 32 ,  132 ,  135 ,  244 –
 248 ]. As demonstrated in these clinical trials, the immediate 
benefi ts of antiviral prophylaxis are the reduction in the 
 incidence and severity of CMV disease. In some trials, a 
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reduction in the indirect effects of CMV was also demon-
strated, such as its impact on other opportunistic infections 
[ 177 ], bacteremia [ 114 ], allograft rejection [ 184 – 186 ], and 
patient survival [ 184 – 186 ,  209 ]. Table  25-9  lists the current 
recommendations for the prevention of CMV disease after 
solid organ transplantation [ 56 ,  123 ,  233 ,  249 ].

       Ganciclovir and Valganciclovir Prophylaxis 

 A synthetic analogue of 2′-deoxy-guanosine, ganciclovir 
exerts its anti-CMV effect through inhibition of CMV DNA 
polymerase [ 250 ,  251 ]. Ganciclovir requires three sequential 
phosphorylation steps in order to exert its antiviral activity. 
The initial step of this triphosphorylation process is carried 
out by CMV-encoded  UL97  kinase, and two additional phos-
phate molecules are later added by human cellular kinases 
[ 252 ]. Because of the need for CMV-encoded  UL97  kinase 
for its initial phosphorylation, ganciclovir becomes activated 
only in the presence of active CMV infection [ 252 ]. Upon its 
activation, ganciclovir triphosphate acts by competitively 

inhibiting the incorporation of deoxyguanosine-triphosphate 
by CMV DNA polymerase. The incorporation of ganciclovir 
triphosphate by CMV DNA polymerase alters the DNA con-
formation, which results in the termination of CMV DNA 
elongation. 

 The clinical effi cacy of ganciclovir for preventing CMV 
disease after solid organ transplantation is demonstrated by 
multiple clinical trials that compared it with placebo, acy-
clovir, or different preparations of immunoglobulins [ 253 –
 258 ]. Ganciclovir is available in intravenous and oral 
formulations [ 252 ]. However, oral ganciclovir is poorly 
absorbed in the gastrointestinal tract. Hence, it is no longer 
recommended as a fi rst-line agent, and it has been replaced 
by the highly bioavailable oral valganciclovir [ 259 ]. A 
valyl-ester prodrug of ganciclovir, valganciclovir circum-
vents the pharmacokinetic limitations of oral ganciclovir 
and provides systemic ganciclovir levels that are compara-
ble to intravenous ganciclovir [ 259 ]. Intraocular injection 
of ganciclovir is also used as adjunctive treatment of CMV 
retinitis [ 101 ].  

        TABLE 25-9.    Recommendations for the prevention of CMV disease after solid organ transplantation   

 Organ transplant type  CMV serostatus  General recommendations  Specifi c recommendations 

 Kidney, liver, pancreas 
and heart transplants 

 D+/R−  Universal prophylaxis is preferred over preemptive therapy 
 Duration of antiviral prophylaxis is 6 months for kidney 

recipients, and 3–6 months for liver, pancreas and heart 
recipients 

 Prophylaxis may be prolonged for patients who receive 
lymphocyte- depleting antibodies for treatment of acute 
rejection 

 Preemptive therapy may be effective (if performed 
adequately) but the rapid replication dynamics of CMV 
in CMV D+/R− patients makes preemptive strategy 
logistically diffi cult in this population 

 Valganciclovir 900-mg QD (not 
FDA-approved in liver 
transplantation) is preferred 

 Oral ganciclovir 1-g TID 
 IV ganciclovir 5-mg/kg QD 
 Valacyclovir 8-g/d (kidney transplant 

recipients only) 
 Some centers add CMV-IG for high-risk 

patients (in heart transplant patients) 

 R+  Either antiviral prophylaxis or preemptive therapy are 
acceptable options 

 Duration of prophylaxis is 90–100 days 
 Preemptive therapy is guided by PCR or antigenemia 

testing 
 Other centers do not provide specifi c anti-CMV prevention 

strategy and opts to clinically observed low-risk patients 
(i.e., D−/R+) 

  Antiviral prophylaxis : 
 Valganciclovir 900-mg QD (not 

FDA-approved in liver 
transplantation) is preferred 

 Oral ganciclovir 1-g TID 
 IV ganciclovir 5-mg/kg QD 
 Valacyclovir 8-g/d (kidney transplant 

recipients only) 
  Preemptive therapy : 
 Valganciclovir 900-mg BID 
 IV ganciclovir 5-mg/kg q12h 

 Lung and heart-lung 
transplants 

 D+/R−  Universal prophylaxis is preferred over preemptive therapy 
 Duration of prophylaxis is 12 months, and others extend 

this longer periods 

 Valganciclovir 900-mg QD 
 IV ganciclovir 5-mg/kg QD 
 Some centers add CMV-IG to the 

antiviral regimen 

 R+  Universal prophylaxis is preferred over preemptive therapy 
 Duration of prophylaxis is 6–12 months 

 Valganciclovir 900-mg QD 
 IV ganciclovir 5-mg/kg QD 

 Intestinal transplants  D+/R−  Universal prophylaxis is preferred over preemptive therapy 
 Duration of prophylaxis is 3–6 months; some centers 

extend the duration beyond 6 months 

 IV ganciclovir 5-mg/kg QD 
 Valganciclovir 900-mg PO QD 
 Some centers add CMV-Ig to the 

antiviral regimen 

 R+  Universal prophylaxis is preferred over preemptive therapy 
 Duration of prophylaxis is 3–6 months after 

transplantation 

 IV ganciclovir 5-mg/kg QD 
 Valganciclovir 900-mg PO QD 

   CMV  cytomegalovirus,  IG  immunoglobulin,  D  donor,  R  recipient,  QD  once daily,  TID  thrice daily,  IV  intravenous.  
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    Valganciclovir 

  Valganciclovir   is currently the most common antiviral drug 
for prophylaxis against CMV in solid organ transplant recip-
ients [ 135 ]. A prodrug of ganciclovir, valganciclovir is a 
highly recognized substrate of the intestinal peptide trans-
porter PEPT1, which facilitates its rapid and effi cient intesti-
nal absorption [ 252 ]. Following absorption, valganciclovir 
undergoes rapid hydrolysis by intestinal and hepatic ester-
ases into ganciclovir [ 252 ]. Because of enhanced absorption, 
valganciclovir provides serum ganciclovir levels that are 
comparable to intravenous ganciclovir [ 259 ]. The high levels 
achieved with valganciclovir may reduce the risk of antiviral 
resistance when compared to oral ganciclovir [ 260 ], although 
ganciclovir-resistance has been reported during prolonged 
use of valganciclovir. 

 For antiviral prophylaxis, valganciclovir is administered 
orally at a dose of 900-mg once daily in individuals with 
creatinine clearance >60 ml/min (Table  25-9 ) [ 135 ,  252 ]. In 
an international randomized controlled trial, valganciclovir 
(900-mg once daily for 100 days) was noninferior to oral 
ganciclovir (1-g three times daily for 100 days) for prevent-
ing CMV disease in a cohort of 364 CMV D+/R− kidney, 
pancreas, liver, and heart recipients [ 135 ]. The incidence of 
“endpoint committee-defi ned CMV disease” were 12.1 and 
15.2% at 6 months and 17.2 and 18.4% at 12 months in the 
valganciclovir and oral ganciclovir groups, respectively 
[ 135 ]. The incidence of “investigator-treated CMV disease” 
were 30.5 and 28.0% in the valganciclovir and oral ganciclo-
vir groups, respectively [ 135 ]. Notably, there was a higher 
incidence of tissue-invasive CMV disease among liver recip-
ients who received valganciclovir compared to oral ganciclo-
vir prophylaxis [ 135 ], and this observation resulted in its 
non-approval by the US FDA for the prevention of CMV 
disease after liver transplantation [ 135 ]. Despite this, valgan-
ciclovir remains as the most common drug used for the pre-
vention of CMV disease after liver transplantation [ 261 ]. 
The incidence of neutropenia was signifi cantly higher among 
patients who received valganciclovir compared to oral ganci-
clovir prophylaxis [ 135 ]; these fi ndings were correlated with 
systemic drug levels [ 262 ]. Several single-center and retro-
spective analyses have mirrored these observations by dem-
onstrating the effi cacy of valganciclovir prophylaxis after 
heart, kidney, pancreas, and liver transplantation [ 28 ,  29 , 
 133 ,  159 ,  263 – 265 ]. Clinical trials have also demonstrated 
the effi cacy of valganciclovir for preventing CMV disease 
after lung transplantation (Table  25-8 ) [ 159 ,  265 ]. 

 The optimal duration of valganciclovir prophylaxis for the 
prevention of CMV disease after solid organ  transplantation 
remains debated, although 3 months is considered as the 
minimum duration for CMV D+/R− kidney, liver, heart, and 
pancreas recipients [ 56 ,  123 ,  233 ]. One study of a cohort of 
372 CMV D+/R− kidney recipients demonstrated that the 
incidence of CMV disease is further reduced by doubling the 
duration from 3 months (100 days) to 6 months (200 days) of 

valganciclovir prophylaxis (36.8% vs. 16.1%) (Table  25-8 ) 
[ 266 ]. In another multicenter trial, valganciclovir prophy-
laxis for 12 months was signifi cantly better than 3 months in 
reducing CMV disease in CMV D+/R− and CMV R+ lung 
transplant recipients (Table  25-8 ) [ 129 ,  158 ,  159 ]. Table  25-9  
lists the recommendations for the prevention of CMV dis-
ease in CMV D+/R− and CMV R+ kidney, liver, pancreas, 
heart, lung, and intestinal recipients [ 56 ,  123 ].   

    Intravenous Ganciclovir 

 Clinical  trials   have demonstrated the effi cacy of intravenous 
ganciclovir for the prevention of CMV disease after solid 
organ transplantation [ 255 ]. However, the need for vascular 
access and its associated complications of thrombosis, phle-
bitis, and catheter-related infections have limited the use of 
intravenous ganciclovir prophylaxis after solid organ trans-
plantation [ 252 ]. Oral agents have generally replaced intra-
venous ganciclovir for prevention of CMV disease. Currently, 
intravenous ganciclovir remains used as short-course 
“bridge” prophylaxis during the early period after transplan-
tation, when patients are still unable to take oral medications. 
The recommended dose for intravenous ganciclovir for pro-
phylaxis is 5 mg per kg per day (dose adjusted based on renal 
function).   

     Oral Ganciclovir 

 Oral  ganciclovir      was developed to circumvent the limitation 
of intravenous ganciclovir [ 132 ]. For prophylaxis, oral gan-
ciclovir is given at a dose of 1 g orally three times daily for 3 
months after solid organ transplantation [ 56 ,  132 ]. The major 
drawback to oral ganciclovir use is its poor absorption [ 252 , 
 259 ]. In a prospective, randomized, placebo-controlled trial 
involving 304 liver recipients, oral ganciclovir (3 g daily for 
98 days) reduced the 6-month incidence of CMV infection 
from 51.5 to 24.5% and CMV disease from 18.9 to 4.8% 
[ 132 ]. Signifi cant reduction in the incidence of CMV disease 
was demonstrated even in CMV D+/R− liver transplant 
recipients (from 44 to 14.8%) and those who received 
lymphocyte- depleting immunosuppressive drugs (from 32.9 
to 4.6%) [ 132 ]. Prolonging oral ganciclovir prophylaxis to 6 
months further decreased the incidence of CMV disease in 
kidney recipients [ 267 ]. In a single-center observational 
study, the incidence of CMV disease among patients who 
received 12 weeks was 31% compared to only 6.5% among 
patients who received 24 weeks of oral ganciclovir prophy-
laxis [ 267 ]. 

 The prolonged suboptimal systemic levels attained during 
oral ganciclovir prophylaxis has been postulated as major 
contributor to the emergence of drug-resistant viral strains, 
particularly among CMV D+/R− solid organ transplant 
recipients [ 260 ,  268 – 272 ]. In an in vitro study, low ganciclo-
vir levels predisposed to the selection of low-grade  UL97  
mutations followed thereafter by accumulation of other 
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mutations [ 273 ]. In the clinical setting, persistent CMV rep-
lication has been demonstrated despite the use of oral ganci-
clovir [ 52 ]. Although an earlier study showed that 
ganciclovir prophylaxis in solid organ transplant recipients 
did not select for ganciclovir-resistant CMV isolates [ 251 ], 
subsequent studies have observed that prolonged use of gan-
ciclovir may predispose to the selection of ganciclovir-resis-
tant CMV [ 271 ,  272 ]. In a study of lung recipients on 
prolonged ganciclovir therapy, 9% developed ganciclovir 
resistance at a median of 4.4 months [ 271 ]. Currently, oral 
ganciclovir is no longer a fi rst-line option, but it has been 
supplanted by valganciclovir for preventing CMV disease 
after transplantation [ 261 ].     

25.7.1.2     Acyclovir and Valacyclovir 

   Acyclovir 

 Acyclovir  w     as one of the earliest antiviral drugs for the pre-
vention of CMV disease after solid organ transplantation, 
with modest success (Table  25-8 ) [ 244 ]. In its phosphory-
lated form, acyclovir acts as a competitive inhibitor of viral 
DNA polymerase. However, acyclovir possesses little 
in vitro activity against CMV at clinically achievable levels. 
In a prospective, randomized, placebo-controlled trial of kid-
ney recipients, oral acyclovir (dose of 800–3200 mg four 
times daily for 12 weeks) reduced the incidence of CMV 
infection (36% vs. 61%) and disease (7.5% vs. 29%) com-
pared to placebo [ 244 ]. However, other studies have not 
demonstrated these benefi cial effects, particularly in liver 
and thoracic organ recipients [ 274 ,  275 ]. Thus, it is no longer 
recommended for the prevention of CMV disease after solid 
organ transplantation.  

     Valacyclovir 

  Valacyclovir     , a valyl-ester prodrug of acyclovir, is character-
ized by improved oral bioavailability [ 32 ]. In a prospective, 
randomized, placebo-controlled trial, valacyclovir (2 g orally 
four times daily for 90 days) reduced the incidence of CMV 
disease from 45 to 16% in CMV D+/R− kidney recipients 
and from 6 to 1% in CMV-seropositive patients (Table  25-8 ) 
[ 32 ]. Reductions in the incidence of herpes simplex virus 
infections and allograft rejection were also observed, but hal-
lucinations and mental confusion were prominent adverse 
effects of high-dose valacyclovir [ 32 ]. The clinical utility of 
valacyclovir prophylaxis has not been demonstrated in recip-
ients of allografts other than kidney [ 276 ]. Currently, valacy-
clovir is indicated only for preventing CMV disease after 
kidney transplantation (Table  25-9 ).     

25.7.1.3     Foscarnet and Cidofovir 

 There have  been   no randomized, placebo-controlled clinical 
studies of foscarnet and cidofovir prophylaxis for the preven-
tion of CMV disease after solid organ transplantation. Both 

drugs exert a mechanism of action that is similar to ganciclo-
vir, by inhibiting CMV  UL54 (pol) -encoded DNA poly-
merase. Foscarnet is a pyrophosphate analogue that does not 
require intracellular activation, and terminates CMV replica-
tion by blocking the release of pyrophosphate by CMV DNA 
polymerase. Cidofovir requires a two-step phosphorylation 
process, catalyzed by human cellular kinases, in order to 
exert its antiviral effect. In contrast to ganciclovir, both fos-
carnet and cidofovir do not require phosphorylation by CMV 
 UL97  kinase. Hence, foscarnet and cidofovir have antiviral 
activity against ganciclovir-resistant CMV strains with  UL97  
mutations [ 277 ]. While the long half-life of cidofovir may 
allow for less frequent and more convenient dosing (e.g., 
once every 2 weeks), the associated nephrotoxicity and need 
for parenteral administration are major factors that limited its 
use. Likewise, foscarnet is administered parenterally and the 
risk of nephrotoxicity has prevented its use as CMV prophy-
laxis after solid organ transplantation [ 277 ].   

25.7.1.4      Delayed-Onset CMV Disease 

 Antiviral  prophylaxis   has not completely prevented CMV 
infection and disease, especially in a subgroup of high-risk 
CMV D+/R− transplant recipients. Instead, antiviral prophy-
laxis has merely delayed the onset of disease to a later period, 
hence the term delayed-onset (late-onset) CMV disease. The 
onset of delayed-onset CMV disease varies depending on the 
duration of antiviral prophylaxis. In general, delayed-onset 
CMV disease occurs mainly during the fi rst 3–6 months after 
stopping antiviral prophylaxis [ 28 ,  29 ,  32 ,  56 ,  132 ,  133 , 
 135 ]. The reported incidence of delayed-onset CMV disease 
varied in different studies, from as low as 8% to as high as 
47% of CMV D+/R− solid organ transplant recipients [ 28 , 
 29 ,  32 ,  56 ,  132 ,  133 ,  135 ,  264 ]. 

 The clinical presentation of delayed-onset CMV disease 
appears similar to traditional-onset CMV disease, with the 
majority of cases presenting as CMV syndrome (estimated 
>60%) and less commonly as tissue-invasive CMV disease 
[ 28 ,  29 ,  32 ,  56 ,  132 ,  133 ,  135 ,  264 ]. The most common organ 
involved is the gastrointestinal tract [ 28 ,  29 ,  32 ,  56 ,  132 – 135 , 
 208 ,  264 ]. The severity of illness appears to be compara-
tively lesser than early-onset CMV disease, possibly as a 
result of the lower degree of immunosuppression at later 
posttransplant period. In some cases, the clinical presenta-
tion may be atypical and the diagnosis may be missed, lead-
ing to death [ 278 ]. Delayed-onset CMV disease remains 
signifi cantly associated with poor allograft and patient sur-
vival [ 29 ,  134 ,  208 ]. 

 The major risk factor for delayed-onset CMV disease is a 
CMV D+/R− serologic status [ 28 ,  29 ,  32 ,  56 ,  132 – 135 ,  208 , 
 264 ]. Viral load monitoring and CMV serology (at the end of 
antiviral prophylaxis) have not been particularly useful in 
predicting delayed-onset CMV disease [ 279 ,  280 ]. Routine 
surveillance using nucleic acid test to monitor early asymp-
tomatic CMV reactivation that can be treated preemptively 
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before it progresses to clinical disease has been proposed to 
reduce the incidence of delayed-onset CMV disease, but only 
with modest effi cacy (Figure  25-1c ). In contrast, measure-
ment of cell-mediated immunity, such as interferon-gamma 
release by T cells following CMV antigenic stimulation have 
been shown to stratify patients that remain at high risk of 
CMV disease after completion of antiviral prophylaxis [ 226 ]; 
these individuals may benefi t from extended antiviral pro-
phylaxis or a more aggressive CMV surveillance post- 
prophylaxis. The vast majority of delayed-onset CMV 
disease cases remain susceptible to ganciclovir, although 
some may be due to drug-resistant strains [ 281 ]. Ganciclovir- 
resistant CMV disease causes signifi cant morbidity and 
results in poor allograft and patient survival [ 281 – 283 ].    

25.7.2     Preemptive Therapy 

 Preemptive therapy involves the administration of antiviral 
drugs “selectively” only to patients with asymptomatic CMV 
reactivation with the main goal of preventing its progression 
to symptomatic CMV disease [ 56 ,  123 ,  233 ]. An algorithm 
for preemptive therapy is depicted in Figure  25-1b, c ).  Meta- 
analysis   of clinical trials using preemptive therapy for the 
prevention of CMV disease is listed in Table  25-5 . The 
results of comparative trials between preemptive therapy and 
antiviral prophylaxis for the prevention of CMV disease 
after solid organ transplantation are listed in Table  25-6 . 

 For preemptive therapy to work optimally, a sensitive and 
highly predictive laboratory test should be readily available 
to identify patients at increased risk of developing CMV dis-
ease [ 56 ,  136 ,  257 ,  284 ]. Transplant recipients are monitored 
with this test, usually on a weekly basis, until a “viral thresh-
old” is reached that triggers the initiation of antiviral treat-
ment [ 136 ]. For more than a decade, there has been debate as 
to the optimal method and frequency for CMV surveillance. 
Among the various laboratory methods used for the diagno-
sis of CMV (Table  25-4 ) [ 136 ], those that have been shown 
to be effective for guiding preemptive therapy are pp65 anti-
genemia [ 257 ,  285 – 288 ] and nucleic acid tests [ 238 ,  284 , 
 289 – 292 ]. Which of these laboratory methods is more effec-
tive in guiding preemptive therapy is dependent on a variety 
of factors. The low sensitivity and slow turnaround time of 
culture-based assays have limited their use for preemptive 
therapy, and are strongly discouraged for this purpose [ 293 , 
 294 ]. The optimal frequency of CMV surveillance by CMV 
nucleic acid test or pp65 antigenemia has been suggested to 
be once weekly for the fi rst 12 weeks after solid organ trans-
plantation [ 56 ,  123 ,  233 ,  249 ]. 

 The viral load threshold for initiating preemptive antiviral 
therapy has not been well defi ned. Differences in patient 
characteristics, lack of standardization among laboratory 
assays, and the varying analytical performance of diagnostic 
tests have made it diffi cult, if not impossible, to defi ne a spe-
cifi c clinically signifi cant level of viral replication [ 136 ,  213 , 

 295 ]. Recent studies using  standardized nucleic tests   have 
suggested a viral load ranging between 2000 and 5000 IU/ml 
as threshold for initiating preemptive antiviral therapy for 
CMV R+ solid organ transplant recipients, while any viral 
load value may be signifi cant for the CMV D+/R− solid 
organ transplant recipient [ 218 ]. These suggested values 
should be confi rmed by others before it becomes widely 
adopted. Likewise, a clinically relevant cutoff value of pp65 
antigenemia has not been widely defi ned nor adopted. A 
 suggested threshold of >10 positive cells per 2 × 10 5  cells in 
solid organ transplant recipients has yet to be validated by 
prospective clinical trials [ 296 ]. Pending widespread confi r-
mation of these suggested viral thresholds, it is imperative 
for individual transplant centers to develop clinically vali-
dated thresholds that will trigger the initiation of preemptive 
therapy. It is likely that the suggested threshold may differ 
between CMV D+/R− and R+ patients, between lung and 
non-lung transplant recipients, and between those who 
received or did not receive induction therapy with 
lymphocyte- depleting agents, among other factors. 

 Intravenous ganciclovir and oral  valganciclovir   are most 
commonly used antiviral drugs for preemptive antiviral 
therapy (Table  25-9 ) [ 297 ]. In a randomized trial, intrave-
nous ganciclovir and oral valganciclovir were equally 
effective for the preemptive treatment of CMV infection 
[ 297 ]. High- dose oral acyclovir, intravenous acyclovir, 
valacyclovir, and immunoglobulin preparations should not 
be used for preemptive therapy since they are compara-
tively less effective than ganciclovir-based regimens in 
treating active CMV replication [ 56 ,  123 ,  233 ,  249 ]. Oral 
ganciclovir has been used successfully for preemptive ther-
apy in some clinical studies [ 256 ,  284 ,  292 ,  298 ], but its 
poor absorption, the risk of emergence of ganciclovir-resis-
tant CMV in the presence of low systemic ganciclovir lev-
els, and the availability of more bioavailable valganciclovir 
has limited (and should discourage) the use of preemptive 
oral ganciclovir therapy. Because of associated severe tox-
icities, foscarnet and cidofovir are not used as fi rst-line 
agents for preemptive treatment in solid organ transplant 
recipients [ 256 ,  258 ,  284 ]. 

 The duration of  antiviral administration   with preemptive 
therapy is guided by CMV surveillance using nucleic acid 
test or antigenemia testing [ 56 ,  123 ,  233 ,  249 ]. It is generally 
recommended to continue preemptive antiviral treatment 
until CMV is no longer detectable in the blood for at least 2 
weeks [ 56 ,  123 ,  233 ,  249 ]. CMV surveillance is recom-
mended on a weekly basis for the duration of preemptive 
treatment and for the entire “high-risk” period (i.e., 12 weeks 
after transplantation) [ 56 ]. CMV testing would provide an 
indication of the effi cacy of the antiviral treatment, with a 
decline in viral load as an indication of effective treatment, 
while non-decline or rising viral load is an indication of anti-
viral drug resistance or poor drug bioavailability [ 271 ,  272 , 
 281 ,  299 ]. It is important to recognize, however, that viral 
load may occasionally transiently rise during the fi rst 1–2 

25. Cytomegalovirus Infection After Solid Organ Transplantation



458

weeks of preemptive treatment, and this does not necessarily 
suggest antiviral drug resistance [ 300 ]. 

 Table  25-9  lists the recommendation for using preemptive 
therapy for the prevention of CMV disease after solid organ 
transplantation. The rapid CMV replication in CMV D+/R− 
solid organ transplant patients has led many centers to ques-
tion the implementation of preemptive therapy in this 
high-risk population [ 36 ,  37 ,  106 ]. In few studies [ 284 ,  292 , 
 298 ], many CMV D+/R− solid organ transplant patients 
were not identifi ed soon enough for the timely initiation of 
preemptive treatment. Hence, current guidelines have pre-
ferred antiviral prophylaxis over preemptive therapy in CMV 
D+/R− solid organ transplant recipients [ 56 ,  123 ,  233 ,  249 ]. 
Other centers however have reported good experience with 
preemptive therapy even in this high-risk CMV D+/R− pop-
ulation [ 256 ,  257 ,  301 ]. 

 The  benefi ts and disadvantages   of preemptive therapy are 
listed in Table  25-7 . Compared to antiviral prophylaxis, 
wherein antiviral drugs are administered to all at-risk 
patients, preemptive therapy will provide antiviral drugs 
only selectively to patients with asymptomatic CMV infec-
tion [ 302 ]. Accordingly, the duration of antiviral drug admin-
istration is relatively shorter and fewer patients will receive 
the antiviral drug; this has the potential advantage in reduc-
ing drug costs and adverse effects. Moreover, preemptive 
therapy may be associated with a lower risk for emergence of 
resistant strains, although ganciclovir-resistant CMV has 
been observed among transplant recipients who received 
prolonged preemptive therapy [ 271 ,  303 ].  

25.7.3     Targeted Prophylaxis 

  Targeted   prophylaxis involves the administration of antiviral 
drugs to selected patients with clinical and epidemiologic 
characteristics that heightened their risk of CMV disease 
[ 56 ,  80 ,  108 ,  304 – 307 ]. The principle of this prevention 
approach is that the intensity of antiviral strategy should par-
allel the intensity of the antirejection program. The most 
important risk is the use of lymphocyte-depleting anti-T-cell 
receptor antibodies, either as induction therapy or for treat-
ment of allograft rejection [ 56 ,  80 ,  108 ,  307 ]. Intravenous 
ganciclovir therapy given during anti-lymphocyte antibody 
therapy has been shown to decrease the incidence of CMV 
disease from 33 to 14% in CMV R+ kidney transplant recipi-
ents [ 307 ,  308 ]. Currently, valganciclovir is the most com-
monly used drug for targeted prophylaxis. Intravenous and 
oral ganciclovir are alternative agents. In contrast, immuno-
globulins, acyclovir, and valacyclovir are not generally rec-
ommended for targeted prophylaxis. The optimal duration of 
targeted prophylaxis is not well defi ned, although many cen-
ters provide antiviral therapy for 1–3 months following the 
use of anti-lymphocyte antibody therapy [ 56 ,  123 ,  233 ,  249 ].  

25.7.4     Other CMV Prevention Approaches 

25.7.4.1     Cytomegalovirus-Seronegative Blood 
Products and Protective Matching 

  The CMV  serologic   status of the donor and recipient prior to 
solid organ transplantation is an important predictor of the 
risk of CMV disease, with CMV D+/R− representing the 
highest risk [ 309 – 311 ]. The use of protective matching (i.e., 
transplantation of an allograft from a seronegative donor to a 
seronegative recipient; D−/R−) markedly reduces the risk of 
CMV disease in the seronegative recipient by avoiding the 
transmission of CMV during solid organ transplantation 
[ 309 – 311 ]. The overall rate of CMV disease during the fi rst 
year after solid organ transplantation in CMV D−/R− is up to 
1–2% [ 121 ]. However, this “selective” approach is impracti-
cal, and rarely used. Waiting for a CMV-seronegative donor 
is likely to be risky and detrimental since it may delay a life-
saving transplant procedure. Moreover, the approach does 
not guarantee complete protection since natural transmission 
of CMV occurs in the community. 

 CMV-seronegative or leuko-reduced blood products are 
suggested for transplant recipients, especially CMV D−/R− 
transplant recipients, who require blood transfusions for any 
indication [ 121 ,  309 – 312 ]. Because majority of blood donors 
are CMV-seropositive, one limitation is the scarcity of CMV- 
seronegative blood products. In such a situation, fi ltered or 
leukocyte-poor products, which are associated with a low 
risk of CMV transmission, have been recommended [ 312 ]. 
In studies that compared CMV-negative vs. leuko-reduced 
blood products, there was no signifi cant difference in the 
incidence of transfusion-transmitted CMV infection [ 310 , 
 313 – 315 ].   

25.7.4.2      Immunotherapy and Vaccination 

 In theory, one  intervention   to reduce the risk of CMV infec-
tion after solid organ transplantation is CMV vaccination 
[ 316 – 319 ]. In the 1980s, randomized, placebo-controlled, 
double-blind trials of the live-attenuated Towne vaccine in 
kidney recipients demonstrated safety and immunogenicity, 
but did not demonstrate signifi cant prevention of CMV 
infection, although reduction in CMV disease severity by up 
to 85% was observed [ 320 – 322 ]. Moreover, among CMV 
D+/R− subgroup, the 1- and 5-year graft survival rates were 
higher in CMV-vaccinated patients (73 and 62%, respec-
tively) compared to placebo (40 and 25%, respectively) 
[ 323 ]. Currently, there are major efforts to develop an effec-
tive CMV vaccine [ 324 – 327 ], including peptide-based, 
DNA-based, and subunit vaccines containing recombinant 
immunodominant glycoproteins [ 316 – 319 ,  328 ]. The 
 glycoprotein B vaccine with MF adjuvant has reduced CMV 
infection in healthy women [ 329 ], while the ASP0113 vac-
cine is undergoing phase II–III clinical trials in transplant 
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recipients [ 330 ]. Currently, no vaccine is approved for clini-
cal use. 

 The administration of unselected or CMV immunoglobu-
lins have been used to boost humoral immune response in an 
attempt to prevent CMV disease after solid organ transplan-
tation [ 159 ,  331 – 337 ]. Results from randomized, controlled 
trials in kidney recipients indicate that immunoglobulins pre-
vented CMV disease in some, but not all trials [ 159 ,  331 –
 337 ]. Two meta-analyses demonstrated that immunoglobulin 
prophylaxis was associated with reduction in CMV-related 
death [ 338 ,  339 ]. However, one study showed no signifi cant 
reduction in CMV disease, CMV infection, and all-cause 
mortality when compared to placebo or no treatment [ 339 ]. 
This study further suggested that immunoglobulins did not 
have additional protective benefi t to that provided by antivi-
ral drugs alone [ 339 ]. A more recent analysis of a large 
 database confi rms the observation that while CMV-
immunoglobulins with or without antivirals was associated 
with reduced risk of death or graft loss, this similar fi nding 
was observed with the use of antivirals alone [ 340 ] .  Despite 
these data, some centers use unselected or CMV- 
immunoglobulins as “adjunctive” agent for the prevention of 
CMV disease in high-risk populations such as lung, heart, 
and intestinal transplants, in combination with antiviral 
drugs [ 56 ,  123 ,  233 ,  249 ]. The high cost of immunoglobulins 
and the risks associated with parenteral administration are 
the major disadvantages of immunoglobulins.     

25.8     Treatment of Cytomegalovirus 
Disease 

 CMV disease in solid organ transplant recipients is a poten-
tially fatal illness that should be treated aggressively as soon 
as possible. The antiviral drugs for treating CMV disease are 
intravenous ganciclovir, oral valganciclovir, intravenous fos-
carnet and intravenous cidofovir. All these drugs inhibit 

CMV by interference of the function of  UL54 (pol) -encoded 
CMV DNA polymerase. Intravenous ganciclovir and valgan-
ciclovir are considered the fi rst line agents and are similarly 
effective for the treatment of mild to moderate CMV disease 
in solid organ transplant recipients [ 138 ]. Because of signifi -
cant toxicities, foscarnet and cidofovir are considered second 
line alternative drugs (Table  25-10 ) [ 56 ]. Foscarnet and cido-
fovir are reserved for the treatment of ganciclovir-resistant 
CMV disease. In addition to antiviral therapy, treatment of 
CMV disease should be complemented by a judicious reduc-
tion in pharmacologic immunosuppression.

25.8.1        Intravenous Ganciclovir 
and Valganciclovir 

 Clinical  trials   have demonstrated the effi cacy and safety of 
intravenous ganciclovir for the treatment of CMV disease 
after solid organ transplantation [ 138 ,  233 ,  341 – 343 ]. The 
administration of intravenous ganciclovir resulted in a sig-
nifi cant decline in the CMV DNA levels, which accompa-
nied clinical resolution of symptoms [ 137 ,  138 ,  279 ,  295 , 
 341 ,  344 ]. The half-life of CMV, which is a measure of the 
rate of CMV decline, during intravenous ganciclovir therapy 
ranges from 2.36 days in liver recipients [ 106 ] to as long as 
5 days in a heterogenous group of solid organ transplant 
patients [ 279 ,  344 ]. The standard therapeutic dose of ganci-
clovir is 5 mg per kg every 12 h. Because ganciclovir is 
excreted by the renal system, patients with renal impairment 
require dose reductions [ 345 ]. 

 The oral formulation of ganciclovir should not be used 
for treatment of CMV disease because its oral bioavailabil-
ity is very low and the level achieved in the blood is not 
suffi cient to treat active CMV replication [ 252 ,  259 ]. In con-
trast, oral valganciclovir is characterized by signifi cantly 
improved bioavailability with serum ganciclovir concentra-
tions that are ten times higher than oral ganciclovir and 
approximate those achieved with intravenous ganciclovir 

   TABLE 25-10.    Antiviral drugs for the treatment of CMV disease after solid organ transplantation   

 Drug  Dose and duration a   Mechanism of action  Common adverse events  Comments 

 Ganciclovir  5 mg/kg IV every 12 h  Inhibits CMV DNA 
polymerase 

 Bone marrow suppression  First-line drug 
 Oral ganciclovir is not readily absorbed and 

should not be used for treatment 

 Valganciclovir  900-mg PO twice daily  Inhibits CMV DNA 
polymerase 

 Bone marrow suppression  First-line drug for mild-to-moderate cases 
of CMV disease 

 Foscarnet  60 mg/kg IV every 8 h (or 
90-mg/kg every 12 h) 

 Inhibits CMV DNA 
polymerase 

 Electrolyte abnormalities 
 Nephrotoxicity 
 Anemia 
 Seizure 

 Second line antiviral drug; utilized in 
ganciclovir-resistant CMV cases 

 Cidofovir  5 mg/kg IV every week × 2 
weeks then every 2 
weeks thereafter 

 Inhibits CMV DNA 
polymerase 

 Nephrotoxicity 
 Ocular hypotony 
 Neutropenia 

 Rarely used as initial therapy; utilized in 
ganciclovir-resistant cases 

   CMV  cytomegalovirus. 
  a All dosing should be adjusted based on renal function. The duration of therapy must be tailored as a function of the degree of viral replication, as assessed 
by CMV DNA PCR or pp65 antigenemia assay, and clinical response (i.e., resolution of symptoms).  
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[ 252 ,  259 ]. A prospective, randomized, multicenter trial 
showed that valganciclovir was as effective as intravenous 
ganciclovir for the treatment of non-severe cases of CMV 
disease in solid organ transplant recipients [ 138 ]. The rates 
of virological decline and clinical resolution by end of a pre-
defi ned 21-day treatment course and by the end of mainte-
nance valganciclovir treatment were similar between 
valganciclovir and intravenous ganciclovir [ 138 ]. The rec-
ommended dose of valganciclovir for treatment of CMV 
disease is 900-mg twice daily, with dose adjustments based 
on renal function. Valganciclovir is not indicated as fi rst line 
therapy in severe cases of CMV disease, those with very 
high initial viral load, and in patients whose intestinal 
absorption is uncertain, such as those with vomiting and 
diarrhea [ 252 ]. In these cases, it is recommended to initiate 
therapy with intravenous ganciclovir followed by, when the 
clinical situation improves, step-down therapy with treat-
ment doses of oral valganciclovir. 

 The duration of antiviral therapy should be individualized 
based on clinical and virologic response to treatment. The 
minimum duration of treatment is 2 weeks [ 56 ], but most 
patients require prolonged duration of therapy, especially 
those with severe disease, tissue-invasive disease, high viral 
load, and augmented immunosuppression. CMV nucleic 
acid test or pp65 antigenemia are generally performed once 
weekly during treatment to assess virologic response to anti-
viral therapy [ 56 ,  123 ,  233 ,  249 ]. CMV monitoring should 
be performed using the same assay, since viral load values 
can differ among various tests, especially if they have not 
been calibrated to the international standard [ 123 ]. Studies 
on CMV kinetics indicate that the degree of viral replication, 
as measured by the virus load in the blood at the start and end 
of antiviral therapy, and the degree of viral decay, infl uence 
the duration of therapy duration [ 104 ,  279 ,  341 ]. In a study 
of 267 solid organ transplant recipients, those patients with 
viral load higher than 18,200 IU/ml had signifi cantly longer 
period to CMV disease resolution compared to those with 
lower viral load [ 137 ]. Clearance of viremia (i.e., undetect-
able viral load) is a useful guide for the discontinuation of 
antiviral therapy [ 137 ,  279 ,  341 ]. A study of liver recipients 
demonstrated that a detectable virus load at the end of 
 antiviral therapy predicted the occurrence of CMV relapse 
[ 341 ]. In contrast, viral load decline to <137 IU/ml was sig-
nifi cantly associated with clinical CMV disease resolution 
[ 137 ]. Clinical experience suggests that longer durations of 
treatment are required in patients with end-organ CMV dis-
ease, such as pneumonitis, retinitis, and gastrointestinal 
CMV disease [ 56 ]. Such prolongation of antiviral treatment 
with end-organ disease is due to the longer persistence of the 
virus in the tissues compared to the blood [ 146 ]. In a study of 
gastrointestinal disease, CMV remains detectable in tissue 
for at least 1 week after it has been cleared from the blood 
[ 146 ]. One important limitation of viral load as a clinically 
useful indicator of the duration of antiviral therapy is in cases 
of “compartmentalized” organ-invasive diseases, which are 

characterized by minimal or transient viremia (e.g., retinitis, 
some cases of hepatitis and gastrointestinal diseases) [ 27 , 
 101 ]. Compartmentalized CMV disease is generally more 
common in CMV R+ solid organ transplant recipients with 
late onset gastrointestinal CMV disease [ 225 ]. 

 The effi cacy of maintenance antiviral therapy, wherein 
antiviral drugs are given at prophylactic doses following a 
full-dose induction treatment, is debated. Some authorities 
recommend their use in order to reduce the risk of CMV 
relapse. However, clinical data indicate that the rate of CMV 
disease relapse did not differ signifi cantly between the group 
who received or did not receive secondary maintenance pro-
phylaxis [ 146 ,  346 ]. Some experts have continued to recom-
mend the use maintenance therapy in clinical situations 
where the degree of immunosuppression is high [ 121 ] .  

 Recurrence of CMV infection and disease occurs in up to 
25–35% of solid organ transplant recipients with CMV dis-
ease [ 341 ,  343 ]. CMV recurrence has been signifi cantly cor-
related with incomplete clearance of virus from the blood at 
the end of treatment (i.e., the duration of treatment may have 
been insuffi cient). In addition, the immunologic condition of 
the host may infl uence the risk of relapse, and patients with 
persistent severe immunocompromise (i.e., CMV-specifi c T 
cell defi ciency) are more likely to have recurrence of CMV 
infection and disease after cessation of antiviral therapy. 
Most cases of recurrent CMV disease respond to retreatment 
with intravenous ganciclovir [ 341 ,  343 ]; however, a few 
cases may be due to ganciclovir-resistant CMV. 

 The adverse effects of intravenous ganciclovir and valgan-
ciclovir include leukopenia, neutropenia, thrombocytopenia, 
anemia, eosinophilia, bone marrow hypoplasia, hemolysis, 
nausea, diarrhea, renal toxicity, seizures, mental status 
changes, fever, rash, and abnormal liver function tests [ 56 , 
 135 ,  138 ,  252 ]. Thus, hematologic profi le and liver and renal 
function should be monitored once weekly while the patient 
is receiving ganciclovir. Ganciclovir has teratogenic and car-
cinogenic potential, and gonadal toxicity has been shown in 
animal models [ 56 ,  135 ,  138 ,  252 ].   

25.8.2     Foscarnet 

 Compared with intravenous ganciclovir and oral valganciclo-
vir, there is limited clinical data on the use of foscarnet for the 
primary treatment of CMV disease in solid organ transplant 
recipients [ 233 ,  277 ,  347 ]. Because of the high risk of toxic-
ity, foscarnet should be reserved for patients intolerant of gan-
ciclovir (such as in cases of severe leukopenia not responsive 
to granulocyte colony stimulating factors) or for those who 
failed ganciclovir therapy as a result of drug- resistance. 
Because foscarnet does not require  UL97  phosphotransferase- 
mediated chemical modifi cation for antiviral activity (see 
Antiviral Resistance below), it is the drug of choice for the 
treatment of  UL97 -mutant ganciclovir- resistant CMV disease 
[ 233 ,  277 ,  347 ]. Foscarnet is administered intravenously at a 
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dose of 60 mg per kg every 8 h (or 90 mg/kg twice daily); 
patients with renal insuffi ciency require dose adjustment. The 
major adverse effects of foscarnet are nephrotoxicity (e.g., 
acute tubular necrosis, interstitial nephritis, or the precipita-
tion of crystals in the glomerular capillaries), hemorrhagic 
cystitis, urethral ulcerations, anemia, hyperphosphatemia, 
hypophosphatemia, hypercalcemia, hypocalcemia, hypomag-
nesemia, nausea, vomiting, and seizures [ 348 ]. The high inci-
dence of electrolyte disturbances warrants aggressive 
monitoring and repletion, as needed.  

25.8.3     Ganciclovir-Foscarnet Combinations 

 Small  studie  s have investigated combined therapy with gan-
ciclovir and foscarnet on the basis of in vitro data that sug-
gest these agents have synergistic antiviral activity [ 349 ]. An 
small observational study on solid organ transplant recipi-
ents suggest that combined ganciclovir and foscarnet, with 
each administered at half doses, is effective in treating 
ganciclovir- resistant CMV infection [ 350 ]. However, a larger 
trial that evaluated a mixed group of bone marrow and solid 
organ transplant recipients demonstrated that the adverse 
events were more commonly observed among those patients 
receiving combination therapy, even at reduced doses, than 
among those receiving a single drug [ 351 ]. Moreover, when 
half doses are used, the risks associated with lower serum 
drug concentrations, such as fostering drug resistance, must 
be considered. Current guidelines do not recommend their 
use for the treatment of CMV disease [ 121 ].  

25.8.4     Cidofovir 

 Cidofovir,    a phosphonomethoxy analogue of cytosine, is used 
much less commonly than ganciclovir and foscarnet for the 
treatment of CMV disease in solid organ transplant recipients 
[ 121 ,  277 ]. Its long half-life offers the benefi t of convenient 
once weekly dosing frequency. However, its nephrotoxicity 
has limited its clinical use. As with ganciclovir and foscarnet, 
it acts by inhibiting  UL54 (pol) -encoded CMV DNA poly-
merase [ 277 ]. Like foscarnet, cidofovir does not require 
 UL97 -mediated phosphorylation for its activation and could 
potentially be used for the treatment of  UL97 - associated gan-
ciclovir resistant CMV disease [ 277 ]. Mutations in DNA 
polymerase ( UL54 ), however, would potentially confer cross-
resistance among the three anti- CMV drugs [ 277 ].  

25.8.5     Immunoglobulin Preparations 

 CMV  hype  rimmunoglobulin was used for the treatment of 
CMV infection before the availability of ganciclovir and 
other effective antiviral agents [ 332 ,  337 ,  339 ,  352 ]. 
However, data on its effi cacy for the treatment of CMV dis-
ease, when effective antiviral drugs are standard of care, is 

confl icting. While some investigators found it ineffective in 
the treatment of CMV disease [ 353 ], others report potential 
effi cacy as adjunct to antiviral therapy in patients with 
severe CMV disease [ 121 ,  334 ,  354 ]. One study reported 
that the combination of CMV immunoglobulin with intrave-
nous ganciclovir was effi cacious in the treatment of CMV 
disease [ 355 ]. However, the lack of large randomized, con-
trolled studies addressing its effi cacy, the expense of immu-
noglobulin, and the current availability of effective and less 
expensive antiviral drug alternatives have limited its wide-
spread clinical use. Nonetheless, combinations of antiviral 
drugs and immunoglobulin therapy may be useful in certain 
subsets of patients, particularly in transplant recipients pre-
senting with severe CMV diseases such as CMV pneumoni-
tis [ 56 ,  123 ,  233 ,  249 ].  

25.8.6     Adoptive CMV-Specifi c T-Cell 
Therapy 

 Because CMV-specifi c cell mediated immunity is required to 
control CMV disease, a strategy to boost CMV-specifi c 
 imm  unity after solid organ transplantation may have a ben-
efi cial effect in decreasing CMV disease. Studies have cor-
related CMV disease with a lack or diminished CMV-specifi c 
T cells [ 321 ]. Thus, expanding the number and function of 
virus-specifi c cytotoxic T-lymphocytes could reduce the 
incidence of CMV disease, although this approach remains 
investigational. There is more clinical experience of this 
approach in allogeneic hematopoietic stem cell transplant 
recipients, but adoptive transfer of CMV-immune T cells 
have been used in a series of solid organ transplant recipients 
with multidrug-resistant CMV infection [ 356 ,  357 ].  

25.8.7      Novel and Off-Label Therapeutics 

 Several novel  drugs   are currently being tested for their effi -
cacy against CMV in solid organ transplant recipients. A 
lipid formulation of cidofovir, brincidofovir (CMX001), acts 
by inhibiting  UL54 (pol) -encoded CMV DNA polymerase. 
In contrast to the nephrotoxic intravenous cidofovir, brin-
cidofovir is given orally and does not exhibit renal toxicity 
[ 358 ]. It is currently undergoing clinical trials in transplant 
recipients with early phase studies in hematopoietic stem 
cell transplant recipients [ 358 ]. 

  Letermovir   is a novel drug that is currently in phase III 
clinical trials for the management of CMV disease in solid 
organ transplant recipients [ 359 ,  360 ]. It acts by inhibiting 
the viral terminase complex, which occurs at a step later than 
DNA synthesis, and prevents the incorporation of the CMV 
DNA molecules into viral capsids. Letermovir has been 
tested in a phase IIa clinical trial in a small cohort of kidney 
recipients, where it was found to be safe and with potential 
effi cacy that is comparable to the standard preemptive treat-
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ment of CMV infection [ 359 ]. Its main toxicities are nausea, 
vomiting, and diarrhea [ 359 ,  360 ]. 

  Maribavir   is a benzimidazole drug that inhibits  UL97  of 
CMV. Results of early clinical trials have been inconsistent. 
While the results of a phase II clinical trial in hematopoietic 
stem cell transplant recipients showed safety and potential 
effi cacy [ 361 ], a phase III trial demonstrated it is less active 
than oral ganciclovir for preventing CMV disease in CMV 
D+/R− liver recipients [ 362 ]. However, maribavir has been 
used anecdotally, with some success, for the treatment of a 
series of multidrug-resistant CMV disease cases in solid 
organ transplant recipients [ 363 ,  364 ]. After a temporary halt 
in its clinical development as a result of the disappointing 
phase III trials, maribavir has resumed its clinical evaluation 
for the treatment of CMV disease in solid organ transplant 
recipients. 

 The antimalarial drug,  artesunate  , has been used off-label 
for the treatment of CMV disease in transplant recipients, but 
with inconsistent results [ 365 ,  366 ]. Lefl unomide, a pyrimi-
dine synthesis inhibitor, has also been used to treat a series of 
cases with multidrug-resistant CMV infection, but also with 
inconsistent results [ 367 ].    

25.9      Antiviral Resistance 

 Drug  resistance   has emerged as an important clinical prob-
lem in solid organ transplant recipients with CMV disease. 
Drug resistance has been observed against all approved anti-
viral agents (ganciclovir, cidofovir and foscarnet) but the 
most common form involves resistance only to ganciclovir. 

 The major mechanisms underlying phenotypic resistance 
to ganciclovir are specifi c mutations in  UL97  kinase and less 
commonly,  UL54 (pol)  DNA polymerase [ 273 ,  368 ,  369 ]. 
Mutations in  UL97  kinase that confer ganciclovir resistance 
involve amino acid substitutions or deletions in specifi c 
regions of  UL97  (codons 460, 520, 590–607), and are associ-
ated with varying levels of phenotypic resistance [ 273 ]. The 
seven most commonly reported  UL97  mutations are M460I, 
M460V, H520Q, C592G, A594V, L595S, and C603W [ 370 ]. 
 UL97  encodes for a viral kinase that catalyzes the fi rst step in 
the triphosphorylation of ganciclovir into the active ganci-
clovir triphosphate. The net effect of  UL97  mutations is an 
absent or low level of triphosphorylated (active) ganciclovir 
within CMV infected cells, and a resultant decreased inhibi-
tion of viral DNA polymerase. Depending on the type of 
 UL97  mutation, it may result in low-level or high-level resis-
tance to ganciclovir [ 370 ]. Since  UL97  kinase is not involved 
in the pharmacodyamics of foscarnet and cidofovir,  UL97  
mutations do not confer cross-resistance to cidofovir or fos-
carnet. Much less commonly, antiviral drug resistance may 
be conferred by mutations in  UL54 (pol),  which encode for 
CMV DNA polymerase. Isolated  UL54 (pol)  mutations are 
observed rarely, and they occur more commonly as second 
step mutations, after mutations in  UL97  have already 

occurred. Because  UL54 (pol)  encodes for the polymerase 
target of all three drugs, there is potential cross-resistance 
among ganciclovir, foscarnet and cidofovir in patients 
infected with  UL54 -mutant CMV strain [ 271 ,  272 ,  281 ,  283 , 
 368 ,  370 – 374 ]. The degree of cross-resistance will vary 
depending on the  UL54  codon segment that is affected [ 370 ]. 
Cross-resistance is more often observed between ganciclovir 
and cidofovir, compared to ganciclovir and foscarnet [ 370 ]; 
hence, foscarnet is the fi rst-line agent when ganciclovir 
resistance is suspected [ 121 ]. 

 The single most important variable associated with drug- 
resistant CMV is a CMV D+/R− mismatch status. The vast 
majority of solid organ transplant recipients with ganciclovir- 
resistant CMV infection have been CMV seronegative prior 
to transplant [ 271 ,  272 ,  281 ,  373 – 375 ]. The estimate, among 
CMV D+/R− patients, of ganciclovir resistance in various 
studies has been 5–10%. Other factors associated with gan-
ciclovir resistance are high viral load, augmented immuno-
suppression, and prolonged low-level antiviral drug exposure 
[ 374 ]. The incidence is also higher in lung and pancreas 
compared to other organ transplants, potentially refl ecting 
the severity of drug-induced immune suppression [ 374 ]. 

 There is an apparent fi tness disadvantage of drug-resistant 
mutant CMV [ 105 ,  106 ], but these strains do not loss their 
replication ability and they remain fully pathogenic based on 
reports of progression to clinical disease despite full-dose 
ganciclovir therapy, demonstration of resistant strains 
directly in diseased tissue, and an association of resistant 
strains with the full spectrum of clinical CMV disease seen 
with wild-type susceptible strains [ 272 ,  376 ]. In addition, 
there is an association between drug-resistant CMV and 
higher morbidity [ 281 ,  375 ] and decreased survival [ 281 , 
 282 ,  375 ,  377 ], when compared to wild-type susceptible 
CMV strains. 

 Antiviral resistance should be suspected in transplant 
recipients with risk factors (as discussed above) and an inad-
equate virologic and/or clinical response after 2 weeks of 
full-dose antiviral therapy. Historically, the diagnosis of anti-
viral resistance had been confi rmed by demonstration of 
decreased susceptibility of clinical viral isolates by plaque 
reduction or other methodologies. However, these assays are 
cumbersome and have slow turnaround time, lack standard-
ization, and thus have limited clinical availability. Currently, 
genotypic assays for  UL54  and  UL97  mutations directly 
from clinical specimens are the diagnostic tests of choice 
when drug-resistant virus is suspected in the clinical setting 
[ 121 ,  378 ,  379 ]. 

 Treatment of drug-resistant CMV is based largely on 
expert opinion, and data to support the practice is supported 
mainly by anecdotal experiences. The choice of empiric anti-
viral therapy should account for theoretical considerations 
such as prior antiviral drug exposure, severity of disease, 
concurrent medical conditions (renal function), the organ 
transplanted, and degree of immunosuppression. In general, 
these patients should undergo reduction in pharmacologic 
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immunosuppression, if feasible. Depending on the disease 
severity and other risk factors, the initial empiric regimens 
have mostly included a switch to foscarnet therapy for those 
with severe symptoms [ 208 ,  281 ,  380 ]. Foscarnet is the pre-
ferred empiric choice for treatment of ganciclovir-resistant 
CMV strains, since  UL54 (pol)  mutation commonly confers 
cross-resistance between ganciclovir and cidofovir [ 370 ]. 
Mild clinical disease may be empirically treated with higher 
than standard regimens of intravenous ganciclovir (as high as 
7.5–10 mg/kg every 12 h) [ 381 ]. Other treatment interven-
tions have included adjunctive intravenous immunoglobulin 
or CMV-hyperimmunoglobulin [ 272 ,  281 ], lefl unomide 
[ 380 ,  382 – 384 ], artesunate [ 367 ], and switch to sirolimus 
immunosuppression [ 385 ]. Alternative antiviral agents in 
various stages of clinical development that have shown 
in vitro activity against ganciclovir-resistant CMV strains 
are brincidofovir, letermovir, and maribavir. Defi nitive anti-
viral therapy can be chosen as directed by  UL97  and  UL54  
genetic testing. As with the treatment of many transplant- 
related opportunistic infections, it is highly recommended 
that a reduction in pharmacologic immunosuppression be 
undertaken to complement the management of drug-resistant 
CMV disease .     

   References 

     1.    Odland ML, Strand KM, Nordbo SA, Forsmo S, Austgulen R, 
Iversen AC. Changing patterns of cytomegalovirus seropreva-
lence among pregnant women in Norway between 1995 and 
2009 examined in the Norwegian Mother and Child Cohort 
Study and two cohorts from Sor-Trondelag County: a cross-
sectional study. BMJ Open. 2013;3:e003066.  

   2.    Svahn A, Berggren J, Parke A, Storsaeter J, Thorstensson R, 
Linde A. Changes in seroprevalence to four herpesviruses over 
30 years in Swedish children aged 9-12 years. J Clin Virol. 
2006;37:118–23.  

   3.    Souza MA, Passos AM, Treitinger A, Spada C. Seroprevalence 
of cytomegalovirus antibodies in blood donors in southern, 
Brazil. Rev Soc Bras Med Trop. 2010;43:359–61.  

   4.    Bate SL, Dollard SC, Cannon MJ. Cytomegalovirus seroprev-
alence in the United States: the national health and nutrition 
examination surveys, 1988-2004. Clin Infect Dis. 2010;50:
1439–47.  

      5.    Staras SA, Dollard SC, Radford KW, Flanders WD, Pass RF, 
Cannon MJ. Seroprevalence of cytomegalovirus infection in 
the United States, 1988-1994. Clin Infect Dis. 2006;43:
1143–51.  

      6.    Schrier RD, Nelson JA, Oldstone MB. Detection of human 
cytomegalovirus in peripheral blood lymphocytes in a natural 
infection. Science. 1985;230:1048–51.  

    7.    Landais I, Pelton C, Streblow D, DeFilippis V, McWeeney S, 
Nelson JA. Human cytomegalovirus miR-UL112-3p targets 
TLR2 and modulates the TLR2/IRAK1/NFkappaB signaling 
pathway. PLoS Pathog. 2015;11:e1004881.  

    8.    Kang SH, Abdel-Massih RC, Brown RA, Dierkhising RA, 
Kremers WK, Razonable RR. Homozygosity for the toll-like 
receptor 2 R753Q single-nucleotide polymorphism is a risk 

factor for cytomegalovirus disease after liver transplantation. 
J Infect Dis. 2012;205:639–46.  

    9.    Boehme KW, Guerrero M, Compton T. Human cytomegalovi-
rus envelope glycoproteins B and H are necessary for TLR2 
activation in permissive cells. J Immunol. 2006;177:7094–102.  

   10.    Compton T, Kurt-Jones EA, Boehme KW, et al. Human cyto-
megalovirus activates infl ammatory cytokine responses via 
CD14 and Toll-like receptor 2. J Virol. 2003;77:4588–96.  

    11.    Isaacson MK, Juckem LK, Compton T. Virus entry and innate 
immune activation. Curr Top Microbiol Immunol. 2008;325:
85–100.  

   12.    Hassan-Walker AF, Vargas Cuero AL, Mattes FM, et al. CD8+ 
cytotoxic lymphocyte responses against cytomegalovirus after 
liver transplantation: correlation with time from transplant to 
receipt of tacrolimus. J Infect Dis. 2001;183:835–43.  

    13.    Jin X, Demoitie MA, Donahoe SM, et al. High frequency of 
cytomegalovirus- specifi c cytotoxic T-effector cells in HLA- 
A*0201-positive subjects during multiple viral coinfections. 
J Infect Dis. 2000;181:165–75.  

    14.    Raftery MJ, Schwab M, Eibert SM, Samstag Y, Walczak H, 
Schonrich G. Targeting the function of mature dendritic cells 
by human cytomegalovirus: a multilayered viral defense strat-
egy. Immunity. 2001;15:997–1009.  

   15.    Steffens HP, Kurz S, Holtappels R, Reddehase MJ. Preemptive 
CD8 T-cell immunotherapy of acute cytomegalovirus infec-
tion prevents lethal disease, limits the burden of latent viral 
genomes, and reduces the risk of virus recurrence. J Virol. 
1998;72:1797–804.  

    16.    Tomazin R, Boname J, Hegde NR, et al. Cytomegalovirus US2 
destroys two components of the MHC class II pathway, prevent-
ing recognition by CD4+ T cells. Nat Med. 1999;5:1039–43.  

    17.    Koffron AJ, Hummel M, Patterson BK, et al. Cellular localiza-
tion of latent murine cytomegalovirus. J Virol. 1998;72:95–103.  

    18.    Taylor-Wiedeman J, Sissons JG, Borysiewicz LK, Sinclair 
JH. Monocytes are a major site of persistence of human cyto-
megalovirus in peripheral blood mononuclear cells. J Gen 
Virol. 1991;72:2059–64.  

    19.    Gerna G, Zipeto D, Percivalle E, et al. Human cytomegalovi-
rus infection of the major leukocyte subpopulations and evi-
dence for initial viral replication in polymorphonuclear 
leukocytes from viremic patients. J Infect Dis. 1992;166:
1236–44.  

    20.    Soderberg C, Larsson S, Bergstedt-Lindqvist S, Moller 
E. Defi nition of a subset of human peripheral blood mononu-
clear cells that are permissive to human cytomegalovirus 
infection. J Virol. 1993;67:3166–75.  

    21.    Grefte A, van der Giessen M, van Son W, The TH. Circulating 
cytomegalovirus (CMV)-infected endothelial cells in patients 
with an active CMV infection. J Infect Dis. 1993;167:270–7.  

    22.    Heieren MH, van der Woude FJ, Balfour Jr HH. 
Cytomegalovirus replicates effi ciently in human kidney 
mesangial cells. Proc Natl Acad Sci U S A. 1988;85:1642–6.  

   23.    Mendelson M, Monard S, Sissons P, Sinclair J. Detection of 
endogenous human cytomegalovirus in CD34+ bone marrow 
progenitors. J Gen Virol. 1996;77:3099–102.  

   24.    Reddehase MJ, Balthesen M, Rapp M, Jonjic S, Pavic I, 
Koszinowski UH. The conditions of primary infection defi ne 
the load of latent viral genome in organs and the risk of recur-
rent cytomegalovirus disease. J Exp Med. 1994;179:185–93.  

25. Cytomegalovirus Infection After Solid Organ Transplantation



464

    25.    Ribalta T, Martinez AJ, Jares P, et al. Presence of occult cyto-
megalovirus infection in the brain after orthotopic liver trans-
plantation. An autopsy study of 83 cases. Virchows Arch. 
2002;440:166–71.  

     26.    Manuel O, Kralidis G, Mueller NJ, et al. Impact of antiviral 
preventive strategies on the incidence and outcomes of cyto-
megalovirus disease in solid organ transplant recipients. Am 
J Transplant. 2013;13:2402–10.  

               27.   Eid AJ, Razonable RR. Cytomegalovirus disease in solid 
organ transplant recipients: advances lead to new challenges 
and opportunities. Curr Opin Organ Transplant. 2007;610.  

           28.    Arthurs SK, Eid AJ, Pedersen RA, et al. Delayed-onset pri-
mary cytomegalovirus disease after liver transplantation. Liver 
Transpl. 2007;13:1703–9.  

                    29.    Arthurs SK, Eid AJ, Pedersen RA, et al. Delayed-onset pri-
mary cytomegalovirus disease and the risk of allograft failure 
and mortality after kidney transplantation. Clin Infect Dis. 
2008;46:840–6.  

      30.    Manuel O, Asberg A, Pang X, et al. Impact of genetic poly-
morphisms in cytomegalovirus glycoprotein B on outcomes in 
solid- organ transplant recipients with cytomegalovirus dis-
ease. Clin Infect Dis. 2009;49:1160–6.  

      31.    Manuel O, Pang XL, Humar A, Kumar D, Doucette K, 
Preiksaitis JK. An assessment of donor-to-recipient transmis-
sion patterns of human cytomegalovirus by analysis of viral 
genomic variants. J Infect Dis. 2009;199:1621–8.  

                   32.    Lowance D, Neumayer HH, Legendre CM, et al. Valacyclovir 
for the prevention of cytomegalovirus disease after renal trans-
plantation. International Valacyclovir Cytomegalovirus 
Prophylaxis Transplantation Study Group. N Engl J Med. 
1999;340:1462–70.  

    33.    Stratta RJ. Clinical patterns and treatment of cytomegalovirus 
infection after solid-organ transplantation. Transplant Proc. 
1993;25:15–21.  

    34.    Stratta RJ, Shaefer MS, Markin RS, et al. Clinical patterns of 
cytomegalovirus disease after liver transplantation. Arch Surg. 
1989;124:1443–9. discussion 1449–50.  

    35.    Smith D, Lu Q, Yuan S, Goldfi nger D, Fernando LP, Ziman 
A. Survey of current practice for prevention of transfusion- 
transmitted cytomegalovirus in the United States: leucoreduc-
tion vs. cytomegalovirus-seronegative. Vox Sang. 2010;98:
29–36.  

         36.    Emery VC, Sabin CA, Cope AV, Gor D, Hassan-Walker AF, 
Griffi ths PD. Application of viral-load kinetics to identify 
patients who develop cytomegalovirus disease after transplan-
tation. Lancet. 2000;355:2032–6.  

         37.    Emery VC, Hassan-Walker AF, Burroughs A, Griffi ths P. 
Human cytomegalovirus (CMV) replication dynamics in 
CMV-naive and experienced immunocompromised hosts. 
J Infect Dis. 2002;185:1723–8.  

      38.    Chou SW. Cytomegalovirus infection and reinfection trans-
mitted by heart transplantation. J Infect Dis. 1987;155:
1054–6.  

   39.    Chou SW. Reactivation and recombination of multiple cyto-
megalovirus strains from individual organ donors. J Infect Dis. 
1989;160:11–5.  

     40.    Chou SW. Acquisition of donor strains of cytomegalovirus by 
renal-transplant recipients. N Engl J Med. 1986;314:
1418–23.  

     41.    Fietze E, Prosch S, Reinke P, et al. Cytomegalovirus infection 
in transplant recipients. The role of tumor necrosis factor. 
Transplantation. 1994;58:675–80.  

   42.    Tong CY, Bakran A, Williams H, Cuevas LE, Peiris JS, Hart 
CA. Association of tumour necrosis factor alpha and interleu-
kin 6 levels with cytomegalovirus DNA detection and disease 
after renal transplantation. J Med Virol. 2001;64:29–34.  

    43.    Humar A, St Louis P, Mazzulli T, et al. Elevated serum cyto-
kines are associated with cytomegalovirus infection and dis-
ease in bone marrow transplant recipients. J Infect Dis. 
1999;179:484–8.  

    44.    Docke WD, Prosch S, Fietze E, et al. Cytomegalovirus reacti-
vation and tumour necrosis factor. Lancet. 1994;343:268–9.  

     45.    Prosch S, Staak K, Stein J, et al. Stimulation of the human 
cytomegalovirus IE enhancer/promoter in HL-60 cells by 
TNFalpha is mediated via induction of NF-kappaB. Virology. 
1995;208:197–206.  

    46.    Prosch S, Wendt CE, Reinke P, et al. A novel link between 
stress and human cytomegalovirus (HCMV) infection: sympa-
thetic hyperactivity stimulates HCMV activation. Virology. 
2000;272:357–65.  

   47.    Ritter T, Brandt C, Prosch S, et al. Stimulatory and inhibitory 
action of cytokines on the regulation of hCMV-IE promoter 
activity in human endothelial cells. Cytokine. 2000;12:
1163–70.  

    48.    Stein J, Volk HD, Liebenthal C, Kruger DH, Prosch S. Tumour 
necrosis factor alpha stimulates the activity of the human cyto-
megalovirus major immediate early enhancer/promoter in 
immature monocytic cells. J Gen Virol. 1993;74:2333–8.  

    49.    Staak K, Prosch S, Stein J, et al. Pentoxifylline promotes rep-
lication of human cytomegalovirus in vivo and in vitro. Blood. 
1997;89:3682–90.  

    50.    Limaye AP, Kirby KA, Rubenfeld GD, et al. Cytomegalovirus 
reactivation in critically ill immunocompetent patients. JAMA. 
2008;300:413–22.  

   51.    Kutza AS, Muhl E, Hackstein H, Kirchner H, Bein G. High 
incidence of active cytomegalovirus infection among septic 
patients. Clin Infect Dis. 1998;26:1076–82.  

        52.    Razonable RR, Rivero A, Rodriguez A, et al. Allograft rejec-
tion predicts the occurrence of late-onset cytomegalovirus 
(CMV) disease among CMV-mismatched solid organ trans-
plant patients receiving prophylaxis with oral ganciclovir. 
J Infect Dis. 2001;184:1461–4.  

    53.    Ho M. Advances in understanding cytomegalovirus infection 
after transplantation. Transplant Proc. 1994;26:7–11.  

   54.    Reyes J, Abu-Elmagd K, Tzakis A, et al. Infectious complica-
tions after human small bowel transplantation. Transplant 
Proc. 1992;24:1249–50.  

    55.    Kaufman DB, Leventhal JR, Gallon LG, et al. Risk factors and 
impact of cytomegalovirus disease in simultaneous pancreas- 
kidney transplantation. Transplantation. 2001;72:1940–5.  

                                      56.   Cytomegalovirus. Am J Transplant. 2004;4(Suppl 10):51–8.  
    57.    Emery VC. Viral dynamics during active cytomegalovirus 

infection and pathology. Intervirology. 1999;42:405–11.  
    58.    Cromer D, Tey SK, Khanna R, Davenport MP. Estimating 

cytomegalovirus growth rates by using only a single point. 
J Virol. 2013;87:3376–81.  

     59.    Reusser P, Cathomas G, Attenhofer R, Tamm M, Thiel G. 
Cytomegalovirus (CMV)-specifi c T cell immunity after renal 

R.R. Razonable and A.P. Limaye



465

transplantation mediates protection from CMV disease by lim-
iting the systemic virus load. J Infect Dis. 1999;180:247–53.  

    60.    Sester M, Sester U, Gartner B, et al. Levels of virus-specifi c 
CD4 T cells correlate with cytomegalovirus control and pre-
dict virus- induced disease after renal transplantation. 
Transplantation. 2001;71:1287–94.  

      61.    Nebbia G, Mattes FM, Smith C, et al. Polyfunctional 
cytomegalovirus- specifi c CD4+ and pp 65 CD8+ T cells pro-
tect against high-level replication after liver transplantation. 
Am J Transplant. 2008;8:2590–9.  

      62.   Cummins NW, Deziel PJ, Abraham RS, Razonable 
RR. Defi ciency of cytomegalovirus (CMV)-specifi c CD8+ T 
cells in patients presenting with late-onset CMV disease sev-
eral years after transplantation. Transplant Infect Dis 2009;
11(1):20–7  

    63.    La Rosa C, Limaye AP, Krishnan A, Longmate J, 
Diamond DJ. Longitudinal assessment of cytomegalovirus 
(CMV)-specifi c immune responses in liver transplant recipi-
ents at high risk for late CMV disease. J Infect Dis. 
2007;195:633–44.  

      64.    Mattes FM, Vargas A, Kopycinski J, et al. Functional impair-
ment of cytomegalovirus specifi c CD8 T cells predicts high-
level replication after renal transplantation. Am J Transplant. 
2008;8:990–9.  

     65.    Egli A, Binet I, Binggeli S, et al. Cytomegalovirus-specifi c 
T-cell responses and viral replication in kidney transplant 
recipients. J Transl Med. 2008;6:29.  

        66.    Melendez D, Razonable RR. Immune-based monitoring for 
cytomegalovirus infection in solid organ transplantation: is it 
ready for clinical primetime? Expert Rev Clin Immunol. 
2014;10:1213–27.  

      67.    Florescu DF, Kalil AC, Qiu F, Schmidt CM, Sandkovsky 
U. What is the impact of hypogammaglobulinemia on the rate 
of infections and survival in solid organ transplantation? A 
meta-analysis. Am J Transplant. 2013;13:2601–10.  

    68.    Yamani MH, Avery R, Mawhorter SD, et al. The impact of 
CytoGam on cardiac transplant recipients with moderate 
hypogammaglobulinemia: a randomized single-center study. 
J Heart Lung Transplant. 2005;24:1766–9.  

    69.    Florescu DF, Kalil AC, Qiu F, et al. Does increasing immuno-
globulin levels impact survival in solid organ transplant recipi-
ents with hypogammaglobulinemia? Clin Transplant. 
2014;28:1249–55.  

    70.    Razonable RR. Innate immune genetic profi le to predict infec-
tion risk and outcome after liver transplant. Hepatology. 
2010;52:814–7.  

    71.    Kijpittayarit S, Eid AJ, Brown RA, Paya CV, Razonable 
RR. Relationship between Toll-like receptor 2 polymorphism 
and cytomegalovirus disease after liver transplantation. Clin 
Infect Dis. 2007;44:1315–20.  

   72.    Manuel O, Pascual M, Trendelenburg M, Meylan 
PR. Association between mannose-binding lectin defi ciency 
and cytomegalovirus infection after kidney transplantation. 
Transplantation. 2007;83:359–62.  

   73.    Sagedal S, Thiel S, Hansen TK, Mollnes TE, Rollag H, 
Hartmann A. Impact of the complement lectin pathway on 
cytomegalovirus disease early after kidney transplantation. 
Nephrol Dial Transplant. 2008;23:4054–60.  

   74.    Ducloux D, Deschamps M, Yannaraki M, et al. Relevance of 
Toll- like receptor-4 polymorphisms in renal transplantation. 
Kidney Int. 2005;67:2454–61.  

   75.    Cervera C, Lozano F, Saval N, et al. The infl uence of innate 
immunity gene receptors polymorphisms in renal transplant 
infections. Transplantation. 2007;83:1493–500.  

    76.    Stern M, Elsasser H, Honger G, Steiger J, Schaub S, Hess 
C. The number of activating KIR genes inversely correlates 
with the rate of CMV infection/reactivation in kidney 
transplant recipients. Am J Transplant. 2008;8:
1312–7.  

   77.    Kwakkel-van Erp JM, Paantjens AW, van Kessel DA, et al. 
Mannose-binding lectin defi ciency linked to cytomegalovirus 
(CMV) reactivation and survival in lung transplantation. Clin 
Exp Immunol. 2011;165:410–6.  

    78.    de Rooij BJ, van der Beek MT, van Hoek B, et al. Mannose- 
binding lectin and fi colin-2 gene polymorphisms predispose to 
cytomegalovirus (re)infection after orthotopic liver transplan-
tation. J Hepatol. 2011;55:800–7.  

      79.    Razonable RR, Paya CV. Infections and allograft rejection—
intertwined complications of organ transplantation. Swiss 
Med Wkly. 2005;135:571–3.  

        80.    Portela D, Patel R, Larson-Keller JJ, et al. OKT3 treatment for 
allograft rejection is a risk factor for cytomegalovirus disease 
in liver transplantation. J Infect Dis. 1995;171:1014–8.  

   81.    Emery VC, Cope AV, Sabin CA, et al. Relationship between 
IgM antibody to human cytomegalovirus, virus load, donor 
and recipient serostatus, and administration of methylprednis-
olone as risk factors for cytomegalovirus disease after liver 
transplantation. J Infect Dis. 2000;182:1610–5.  

   82.    Cope AV, Sabin C, Burroughs A, Rolles K, Griffi ths PD, 
Emery VC. Interrelationships among quantity of human cyto-
megalovirus (HCMV) DNA in blood, donor-recipient serosta-
tus, and administration of methylprednisolone as risk factors 
for HCMV disease following liver transplantation. J Infect 
Dis. 1997;176:1484–90.  

   83.    Hengster P, Pescovitz MD, Hyatt D, Margreiter R. 
Cytomegalovirus infections after treatment with daclizumab, 
an anti IL-2 receptor antibody, for prevention of renal allograft 
rejection. Roche Study Group. Transplantation. 1999;68:
310–3.  

   84.    Krogsgaard K, Boesgaard S, Aldershvile J, Arendrup H, 
Mortensen SA, Petterson G. Cytomegalovirus infection rate 
among heart transplant patients in relation to anti-thymocyte 
immunoglobulin induction therapy. Copenhagen Heart 
Transplant Group. Scand J Infect Dis. 1994;26:239–47.  

   85.    Hibberd PL, Tolkoff-Rubin NE, Cosimi AB, et al. Symptomatic 
cytomegalovirus disease in the cytomegalovirus antibody 
seropositive renal transplant recipient treated with OKT3. 
Transplantation. 1992;53:68–72.  

   86.    Sarmiento JM, Munn SR, Paya CV, Velosa JA, Nguyen JH. Is 
cytomegalovirus infection related to mycophenolate mofetil 
after kidney transplantation? A case-control study. Clin 
Transplant. 1998;12:371–4.  

   87.    Sarmiento JM, Dockrell DH, Schwab TR, Munn SR, Paya 
CV. Mycophenolate mofetil increases cytomegalovirus inva-
sive organ disease in renal transplant patients. Clin Transplant. 
2000;14:136–8.  

   88.    Baez Y, Giron F, Nino-Murcia A, Rodriguez J, Salcedo 
S. Experience with Alemtuzumab (Campath-1H) as induction 
agent in renal transplantation followed by steroid-free immu-
nosuppression. Transplant Proc. 2008;40:697–9.  

   89.    Schadde E, D’Alessandro AM, Knechtle SJ, et al. 
Alemtuzumab induction and triple maintenance immunother-

25. Cytomegalovirus Infection After Solid Organ Transplantation



466

apy in kidney transplantation from donors after cardiac death. 
Transpl Int. 2008;21:625–36.  

    90.    Thai NL, Khan A, Tom K, et al. Alemtuzumab induction and 
tacrolimus monotherapy in pancreas transplantation: One- and 
two-year outcomes. Transplantation. 2006;82:1621–4.  

    91.    Bugelski PJ, Achuthanandam R, Capocasale RJ, Treacy G, 
Bouman-Thio E. Monoclonal antibody-induced cytokine-
release syndrome. Expert Rev Clin Immunol. 2009;5:
499–521.  

    92.    Ritta M, Costa C, Solidoro P, et al. Everolimus-based immu-
nosuppressive regimens in lung transplant recipients: impact 
on CMV infection. Antiviral Res. 2015;113:19–26.  

   93.    Brennan DC, Legendre C, Patel D, et al. Cytomegalovirus 
incidence between everolimus versus mycophenolate in de 
novo renal transplants: pooled analysis of three clinical trials. 
Am J Transplant. 2011;11:2453–62.  

    94.    Kobashigawa J, Ross H, Bara C, et al. Everolimus is associ-
ated with a reduced incidence of cytomegalovirus infection 
following de novo cardiac transplantation. Transpl Infect Dis. 
2013;15:150–62.  

     95.    Santos CA, Brennan DC, Chapman WC, Fraser VJ, Olsen 
MA. Delayed-onset cytomegalovirus disease coded during 
hospital readmission in a multicenter, retrospective cohort of 
liver transplant recipients. Liver Transpl. 2015;21:581–90.  

    96.    Griffi ths PD, Clark DA, Emery VC. Betaherpesviruses in 
transplant recipients. J Antimicrob Chemother. 2000;45(Suppl 
T3):29–34.  

    97.    Kamar N, Mengelle C, Esposito L, et al. Predictive factors for 
cytomegalovirus reactivation in cytomegalovirus-seropositive 
kidney-transplant patients. J Med Virol. 2008;80:1012–7.  

    98.    Delgado JF, Reyne AG, de Dios S, et al. Infl uence of cyto-
megalovirus infection in the development of cardiac allograft 
vasculopathy after heart transplantation. J Heart Lung 
Transplant. 2015;34(8):1112–9.  

    99.    Slifkin M, Ruthazer R, Freeman R, et al. Impact of cytomega-
lovirus prophylaxis on rejection following orthotopic liver 
transplantation. Liver Transpl. 2005;11:1597–602.  

    100.    Johansson I, Martensson G, Nystrom U, Nasic S, Andersson 
R. Lower incidence of CMV infection and acute rejections 
with valganciclovir prophylaxis in lung transplant recipients. 
BMC Infect Dis. 2013;13:582.  

           101.    Eid AJ, Bakri SJ, Kijpittayarit S, Razonable RR. Clinical fea-
tures and outcomes of cytomegalovirus retinitis after trans-
plantation. Transpl Infect Dis. 2008;10:13–8.  

    102.    Avery RK. Update on infections in composite tissue allotrans-
plantation. Curr Opin Organ Transplant. 2013;18:659–64.  

    103.    Schneeberger S, Lucchina S, Lanzetta M, et al. 
Cytomegalovirus- related complications in human hand trans-
plantation. Transplantation. 2005;80:441–7.  

                104.    Razonable RR, Hayden RT. Clinical utility of viral load in 
management of cytomegalovirus infection after solid organ 
transplantation. Clin Microbiol Rev. 2013;26:703–27.  

    105.    Emery VC, Griffi ths PD. Prediction of cytomegalovirus load 
and resistance patterns after antiviral chemotherapy. Proc Natl 
Acad Sci U S A. 2000;97:8039–44.  

      106.    Emery VC, Cope AV, Bowen EF, Gor D, Griffi ths PD. The 
dynamics of human cytomegalovirus replication in vivo. J Exp 
Med. 1999;190:177–82.  

   107.    Humar A, Gregson D, Caliendo AM, et al. Clinical utility of 
quantitative cytomegalovirus viral load determination for pre-

dicting cytomegalovirus disease in liver transplant recipients. 
Transplantation. 1999;68:1305–11.  

      108.   Razonable RR, van Cruijsen H, Brown RA, et al. Dynamics of 
cytomegalovirus (CMV) infection during preemptive antiviral 
therapy with oral ganciclovir (abstract). Abstracts of the 42nd 
interscience conference on antimicrobial agents and chemo-
therapy, San Diego, CA; 2002.  

    109.    Rasmussen L. Molecular pathogenesis of human cytomegalo-
virus infection. Transpl Infect Dis. 1999;1:127–34.  

     110.    Bruminhent J, Thongprayoon C, Dierkhising RA, Kremers 
WK, Theel ES, Razonable RR. Risk factors for cytomegalovi-
rus reactivation after liver transplantation: can pre-transplant 
cytomegalovirus antibody titers predict outcome? Liver 
Transpl. 2015;21:539–46.  

    111.    Santos CA, Brennan DC, Yusen RD, Olsen MA. Incidence, 
risk factors and outcomes of delayed-onset cytomegalovirus 
disease in a large retrospective cohort of lung transplant recipi-
ents. Transplantation. 2015;99(8):1658–66.  

     112.    Falagas ME, Snydman DR, Griffi th J, Werner BG. Exposure to 
cytomegalovirus from the donated organ is a risk factor for 
bacteremia in orthotopic liver transplant recipients. Boston 
Center for Liver Transplantation CMVIG Study Group. Clin 
Infect Dis. 1996;23:468–74.  

    113.    George MJ, Snydman DR, Werner BG, et al. The independent 
role of cytomegalovirus as a risk factor for invasive fungal dis-
ease in orthotopic liver transplant recipients. Boston Center for 
Liver Transplantation CMVIG-Study Group. Cytogam, 
MedImmune, Inc. Gaithersburg, Maryland. Am J Med. 
1997;103:106–13.  

      114.    Munoz-Price LS, Slifkin M, Ruthazer R, et al. The clinical 
impact of ganciclovir prophylaxis on the occurrence of bacte-
remia in orthotopic liver transplant recipients. Clin Infect Dis. 
2004;39:1293–9.  

    115.    Van Leer-Buter CC, Sanders JS, Vroom HE, Riezebos-Brilman 
A, Niesters HG. Human herpesvirus-6 DNAemia is a sign of 
impending primary CMV infection in CMV sero-discordant 
renal transplantations. J Clin Virol. 2013;58:422–6.  

    116.    DesJardin JA, Gibbons L, Cho E, et al. Human herpesvirus 6 
reactivation is associated with cytomegalovirus infection and 
syndromes in kidney transplant recipients at risk for primary 
cytomegalovirus infection. J Infect Dis. 1998;178:1783–6.  

    117.    DesJardin JA, Cho E, Supran S, Gibbons L, Werner BG, 
Snydman DR. Association of human herpesvirus 6 reactivation 
with severe cytomegalovirus-associated disease in orthotopic 
liver transplant recipients. Clin Infect Dis. 2001;33:1358–62.  

   118.    Griffi ths PD, Ait-Khaled M, Bearcroft CP, et al. Human her-
pesviruses 6 and 7 as potential pathogens after liver transplant: 
prospective comparison with the effect of cytomegalovirus. 
J Med Virol. 1999;59:496–501.  

        119.    Mendez JC, Dockrell DH, Espy MJ, et al. Human beta- 
herpesvirus interactions in solid organ transplant recipients. 
J Infect Dis. 2001;183:179–84.  

      120.    Humar A, Malkan G, Moussa G, Greig P, Levy G, Mazzulli 
T. Human herpesvirus-6 is associated with cytomegalovirus 
reactivation in liver transplant recipients. J Infect Dis. 
2000;181:1450–3.  

                                121.    Razonable RR, Humar A. Cytomegalovirus in solid organ 
transplantation. Am J Transplant. 2013;13 Suppl 4:93–106.  

    122.    Simmons RL, Matas AJ, Rattazzi LC, Balfour Jr HH, 
Howard JR, Najarian JS. Clinical characteristics of the lethal 

R.R. Razonable and A.P. Limaye



467

cytomegalovirus infection following renal transplantation. 
Surgery. 1977;82:537–46.  

                      123.    Preiksaitis JK, Brennan DC, Fishman J, Allen U. Canadian 
society of transplantation consensus workshop on cytomegalo-
virus management in solid organ transplantation fi nal report. 
Am J Transplant. 2005;5:218–27.  

          124.    Ljungman P, Griffi ths P, Paya C. Defi nitions of cytomegalovi-
rus infection and disease in transplant recipients. Clin Infect 
Dis. 2002;34:1094–7.  

    125.    Barkholt LM, Ericzon BG, Ehrnst A, Forsgren M, Andersson 
JP. Cytomegalovirus infections in liver transplant patients: 
incidence and outcome. Transplant Proc. 1990;22:235–7.  

   126.    Dummer JS, Hardy A, Poorsattar A, Ho M. Early infections in 
kidney, heart, and liver transplant recipients on cyclosporine. 
Transplantation. 1983;36:259–67.  

   127.    Kim JM, Kwon CH, Joh JW, et al. Oral valganciclovir as a 
preemptive treatment for cytomegalovirus (CMV) infection in 
CMV- seropositive liver transplant recipients. PLoS One. 
2015;10:e0123554.  

    128.    Lautenschlager I, Loginov R, Makisalo H, Hockerstedt 
K. Prospective study on CMV-reactivations under preemptive 
strategy in CMV-seropositive adult liver transplant recipients. 
J Clin Virol. 2013;57:50–3.  

       129.    Palmer SM, Limaye AP, Banks M, et al. Extended valganciclo-
vir prophylaxis to prevent cytomegalovirus after lung trans-
plantation: a randomized, controlled trial. Ann Intern Med. 
2010;152:761–9.  

   130.    Humar A, Limaye AP, Blumberg EA, et al. Extended valgan-
ciclovir prophylaxis in D+/R- kidney transplant recipients is 
associated with long-term reduction in cytomegalovirus dis-
ease: two-year results of the IMPACT study. Transplantation. 
2010;90:1427–31.  

    131.    Humar A, Lebranchu Y, Vincenti F, et al. The effi cacy and 
safety of 200 days valganciclovir cytomegalovirus prophylaxis 
in high- risk kidney transplant recipients. Am J Transplant. 
2010;10:1228–37.  

                 132.    Gane E, Saliba F, Valdecasas GJ, et al. Randomised trial of 
effi cacy and safety of oral ganciclovir in the prevention of 
cytomegalovirus disease in liver-transplant recipients. The 
Oral Ganciclovir International Transplantation Study Group 
[corrected]. Lancet. 1997;350:1729–33.  

          133.    Kijpittayarit-Arthurs S, Eid AJ, Kremers WK, et al. Clinical 
features and outcomes of delayed-onset primary cytomegalo-
virus disease in cardiac transplant recipients. J Heart Lung 
Transplant. 2007;26:1019–24.  

     134.    Limaye AP, Bakthavatsalam R, Kim HW, et al. Late-onset 
cytomegalovirus disease in liver transplant recipients despite 
antiviral prophylaxis. Transplantation. 2004;78:1390–6.  

                      135.    Paya C, Humar A, Dominguez E, et al. Effi cacy and safety of 
valganciclovir vs. oral ganciclovir for prevention of cytomega-
lovirus disease in solid organ transplant recipients. Am 
J Transplant. 2004;4:611–20.  

        136.    Razonable RR, Paya CV, Smith TF. Role of the laboratory in 
diagnosis and management of cytomegalovirus infection in 
hematopoietic stem cell and solid-organ transplant recipients. 
J Clin Microbiol. 2002;40:746–52.  

          137.    Razonable RR, Asberg A, Rollag H, et al. Virologic suppres-
sion measured by a cytomegalovirus (CMV) DNA test cali-
brated to the World Health Organization international standard 

is predictive of CMV disease resolution in transplant recipi-
ents. Clin Infect Dis. 2013;56:1546–53.  

           138.    Asberg A, Humar A, Rollag H, et al. Oral valganciclovir is 
noninferior to intravenous ganciclovir for the treatment of 
cytomegalovirus disease in solid organ transplant recipients. 
Am J Transplant. 2007;7:2106–13.  

            139.    Humar A, Michaels M. American Society of Transplantation 
recommendations for screening, monitoring and reporting of 
infectious complications in immunosuppression trials in recip-
ients of organ transplantation. Am J Transplant. 2006;6:
262–74.  

    140.    Harma M, Hockerstedt K, Lyytikainen O, Lautenschlager 
I. HHV-6 and HHV-7 antigenemia related to CMV infection 
after liver transplantation. J Med Virol. 2006;78:800–5.  

     141.    Lautenschlager I, Lappalainen M, Linnavuori K, Suni J, 
Hockerstedt K. CMV infection is usually associated with con-
current HHV-6 and HHV-7 antigenemia in liver transplant 
patients. J Clin Virol. 2002;25 Suppl 2:S57–61.  

   142.    Lautenschlager I, Linnavuori K, Lappalainen M, Suni J, 
Hockerstedt K. HHV-6 reactivation is often associated with 
CMV infection in liver transplant patients. Transpl Int. 
2000;13 Suppl 1:S351–3.  

     143.    Razonable RR, Rivero A, Brown RA, et al. Detection of simul-
taneous beta-herpesvirus infections in clinical syndromes due 
to defi ned cytomegalovirus infection. Clin Transplant. 
2003;17:114–20.  

    144.    Humar A, Asberg A, Kumar D, et al. An assessment of herpes-
virus co-infections in patients with CMV disease: correlation 
with clinical and virologic outcomes. Am J Transplant. 
2009;9:374–81.  

     145.    Paya CV, Hermans PE, Smith TF, et al. Effi cacy of ganciclovir 
in liver and kidney transplant recipients with severe cytomega-
lovirus infection. Transplantation. 1988;46:229–34.  

         146.    Eid AJ, Arthurs SK, Deziel PJ, Wilhelm MP, 
Razonable RR. Clinical predictors of relapse after treatment of 
primary gastrointestinal cytomegalovirus disease in solid 
organ transplant recipients. Am J Transplant. 2010;10:
157–61.  

       147.    Durand CM, Marr KA, Arnold CA, et al. Detection of cyto-
megalovirus DNA in plasma as an adjunct diagnostic for gas-
trointestinal tract disease in kidney and liver transplant 
recipients. Clin Infect Dis. 2013;57:1550–9.  

    148.    Egli A, Bergamin O, Mullhaupt B, Seebach JD, Mueller NJ, 
Hirsch HH. Cytomegalovirus-associated chorioretinitis after 
liver transplantation: case report and review of the literature. 
Transpl Infect Dis. 2008;10:27–43.  

    149.    Lee JY. Cytomegalovirus infection involving the skin in 
immunocompromised hosts. A clinicopathologic study. Am 
J Clin Pathol. 1989;92:96–100.  

   150.    McCarthy JM, McLoughlin MG, Shackleton CR, et al. 
Cytomegalovirus epididymitis following renal transplantation. 
J Urol. 1991;146:417–9.  

   151.    Paterson DL, Singh N, Gayowski T, Carrigan DR, Marino 
IR. Encephalopathy associated with human herpesvirus 6 in a 
liver transplant recipient. Liver Transpl Surg. 1999;5:454–5.  

   152.    Patterson JW, Broecker AH, Kornstein MJ, Mills 
AS. Cutaneous cytomegalovirus infection in a liver transplant 
patient. Diagnosis by in situ DNA hybridization. Am 
J Dermatopathol. 1988;10:524–30.  

25. Cytomegalovirus Infection After Solid Organ Transplantation



468

    153.    Power C, Poland SD, Kassim KH, Kaufmann JC, Rice 
GP. Encephalopathy in liver transplantation: neuropathology 
and CMV infection. Can J Neurol Sci. 1990;17:378–81.  

     154.    Richardson WP, Colvin RB, Cheeseman SH, et al. 
Glomerulopathy associated with cytomegalovirus viremia in 
renal allografts. N Engl J Med. 1981;305:57–63.  

    155.    Puliyanda DP, Silverman NS, Lehman D, et al. Successful use 
of oral ganciclovir for the treatment of intrauterine cytomega-
lovirus infection in a renal allograft recipient. Transpl Infect 
Dis. 2005;7:71–4.  

    156.    Laifer SA, Ehrlich GD, Huff DS, Balsan MJ, Scantlebury 
VP. Congenital cytomegalovirus infection in offspring of liver 
transplant recipients. Clin Infect Dis. 1995;20:52–5.  

     157.    Lumbreras C, Fernandez I, Velosa J, Munn S, Sterioff S, Paya 
CV. Infectious complications following pancreatic transplan-
tation: incidence, microbiological and clinical characteristics, 
and outcome. Clin Infect Dis. 1995;20:514–20.  

     158.    Zamora MR, Davis RD, Leonard C. Management of cytomeg-
alovirus infection in lung transplant recipients: evidence-based 
recommendations. Transplantation. 2005;80:157–63.  

        159.    Zamora MR, Nicolls MR, Hodges TN, et al. Following univer-
sal prophylaxis with intravenous ganciclovir and cytomegalo-
virus immune globulin, valganciclovir is safe and effective for 
prevention of CMV infection following lung transplantation. 
Am J Transplant. 2004;4:1635–42.  

     160.    Zamora MR. Cytomegalovirus and lung transplantation. Am 
J Transplant. 2004;4:1219–26.  

     161.    Grossi P, Revello MG, Minoli L, et al. Three-year experience 
with human cytomegalovirus infections in heart transplant 
recipients. J Heart Transplant. 1990;9:712–9.  

     162.    Paya CV, Hermans PE, Wiesner RH, et al. Cytomegalovirus 
hepatitis in liver transplantation: prospective analysis of 93 
consecutive orthotopic liver transplantations. J Infect Dis. 
1989;160:752–8.  

      163.    Vichot AA, Formica Jr RN, Moeckel GW. Cytomegalovirus 
glomerulopathy and cytomegalovirus interstitial nephritis on 
sequential transplant kidney biopsies. Am J Kidney Dis. 
2014;63:536–9.  

    164.    Jensen WA, Rose RM, Hammer SM, et al. Pulmonary compli-
cations of orthotopic liver transplantation. Transplantation. 
1986;42:484–90.  

    165.    Alexander JA, Cuellar RE, Fadden RJ, Genovese JJ, Gavaler 
JS, Van Thiel DH. Cytomegalovirus infection of the upper gas-
trointestinal tract before and after liver transplantation. 
Transplantation. 1988;46:378–82.  

     166.    Spencer GD, Hackman RC, McDonald GB, et al. A prospec-
tive study of unexplained nausea and vomiting after marrow 
transplantation. Transplantation. 1986;42:602–7.  

    167.    Sutherland DE, Chan FY, Fourcar E, Simmons PL, Howard 
RJ, Najarian JS. The bleeding cecal ulcer in transplant patients. 
Surgery. 1979;86:386–98.  

    168.    Van Thiel DH, Gavaler JS, Schade RR, Chien MC, Starzl 
TE. Cytomegalovirus infection and gastric emptying. 
Transplantation. 1992;54:70–3.  

    169.    Muldoon J, O'Riordan K, Rao S, Abecassis M. Ischemic colitis 
secondary to venous thrombosis. A rare presentation of cyto-
megalovirus vasculitis following renal transplantation. 
Transplantation. 1996;61:1651–3.  

    170.    Kowdley KV, Fawaz KA, Kaplan MM. Extrahepatic biliary 
stricture associated with cytomegalovirus in a liver transplant 
recipient. Transpl Int. 1996;9:161–3.  

     171.    Madalosso C, De Souza Jr NF, Ilstrup DM, Wiesner RH, Krom 
RA. Cytomegalovirus and its association with hepatic artery 
thrombosis after liver transplantation. Transplantation. 
1998;66:294–7.  

    172.    Rubin RH. The indirect effects of cytomegalovirus infection 
on the outcome of organ transplantation. JAMA. 1989;261:
3607–9.  

    173.    Helantera I, Koskinen P, Finne P, et al. Persistent cytomegalo-
virus infection in kidney allografts is associated with inferior 
graft function and survival. Transpl Int. 2006;19:893–900.  

    174.    van den Berg AP, Klompmaker IJ, Haagsma EB, et al. Evidence 
for an increased rate of bacterial infections in liver transplant 
patients with cytomegalovirus infection. Clin Transplant. 
1996;10:224–31.  

    175.    Reinke P, Prosch S, Kern F, Volk HD. Mechanisms of human 
cytomegalovirus (HCMV) (re)activation and its impact on 
organ transplant patients. Transpl Infect Dis. 1999;1:157–64.  

     176.   Hodson EM, Craig JC, Strippoli GF, Webster AC. Antiviral 
medications for preventing cytomegalovirus disease in solid 
organ transplant recipients. Cochrane Database Syst Rev 
2008;2:CD003774.  

     177.    Wagner JA, Ross H, Hunt S, et al. Prophylactic ganciclovir 
treatment reduces fungal as well as cytomegalovirus infections 
after heart transplantation. Transplantation. 1995;60:1473–7.  

     178.    Walker RC. Pretransplant assessment of the risk for posttrans-
plant lymphoproliferative disorder. Transplant Proc. 1995;
27:41.  

     179.    Rosen HR, Chou S, Corless CL, et al. Cytomegalovirus vire-
mia: risk factor for allograft cirrhosis after liver transplantation 
for hepatitis C. Transplantation. 1997;64:721–6.  

    180.    Rosen HR, Corless CL, Rabkin J, Chou S. Association of cyto-
megalovirus genotype with graft rejection after liver transplan-
tation. Transplantation. 1998;66:1627–31.  

    181.    Fox AS, Tolpin MD, Baker AL, et al. Seropositivity in liver 
transplant recipients as a predictor of cytomegalovirus disease. 
J Infect Dis. 1988;157:383–5.  

    182.    Evans PC, Soin A, Wreghitt TG, Taylor CJ, Wight DG, 
Alexander GJ. An association between cytomegalovirus infec-
tion and chronic rejection after liver transplantation. 
Transplantation. 2000;69:30–5.  

    183.    Reinke P, Fietze E, Ode-Hakim S, et al. Late-acute renal 
allograft rejection and symptomless cytomegalovirus infec-
tion. Lancet. 1994;344:1737–8.  

       184.    Speich R, Thurnheer R, Gaspert A, Weder W, Boehler 
A. Effi cacy and cost effectiveness of oral ganciclovir in the 
prevention of cytomegalovirus disease after lung transplanta-
tion. Transplantation. 1999;67:315–20.  

     185.    Valantine HA, Gao SZ, Menon SG, et al. Impact of prophylac-
tic immediate posttransplant ganciclovir on development of 
transplant atherosclerosis: a post hoc analysis of a random-
ized, placebo- controlled study. Circulation. 1999;100:61–6.  

        186.    Valantine HA, Luikart H, Doyle R, et al. Impact of cytomega-
lovirus hyperimmune globulin on outcome after cardiotho-
racic transplantation: a comparative study of combined 
prophylaxis with CMV hyperimmune globulin plus ganciclo-
vir versus ganciclovir alone. Transplantation. 2001;72:
1647–52.  

    187.    Martelius T, Krogerus L, Hockerstedt K, Bruggeman C, 
Lautenschlager I. Cytomegalovirus infection is associated 
with increased infl ammation and severe bile duct damage in 
rat liver allografts. Hepatology. 1998;27:996–1002.  

R.R. Razonable and A.P. Limaye



469

   188.    O’Grady JG, Alexander GJ, Sutherland S, et al. 
Cytomegalovirus infection and donor/recipient HLA antigens: 
interdependent co- factors in pathogenesis of vanishing bile-
duct syndrome after liver transplantation. Lancet. 1988;
2:302–5.  

    189.    Wright TL. Cytomegalovirus infection and vanishing bile duct 
syndrome: culprit or innocent bystander? Hepatology. 1992;
16:494–6.  

     190.    Koskinen PK, Kallio EA, Tikkanen JM, Sihvola RK, Hayry 
PJ, Lemstrom KB. Cytomegalovirus infection and cardiac 
allograft vasculopathy. Transpl Infect Dis. 1999;1:115–26.  

   191.    Grattan MT, Moreno-Cabral CE, Starnes VA, Oyer PE, Stinson 
EB, Shumway NE. Cytomegalovirus infection is associated 
with cardiac allograft rejection and atherosclerosis. JAMA. 
1989;261:3561–6.  

    192.    Kendall TJ, Wilson JE, Radio SJ, et al. Cytomegalovirus and 
other herpesviruses: do they have a role in the development of 
accelerated coronary arterial disease in human heart allografts? 
J Heart Lung Transplant. 1992;11:S14–20.  

    193.    Li F, Yin M, Van Dam JG, Grauls G, Rozing J, Bruggeman 
CA. Cytomegalovirus infection enhances the neointima for-
mation in rat aortic allografts: effect of major histocompatibil-
ity complex class I and class II antigen differences. 
Transplantation. 1998;65:1298–304.  

     194.    Koskinen PK, Nieminen MS, Mattila SP, Hayry PJ, 
Lautenschlager IT. The correlation between symptomatic 
CMV infection and CMV antigenemia in heart allograft recip-
ients. Transplantation. 1993;55:547–51.  

     195.    Koskinen P, Lemstrom K, Bruggeman C, Lautenschlager I, 
Hayry P. Acute cytomegalovirus infection induces a subendo-
thelial infl ammation (endothelialitis) in the allograft vascular 
wall. A possible linkage with enhanced allograft arteriosclero-
sis. Am J Pathol. 1994;144:41–50.  

    196.    Streblow DN, Hwee YK, Kreklywich CN, et al. Rat cytomega-
lovirus vaccine prevents accelerated chronic rejection in 
CMV-naive recipients of infected donor allograft hearts. Am 
J Transplant. 2015;15(7):1805–16.  

    197.    Lemstrom K, Sihvola R, Bruggeman C, Hayry P, Koskinen 
P. Cytomegalovirus infection-enhanced cardiac allograft vas-
culopathy is abolished by DHPG prophylaxis in the rat. 
Circulation. 1997;95:2614–6.  

    198.    Lemstrom KB, Bruning JH, Bruggeman CA, Lautenschlager 
IT, Hayry PJ. Triple drug immunosuppression signifi cantly 
reduces immune activation and allograft arteriosclerosis in 
cytomegalovirus- infected rat aortic allografts and induces 
early latency of viral infection. Am J Pathol. 1994;144:
1334–47.  

    199.    Jeejeebhoy FM, Zaltzman JS. Thrombotic microangiopathy in 
association with cytomegalovirus infection in a renal trans-
plant patient: a new treatment strategy. Transplantation. 
1998;65:1645–8.  

    200.    Ofotokun I, Carlson C, Gitlin SD, Elta G, Singleton TP, 
Markovitz DM. Acute cytomegalovirus infection complicated 
by vascular thrombosis: a case report. Clin Infect Dis. 2001;
32:983–6.  

     201.    Burak KW, Kremers WK, Batts KP, et al. Impact of cytomega-
lovirus infection, year of transplantation, and donor age on 
outcomes after liver transplantation for hepatitis C. Liver 
Transpl. 2002;8:362–9.  

    202.   Razonable RR, Burak KW, van Cruijsen H, et al. The patho-
genesis of hepatitis C virus is infl uenced by cytomegalovirus. 
Clin Infect Dis 2002;35(8):974–81.  

    203.    Bosch W, Heckman MG, Pungpapong S, Diehl NN, Shalev 
JA, Hellinger WC. Association of cytomegalovirus infection 
and disease with recurrent hepatitis C after liver transplanta-
tion. Transplantation. 2012;93:723–8.  

    204.    Einollahi B, Motalebi M, Salesi M, Ebrahimi M, Taghipour 
M. The impact of cytomegalovirus infection on new-onset dia-
betes mellitus after kidney transplantation: a review on current 
fi ndings. J Nephropathol. 2014;3:139–48.  

     205.    Bosch W, Heckman MG, Diehl NN, Shalev JA, Pungpapong 
S, Hellinger WC. Association of cytomegalovirus infection 
and disease with death and graft loss after liver transplant in 
high-risk recipients. Am J Transplant. 2011;11:2181–9.  

   206.    Falagas ME, Snydman DR, Griffi th J, Ruthazer R, Werner 
BG. Effect of cytomegalovirus infection status on fi rst-year 
mortality rates among orthotopic liver transplant recipients. 
The Boston Center for Liver Transplantation CMVIG Study 
Group. Ann Intern Med. 1997;126:275–9.  

   207.    Falagas ME, Paya C, Ruthazer R, et al. Signifi cance of cyto-
megalovirus for long-term survival after orthotopic liver trans-
plantation: a prospective derivation and validation cohort 
analysis. Transplantation. 1998;66:1020–8.  

        208.    Limaye AP, Bakthavatsalam R, Kim HW, et al. Impact of cyto-
megalovirus in organ transplant recipients in the era of antivi-
ral prophylaxis. Transplantation. 2006;81:1645–52.  

       209.    Hodson EM, Jones CA, Webster AC, et al. Antiviral medica-
tions to prevent cytomegalovirus disease and early death in 
recipients of solid-organ transplants: a systematic review of 
randomised controlled trials. Lancet. 2005;365:2105–15.  

     210.    Kalil AC, Levitsky J, Lyden E, Stoner J, Freifeld AG. Meta- 
analysis: the effi cacy of strategies to prevent organ disease by 
cytomegalovirus in solid organ transplant recipients. Ann 
Intern Med. 2005;143:870–80.  

     211.    Small LN, Lau J, Snydman DR. Preventing post-organ trans-
plantation cytomegalovirus disease with ganciclovir: a meta-
analysis comparing prophylactic and preemptive therapies. 
Clin Infect Dis. 2006;43:869–80.  

      212.    Strippoli GF, Hodson EM, Jones C, Craig JC. Preemptive 
treatment for cytomegalovirus viremia to prevent cytomegalo-
virus disease in solid organ transplant recipients. 
Transplantation. 2006;81:139–45.  

      213.    Pang XL, Fox JD, Fenton JM, Miller GG, Caliendo AM, 
Preiksaitis JK. Interlaboratory comparison of cytomegalovirus 
viral load assays. Am J Transplant. 2009;9:258–68.  

    214.    Caliendo AM, Shahbazian MD, Schaper C, et al. A commut-
able cytomegalovirus calibrator is required to improve the 
agreement of viral load values between laboratories. Clin 
Chem. 2009;55:1701–10.  

    215.    Hayden RT, Shahbazian MD, Valsamakis A, et al. Multicenter 
evaluation of a commercial cytomegalovirus quantitative 
 standard: effects of commutability on interlaboratory concor-
dance. J Clin Microbiol. 2013;51:3811–7.  

    216.    Hirsch HH, Lautenschlager I, Pinsky BA, et al. An interna-
tional multicenter performance analysis of cytomegalovirus 
load tests. Clin Infect Dis. 2013;56:367–73.  

    217.    Mannonen L, Loginov R, Helantera I, et al. Comparison of 
two quantitative real-time CMV-PCR tests calibrated against 

25. Cytomegalovirus Infection After Solid Organ Transplantation



470

the 1st WHO international standard for viral load monitoring 
of renal transplant patients. J Med Virol. 2014;86:576–84.  

     218.    Martin-Gandul C, Perez-Romero P, Sanchez M, et al. 
Determination, validation and standardization of a CMV DNA 
cut-off value in plasma for preemptive treatment of CMV 
infection in solid organ transplant recipients at lower risk for 
CMV infection. J Clin Virol. 2013;56:13–8.  

      219.    Boaretti M, Sorrentino A, Zantedeschi C, Forni A, Boschiero 
L, Fontana R. Quantifi cation of cytomegalovirus DNA by a 
fully automated real-time PCR for early diagnosis and moni-
toring of active viral infection in solid organ transplant recipi-
ents. J Clin Virol. 2013;56:124–8.  

      220.    David-Neto E, Triboni AH, Paula FJ, et al. A double-blinded, 
prospective study to defi ne antigenemia and quantitative real-
time polymerase chain reaction cutoffs to start preemptive 
therapy in low-risk, seropositive, renal transplanted recipients. 
Transplantation. 2014;98:1077–81.  

     221.    Wiita AP, Roubinian N, Khan Y, et al. Cytomegalovirus dis-
ease and infection in lung transplant recipients in the setting of 
planned indefi nite valganciclovir prophylaxis. Transpl Infect 
Dis. 2012;14:248–58.  

   222.    Schafer P, Tenschert W, Cremaschi L, Schroter M, Zollner B, 
Laufs R. Area under the viraemia curve versus absolute viral 
load: utility for predicting symptomatic cytomegalovirus 
infections in kidney transplant patients. J Med Virol. 
2001;65:85–9.  

   223.    Schafer P, Tenschert W, Cremaschi L, Schroter M, Gutensohn 
K, Laufs R. Cytomegalovirus cultured from different major 
leukocyte subpopulations: association with clinical features in 
CMV immunoglobulin G-positive renal allograft recipients. 
J Med Virol. 2000;61:488–96.  

    224.    St George K, Rinaldo Jr CR. Comparison of cytomegalovirus 
antigenemia and culture assays in patients on and off antiviral 
therapy. J Med Virol. 1999;59:91–7.  

     225.    Cummins NW, Deziel PJ, Abraham RS, Razonable 
RR. Defi ciency of cytomegalovirus (CMV)-specifi c CD8+ T 
cells in patients presenting with late-onset CMV disease sev-
eral years after transplantation. Transpl Infect Dis. 
2009;11:20–7.  

     226.    Manuel O, Husain S, Kumar D, et al. Assessment of 
cytomegalovirus- specifi c cell-mediated immunity for the pre-
diction of cytomegalovirus disease in high-risk solid-organ 
transplant recipients: a multicenter cohort study. Clin Infect 
Dis. 2013;56:817–24.  

    227.    Kumar D, Chernenko S, Moussa G, et al. Cell-mediated 
immunity to predict cytomegalovirus disease in high-risk solid 
organ transplant recipients. Am J Transplant. 2009;9:
1214–22.  

    228.    Costa C, Balloco C, Sidoti F, et al. Evaluation of CMV-specifi c 
cellular immune response by EliSPOT assay in kidney trans-
plant patients. J Clin Virol. 2014;61:523–8.  

   229.    Abate D, Saldan A, Forner G, Tinto D, Bianchin A, Palu 
G. Optimization of interferon gamma ELISPOT assay to 
detect human cytomegalovirus specifi c T-cell responses in 
solid organ transplants. J Virol Methods. 2014;196:157–62.  

    230.    Lucia M, Crespo E, Cruzado JM, Grinyo JM, Bestard 
O. Human CMV-specifi c T-cell responses in kidney transplan-
tation; toward changing current risk-stratifi cation paradigm. 
Transpl Int. 2014;27:643–56.  

    231.    Eid AJ, Brown RA, Arthurs SK, et al. A prospective longitudi-
nal analysis of cytomegalovirus (CMV)-specifi c CD4+ and 
CD8+ T cells in kidney allograft recipients at risk of CMV 
infection. Transpl Int. 2010;23:506–13.  

    232.    Sester U, Gartner BC, Wilkens H, et al. Differences in CMV- 
specifi c T-cell levels and long-term susceptibility to CMV 
infection after kidney, heart and lung transplantation. Am 
J Transplant. 2005;5:1483–9.  

                      233.    Razonable RR, Emery VC. Management of CMV infection 
and disease in transplant patients. 27-29 February 2004. 
Herpes. 2004;11:77–86.  

   234.    Meije Y, Fortun J, Len O, et al. Prevention strategies for cyto-
megalovirus disease and long-term outcomes in the high-risk 
transplant patient (D+/R-): experience from the RESITRA-
REIPI cohort. Transpl Infect Dis. 2014;16:387–96.  

   235.    Florescu DF, Qiu F, Schmidt CM, Kalil AC. A direct and indi-
rect comparison meta-analysis on the effi cacy of cytomegalo-
virus preventive strategies in solid organ transplant. Clin Infect 
Dis. 2014;58:785–803.  

   236.    Florescu DF, Abu-Elmagd K, Mercer DF, Qiu F, Kalil AC. An 
international survey of cytomegalovirus prevention and treat-
ment practices in intestinal transplantation. Transplantation. 
2014;97:78–82.  

    237.    Le Page AK, Jager MM, Kotton CN, Simoons-Smit A, 
Rawlinson WD. International survey of cytomegalovirus man-
agement in solid organ transplantation after the publication of 
consensus guidelines. Transplantation. 2013;95:1455–60.  

       238.    Reischig T, Jindra P, Hes O, Svecova M, Klaboch J, Treska 
V. Valacyclovir prophylaxis versus preemptive valganciclovir 
therapy to prevent cytomegalovirus disease after renal trans-
plantation. Am J Transplant. 2008;8:69–77.  

    239.    Kliem V, Fricke L, Wollbrink T, Burg M, Radermacher J, 
Rohde F. Improvement in long-term renal graft survival due to 
CMV prophylaxis with oral ganciclovir: results of a random-
ized clinical trial. Am J Transplant. 2008;8:975–83.  

       240.    Khoury JA, Storch GA, Bohl DL, et al. Prophylactic versus 
preemptive oral valganciclovir for the management of cyto-
megalovirus infection in adult renal transplant recipients. Am 
J Transplant. 2006;6:2134–43.  

      241.   Hodson EM, Barclay PG, Craig JC, et al. Antiviral medications 
for preventing cytomegalovirus disease in solid organ transplant 
recipients. Cochrane Database Syst Rev. 2005;4:CD003774.  

    242.    Emery VC. Prophylaxis for CMV should not now replace pre- 
emptive therapy in solid organ transplantation. Rev Med Virol. 
2001;11:83–6.  

    243.    Hart GD, Paya CV. Prophylaxis for CMV should now replace 
pre- emptive therapy in solid organ transplantation. Rev Med 
Virol. 2001;11:73–81.  

        244.    Balfour Jr HH, Chace BA, Stapleton JT, Simmons RL, Fryd 
DS. A randomized, placebo-controlled trial of oral acyclovir 
for the prevention of cytomegalovirus disease in recipients of 
renal allografts. N Engl J Med. 1989;320:1381–7.  

    245.    Duncan SR, Grgurich WF, Iacono AT, et al. A comparison of 
ganciclovir and acyclovir to prevent cytomegalovirus after 
lung transplantation. Am J Respir Crit Care Med. 1994;150:
146–52.  

    246.    Merigan TC, Renlund DG, Keay S, et al. A controlled trial of 
ganciclovir to prevent cytomegalovirus disease after heart 
transplantation. N Engl J Med. 1992;326:1182–6.  

R.R. Razonable and A.P. Limaye



471

    247.    Rondeau E, Bourgeon B, Peraldi MN, et al. Effect of prophy-
lactic ganciclovir on cytomegalovirus infection in renal trans-
plant recipients. Nephrol Dial Transplant. 1993;8:858–62.  

      248.    Saliba F, Eyraud D, Samuel D, et al. Randomized controlled 
trial of acyclovir for the prevention of cytomegalovirus infec-
tion and disease in liver transplant recipients. Transplant Proc. 
1993;25:1444–5.  

             249.   (TBD) A. Prevention of CMV disease after solid organ trans-
plantation (Paris Conference). 2009.  

    250.    Keating MR. Antiviral agents. Mayo Clin Proc. 1992;67:
160–78.  

     251.    Boivin G, Erice A, Crane DD, Dunn DL, Balfour Jr 
HH. Ganciclovir susceptibilities of cytomegalovirus (CMV) 
isolates from solid organ transplant recipients with CMV vire-
mia after antiviral prophylaxis. J Infect Dis. 1993;168:332–5.  

                252.    Razonable RR, Paya CV. Valganciclovir for the prevention and 
treatment of cytomegalovirus disease in immunocompromised 
hosts. Expert Rev Anti Infect Ther. 2004;2:27–41.  

    253.    Dunn DL, Gillingham KJ, Kramer MA, et al. A prospective 
randomized study of acyclovir versus ganciclovir plus human 
immune globulin prophylaxis of cytomegalovirus infection 
after solid organ transplantation. Transplantation. 1994;57:
876–84.  

   254.    Aguado JM, Gomez-Sanchez MA, Lumbreras C, et al. 
Prospective randomized trial of effi cacy of ganciclovir versus 
that of anti- cytomegalovirus (CMV) immunoglobulin to pre-
vent CMV disease in CMV-seropositive heart transplant recip-
ients treated with OKT3. Antimicrob Agents Chemother. 
1995;39:1643–5.  

    255.    Winston DJ, Wirin D, Shaked A, Busuttil RW. Randomised 
comparison of ganciclovir and high-dose acyclovir for long-
term cytomegalovirus prophylaxis in liver-transplant recipi-
ents. Lancet. 1995;346:69–74.  

      256.    Singh N, Paterson DL, Gayowski T, Wagener MM, 
Marino IR. Cytomegalovirus antigenemia directed pre-emp-
tive prophylaxis with oral versus I.V. ganciclovir for the pre-
vention of cytomegalovirus disease in liver transplant 
recipients: a randomized, controlled trial. Transplantation. 
2000;70:717–22.  

      257.    Singh N. Preemptive therapy versus universal prophylaxis 
with ganciclovir for cytomegalovirus in solid organ transplant 
recipients. Clin Infect Dis. 2001;32:742–51.  

     258.    Singh N, Yu VL, Mieles L, Wagener MM, Miner RC, Gayowski 
T. High-dose acyclovir compared with short-course preemp-
tive ganciclovir therapy to prevent cytomegalovirus disease in 
liver transplant recipients. A randomized trial. Ann Intern 
Med. 1994;120:375–81.  

         259.    Pescovitz MD, Rabkin J, Merion RM, et al. Valganciclovir 
results in improved oral absorption of ganciclovir in liver 
transplant recipients. Antimicrob Agents Chemother. 2000;44:
2811–5.  

     260.    Boivin G, Goyette N, Gilbert C, et al. Absence of 
cytomegalovirus- resistance mutations after valganciclovir 
prophylaxis, in a prospective multicenter study of solid-organ 
transplant recipients. J Infect Dis. 2004;189:1615–8.  

     261.    Levitsky J, Singh N, Wagener MM, Stosor V, Abecassis M, 
Ison MG. A survey of CMV prevention strategies after liver 
transplantation. Am J Transplant. 2008;8:158–61.  

    262.    Wiltshire H, Hirankarn S, Farrell C, et al. Pharmacokinetic 
profi le of ganciclovir after its oral administration and from its 

prodrug, valganciclovir, in solid organ transplant recipients. 
Clin Pharmacokinet. 2005;44:495–507.  

    263.    Razonable RR. Cytomegalovirus infection after liver trans-
plantation: current concepts and challenges. World 
J Gastroenterol. 2008;14:4849–60.  

       264.    Akalin E, Bromberg JS, Sehgal V, Ames S, Murphy 
B. Decreased incidence of cytomegalovirus infection in thy-
moglobulin-treated transplant patients with 6 months of val-
ganciclovir prophylaxis. Am J Transplant. 2004;4:148–9.  

     265.    Humar A, Kumar D, Preiksaitis J, et al. A trial of valganciclo-
vir prophylaxis for cytomegalovirus prevention in lung trans-
plant recipients. Am J Transplant. 2005;5:1462–8.  

    266.   Anonymous. Impact trial: Roche, 2009.  
     267.    Doyle AM, Warburton KM, Goral S, Blumberg E, Grossman 

RA, Bloom RD. 24-Week oral ganciclovir prophylaxis in kid-
ney recipients is associated with reduced symptomatic cyto-
megalovirus disease compared to a 12-week course. 
Transplantation. 2006;81:1106–11.  

    268.    Boivin G, Gilbert C, Gaudreau A, Greenfi eld I, Sudlow R, 
Roberts NA. Rate of emergence of cytomegalovirus (CMV) 
mutations in leukocytes of patients with acquired immunode-
fi ciency syndrome who are receiving valganciclovir as induc-
tion and maintenance therapy for CMV retinitis. J Infect Dis. 
2001;184:1598–602.  

   269.    Chou S, Guentzel S, Michels KR, Miner RC, Drew 
WL. Frequency of UL97 phosphotransferase mutations related 
to ganciclovir resistance in clinical cytomegalovirus isolates. 
J Infect Dis. 1995;172:239–42.  

   270.    Chou S, Waldemer RH, Senters AE, et al. Cytomegalovirus 
UL97 phosphotransferase mutations that affect susceptibility 
to ganciclovir. J Infect Dis. 2002;185:162–9.  

         271.    Limaye AP, Raghu G, Koelle DM, Ferrenberg J, Huang ML, 
Boeckh M. High incidence of ganciclovir-resistant cytomega-
lovirus infection among lung transplant recipients receiving 
preemptive therapy. J Infect Dis. 2002;185:20–7.  

          272.    Limaye AP, Corey L, Koelle DM, Davis CL, Boeckh 
M. Emergence of ganciclovir-resistant cytomegalovirus dis-
ease among recipients of solid-organ transplants. Lancet. 
2000;356:645–9.  

      273.    Chou S. Cytomegalovirus UL97 mutations in the era of ganci-
clovir and maribavir. Rev Med Virol. 2008;18:233–46.  

    274.    Kletzmayr J, Kotzmann H, Popow-Kraupp T, Kovarik J, 
Klauser R. Impact of high-dose oral acyclovir prophylaxis on 
cytomegalovirus (CMV) disease in CMV high-risk renal 
transplant recipients. J Am Soc Nephrol. 1996;7:325–30.  

    275.    Bailey TC, Ettinger NA, Storch GA, et al. Failure of high-dose 
oral acyclovir with or without immune globulin to prevent pri-
mary cytomegalovirus disease in recipients of solid organ 
transplants. Am J Med. 1993;95:273–8.  

    276.    Egan JJ, Carroll KB, Yonan N, Woodcock A, Crisp 
A. Valacyclovir prevention of cytomegalovirus reactivation 
after heart transplantation: a randomized trial. J Heart Lung 
Transplant. 2002;21:460–6.  

           277.    Erice A. Resistance of human cytomegalovirus to antiviral 
drugs. Clin Microbiol Rev. 1999;12:286–97.  

    278.    Slifkin M, Tempesti P, Poutsiaka DD, Snydman DR. Late and 
atypical cytomegalovirus disease in solid-organ transplant 
recipients. Clin Infect Dis. 2001;33:E62–8.  

        279.    Humar A, Paya C, Pescovitz MD, et al. Clinical utility of cyto-
megalovirus viral load testing for predicting CMV disease in 

25. Cytomegalovirus Infection After Solid Organ Transplantation



472

D+/R− solid organ transplant recipients. Am J Transplant. 
2004;4:644–9.  

    280.    Humar A, Mazzulli T, Moussa G, et al. Clinical utility of cyto-
megalovirus (CMV) serology testing in high-risk CMV D+/
R− transplant recipients. Am J Transplant. 2005;5:1065–70.  

            281.    Eid AJ, Arthurs SK, Deziel PJ, Wilhelm MP, Razonable 
RR. Emergence of drug-resistant cytomegalovirus in the era of 
valganciclovir prophylaxis: therapeutic implications and out-
comes. Clin Transplant. 2008;22:162–70.  

    282.    Isada CM, Yen-Lieberman B, Lurain NS, et al. Clinical char-
acteristics of 13 solid organ transplant recipients with 
ganciclovir- resistant cytomegalovirus infection. Transpl Infect 
Dis. 2002;4:189–94.  

     283.    Lurain NS, Bhorade SM, Pursell KJ, et al. Analysis and char-
acterization of antiviral drug-resistant cytomegalovirus iso-
lates from solid organ transplant recipients. J Infect Dis. 
2002;186:760–8.  

        284.    Paya CV, Wilson JA, Espy MJ, et al. Preemptive use of oral 
ganciclovir to prevent cytomegalovirus infection in liver trans-
plant patients: a randomized, placebo-controlled trial. J Infect 
Dis. 2002;185:854–60.  

    285.    Kusne S, Grossi P, Irish W, et al. Cytomegalovirus PP65 anti-
genemia monitoring as a guide for preemptive therapy: a cost 
effective strategy for prevention of cytomegalovirus disease in 
adult liver transplant recipients. Transplantation. 1999;68:
1125–31.  

   286.    Pajand O, Ziyaeyan M, Mousavi S, et al. Comparison of anti-
genemia assay and semiquantitative polymerase chain reaction 
test for monitoring active cytomegalovirus infection in alloge-
neic hematopoietic cell transplant recipients. Exp Clin 
Transplant. 2008;6:149–54.  

   287.    Tan BH, Chlebicka NL, Low JG, Chong TY, Chan KP, Goh 
YT. Use of the cytomegalovirus pp 65 antigenemia assay for 
preemptive therapy in allogeneic hematopoietic stem cell 
transplantation: a real-world review. Transpl Infect Dis. 
2008;10:325–32.  

    288.    Gerna G, Lilleri D, Callegaro A, et al. Prophylaxis followed by 
preemptive therapy versus preemptive therapy for prevention 
of human cytomegalovirus disease in pediatric patients under-
going liver transplantation. Transplantation. 2008;86:163–6.  

    289.    Abecassis MM, Koffron AJ, Kaplan B, et al. The role of PCR 
in the diagnosis and management of CMV in solid organ recip-
ients: what is the predictive value for the development of dis-
ease and should PCR be used to guide antiviral therapy? 
Transplantation. 1997;63:275–9.  

   290.    Tong CY, Cuevas LE, Williams H, Bakran A. Prediction and 
diagnosis of cytomegalovirus disease in renal transplant recip-
ients using qualitative and quantitative polymerase chain reac-
tion. Transplantation. 2000;69:985–91.  

   291.    Gimeno C, Solano C, Latorre JC, et al. Quantifi cation of DNA 
in plasma by an automated real-time PCR assay (cytomegalo-
virus PCR kit) for surveillance of active cytomegalovirus 
infection and guidance of preemptive therapy for allogeneic 
hematopoietic stem cell transplant recipients. J Clin Microbiol. 
2008;46:3311–8.  

      292.    Razonable RR, van Cruijsen H, Brown RA, et al. Dynamics of 
cytomegalovirus replication during preemptive therapy with 
oral ganciclovir. J Infect Dis. 2003;187:1801–8.  

    293.    Gleaves CA, Smith TF, Shuster EA, Pearson GR. Comparison 
of standard tube and shell vial cell culture techniques for the 

detection of cytomegalovirus in clinical specimens. J Clin 
Microbiol. 1985;21:217–21.  

    294.    Gleaves CA, Smith TF, Shuster EA, Pearson GR. Rapid detec-
tion of cytomegalovirus in MRC-5 cells inoculated with urine 
specimens by using low-speed centrifugation and monoclonal 
antibody to an early antigen. J Clin Microbiol. 1984;19:
917–9.  

     295.    Razonable RR, Brown RA, Espy MJ, et al. Comparative quan-
titation of cytomegalovirus (CMV) DNA in solid organ trans-
plant recipients with CMV infection by using two 
high-throughput automated systems. J Clin Microbiol. 2001;
39:4472–6.  

    296.   Razonable RR, Emery VC. Management of cytomegalovirus 
infection and disease in transplant patients. Herpes 2004; 
11(3):77-86  

     297.    Mattes FM, Hainsworth EG, Hassan-Walker AF, et al. Kinetics 
of cytomegalovirus load decrease in solid-organ transplant 
recipients after preemptive therapy with valganciclovir. 
J Infect Dis. 2005;191:89–92.  

     298.    Rayes N, Seehofer D, Schmidt CA, et al. Prospective random-
ized trial to assess the value of preemptive oral therapy for 
CMV infection following liver transplantation. Transplantation. 
2001;72:881–5.  

    299.    Razonable RR, Paya CV. Herpesvirus infections in transplant 
recipients: current challenges in the clinical management of 
cytomegalovirus and Epstein-Barr virus infections. Herpes. 
2003;10:60–5.  

    300.    Gerna G, Lilleri D. Monitoring transplant patients for 
human cytomegalovirus: diagnostic update. Herpes. 2006;
13:4–11.  

    301.    Gerna G, Baldanti F, Torsellini M, et al. Evaluation of cyto-
megalovirus DNAaemia versus pp 65-antigenaemia cutoff for 
guiding preemptive therapy in transplant recipients: a random-
ized study. Antivir Ther. 2007;12:63–72.  

    302.    Rubin RH, Tolkoff-Rubin NE. Antimicrobial strategies in the 
care of organ transplant recipients. Antimicrob Agents 
Chemother. 1993;37:619–24.  

    303.    Couzi L, Helou S, Bachelet T, et al. High incidence of anticy-
tomegalovirus drug resistance among D+R− kidney transplant 
recipients receiving preemptive therapy. Am J Transplant. 
2012;12:202–9.  

    304.    Conti DJ, Freed BM, Singh TP, Gallichio M, Gruber SA, 
Lempert N. Preemptive ganciclovir therapy in cytomegalovirus- 
seropositive renal transplants recipients. Arch Surg. 
1995;130:1217–21. discussion 1221–2.  

   305.    Steinmuller DR, Novick AC, Streem SB, Graneto D, Swift 
C. Intravenous immunoglobulin infusions for the prophylaxis 
of secondary cytomegalovirus infection. Transplantation. 
1990;49:68–70.  

   306.    Stratta RJ, Shaefer MS, Cushing KA, et al. A randomized pro-
spective trial of acyclovir and immune globulin prophylaxis in 
liver transplant recipients receiving OKT3 therapy. Arch Surg. 
1992;127:55–63. discussion 63–4.  

      307.    Hibberd PL, Tolkoff-Rubin NE, Conti D, et al. Preemptive 
ganciclovir therapy to prevent cytomegalovirus disease in 
cytomegalovirus antibody-positive renal transplant recipients. 
A randomized controlled trial. Ann Intern Med. 1995;123:
18–26.  

    308.    Conti DJ, Freed BM, Gruber SA, Lempert N. Prophylaxis of 
primary cytomegalovirus disease in renal transplant recipients. 

R.R. Razonable and A.P. Limaye



473

A trial of ganciclovir vs immunoglobulin. Arch Surg. 
1994;129:443–7.  

      309.    Bowden RA, Slichter SJ, Sayers M, et al. A comparison of 
fi ltered leukocyte-reduced and cytomegalovirus (CMV) sero-
negative blood products for the prevention of transfusion-asso-
ciated CMV infection after marrow transplant. Blood. 
1995;86:3598–603.  

    310.    Falagas ME, Snydman DR, Ruthazer R, Griffi th J, Werner 
BG. Primary cytomegalovirus infection in liver transplant 
recipients: comparison of infections transmitted via donor 
organs and via transfusions. Boston Center for Liver 
Transplantation CMVIG Study Group. Clin Infect Dis. 
1996;23:292–7.  

     311.    Nichols WG, Price TH, Gooley T, Corey L, Boeckh 
M. Transfusion-transmitted cytomegalovirus infection after 
receipt of leukoreduced blood products. Blood. 2003;101:
4195–200.  

     312.    Sayers MH, Anderson KC, Goodnough LT, et al. Reducing the 
risk for transfusion-transmitted cytomegalovirus infection. 
Ann Intern Med. 1992;116:55–62.  

    313.    Seed CR, Piscitelli LM, Maine GT, et al. Validation of an auto-
mated immunoglobulin G-only cytomegalovirus (CMV) anti-
body screening assay and an assessment of the risk of 
transfusion transmitted CMV from seronegative blood. 
Transfusion. 2009;49:134–45.  

   314.    Bilgin YM, van de Watering LM, Brand A. Clinical effects of 
leucoreduction of blood transfusions. Neth J Med. 2011;69:
441–50.  

    315.    Kekre N, Tokessy M, Mallick R, et al. Is cytomegalovirus test-
ing of blood products still needed for hematopoietic stem cell 
transplant recipients in the era of universal leukoreduction? 
Biol Blood Marrow Transplant. 2013;19:1719–24.  

     316.    Krause PR, Bialek SR, Boppana SB, et al. Priorities for CMV 
vaccine development. Vaccine. 2013;32:4–10.  

   317.    Rieder F, Steininger C. Cytomegalovirus vaccine: phase II 
clinical trial results. Clin Microbiol Infect. 2014;20 Suppl 
5:95–102.  

   318.    Razonable RR. Immune-based therapies for cytomegalovirus 
infection. Immunotherapy. 2010;2:117–30.  

     319.    Watkins RR, Lemonovich TL, Razonable RR. Immune 
response to CMV in solid organ transplant recipients: current 
concepts and future directions. Expert Rev Clin Immunol. 
2012;8:383–93.  

    320.    Diamond DJ, York J, Sun JY, Wright CL, Forman 
SJ. Development of a candidate HLA A*0201 restricted pep-
tide-based vaccine against human cytomegalovirus infection. 
Blood. 1997;90:1751–67.  

    321.    Kern F, Surel IP, Faulhaber N, et al. Target structures of the 
CD8(+)-T-cell response to human cytomegalovirus: the 
72- kilodalton major immediate-early protein revisited. J Virol. 
1999;73:8179–84.  

    322.    Riddell SR, Greenberg PD. Therapeutic reconstitution of 
human viral immunity by adoptive transfer of cytotoxic T lym-
phocyte clones. Curr Top Microbiol Immunol. 1994;189:
9–34.  

    323.    Brayman KL, Dafoe DC, Smythe WR, et al. Prophylaxis of 
serious cytomegalovirus infection in renal transplant candi-
dates using live human cytomegalovirus vaccine. Interim 
results of a randomized controlled trial. Arch Surg. 1988;123:
1502–8.  

    324.    Cha TA, Tom E, Kemble GW, Duke GM, Mocarski ES, Spaete 
RR. Human cytomegalovirus clinical isolates carry at least 19 
genes not found in laboratory strains. J Virol. 1996;70:78–83.  

   325.    Mocarski Jr ES, Kemble GW. Recombinant cytomegalovi-
ruses for study of replication and pathogenesis. Intervirology. 
1996;39:320–30.  

   326.    Griffi ths PD, McLean A, Emery VC. Encouraging prospects 
for immunisation against primary cytomegalovirus infection. 
Vaccine. 2001;19:1356–62.  

    327.    Temperton NJ, Quenelle DC, Lawson KM, et al. Enhancement 
of humoral immune responses to a human cytomegalovirus 
DNA vaccine: adjuvant effects of aluminum phosphate and 
CpG oligodeoxynucleotides. J Med Virol. 2003;70:86–90.  

    328.    Britt W, Fay J, Seals J, Kensil C. Formulation of an immuno-
genic human cytomegalovirus vaccine: responses in mice. 
J Infect Dis. 1995;171:18–25.  

    329.    Pass RF, Zhang C, Evans A, et al. Vaccine prevention of mater-
nal cytomegalovirus infection. N Engl J Med. 2009;360:
1191–9.  

    330.    Kharfan-Dabaja MA, Nishihori T. Vaccine therapy for cyto-
megalovirus in the setting of allogeneic hematopoietic cell 
transplantation. Expert Rev Vaccines. 2015;14:341–50.  

     331.    Snydman DR, Werner BG, Heinze-Lacey B, et al. Use of cyto-
megalovirus immune globulin to prevent cytomegalovirus dis-
ease in renal-transplant recipients. N Engl J Med. 1987;317:
1049–54.  

    332.    Ljungman P, Cordonnier C, Einsele H, et al. Use of intrave-
nous immune globulin in addition to antiviral therapy in the 
treatment of CMV gastrointestinal disease in allogeneic bone 
marrow transplant patients: a report from the European Group 
for Blood and Marrow Transplantation (EBMT). Infectious 
Diseases Working Party of the EBMT. Bone Marrow 
Transplant. 1998;21:473–6.  

   333.    Winston DJ, Ho WG, Lin CH, et al. Intravenous immune glob-
ulin for prevention of cytomegalovirus infection and intersti-
tial pneumonia after bone marrow transplantation. Ann Intern 
Med. 1987;106:12–8.  

    334.    Lautenschlager I, Ahonen J, Eklund B, et al. Hyperimmune 
globulin therapy of clinical CMV disease in renal allograft 
recipients. Transplant Proc. 1989;21:2087–8.  

   335.    Snydman DR, Werner BG, Dougherty NN, et al. 
Cytomegalovirus immune globulin prophylaxis in liver trans-
plantation. A randomized, double-blind, placebo-controlled 
trial. The Boston Center for Liver Transplantation CMVIG 
Study Group. Ann Intern Med. 1993;119:984–91.  

   336.    Saliba F, Arulnaden JL, Gugenheim J, et al. CMV hyperim-
mune globulin prophylaxis after liver transplantation: a pro-
spective randomized controlled study. Transplant Proc. 
1989;21:2260–2.  

      337.    Snydman DR, Werner BG, Dougherty NN, et al. A further 
analysis of the use of cytomegalovirus immune globulin in 
orthotopic liver transplant patients at risk for primary infec-
tion. Boston Center for Liver Transplantation CMVIG-Study 
Group. Transplant Proc. 1994;26:23–7.  

    338.    Bonaros N, Mayer B, Schachner T, Laufer G, Kocher A. CMV- 
hyperimmune globulin for preventing cytomegalovirus infec-
tion and disease in solid organ transplant recipients: a 
meta-analysis. Clin Transplant. 2008;22:89–97.  

        339.   Hodson EM, Jones CA, Strippoli GF, Webster AC, Craig 
JC. Immunoglobulins, vaccines or interferon for preventing 

25. Cytomegalovirus Infection After Solid Organ Transplantation



474

cytomegalovirus disease in solid organ transplant recipients. 
Cochrane Database Syst Rev. 2007;(2):CD005129.  

    340.    Snydman DR, Kistler KD, Ulsh P, Bergman GE, Vensak J, 
Morris J. The impact of CMV prevention on long-term recipi-
ent and graft survival in heart transplant recipients: analysis of 
the Scientifi c Registry of Transplant Recipients (SRTR) data-
base. Clin Transplant. 2011;25:E455–62.  

          341.    Sia IG, Wilson JA, Groettum CM, Espy MJ, Smith TF, Paya 
CV. Cytomegalovirus (CMV) DNA load predicts relapsing 
CMV infection after solid organ transplantation. J Infect Dis. 
2000;181:717–20.  

   342.    Erice A, Jordan MC, Chace BA, Fletcher C, Chinnock BJ, 
Balfour Jr HH. Ganciclovir treatment of cytomegalovirus dis-
ease in transplant recipients and other immunocompromised 
hosts. JAMA. 1987;257:3082–7.  

      343.    Sawyer MD, Mayoral JL, Gillingham KJ, Kramer MA, Dunn 
DL. Treatment of recurrent cytomegalovirus disease in patients 
receiving solid organ transplants. Arch Surg. 1993;128:165–9. 
discussion 170.  

     344.    Razonable RR, Brown RA, Wilson J, et al. The clinical use of 
various blood compartments for cytomegalovirus (CMV) 
DNA quantitation in transplant recipients with CMV disease. 
Transplantation. 2002;73:968–73.  

    345.    Swan SK, Munar MY, Wigger MA, Bennett WM. 
Pharmacokinetics of ganciclovir in a patient undergoing 
hemodialysis. Am J Kidney Dis. 1991;17:69–72.  

    346.    Sullivan T, Brodginski A, Patel G, Huprikar S. The role of sec-
ondary cytomegalovirus prophylaxis for kidney and liver 
transplant recipients. Transplantation. 2015;99:855–9.  

     347.    Klintmalm G, Lonnqvist B, Oberg B, et al. Intravenous foscar-
net for the treatment of severe cytomegalovirus infection in 
allograft recipients. Scand J Infect Dis. 1985;17:157–63.  

    348.    Ringden O, Lonnqvist B, Paulin T, et al. Pharmacokinetics, 
safety and preliminary clinical experiences using foscarnet in 
the treatment of cytomegalovirus infections in bone marrow 
and renal transplant recipients. J Antimicrob Chemother. 
1986;17:373–87.  

    349.    Manischewitz JF, Quinnan Jr GV, Lane HC, Wittek 
AE. Synergistic effect of ganciclovir and foscarnet on cyto-
megalovirus replication in vitro. Antimicrob Agents 
Chemother. 1990;34:373–5.  

    350.    Mylonakis E, Kallas WM, Fishman JA. Combination antiviral 
therapy for ganciclovir-resistant cytomegalovirus infection in 
solid-organ transplant recipients. Clin Infect Dis. 2002;34:
1337–41.  

    351.   Mattes FM, Hainsworth E, Murdin-Geretti AM, et al. A ran-
domized controlled trial comparing ganciclovir or ganciclovir 
plus foscarnet (each at half-dose) for preemptive therapy of 
cytomegalovirus infection in transplant recipients (abstract). 
Abstracts of the 41st interscience conference on antimicrobial 
agents and chemotherapy, Chicago, IL; 2001. p. 297.  

    352.    Machado CM, Dulley FL, Boas LS, et al. CMV pneumonia in 
allogeneic BMT recipients undergoing early treatment of pre- 
emptive ganciclovir therapy. Bone Marrow Transplant. 
2000;26:413–7.  

    353.    Burdelski M, Schmidt K, Hoyer PF, et al. Liver transplantation 
in children: the Hannover experience. Transplant Proc. 
1987;19:3277–81.  

    354.    Rancewicz Z, Halama G, Smogorzewski M, et al. The useful-
ness of hyperimmune globulin for treatment of overt cytomeg-

alovirus infection in allograft recipients. Transplant Proc. 
1990;22:1818–9.  

    355.    D’Alessandro AM, Pirsch JD, Stratta RJ, Sollinger HW, 
Kalayoglu M, Belzer FO. Successful treatment of severe cyto-
megalovirus infections with ganciclovir and CMV hyperim-
mune globulin in liver transplant recipients. Transplant Proc. 
1989;21:3560–1.  

    356.    Holmes-Liew CL, Holmes M, Beagley L, et al. Adoptive T-cell 
immunotherapy for ganciclovir-resistant CMV disease after 
lung transplantation. Clin Transl Immunol. 2015;4:e35.  

    357.    Macesic N, Langsford D, Nicholls K, et al. Adoptive T cell 
immunotherapy for treatment of ganciclovir-resistant cyto-
megalovirus disease in a renal transplant recipient. Am 
J Transplant. 2015;15:827–32.  

     358.    Marty FM, Winston DJ, Rowley SD, et al. CMX001 to prevent 
cytomegalovirus disease in hematopoietic-cell transplantation. 
N Engl J Med. 2013;369:1227–36.  

      359.    Stoelben S, Arns W, Renders L, et al. Preemptive treatment of 
Cytomegalovirus infection in kidney transplant recipients with 
letermovir: results of a Phase 2a study. Transpl Int. 
2014;27:77–86.  

     360.    Chemaly RF, Ullmann AJ, Stoelben S, et al. Letermovir for 
cytomegalovirus prophylaxis in hematopoietic-cell transplan-
tation. N Engl J Med. 2014;370:1781–9.  

    361.    Winston DJ, Young JA, Pullarkat V, et al. Maribavir prophy-
laxis for prevention of cytomegalovirus infection in allogeneic 
stem cell transplant recipients: a multicenter, randomized, 
double-blind, placebo-controlled, dose-ranging study. Blood. 
2008;111:5403–10.  

    362.    Winston DJ, Saliba F, Blumberg E, et al. Effi cacy and safety of 
maribavir dosed at 100 mg orally twice daily for the preven-
tion of cytomegalovirus disease in liver transplant recipients: a 
randomized, double-blind, multicenter controlled trial. Am 
J Transplant. 2012;12:3021–30.  

    363.    Avery RK, Marty FM, Strasfeld L, et al. Oral maribavir 
for treatment of refractory or resistant cytomegalovirus infec-
tions in transplant recipients. Transpl Infect Dis. 2010;12:
489–96.  

    364.    Alain S, Revest M, Veyer D, et al. Maribavir use in practice for 
cytomegalovirus infection in French transplantation centers. 
Transplant Proc. 2013;45:1603–7.  

    365.    Gantt S, Huang ML, Magaret A, et al. An artesunate-contain-
ing antimalarial treatment regimen did not suppress cytomega-
lovirus viremia. J Clin Virol. 2013;58:276–8.  

    366.    Germi R, Mariette C, Alain S, et al. Success and failure of 
artesunate treatment in fi ve transplant recipients with disease 
caused by drug-resistant cytomegalovirus. Antiviral Res. 
2014;101:57–61.  

     367.    Verkaik NJ, Hoek RA, van Bergeijk H, et al. Lefl unomide as 
part of the treatment for multidrug-resistant cytomegalovirus 
disease after lung transplantation: case report and review of 
the literature. Transpl Infect Dis. 2013;15:E243–9.  

     368.    Chou SW. Cytomegalovirus drug resistance and clinical impli-
cations. Transpl Infect Dis. 2001;3 Suppl 2:20–4.  

    369.    Emery VC. Progress in understanding cytomegalovirus drug 
resistance. J Clin Virol. 2001;21:223–8.  

         370.    Lurain NS, Chou S. Antiviral drug resistance of human cyto-
megalovirus. Clin Microbiol Rev. 2010;23:689–712.  

   371.    Lurain NS, Ammons HC, Kapell KS, Yeldandi VV, 
Garrity ER, O’Keefe JP. Molecular analysis of human 

R.R. Razonable and A.P. Limaye



475

 cytomegalovirus strains from two lung transplant recipients 
with the same donor. Transplantation. 1996;62:497–502.  

   372.    Lurain NS, Weinberg A, Crumpacker CS, Chou S. Sequencing 
of cytomegalovirus ul97 gene for genotypic antiviral resistance 
testing. Antimicrob Agents Chemother. 2001;45:2775–80.  

    373.    Limaye AP. Antiviral resistance in cytomegalovirus: an emerg-
ing problem in organ transplant recipients. Semin Respir 
Infect. 2002;17:265–73.  

      374.    Limaye AP. Ganciclovir-resistant cytomegalovirus in organ 
transplant recipients. Clin Infect Dis. 2002;35:866–72.  

      375.    Li F, Kenyon KW, Kirby KA, Fishbein DP, Boeckh M, Limaye 
AP. Incidence and clinical features of ganciclovir-resistant 
cytomegalovirus disease in heart transplant recipients. Clin 
Infect Dis. 2007;45:439–47.  

    376.    Li W, Anwar F, Jesurrun J, Erice A. Cytomegalovirus UL97 
and glycoprotein B (gB) sequences in tissues from immuno-
compromised patients with ganciclovir-resistant virus infec-
tion. Scand J Infect Dis. 1999;31:549–53.  

    377.    Kruger RM, Shannon WD, Arens MQ, Lynch JP, Storch GA, 
Trulock EP. The impact of ganciclovir-resistant cytomegalovi-
rus infection after lung transplantation. Transplantation. 1999;
68:1272–9.  

    378.    Jabs DA, Martin BK, Ricks MO, Forman MS. Detection of 
ganciclovir resistance in patients with AIDS and cytomegalo-
virus retinitis: correlation of genotypic methods with viral 
phenotype and clinical outcome. J Infect Dis. 2006;193:
1728–37.  

    379.    Wolf DG, Smith IL, Lee DJ, Freeman WR, Flores-Aguilar M, 
Spector SA. Mutations in human cytomegalovirus UL97 gene 
confer clinical resistance to ganciclovir and can be detected 
directly in patient plasma. J Clin Invest. 1995;95:257–63.  

     380.    West P, Schmiedeskamp M, Neeley H, Oberholzer J, Benedetti 
E, Kaplan B. Use of high-dose ganciclovir for a resistant cyto-
megalovirus infection due to UL97 mutation. Transpl Infect 
Dis. 2008;10:129–32.  

    381.    Gracia-Ahufi nger I, Gutierrez-Aroca J, Cordero E, et al. Use 
of high-dose ganciclovir for the treatment of cytomegalovirus 
replication in solid organ transplant patients with ganciclovir 
resistance- inducing mutations. Transplantation. 2013;95:
1015–20.  

    382.    Levi ME, Mandava N, Chan LK, Weinberg A, Olson JL. 
Treatment of multidrug-resistant cytomegalovirus retinitis 
with systemically administered lefl unomide. Transpl Infect 
Dis. 2006;8:38–43.  

   383.    Mossad SB, Avery RK. Second look at lefl unomide “failure” 
to control cytomegalovirus infection in the setting of renal fail-
ure. Transpl Infect Dis. 2007;9:260. author reply 260–1.  

    384.    Avery RK, Bolwell BJ, Yen-Lieberman B, et al. Use of 
 lefl unomide in an allogeneic bone marrow transplant recipient 
with refractory cytomegalovirus infection. Bone Marrow 
Transplant. 2004;34:1071–5.  

    385.    Ozaki KS, Camara NO, Nogueira E, et al. The use of sirolimus 
in ganciclovir-resistant cytomegalovirus infections in renal 
transplant recipients. Clin Transplant. 2007;21:675–80.    

25. Cytomegalovirus Infection After Solid Organ Transplantation



477© Springer International Publishing Switzerland 2016
P. Ljungman et al. (eds.), Transplant Infections, DOI 10.1007/978-3-319-28797-3_26

     26 
   Epstein–Barr Virus Infection 
and Lymphoproliferative Disorders 
After Transplantation                     
     Jutta     K.     Preiksaitis      ,     Sandra     M.     Cockfi eld     , and     Anthea     C.     Peters    

       Epstein–Barr virus (EBV) is among the most successful of 
human pathogens, infecting virtually the entire human pop-
ulation and persisting throughout the lifetime of its host. 
Having coevolved with man over millions of years, infec-
tion with EBV is most often benign despite the fact that 
EBV is one of the most potent transforming viruses in vitro 
and is the prototypical human tumor virus. EBV is strongly 
associated with the development of a wide variety of neo-
plasms, including lymphoid tumors such as Burkitt lym-
phoma, Hodgkin lymphoma, T and/or natural killer (NK) 
cell lymphoma, and immunosuppression-related lymphop-
roliferative disorders, epithelial malignancies such as undif-
ferentiated nasopharyngeal carcinoma and a distinct subset 
of gastric carcinomas, and a smooth muscle tumor, leiomyo-
sarcoma [ 1 ,  2 ]. 

 EBV’s ability to persist in the host, establish latency, and 
transmit infection arises from a fi nely balanced equilibrium 
between the virus and the host’s immune response, particu-
larly the EBV-specifi c cytotoxic T lymphocyte (CTL) 
response as reviewed by Taylor et al. [ 3 ]. In recipients of 
hematopoietic stem cell transplants (HSCTs) and solid 
organ transplants (SOTs), the use of increasingly potent and 
T cell- targeted immunosuppression disrupts this balance in 
favor of the virus. The proliferation of EBV-infected lym-
phoid cells that may result leads to a highly diverse spec-
trum of disease known as  posttransplant lymphoproliferative 
disorders (PTLD)   [ 4 ,  5 ]. PTLD has emerged as an increas-
ingly important complication that affects both graft and 
patient survival. 

 In this chapter, the term PTLD is used to describe all clini-
cal syndromes arising from lymphoproliferation, both driven 
by EBV and of unknown etiology, ranging from a benign 
self-limited form of polyclonal proliferation to true malig-
nancies containing clonal chromosomal abnormalities, con-
sistent with the World Health Organization (WHO) 
lymphoma classifi cation system [ 6 ]. PTLD requires pathol-
ogy for defi nitive diagnosis, but EBV can cause symptoms 
and signs in SOT and HSCT recipients in the absence of 
mass lesions. These syndromes are often designated as EBV 
“disease” when laboratory evidence for EBV infection exists 

and other causes have been eliminated. This chapter reviews 
the pathogenesis of EBV-associated disease and PTLD, the 
risk factors for PTLD development, and strategies that may 
permit early diagnosis, management, and prevention of this 
complication. 

26.1     The Biology of Epstein–Barr 
Virus Infection 

 EBV, a herpesvirus of the γ (gamma)-1 or lymphocryptovi-
rus genus, is an enveloped icosahedral virus with a 170–
180 kb linear double-stranded DNA and a primate-restricted 
host range [ 1 ].  Transmission   of EBV infection occurs pri-
marily by saliva exchange. In the lower socioeconomic 
strata and developing nations, EBV infection is almost uni-
versally acquired in early childhood and is usually asymp-
tomatic. Infants appear to be relatively protected from 
infection very early in life;  passive maternal antibody   may 
play a role [ 7 ]. In industrialized nations, particularly among 
the upper socioeconomic strata, subjects are often infected 
in adolescence and early adult life. A recent prospective 
study of EBV-naïve college students experiencing primary 
EBV found that only 11% were asymptomatic, with 77% 
experiencing the infectious mononucleosis syndrome [ 8 ]. 
Infectious mononucleosis is believed to be an immunopath-
ological  disease where symptoms are the result of an exag-
gerated T-cell response to a self-limited lymphoproliferative 
process. Although maturation of the immune system or het-
erologous immunity may contribute to the increased T-cell 
activation, other risk factors for symptomatic disease may 
include the initial viral inoculum, viral type (type 1 vs. type 2), 
and polymorphisms of HLA class 1 and immune response 
genes [ 3 ,  9 ,  10 ]. Even in Western industrialized societies, 
more than 90% of the population has immunity to EBV by 
the age of 40. 

 The  naïve B cell   is the primary target of EBV and the 
memory B cell is the site of EBV persistence. Host–patho-
gen détente is achieved with ongoing low-grade replication 
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in the oropharynx occurring simultaneously with a latent 
infection of B cells in the peripheral blood and lymphoid tis-
sues despite the presence of strong humoral and cell- 
mediated immune responses to the virus. Both a “direct 
infection” model [ 1 ,  11 ] and a “germinal center” model have 
been used to explain persistent EBV infection [ 12 ,  13 ]. 
Controversial and unresolved issues in the theoretical mod-
els exist and have been discussed elsewhere [ 1 ,  11 ,  13 ]. In 
the germinal center model explained here, EBV usurps nor-
mal physiologic B-cell responses by expressing different 
gene “programs” depending on the location and differentia-
tion state of the B cell (Table  26-1 ).

   Infection of susceptible naïve B lymphocytes occurs pri-
marily within the follicular mantle of the tonsil after the virus 
replicates in or is transcytosed across epithelial cells.  B-cell 
infection   requires binding of the major EBV outer envelope 
glycoprotein gp350/220 with the cellular complement recep-
tor C3d (also known as CD21 or CR2) and gp42 with the 
major histocompatibility complex (MHC) class II molecule. 

Cell fusion is mediated by gH, gL, and gB (reviewed by Ref. 
[ 14 ]). The viral DNA is transduced into the cell in a naked, 
chromatin-free state and in the initial prelatent phase, an 
abortive lytic infection occurs that is believed to play a role in 
initial B-cell activation, cell cycle entry and immune evasion 
(reviewed in Ref. [ 15 ]). The  viral DNA   is circularized (epi-
some) and methylated. This is followed by expression of a 
limited subset of latent viral genes as the “growth program” 
(latency III) as reviewed in Refs. [ 1 ,  12 ] (Table  26-1 ). This 
effi ciently drives the B cells to become activated proliferating 
lymphoblasts by mimicking the signals of T-helper (TH) 
cells, antigen-presenting cells, and regulatory cytokines usu-
ally required for B-cell activation. 

 Proliferating blasts are not ordinarily a pathogenic threat 
because these cells migrate to the follicle, go through a 
germinal- center reaction, and then differentiate out of the 
cell cycle into a resting state by becoming a memory B cell 
[ 12 ,  13 ]. This requires a switch to the “default program” 
(latency II) (Table  26-1 ). Thus, the latently infected B cell 

     TABLE 26-1.    Epstein–Barr virus transcription programs found in vivo   

 Latency  Genes expressed  Proposed function  Expression site normal host  Associated malignant conditions 

 Growth program 
(latency III) 

  mRNA  
 EBNA-1,2,3s, LP 
 LMP-1 
 LMP-2A, 2B 
  Noncoding RNA  EBERs 
 BART miRNA 
 BHRF1 miRNA 

 Activates a resting B cell to 
become a proliferating 
lymphoblast 

 Naïve B cell of tonsil  Immunodefi ciency (congenital, HIV, 
PTLD a )-related 
lymphoproliferative disorders 

 Default program 
(latency II) 

  mRNA  
 EBNA-1 
 LMP-1 
 LMP-2A 
  Noncoding RNA  
 EBERs 
 BART miRNA 

 Provides necessary survival 
signals for: 

 1. Infected lymphoblasts to 
differentiate into memory, 
and 

 2. Maintenance of 
persistently infected 
memory cells 

 Germinal center and 
memory cells of the tonsil 

 Hodgkin lymphoma, nasopharyngeal 
carcinoma, T-cell lymphoma, PEL 

 (Latency 1)   mRNA  
 EBNA-1 
  Noncoding RNA  
 EBERs 
 BART miRNA 

 Ensures replication of viral 
genome during cell 
division 

 Dividing memory cells in 
peripheral blood 

 Burkitt lymphoma 

 Latency program 
(latency 0) 

  Noncoding RNA  
 EBERs 
 BART miRNA 

 Allows virus persistence in 
resting recirculating 
memory cells in 
nonpathogenic form, not 
detectable by the immune 
system 

 Memory cells in peripheral 
blood 

 Lytic program  >80 Genes expressed  Viral replication 
 Immune evasion by 

expression of proteins that 
modulate immune cell 
function, antigen 
presentation or apoptotic 
pathways 

 Plasma cells of the tonsil, 
oropharyngeal epithelial 
cells 

 Expressed within a minority of cells 
within most EBV-positive PTLD 
(diffuse large B cell lymphoma) 

   EBNA  Epstein–Barr virus nuclear antigen,  EBER  EBV-encoded RNA,  BARTs  Bam H1 rightwards transcripts,  LMP  latent membrane proteins,  HIV  human 
immunodefi ciency virus,  PTLD  posttransplant lymphoproliferative disorder,  PEL  primary effusion lymphoma. 
  a At an individual cell level in PTLD, latency patterns may be more variable with some cells expressing latency I, II, or a pattern that includes expression of 
EBNA-2 but not LMP-1 (designated as latency II-b).  
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survives activation to enter the peripheral blood as a CD27 +  
sIgD −  memory B cell (mB Lat ), phenotypically resembling a 
cell that has undergone antigen selection. It contains one to 
two genome copies per nucleus and contains EBERs and 
BART miRNAs but expresses no EBV proteins (latency 0) 
and is invisible to the immune system. However, expression 
of EBNA-1 (latency 1) is required to tether the episome to 
the host chromosome to ensure its mitotic segregation during 
cell division. 

 Two latent EBV proteins,  LMP-1 and LMP-2A   have gar-
nered signifi cant interest, both for their role in moving EBV- 
infected cells to and allowing their survival throughout the 
germinal center process (reviewed in Ref. [ 13 ]) and their pos-
sible contribution to lymphomagenesis (reviewed in Refs. 
[ 16 – 18 ]). LMP-1 acts as a functional homolog of constitu-
tively active CD40 and binds to several intracellular proteins 
activating the P13k/Akt, NF-kB, Jak/STAT, p38, and ERK 
MAPK pathways driving B-cell proliferation and survival. 
LMP-1 also modulates genes involved in cytokine expression 
(IL-6, IL-10, 1L-8), induces B-cell activation markers (CD23, 
CD30, and adhesion molecules) and inhibits apoptosis 
through induction of bcl-2, A20, and c-FLIP. LMP-2A pre-
vents lytic reactivation of EBV in latently infected cells by 
blocking tyrosine kinase phosphorylation and mimics the 
nonproliferative tonic signal delivered by the B-cell receptor 
essential for the survival of all B cells. 

 Studies of EBV viral load (VL) in the peripheral blood of 
immunocompetent patients are limited making it diffi cult to 
defi ne “normal” VLs during acute infection; adolescents and 
young adults with infectious mononucleosis have been stud-
ied most. In this setting, peak VLs are believed to antecede 
clinical symptoms, and as many as 10% (more commonly 
0.1–1%) of circulating B cells are EBV-infected representing 
a staggering 50% or more of all memory cells [ 19 ]. These 
numbers decay rapidly (average half-life 7.5 days) through 
memory B-cell homeostatic mechanisms and/or culling by 
the CD8 T-cell response [ 20 ,  21 ]. EBV DNA is no longer 
detectable in plasma by day 15 after onset of symptoms [ 22 ]. 
Within a year there are only 1–60 per million EBV-infected 
B cells in the peripheral blood of healthy seropositive sub-
jects [ 20 ]. This “set point” level remains stable over many 
years. Whether ongoing seeding of the memory compart-
ment by recurring cycles of infection is required to maintain 
this equilibrium is uncertain [ 23 ]. Using assays that do not 
detect these low set point levels, Balfour found EBV DNA 
had cleared from the blood of almost all seroconverting col-
lege students by 200 days (median 95 days) [ 8 ]. VL data 
from immunocompetent preadolescent children are sparse 
[ 21 ] and data in infants are limited to studies of African chil-
dren where infection at a very young age (<6 months) was 
associated with higher and more persistent VLs [ 7 ,  24 ]. 

 The major site of infectious virus production is the oro-
pharynx. Lytic gene expression is triggered when mB Lat s dif-
ferentiate into CD38 hi , CD10 − , CD19 + , CD20 lo  plasma cells 
[ 25 ], migrate to mucosal epithelium, and secrete infectious 

virus into saliva. During the lytic cycle, the EBV genome is 
linear, and more than 80 viral genes are sequentially 
expressed under the control of two potent transactivators 
BZLF1 and BRLF1. These genes play a key role in the 
switch from latency to the lytic cycle; the epigenetic state of 
EBV DNA controls this switch (reviewed in Ref. [ 26 ]. Lytic 
genes include two immediate early (IE) proteins that transac-
tivate early gene expression, >30 early (E) proteins that 
include components of the viral DNA replication complex, 
and >30 late proteins that include virion structural proteins 
[ 1 ]. The triggers that initiate differentiation and viral replica-
tion in mB Lat s in vivo are incompletely understood [ 26 ]; 
whether cognate antigen is required is unknown. 

 Despite the fact that epithelial cells lack CR2 and consti-
tutively expressed MCH class II, they are an important site 
for replication and amplifi cation of EBV as a result of either 
direct infection or infection by contact with lytically infected 
B cells. Epithelial cell entry does not involve gp42 or HLA II 
but rather involves the interaction of gH/gL with cell surface 
integrins [ 14 ]. EBV shedding in the saliva of seropositive 
individuals is continuous and rapid [ 27 ]. Quantitative levels 
in saliva do not directly correlate with numbers of mB Lat s in 
peripheral blood [ 8 ,  27 ]. EBV-infected cells secrete exo-
somes, small vesicles important in intercellular communica-
tion that may modify the cellular microenvironment, by 
inhibiting immune cell function or stimulating angiogenesis 
(reviewed in Ref. [ 28 ]). They are found in high levels in 
human saliva. 

 Forty-four miRNAs encoded by two regions within the 
EBV genome, BART and BHRF1, have been described 
(reviewed in Refs. [ 29 ,  30 ]). Expression is infl uenced by tis-
sue and latency type. Although viral genes targeted by EBV 
miRNAs include EBNA-2, LMP-1 and BHRF-1, the major-
ity of viral miRNA target human transcripts including those 
involved in apoptosis and immune modulation/evasion 
 pathways. Viral miRNAs work in networks with human 
miRNAs to co-target the same transcripts. The role of viral 
miRNAs in EBV biology and the pathogenesis of malig-
nancy is the subject of ongoing study. 

 EBV isolates comprise two major groups,  EBV-1 and 
EBV-2   (also named types A and B), based on the allelic poly-
morphism of genes encoding EBNA-2, EBNA-3A, EBNA-3B, 
EBNA-3C, and EBNA-LP. EBV-1 predominates throughout 
the world whereas EBV-2 is equally prevalent in Africa and 
New Guinea. Further subclassifi cation systems based on poly-
morphisms in LMP-1, EBNA-2, EBNA-3s, and BZLF1 have 
been used to examine the impact of strain variability on virus 
tropism, immune response, and oncogenesis. However, it has 
been diffi cult to clearly link EBV genotype variants to specifi c 
clinical disease states as reviewed by Hatton [ 16 ]. Transmission 
of EBV is complex with simultaneous transmission of multi-
ple strains, reinfection events and strain evolution. In individ-
ual patients, different strains may exist within distinct biologic 
compartments such as the oral cavity, peripheral blood lym-
phocytes (PBL), and plasma [ 31 – 34 ]. 
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26.1.1      The Normal Immune Response 
to Epstein–Barr Virus Infection 

 The  immune response   to EBV infection is the result of a 
complex interaction between humoral and cell-mediated 
responses, in the face of a signifi cant number of viral immune 
evasion strategies (as reviewed in Refs. [ 3 ,  16 ,  35 ]). 

 There is emerging evidence that  natural killer (NK) cells   
play a signifi cant role in controlling EBV infection (reviewed 
in Ref. [ 36 ]). Phenotypically and functionally distinct NK 
subsets are found in lymphoid tissue such as the tonsil in 
comparison to peripheral blood. In the tonsil, less mature 
CD56 bright  CD16− cells produce high levels of γ (gamma)-
interferon; these cells are believed to reduce or prevent B-cell 
transformation by EBV. NK cells with intermediate differen-
tiation (CD56 dim  CD16−) expand in peripheral blood during 
acute EBV infection and preferentially target cells express-
ing lytic antigens [ 37 ]. 

 Both neutralizing and non-neutralizing antibodies directed 
against a variety of virally encoded products, many of which 
persist throughout the lifetime of the host, are generated in 
response to infection. Neutralizing antibodies may function by 
limiting the spread of cell-free virus, preventing superinfec-
tion with other virus strains, and rendering lytically infected 
cells susceptible to antibody-dependent cell- mediated cyto-
toxicity [ 3 ]. However, despite the presence of such antibodies, 
viral replication continues in the oropharynx. 

 EBV-specifi c CD4 +  and CD8 +  CTLs play a particularly 
crucial role in controlling the infection level during both 
acute and persistent infection. Even in the peripheral blood 
of healthy EBV-seropositive subjects, 0.2–2% of the CD8 +  
population is directed against EBV lytic epitopes with up to 
0.5% directed against latent epitopes. During acute infection, 
there is a highly amplifi ed CD8 +  CTL response against lytic 
antigens that peaks and decays, while the latent antigen- 
specifi c response is slower, smaller, and less heavily culled. 
CD4 +  responses are much smaller. Marked hierarchies of 
immunodominance exist for both lytic and latent antigens 
with lytic CTL responses focused on IE and E antigens. Lytic 
and latent antigen CD8 +  cells vary in the recovery of migra-
tion markers after acute infection. This results in different 
rates of migration into the tonsil and temporal differences in 
controlling lytic and latent infections [ 3 ], explaining the high 
levels of virus detected in the oropharynx for >6 months after 
acute infection. 

 EBV has also evolved diverse strategies to evade the 
immune system that include modulation of immune cell 
function, antigen presentation and apoptotic pathways 
(reviewed in Refs. [ 16 ,  35 ]). During the lytic cycle, EBV 
encodes a number of proteins with functional homology to 
human proteins. BCRF-1 is a homolog of human IL-10, that 
appears to have retained the immunosuppressive but not 
immunostimulatory functions of its human counterpart, pro-
moting viral persistence by inhibiting interferon (IFN)-γ 
(gamma). BARF-1, homologous to colony-stimulating fac-

tor 1, acts as a decoy receptor to block the action of this cyto-
kine inhibiting the expression of IFN-α (alpha). EBNA-1 is 
poorly recognized by CTL because of a long glycine–alanine 
repeat that inhibits proteasomal processing and MHC class 1 
presentation. In addition, a number of proteins expressed 
during the lytic cycle (BNLF2a, BGLF5, BILF1) inhibit dis-
crete stages of the MHC class I and class II antigen presenta-
tion pathways. Latent proteins LMP-1 and LMP-2A perturb 
apoptotic pathways allowing survival of cells that would nor-
mally die in the germinal center process. The lytic antigen, 
BHFR-1 encodes a homolog of Bcl-2 capable of inhibiting 
apoptosis induced by multiple stimuli. EBV exosomes and 
miRNA may also contribute to immune evasion. 

  Regulatory T cells (T regs)   developed during the course of 
the immune responses provide a counterbalance to immune 
T-cell activation, protecting the body from pathogen- induced 
immunopathology. Preliminary evidence exists that T regs 
are induced during the course of acute EBV infection in both 
immunocompetent hosts [ 38 ] and SOT recipients [ 39 ]. They 
may also play an important role in some EBV- associated 
malignancies including Hodgkin lymphoma and nasopha-
ryngeal carcinoma [ 40 ].   

26.1.2     Epstein–Barr Virus Infection 
After Solid Organ and Hematopoietic 
Stem Cell Transplantation 

 Primary EBV infection is very common in the EBV- 
seronegative patient who receives a transplant from a sero-
positive individual [ 41 ] or HSCT [ 42 ], making the donor the 
most important source of infection in this setting. How the 
biology of EBV is altered when virus is transmitted though 
latently infected B cells in the donor organ or hematopoietic 
stem cells rather than saliva is uncertain. Although a case of 
transfusion-acquired EBV infection has been described in a 
liver transplant recipient [ 43 ], the risk of transfusion-acquired 
EBV after transplantation is uncertain but likely low, particu-
larly when blood products are universally leukoreduced. 
Community-acquired EBV infection is common in young 
children, adolescents, and young adults [ 8 ,  44 ] and will con-
tinue to occur in the transplant setting [ 45 ]. 

 Studies of the prevalence/incidence of  EBV DNAemia   in 
transplant recipients are diffi cult to compare because of dif-
ferences in the characteristics of the populations studied, 
assays and sample type. In EBV-mismatched (donor posi-
tive/recipient negative) SOT patients, EBV DNAemia detec-
tion in whole blood ranged from 33% [ 46 ,  47 ] to 100% [ 41 ]. 
In seropositive adults, EBV VL detection in whole blood is 
highly prevalent and may increase with time after transplant. 
Reported rates of detection in adult SOT recipients vary 
from 13 to 72% [ 48 – 52 ]. In a recent study of allogeneic 
HSCT recipients, the 3-year cumulative incidence of EBV 
DNAemia measured in plasma was 31.1%; use of anti- 
thymocyte globulin (ATG) and intensifi ed conditioning were 
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identifi ed as risk factors for its occurrence [ 53 ]. Umbilical 
cord blood (UCB) stem cells should not be EBV-infected or 
transmit EBV. However, EBV DNAemia has been observed 
in this setting particularly when  reduced intensity condition-
ing (RIC)   is used. This likely refl ects reactivation of recipi-
ent virus. Since PTLD cases in this setting are donor-derived, 
recipient virus must infect donor cells. The absence of EBV- 
specifi c T cell responses in naïve UCB donors combined 
with T cell depletion can result in rapid uncontrolled prolif-
eration of EBV-infected cells in this setting [ 54 – 56 ]. 

 EBV  DNA   in the peripheral blood of transplant recipients 
is strongly cell associated, particularly in the SOT setting, 
and is usually found exclusively in memory B cells [ 57 ,  58 ] 
including IgD + CD27 +  memory B cells that appear to have 
non-germinal center origins [ 58 ]. In some HSCT patients 
with high VL, EBV DNA has been found in cells lacking B, 
T, NK, plasma cells, and monocyte markers [ 59 ]. In contrast 
to the latency 0 EBV gene expression observed in the mem-
ory B cells of immunocompetent EBV seropositive patients, 
several investigators found both “growth/latency III” and 
lytic gene expression surprisingly frequently in the periph-
eral blood of non-PTLD SOT patients although this expres-
sion was transient; these patterns appear to predominate 
early after transplant [ 60 ]. 

 Over 20 years ago several investigators studying SOT and 
HSCT recipients observed that peak EBV VL measured in 
PBL or oropharyngeal excretions was higher in primary 
infection than in reactivation infection and in patients who 
went on to develop PTLD vs. those who did not; these high 
levels antedated clinical symptoms. Assays measuring EBV 
DNA, most commonly using quantitative real-time PCR 
technology, have been implemented internationally to pre-
vent, diagnose and monitor PTLD treatment, for safety 
monitoring in clinical trials of new immunosuppressive 
agents, and for tailoring immunosuppression in individual 
patients. However, the evidence to support the clinical util-
ity of these assays in many settings is suboptimal (reviewed 
in Refs. [ 61 – 63 ]). 

 With more extensive use of VL monitoring a number of 
investigators observed that many SOT recipients with asymp-
tomatic primary EBV infection or recovering from EBV dis-
ease or PTLD have altered EBV “set points” with sustained 
and elevated EBV VLs in peripheral blood for >6 months, 
often lasting many years. These patients have been described 
as having a chronic viral load phenotype (CVLP). Although 
a study in pediatric thoracic SOT suggests that 45% of CVLP 
patients developed late onset EBV-positive PTLD at a 
median follow-up of 7 years [ 64 ], the risk appears, in part, to 
be organ-specifi c. Intermediate risks have been observed 
after intestinal SOT [ 65 ] with lower risks reported in liver 
[ 66 ] and kidney transplant recipients [ 41 ,  67 ]. However, even 
among specifi c allograft types, reported long-term risks vary 
among centers [ 66 ,  68 ]. Both the prognosis of the CVLP 
state and its pathogenesis remains uncertain. Recipient HLA 
[ 67 ] and cytokine gene polymorphisms [ 69 ] have been sug-

gested as possible risk factors for CVLP. Even in patients 
with CVLP, EBV DNA is most often B cell-associated [ 70 , 
 71 ] although virus was also observed within T cells and 
monocytes in some patients [ 71 ]. In pediatric SOT patients 
with high VL, Schauer et al. [ 72 ] found that up to 30% of 
EBV-infected cells were aberrant “crippled” or “forbidden” 
Ig-null cells containing 30–60 genomes/nuclei. Although the 
results EBV gene expression profi ling in CVLP patients [ 67 , 
 70 ,  71 ,  73 ] are variable, most studies confi rm that these 
patients express a latency 0 pattern with some expressing 
LMP-2; LMP-1 expression is rare [ 67 ,  70 ,  71 ]. The number 
of EBV-specifi c CD8 cells in these subjects is high [ 47 ,  70 , 
 74 ,  75 ] but Macedo et al. [ 74 ] observed signs of cellular 
exhaustion (programmed cell death (PD1)+/CD 127− and a 
decline in γ (gamma)-interferon release) in these cells. In 
contrast, Moran et al. [ 75 ] recently reported a similar fre-
quency of PD1 expression on EBV-specifi c T cells in CVLP 
patients vs. those who resolved infection. 

 Although high levels of antibody to EBV lytic cycle (anti- 
viral capsid antigen [VCA] IgG and anti-early antigen [EA]) 
are often seen in SOT and HSCT recipients, serologic 
responses seriously underestimate infection. SOT patients 
with the poorest responses or antibody loss (anti-EBNA-1) 
may be at increased risk of developing PTLD [ 76 ,  77 ]. Passive 
antibodies from blood products further complicate the inter-
pretation of humoral immune responses in these settings.   

26.2     Pathogenesis 
of Lymphoproliferative Lesions 
in the Immunosuppressed Host 

 Although almost all transplant recipients are either infected 
with EBV pre-transplant or experience primary EBV infec-
tion in the early posttransplant period, lymphoproliferative 
disorders remain a relatively uncommon event. A wide spec-
trum of PTLD disease states is seen, particularly in the SOT 
setting. The frequency of specifi c types of PTLD varies with 
time after transplant and EBV’s role in their pathogenesis 
may differ [ 11 ].  Immunodefi ciency  , particularly in EBV- 
specifi c innate and adaptive responses, is an important con-
tributor to early PTLD but other factors likely participate. 

 A conceptual framework caller “cancer immunoediting” 
has been developed to integrate the immune’s system’s dual 
role in cancer. It not only suppresses cancer by destroying or 
inhibiting cancer cells, but also promotes cancer by selecting 
for cells that escape immune surveillance or creating a tumor 
microenvironment that facilitates tumor outgrowth [ 78 ]. 
Three phases of cancer immunoediting have been described—
elimination, equilibrium, and escape. Early EBV-positive 
PTLD is an example of failure of the elimination phase; late 
PTLD may refl ect the latter two phases of this process. 

 Models for EBV-associated lymphomagenesis have been 
proposed and are summarized in Figure  26-1  [ 11 ,  13 ,  79 ]. 
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  FIGURE 26-1.    A model for how Epstein–Barr (EBV) might give rise to posttransplantation lymphoproliferative disorders (PTLDs). Naïve 
EBV-infected B cells express a repertoire of latent EBV proteins known as “the growth program/latency III,” resulting in polyclonal cel-
lular proliferation. Specifi c clones may have a growth advantage resulting in oligoclonal or monoclonal proliferation. These cells would be 
cleared by a combination of differentiation into memory cells and killing by EBV-specifi c cytotoxic T lymphocytes (CTLs). The differen-
tiation to memory cells involves downregulation of latent EBV gene expression from the growth program through a “default program/
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When naïve B cells are infected by EBV, they express “the 
growth program/latency III” resulting in polyclonal cellular 
proliferation. The local microenvironment may give growth 
advantage to specifi c clones resulting in oligoclonal or 
monoclonal proliferation. The microenvironment encom-
passes not only immune cells such as T cells, B cells, macro-
phages; soluble factors such as cytokines and chemokines; 
but also other cells including endothelial cells, stromal cells, 
fi broblasts and other viruses (reviewed in Ref. [ 80 ]). 
Variations in the expression of viral genes, host genes trans-
activated by EBV latent proteins, and virus-induced cyto-
kines such as IL-6 and IL-10 may also drive proliferation. 
Normally B cells expressing latency III gene products would 
be cleared by a combination of differentiation into memory 
cells and destruction by EBV-specifi c CTLs. In the presence 
of an impaired immune response, rates of proliferation may 
exceed rates of clearance and differentiation, leading to clini-
cal presentations with morphology such as plasmacytic 
hyperplasia and polymorphic PTLD. Genetic or epigenetic 
abnormalities may also occur, resulting in a more “malig-
nant” form of PTLD. In the transplant setting, particularly 
with primary infection, delays in the development of the 
CTL response could result in amplifi cation cycles of new cell 
infection that continues unabated for signifi cant periods of 
time and results in the production of enormous virion loads.  
Chronic B-cell stimulation   within the allograft may also 
increase cycling of cells through the germinal center and 
possibly lytic reactivation in EBV- infected memory B cells.

   Studies of V-gene sequences in PTLD cases suggest that 
most PTLD is not derived from naïve B cells but have their 
origin from germinal center and post-germinal center B 
cells. This dramatically changes theories of pathogenesis. 
The model has been adjusted by suggesting that de novo 
EBV infection of these non-naïve “bystander” B cells is an 
accidental event [ 12 ,  79 ]. When EBV-infected, these cells 
will express “the growth program,” be unable to differentiate 
out of the cell cycle, and be dependent on the CTL response 
for destruction. Alternative explanations include the possi-

bility that EBV may be able to impose a memory phenotype 
without the requirement for a germinal center reaction, or 
that latently infected germinal center and memory cells for-
tuitously received signals that caused them to inappropri-
ately turn on the growth program. Failure of a vigorous CTL 
response to destroy these expanding clones sets the stage for 
secondary transforming events in the form of genetic and 
epigenetic alterations in cellular DNA. EBV-positive germi-
nal center B cells may be particularly vulnerable to addi-
tional mutation events as this is the site at which somatic 
hypermutation and class switching occur. Moreover, EBV 
infection affects both the stability of host genome and DNA 
damage response pathways [ 81 ]. Mutations in viral genes 
may also alter either critical function or the antigenicity of 
their protein products, promoting clonal outgrowth. 

 EBV- 1   appears to be more virulent than EBV-2 in promot-
ing lymphoproliferation in vitro and in vivo and PTLD 
development in vivo. Although epidemiologic and mouse 
studies suggest that specifi c strains may be more oncogenic, 
particularly those with deletion mutations of the carboxy- 
terminus of LMP-1, or mutations in EBNA3B, a gene that 
normally might be functioning as a tumor suppressor. 
However, these data are not conclusive [ 16 ,  69 ]. The post-
transplant environment is an ideal setting for the develop-
ment and selection of these variants because of the 
opportunity for reinfection events by donor isolates and the 
high VLs facilitating mutation and recombination events. 

 How EBV gets into T cells and B cells to cause T and NK 
cell PTLD is uncertain. It has been suggested that this occurs 
rarely and only when mature T and B cells are in contact 
with foci of high EBV replication; ongoing survival of these 
clones may be dependent on an infl ammatory microenviron-
ment [ 2 ]. The presence of extremely high levels of infectious 
virus, particularly during a primary infection, may signifi -
cantly increase the probability of “accidental” infection of 
memory and germinal center B cells, T cells, NK cells, and 
mesenchymal cells that would only very rarely be infected in 
the immunocompetent host. 

FIGURE 26-1. (continued) Latency II” to a transcriptionally silent state in the memory cell (Latency 0). In the presence of an impaired 
immune response, rates of proliferation may exceed rates of clearance and differentiation, leading to clinical PTLD presentations. 
Differentiation of EBV-infected B cells into plasma cells results in lytic viral replication, thereby continuing to recruit newly infected cells 
into the process. NK cells both restrict initial B cell transformation and target lytically infected cells. Mutations may occur during the 
lymphoproliferation process. If this occurs during the activated B cell blast stage, it results in PTLD with a naïve B phenotype (less com-
mon). EBV may provide an anti-apoptotic function to cells lacking functional B cell receptors including those with “crippling mutations” 
in the germinal- center centrocyte stage, resulting in Hodgkin disease (constitutive expression of the default program), or cells which per-
haps because of chronic immune stimulation acquire a c-myc translocation in the germinal- center centroblast stage (Burkitt lymphoma); 
however, these cells express a virus latency profi le similar to dividing memory cells (Latency 1). In the presence of high levels of infec-
tious virus, “bystander” cells, such as germinal-center and memory B cells, that are not normally infected with EBV may become infected. 
These cells will express the growth program, be unable to differentiate out of the cell cycle, be dependent on the T cell response for 
destruction, and be vulnerable to mutation events resulting in clinical PTLD (germinal center or post germinal center phenotype, more 
common). Similarly, accidental infection of T,NK or mesenchymal cells may occur. (Adapted from Thorley-Lawson DA, Gross 
A. Persistence of the Epstein-Barr virus and the origins of associated lymphomas. N Engl J Med. 2004;350:1328–1337 and Vockerodt M, 
Ypa LF, Shannon-Lowe C et al. The Epstein- Barr virus and the pathogenesis of lymphoma J Pathol 2015;235:312–322).       
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 Studies of lymphoproliferative disorders in HIV popula-
tions suggest that specifi c types of lymphoma occur at differ-
ent levels of immunodefi ciency, with latency III type 
lymphoproliferations occurring in the setting of profound 
immunodefi ciency (CD4 T cells <50 cells/ml), Hodgkin 
lymphoma at intermediate levels (CD4 T cells 50–250 cells/
ml) and Burkitt lymphoma in settings with less immunodefi -
ciency (CD4 T cells 250–500 cells/ml) [ 2 ]. Whether the 
same immunodefi ciency patterns apply for these types of 
PTLD is uncertain. EBV’s role in  Burkitt lymphoma and 
Hodgkin lymphoma   may be to rescue and clonally expand 
post-germinal center B cells with c-myc mutations (Burkitt 
lymphoma) or crippling mutations that result in lack of a 
functional B cell receptor (Hodgkin lymphoma), conditions 
that would normally have resulted in apoptotic cell death 
[ 11 ]. Increased rates of Hodgkin disease and other HIV- 
associated lymphoma have been observed in HIV patients 
with signifi cant initial immunodefi ciency within 6 months of 
receipt of highly active antiretroviral therapy; the presence of 
immune reconstitution infl ammatory syndrome is believed 
to play a role in lymphoma pathogenesis in this setting [ 82 , 
 83 ]. This has not been clearly described in PTLD but might 
occur in HSCT and SOT settings where there are profound 
and rapid changes in immunosuppression in the presence of 
high VLs. 

 A signifi cant and increasing proportion of PTLD cases 
late after transplant in the SOT setting do not contain EBV 
[ 84 ]. Suggestions with respect to pathogenesis of these 
lesions include infection with oncoviruses other than EBV, 
“hit and run” EBV infection, or coincidental lymphomas 
identical to those seen in immunocompetent patients [ 17 ]. 
Recently, the importance of chronic infl ammation and 
immune stimulation in lymphomagenesis has been high-
lighted (reviewed in Refs. [ 2 ,  11 ,  17 ,  80 ,  85 ]). Transplant 
recipients are particularly vulnerable to this cofactor as a 
result of chronic graft vs. host disease (GVHD) after HSCT 
and antibody-mediated rejection as a cause of chronic 
allograft dysfunction after SOT.  

26.3     Epidemiology and Risk Factors 
for the Development 
of Posttransplant 
Lymphoproliferative Disorders 

26.3.1     Epidemiology 

  Immunosuppression   in SOT recipients increases the risk of 
many types of cancer, including those associated with infec-
tious agents, such as Hodgkin and non-Hodgkin lymphomas 
(NHL) [ 86 – 88 ]. In a large US study, NHLs were among the 
most common malignancies in transplant recipients, occur-
ring at an incidence of 194 cases per 100,000 person-years 
(PY) compared to 26 per 100,000 PY in the general popula-
tion (standardized incidence ratio (SIR) 7.5)) [ 88 ]. The over-

all incidence rate of PTLD after SOT is 1–5% [ 17 ], whereas 
it is lower after HSCT, ranging from 1 to 4% [ 42 ,  55 ,  56 ,  89 ]. 
The incidence of PTLD has likely been underestimated due 
to limited study follow-up, lack of standardized diagnostic 
criteria, and the absence of non-monomorphic PTLD in can-
cer registries. 

 In kidney and kidney-pancreas transplant recipients, 
PTLD incidence occurs in a bimodal pattern: an initial peak 
occurs in the 1st year and a second peak in the 8th to 10th 
posttransplant years [ 90 – 94 ]. The late peak was not con-
fi rmed in non-renal transplants [ 88 ]. In sharp contrast, the 
incidence of PTLD after HSCT peaks at 3 months posttrans-
plant and declines drastically after 6 months [ 95 ,  96 ]. 

 The epidemiology of PTLD has undergone a shift over the 
past decade. A decrease in the incidence of PTLD has been 
documented in recipients of renal and non-renal transplants 
after 2000 even after adjusting for immunosuppressive drugs 
[ 90 ,  97 ,  98 ]. The median latency time from transplant to 
PTLD has increased from 1 to 3 years [ 99 ,  100 ] and EBV-
negative PTLD has become more prevalent than EBV-
positive PTLD [ 84 ]. A decrease in early PTLD (ie. within 
1-2 years posttransplant) may account for the overall decline 
in PTLD incidence; this trend has been attributed to evolving 
immunosuppressive regimens and EBV VL monitoring with 
preemptive treatment in seronegative patients [ 84 ,  98 ].   

26.4     Risk Factors for the Development 
of PTLD in Solid Organ 
Transplantation 

 Accurate risk stratifi cation for PTLD facilitates the targeting 
of those at particularly high risk for monitoring and possible 
preemptive therapy. Although risk factors have been defi ned, 
the magnitude of risk attributable to a specifi c parameter is 
less clear. Risk factors are often interrelated, requiring rigor-
ous multivariate analysis in large datasets to establish inde-
pendent effects. Unfortunately, data concerning donor and 
recipient EBV serostatus, other viral infections, and  exposure 
to immunosuppressive agents is often lacking in registry 
data. Single center data may provide greater granularity 
regarding the presence or absence of potential risk factors 
but lacks statistical power. 

26.4.1      Infection with Epstein–Barr Virus 
and Other Viruses 

 EBV plays a major  pathophysiologic   role in the development 
of almost all early and many late PTLD. Recent analyses 
have confi rmed an observation fi rst made by Ho et al. [ 101 ]; 
patients at risk for primary EBV infection experience a 5- to 
18-fold greater incidence of early PTLD compared to 
 seropositive recipients [ 45 ,  90 ,  102 – 107 ]. In seropositive 
individuals, the relative contribution of EBV reactivation vs. 
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reinfection is unknown. The role of primary EBV infection 
in late PTLD has been less well studied. However, a case–
control study reported a 7.1-fold increased risk of late PTLD 
in EBV-seronegative adult renal transplant recipients [ 108 ] 
and recent registry analyses suggest increased risk beyond 
the fi rst posttransplant year [ 90 ,  104 ]. 

 The contribution of other viruses to the risk of PTLD is 
less clear. Confl icting single-center data exists regarding the 
impact of CMV mismatching or CMV disease [ 108 – 110 ]. 
Registry analyses have also reported confl icting results with 
some reporting no effect [ 97 ,  105 ,  111 ], a 2.5-fold increase 
in risk [ 98 ] or a modest increase in risk of EBV-negative 
PTLD only [ 90 ]. Missing data is a signifi cant problem, rais-
ing concerns that conclusions drawn from registry data may 
be unreliable. In addition, widespread use of antiviral pro-
phylaxis may have reduced the potential impact of CMV on 
PTLD risk. Infection with other members of the herpesvirus 
family may also facilitate the development of PTLD. Human 
herpesvirus 8 has been linked to serous cavity-based primary 
effusion lymphoma in recipients of SOT [ 112 ]. 

  Hepatitis C virus (HCV) infection   may increase the risk of 
NHL in the general population in certain geographic regions. 
Liver and cardiac transplant recipients infected with HCV 
appear to have a 4- to 9.5-fold increased risk of EBV- related 
PTLD in some [ 113 ,  114 ], but not all studies [ 110 ]. Data are 
lacking regarding the impact of HCV infection in other types 
of SOT or following HSCT.   

26.4.2     The Type of Organ Allografted 

 The incidence of NHL  i  s highest in intestinal and multivis-
ceral transplant recipients (>10%), followed by lung and 
heart transplant recipients (3–9%) and lowest for liver and 
renal recipients (1–3%) (Figure  26-2 ) [ 87 ,  88 ,  90 ,  98 ,  103 , 
 110 ,  115 – 117 ]. In an analysis of the American registry, the 

SIR of NHL was 6.05 [95% CI 5.59–6.71] for kidney trans-
plant recipients, 7.77 [95% CI 6.99–8.61] for liver recipi-
ents, 7.79 [95% CI 6.89–8.79] for heart recipients and 18.73 
[95% CI 15.59–22.32] for lung transplant recipients [ 88 ]. 
Registry analyses fail to include intestinal and multivisceral 
transplant recipients but in a single center analysis of 394 
such recipients, the incidence of PTLD was 8% at 6 months, 
11% at 1 year, 16% at 5 years, and 27% at 10 years [ 103 ]; the 
majority of cases (71%) occurred during the fi rst posttrans-
plant year with a median time to diagnosis of 5.5 months. 
The disproportionate number of young pediatric recipients 
susceptible to primary EBV infection and the relative inten-
sity of immunosuppression may explain the high rates of 
PTLD in recipients of lung, bowel, and multivisceral trans-
plants. However, it is possible that the amount of lymphoid 
tissue contained within the allograft and the liberal use of 
biopsies that detect allograft involvement may contribute.

26.4.3        Recipient Demographics 

 Most  studie  s have not revealed a gender or racial bias in the 
risk of PTLD [ 87 ,  88 ,  90 ,  98 ,  115 ,  118 ]. Recipient age is an 
important determinant of the risk of PTLD with a U-shaped 
distribution [ 87 ,  88 ,  98 ,  115 ]. In the Collaborative Transplant 
Study (CTS) registry, those <10 or >60 years of age were at 
greatest risk [ 115 ]. In the American registry, transplant 
patients aged ≥50 years had the highest incidence of NHL 
but the SIR was highest in those transplanted under 35 (SIR 
46) [ 88 ]. A Swedish registry reported a SIR for NHL of 127 
for pediatric (age <18) SOT recipients [ 119 ]. Similarly, the 
Australian and New Zealand registry of non-renal transplant 
recipients reported a SIR for lymphoma of 88.5 in pediatric 
patients (0–15 years of age) vs. 7.82 in those >15 years of 
age [ 87 ]. High rates of EBV-seronegativity and prolonged 
immunosuppression confer a high risk to pediatric patients 
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  FIGURE 26-2.    Five-year incidence of non-Hodgkin lymphomas (NHLs) in organ transplant recipients. Relative risk (RR): heart–lung 239.5, lung 58.6, 
heart 27.6, liver 29.9, pancreas 34.9, cadaver kidney 12.6 when compared to an age-matched non-transplant population. (From Opelz G, Dohler 
B. Lymphomas after solid organ transplantation: a Collaborative Transplant Study report. Am J Transplant. 2004;4:222–230, with permission).       
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[ 4 ,  120 ,  121 ]. Multi-institutional data in pediatric heart trans-
plantation provides insight as to the complex interaction 
between recipient age and EBV status [ 97 ]. Nearly 25% of 
EBV-seronegative recipients of EBV-positive donor hearts at 
age 4–7 years developed some form of PTLD by 5 years 
posttransplant, although the incidence has declined in the 
most recent era (2001–2009). 

 In contrast, older recipient age is a signifi cant risk factor 
for late PTLD, perhaps due to senescence in immune surveil-
lance exacerbated by immunosuppression [ 90 ,  92 ,  111 ]. 
Whether modifi cations to immunosuppressive protocols 
in the elderly could ameliorate this risk is unknown. 
Interestingly, Japanese investigators have described an 
 age- related (senile) EBV-positive lymphoproliferative disor-
der in immunocompetent individuals that closely resembles 
PTLD [ 122 ].  

26.4.4     The Role of Antigenic Stimulation, 
Cytokine Gene Polymorphisms 
and HLA 

 Chronic  infl ammation   may play an important role in the 
pathogenesis of certain lymphomas as reviewed by Rickinson 
[ 2 ]. The degree of HLA  mismatching   has not been consis-
tently shown to infl uence the risk of PTLD, when adjusted 
for differences in exposure to immunosuppressive medica-
tions [ 90 ,  91 ]. However, the alloimmune response may 
explain the predisposition for PTLD to involve the trans-
planted organ [ 103 ,  115 ], perhaps facilitating homing, prolif-
eration, and inhibition of apoptosis of EBV-infected recipient 
B cells. The role of specifi c HLA antigens on the risk of 
developing PTLD remains uncertain. Results of studies eval-
uating the association between HLA alleles and the risk of 
PTLD have yielded inconsistent fi ndings [ 84 ,  106 ,  123 – 125 ], 
perhaps due to variability in the ethnic makeup of study par-
ticipants, or the proportion of late or EBV-negative PTLD 
cases included. 

 Genetic polymorphisms may determine inter-individual 
variation in the expression of cytokines, their receptors, or 
other molecules regulating the response to EBV infection 
[ 126 ]. Results have been inconsistent with respect to the role 
of low vs. high producer phenotypes for IFN-λ (gamma), 
TBF-β (beta), or IL-10 on the risk of PTLD [ 127 – 129 ]. 
Larger studies are required to determine whether cytokine 
gene polymorphisms or specifi c HLA alleles determine sus-
ceptibility to or the outcome of PTLD.  

26.4.5     The Presence and Intensity 
of the Immunosuppressed State 

  PTLD was fi rst  d  escribed as a complication of SOT in the 
pre-cyclosporine (CsA) era where it presented late and 
resembled NHL in the immunocompetent population. As 
immunosuppressive protocols became more potent, com-

plex, and T cell-targeted in nature, a new form of PTLD 
appeared that is highly associated with EBV infection, 
occurring earlier after transplant with a tendency to involve 
the allograft, lymph nodes and gastrointestinal tract. These 
early lesions are more likely to be polymorphic and respond 
to reduced immunosuppression. Whether this evolution in 
the clinical spectrum of disease is the result of widespread 
use of calcineurin inhibitors (CNI) or refl ects the cumulative 
effects of multidrug protocols is unclear. Fortunately devel-
opments in EBV monitoring and preemptive intervention 
over the last decade have reduced the incidence of this early 
form of PTLD in SOT. 

 The lack of randomized controlled trials with suffi cient 
power and long-term follow-up constrains the ability to draw 
fi rm conclusions regarding the relative risk of any one agent 
or regimen. However, anti-lymphocyte antibodies employed 
for induction or the treatment of acute rejection are associ-
ated with a 1.5 to 4-fold increased incidence of early NHL 
[ 88 ,  90 ,  110 ,  115 ]. The subgroup undergoing primary EBV 
infection is particularly vulnerable [ 109 ,  130 ]. Surprisingly, 
alemtuzumab, a humanized anti-CD52 monoclonal antibody 
capable of marked lymphocyte depletion, was not associated 
with an increased risk of early PTLD in a registry analysis 
[ 131 ]. Whether this is the result of relative sparing of EBV- 
specifi c memory T cells or control of the EBV reservoir 
through concomitant B-cell depletion is unknown. 

 While the initial experience with CNI suggested an 
increased incidence of PTLD, lower exposure and improved 
therapeutic drug monitoring have diminished this risk. There 
remains controversy as to whether there is still a signifi cant 
difference in risk between CsA and tacrolimus (TAC) [ 90 , 
 98 ,  115 ]. Amongst the antiproliferative agents, a consistent 
effect on risk has not been demonstrated for azathioprine vs. 
mycophenolate [ 45 ,  90 ]. The potential impact of  mammalian 
target of rapamycin (mTOR) inhibitors   (sirolimus and evero-
limus) is of particular interest as these agents have both 
immunosuppressive and antitumor effects [ 132 ,  133 ]. mTOR 
inhibitors arrest the cell cycle of EBV-transformed lympho-
blastoid cells lines in vitro and fail to protect them from 
apoptosis. In the SCID mouse model, everolimus reduced 
the outgrowth of EBV-associated lymphoid tumors. The 
mTOR pathway is constitutively active in the entire spec-
trum of PTLD lesions independent of EBV status [ 134 ]. In 
addition, these agents may exert direct effects on EBV repli-
cation [ 135 ]. Although favorable responses with conversion 
to an mTOR inhibitor in the setting of PTLD have been 
described, this may be a refl ection of reduced immunosup-
pressive potency rather than a specifi c antitumor mechanism. 
Moreover, some data suggest an increased risk of PTLD in 
patients receiving mTOR inhibitors [ 90 ,  131 ,  136 ]. 

 Recent experience with novel immunosuppressive agents 
highlights the importance of the immune response in control-
ling EBV infection and its complications. In the initial phase 
II and phase III trials of belatacept, a fusion protein that 
selectively blocks costimulation, use of this agent was associ-
ated with an increased risk of PTLD (reviewed in Ref. [ 137 ]). 
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In the extended 3-year follow-up of both phase III trials in de 
novo renal transplant recipients, 1.62% of belatacept- treated 
patients developed PTLD vs. 0.49% of CsA-treated patients. 
Pretransplant EBV-seronegativity was a signifi cant risk fac-
tor with a ninefold increased risk in those receiving the cur-
rently recommended dosing regimen. Of great concern is the 
observation that 44% of PTLD cases in the belatacept-treated 
patients involved the  central nervous system (CNS)  . Similarly 
the early experience with tofacitinib, an oral Janus kinase 
(JAK) inhibitor identifi ed an increased risk of PTLD in de 
novo renal transplant recipients receiving the experimental 
agent (2.35% of 213 patients) vs. none in the CsA control arm 
[ 138 ]. Four of the fi ve cases occurred in EBV-seropositive 
individuals and in those receiving more intensive dosing. 

 While it is the cumulative intensity of immunosuppression 
that impacts the risk of early PTLD, is it less clear whether 
specifi c immunosuppressive agents have altered the risk of 
developing PTLD beyond the fi rst posttransplant year. 
Rather, the duration of immunosuppression appears to be 
important. Altering the long-term risk of PTLD may be 
impossible as long as the success of transplantation hinges 
on chronic pharmacologic manipulation of the immune 
response .   

26.5     Risk Factors for the Development 
of PTLD after Hematopoietic 
Stem Cell Transplantation 

 PTLD arising in the setting of HSCT is uniquely different 
from that occurring in SOT recipients (reviewed in Refs. 
[ 139 ,  140 ]). It is largely an infectious complication in which 
donor-derived EBV-infected B cells proliferate in the setting 
of severe and sometimes prolonged T cell dysfunction caused 
by depletion of EBV-specifi c CTL in the recipient. The high-
est risk period is during the fi rst 6 months posttransplant cor-
responding to the period of most profound immunodefi ciency 
[ 42 ,  95 ]. Lesions are usually of donor origin; recipient-origin 
disease occurs only in the setting of mixed chimerism or 
failed engraftment. Although nearly all cases are EBV- 
associated, EBV serostatus has not been identifi ed as a 
reproducible risk factor, perhaps due to the lack of documen-
tation of donor and recipient EBV serostatus in many series. 
However, multivariate analyses from two large centers have 
reported a 13.6- and 4.6-fold increase in risk of PTLD in 
EBV-mismatched (donor positive, recipient negative) recipi-
ents [ 42 ,  141 ]. The apparent reduction in risk seen in the 
more recent cohort may refl ect the implementation of routine 
EBV VL monitoring with preemptive rituximab therapy if 
the EBV VL rose above a certain threshold. 

 PTLD has been reported to occur in <1% of recipients of 
allogeneic  unmanipulated   HSCT from HLA-identical sib-
lings and is extremely rare in the setting of autologous HSCT 
despite periods of profound immunodefi ciency. Patient char-

acteristics such as older age, baseline presence of immuno-
defi ciency, prior splenectomy and repeat HSCT may 
contribute to the risk [ 42 ,  95 ,  140 ]. But the use of alternative 
sources of stem cells from HLA-mismatched related or unre-
lated donors, reduced intensity conditioning (RIC) protocols 
with in vivo or ex vivo T-cell depleting regimens, and the 
more intense prophylaxis and treatment of GVHD has 
resulted in an evolving epidemiology. The cumulative inci-
dence of PTLD in recipients of HSCT was approximately 
4% in recent series, independent of the stem cell source [ 42 , 
 55 ,  56 ]. In a large multi-institutional cohort of 26,901 
patients receiving allogeneic HSCT [ 95 ] between 1964 and 
1994, the use of ex vivo T cell depletion was associated with 
a RR 3.1 to 9.4 of PTLD depending upon depletion method 
while the use of in vivo depletion with ATG led to a RR of 
3.8. Indeed much of the apparent increase in risk of PTLD in 
HLA-mismatched (≥2 mismatches) HCST was attributed to 
the use of these strategies. Methods of ex vivo depletion that 
specifi cally targeted T cells or T/NK cells were more strongly 
associated with early PTLD than those removing both T cells 
and B cells with a RR of 9.4 vs. 3.1, respectively, when com-
pared to no depletion. Concomitant depletion of donor B 
cells may reduce the size of the EBV reservoir or number of 
latently infected donor B cells capable of proliferation in the 
absence of CTL activity. The more recent use of RIC proto-
cols has proved to be an additional potent risk factor. In a 
large single center study of 1021 recipients of HSCT between 
1996 and 2011 [ 42 ], RIC was associated with a 3.25 RR of 
EBV-PTLD. Of note, all patients developing PTLD in this 
study had also received ATG. Others have suggested that 
RIC in combination with either in vivo or ex vivo T cell 
depletion greatly increases the risk of EBV-reactivation and 
PTLD [ 55 ,  56 ,  141 – 143 ]. While these protocols are less 
cytotoxic, they are highly immunosuppressive, delaying 
reconstitution of cellular immunity. 

 The availability of larger datasets has allowed for robust 
multivariate analyses capable of addressing the impact of 
multiple simultaneous risk factors on the incidence of 
PTLD. A multi-institutional report [ 95 ] found that rates of 
PTLD among patients <50 years of age rose from 0.13% 
without any additional risk factors, to 1.0% (RR 9.3 on mul-
tivariate analysis) with a single risk factor, and 3.9% (RR 45) 
with two or more risk factors. Patients >50 years old with 
two or more risk factors had an RR of PTLD that was 237- 
fold greater than that of younger individuals without risk fac-
tors. Similarly the study by Uhlin et al. [ 42 ] identifi ed 6 risk 
factors for the development of EBV-PTLD: HLA-mismatch 
(RR 5.89), EBV-mismatch (RR 4.97), splenectomy (RR 
4.81), use of RIC (RR 3.25), mesenchymal stromal cell treat-
ment (RR 3.05), and acute GVHD grades II–IV (RR 2.65). 
ATG was not included amongst the variables studied as all 
patients with PTLD had received this agent. The cumulative 
risk of EBV-PTLD rose from 0.4% in individuals with one 
risk factor (ATG included) to 3.0% with two risk factors, to 
10.4, 26.5, and 40% with three, four, and fi ve risk factors, 
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respectively. This approach assists in the identifi cation of 
specifi c high-risk groups for targeted surveillance and pre-
emptive intervention. 

 Less is known about the risk factors for the much less fre-
quent occurrence of late PTLD  in   HSCT recipients. As in 
SOT, late PTLD is less likely to be EBER-positive. In the 
multi-institutional analysis of patients receiving HSCT 
between 1964 and 1994, chronic GVHD (RR 3.0) and selec-
tive T-cell depletion (RR 4.2) were the only signifi cant vari-
ables identifi ed [ 95 ]. Whether this risk arises from ongoing 
defi ciencies in the CTL response, chronic antigenic stimula-
tion, or the proliferative effects of cytokines produced in the 
setting of GVHD remains speculative. Treatment of chronic 
GVHD with immunosuppressive therapy with CsA alone 
(RR 3.18) or in combination with azathioprine (RR 7.0) fur-
ther increased risk when compared to the use of steroid and 
azathioprine, suggesting a similar impact of intensity and 
duration of pharmacologic immunosuppression as described 
in SOT.  

26.6      Clinical Presentation 

 The  spectr  um of the clinical presentation of PTLD ranges 
from localized lesions to widely disseminated disease, and 
the histology ranges from an indolent self-limited form of 
lymphoproliferation to fulminant malignancy. PTLD occur-
ring during the fi rst posttransplant year in recipients of SOT 
is more likely to involve the allografted organ. In contrast, 
late PTLD (i.e., beyond the fi rst posttransplant year) is more 
likely to present with multi-site disease [ 4 ]. PTLD may pres-
ent with a variety of symptoms, making a high index of sus-
picion valuable. Similar to non-transplant lymphoma, 
symptoms and signs of PTLD may include B symptoms (i.e., 
fever, weight loss, and night sweats), painless enlargement of 
peripheral lymph nodes, and organ dysfunction secondary to 
infi ltration or compression by a mass lesion. Extranodal 
involvement by PTLD is common, occurring in up to 85% of 
cases; the best characterized sites are the allografted organ 
(particularly in kidney and lung recipients), the gastrointesti-
nal (GI) tract and the CNS [ 90 ,  99 ,  100 ,  144 ]. In a large 
cohort of French renal transplant patients, renal allograft 
PTLD occurred within 2 years, CNS PTLD occurred between 
2 and 7 years, and gastrointestinal (GI) tract PTLD predomi-
nated after year 7 [ 90 ]. Involvement of the thorax, mainly the 
lung parenchyma or thoracic lymphadenopathy, has been 
described in recipients of all organ types [ 145 ]. Cutaneous 
involvement occurs in 5–10% of cases [ 146 ]. 

 GI tract PTLD occurs in 19–56% of patients [ 90 ,  100 , 
 147 ]; it is particularly common late posttransplant [ 90 ] and is 
most often EBV-negative monomorphic B cell subtype. GI 
disease can present as ulceration and occult bleeding, bowel 
obstruction by a mass lesion, or bowel perforation. Signifi cant 
early mortality can occur both at diagnosis and upon excel-

lent response to therapy, especially with extensive multifocal 
GI involvement [ 148 ]. Posttransplant GI symptoms and 
unexplained anemia or iron defi ciency should be investigated 
as possible signs of GI PTLD. 

 PTLD limited to the allograft occurs more commonly early 
posttransplant and the vast majority involves EBV [ 99 ,  115 , 
 149 ]. Primary involvement in the allograft occurs in 10–30% 
of cases in renal or liver transplant recipients and more than 
50% of cases in lung or intestinal allografts [ 150 ,  151 ]. In 
contrast, the cardiac allograft appears to be spared from clini-
cally relevant disease. Because of the tendency for early 
allograft involvement with PTLD, a high index of suspicion 
must exist for patients presenting with allograft dysfunction, 
particularly in the presence of known risk factors for 
PTLD. The detection of EBV with EBER probes by in situ 
hybridization is useful in differentiating between PTLD and 
rejection [ 152 ]. Disease limited to the allograft was predictive 
of improved prognosis in some series [ 115 ,  144 ,  153 ,  154 ]. 

 Isolated CNS disease (i.e., primary CNS lymphoma) 
occurs in 5–15% of patients with PTLD on current immuno-
suppressive protocols; renal allograft recipients appear to 
have the highest risk of localized CNS disease [ 90 ,  115 ,  155 , 
 156 ]. CNS involvement may also occur in the setting of dis-
seminated disease where involvement may be isolated to the 
leptomeninges or cerebrospinal fl uid (CSF), without overt 
lesions in the brain or spinal cord parenchyma. CSF analysis 
is diagnostic in approximately 50% of such cases. Patients 
with CNS involvement typically present with an altered 
mental status or focal neurologic fi ndings. In the largest 
reported series of primary CNS lymphoma, over 80% of 
cases occurred late posttransplant and imaging with com-
puted tomography (CT) or magnetic resonance imaging 
(MRI) revealed a single lesion in 63% [ 155 ]. Stereotactic 
biopsy revealed polymorphic histology in 18% and mono-
morphic histology in 81%, the vast majority of which were 
diffuse large B-cell lymphoma (DLBCL); overall 88% were 
EBV-positive [ 116 ]. The prognosis of patients with CNS 
involvement is poor, with a 3-year overall survival (OS) of 
43%, although some patients survive more than 10 years 
after diagnosis [ 155 ]. 

 Recipients of HSCT are at particular risk of developing 
disseminated PTLD [ 141 ,  157 ]. Such patients usually pres-
ent within the fi rst few months after transplant with wide-
spread lymphoproliferation and multiorgan failure 
complicated by the presence of concomitant viral infections 
or systemic sepsis. The CNS is frequently involved. 
Prognoses for polyclonal and monoclonal diseases in this 
setting are similarly poor. Presumably, this aggressive form 
of PTLD is a refl ection of the greater global immunodefi -
ciency that arises from profoundly impaired EBV-specifi c 
CTL activity in this setting. If engraftment is delayed and the 
disease is disseminated, approximately 90% of such patients 
succumb despite aggressive management. Even if the dis-
ease is localized, mortality approaches 30%.   
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26.7     Other Epstein–Barr Virus 
Clinical Syndromes 

 As a result of more widespread use of EBV DNA assays, 
there has been increasing recognition of clinical syndromes, 
other than PTLD, that have been attributed to EBV infection 
after both SOT and HSCT. Infectious mononucleosis syn-
dromes, hepatitis, pneumonitis, gastrointestinal symptoms, 
and meningoencephalitis have been described [ 4 ,  158 – 160 ]. 
EBV infection-associated hematologic signs include  
 leukopenia and thrombocytopenia   [ 4 ]; a case report of EBV- 
associated fatal aplastic anemia after bone marrow 
transplantation has been published [ 161 ]. EBV-associated 
hemophagocytic lymphohistiocytosis, characterized by 
exaggerated macrophage activation and phagocytosis is seen 
rarely after SOT or HSCT. Usually observed in the context of 
primary EBV infection, proliferation of virally driven T cells 
is important in its pathogenesis [ 1 ,  162 ]. 

 Oral hairy  leukoplakia  , a nonmalignant lesion of the lat-
eral borders of the tongue, is uncommon after SOT, but spon-
taneously reversible EBV-positive hairy leukoplakia has 
been reported in patients early after bone marrow transplan-
tation [ 163 ]. This lesion is associated predominately with 
lytic EBV infection and is usually responsive to antiviral 
therapy. Sharply circumscribed EBV-positive mucocutane-
ous ulcers involving the oropharyngeal mucosa, skin, or gas-
trointestinal tract, previously described in non-transplant 
patients with immunosenescence or receiving iatrogenic 
immunosuppression for autoimmune diseases and in a single 
HSCT recipient [ 164 ], have recently been described in the 
SOT setting [ 165 ]. Often misdiagnosed as polymorphic or 
monomorphic PTLD after SOT, these isolated lesions occur 
in the absence of a tumor mass; patients have no involvement 
at other sites and no detectable EBV DNAemia. Pathology is 
characterized by polymorphous infi ltrate and atypical large 
B cell blasts co-expressing B-cell antigens and CD30, often 
with Hodgkin/Reed–Sternberg (HRS) cell-like morphology. 
SOT patients with these ulcers responded to minimal thera-
peutic intervention including reduction in immunosuppres-
sion or rituximab monotherapy [ 165 ]. 

 EBV also appears to play a pathophysiologic role in the 
development of rare  EBV-positive smooth muscle tumors 
  after SOT reported most commonly in pediatric recipients. 
The tumors occur late after transplant at a median of 48 
months in a recent literature review [ 166 ] and 9.4 years in a 
single center review of adult kidney transplant recipients in 
Singapore [ 167 ]. These non-hematopoietic proliferations of 
mesenchymal/stromal origin appear to be multifocal, rather 
than metastatic when multiple sites are involved and have 
extranodal presentations similar to PTLD. The liver is a 
common site of involvement [ 166 ]. Tumor cells may be of 
either donor or recipient origin and have features of type III 
latency, although LMP-1 expression is rarely observed [ 166 , 
 168 ]. Optimal treatment strategies for this type of tumor are 

unknown. The clinical course may be indolent and complete 
remission has been described in some cases with immuno-
suppression reduction alone [ 166 ]. Surgical resection (when 
possible) and reduced immunosuppression appear to result 
in comparable outcomes; multiorgan involvement, particu-
larly intracranial involvement, is associated with a poorer 
overall survival [ 166 ]. Because these tumors are character-
ized by Akt/mTOR cell cycle activation, a switch in immu-
nosuppression to mTOR inhibitors has been suggested with 
some positive responses reported [ 167 – 169 ]. Poor responses 
have been reported with the use of cytotoxic chemotherapy 
[ 168 ,  169 ].  

26.8      Diagnosis 

 When PTLD is suspected clinically, a tissue biopsy is 
required to confi rm the diagnosis and to characterize the 
lesion histologically. Imaging with ultrasound, CT, MRI, or 
positron emission tomography (PET) scans is used to local-
ize a biopsy target and to establish the stage of disease, but is 
not considered diagnostic. An excisional biopsy is superior, 
but a needle biopsy may be acceptable when there is no 
accessible lymph node or mass. Cytologic analysis of 
 bronchoalveolar washings or CSF can support the diagnosis 
of PTLD, but is inadequate to subclassify PTLD [ 61 ]. 

26.8.1     Histopathology 

 Tissue biopsies  i  n suspected cases of PTLD should be 
reviewed by experienced pathologists and lesions should 
be classifi ed according to the WHO Classifi cation System 
updated in 2008 [ 6 ]. Table  26-2  summarizes the features of 
this classifi cation system, which is based largely on cellu-
lar lineage and morphology. Ancillary pathological 
 techniques should include routine morphology, immuno-
histochemistry, and EBER in situ hybridization (Table  26-3 ); 
molecular genetic studies of antigen receptor genes may be 
useful in determining clonality but are not essential for 
diagnosis [ 6 ,  61 ]. Institutional protocols should be imple-
mented to ensure that the tissue is handled appropriately 
for ancillary tests.

    Most PTLD lesions in SOT recipients are recipient- 
derived, as confi rmed by a recent population-based analysis 
and review of previous case series [ 170 ]. Donor-derived 
PTLD is more common in recipients of renal and liver trans-
plants, where it tends to occur early after transplantation, to 
involve the allograft, and to have polymorphic histology 
[ 170 ]. Although intestinal transplant recipients experience a 
high rate of PTLD involving the allograft, donor derived 
disease is uncommon [ 120 ]. PTLD in HSCT recipients is 
primarily donor-derived [ 6 ]. Molecular profi ling has sug-
gested that recipient-derived disease has a phenotype of a B 
cell in the germinal-center stage of differentiation while 
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donor-derived PTLD are more consistent with a mature 
 post- germinal center phenotype [ 171 ]; this suggests antigen 
stimulation may be involved in the pathogenesis of donor-
derived disease when antigen-selected cells acquire genetic 
lesions as they expand in the recipient environment. 

26.8.1.1     Early Lesions 

 Early PTLD  lesions   are composed of mixed populations of 
small lymphocytes, plasma cells, and immunoblasts with 
no cytologic atypia and preserved tissue architecture. This 
category includes lesions with features of plasmacytic 
hyperplasia and infectious mononucleosis. Most occur 
within a short time after transplant and are related to EBV 
infection [ 116 ].  

26.8.1.2     Polymorphic PTLD 

 When  lesions   demonstrate the full spectrum of B cell matu-
ration, efface the architecture of lymph nodes, or form 
destructive extranodal masses that do not fulfi ll criteria for 
recognized lymphoma types in the immunocompetent host, 
the lesions are classifi ed as polymorphic PTLD. They are 
composed of a heterogeneous population of cells with vari-
able atypia, such as atypical immunoblasts and Reed–
Sternberg-like cells, and variable plasmacytic differentiation. 
The majority are monoclonal and some harbor genetic 
changes. Most of the cases that occur early posttransplant are 
positive for EBV [ 17 ,  116 ].  

26.8.1.3     Monomorphic PTLD 

 Monomorphic  PTLDs   are neoplastic lymphoproliferations 
with suffi cient architectural and cytologic atypia to  constitute 
lymphomas, and they are histologically indistinguishable 
from corresponding pathologic entities in immunocompetent 
patients [ 6 ]. Most monomorphic PTLDs are of B-cell origin, 
and over 80% of these are DLBCLs; other subtypes include 
plasmablastic lymphoma, plasma cell neoplasms, and Burkitt 
lymphoma. The remaining monomorphic PTLDs originate 
from T or NK cells. Despite the morphologic similarities 
between monomorphic PTLD and their non-transplant coun-
terparts, recent studies have identifi ed distinct molecular fea-
tures (reviewed in Ref. [ 17 ]). 

 PTLD of T- or NK-cell origin comprises 5–15% of mono-
morphic PTLD. The most common subtypes are peripheral 
T-cell lymphoma (PTCL) NOS and hepatosplenic T-cell 
lymphoma (HSTCL). Several case series characterize these 
lesions as occurring late posttransplant (median over 5 
years), and primarily involving extranodal sites [ 172 ,  173 ]. 
Monomorphic T-cell PTLD carries a poor prognosis [ 154 ], 
and HSTCL has particularly poor outcomes with median 
OS of 4 months [ 173 ]. Other predictors of poor survival 
include bone marrow, CNS or graft involvement [ 173 ]. 
EBV is only detectable in about a third of cases, including 
all extranodal NK/T cell lymphomas, about half of PTCL, 
and almost no HSTCLs, but its presence predicts a more 
favorable prognosis [ 172 ]. The pathogenesis of EBV-
associated T-cell PTLD is uncertain; EBV episomal mono-
clonality suggests that it is not simply due to bystander 
infection. In Japan, T-cell PTLD is also frequently associ-
ated with HTLV-1 [ 174 ]; its role in other geographic regions 
is unknown. Disease is often aggressive and refractory to 
reduction in immunosuppression and therapy, with a median 
survival of 6 months [ 172 ,  174 ]. 

 Plasma cell neoplasms, including multiple myeloma and 
extramedullary plasmacytomas, were 1.8 times more likely 
to occur in SOT recipients than the general population in a 
recent study [ 175 ], but they comprise only 10% of PTLD 
[ 176 ]. Patients with plasmacytoma-like PTLD involving 

   TABLE 26-2.    Categories of posttransplant lymphoproliferative 
 disease (PTLD)   

 Early lesions a  
 Plasmacytic hyperplasia 
 Infectious mononucleosis-like lesions 

 Polymorphic PTLD 

 Monomorphic PTLD (classify according to lymphoma they resemble) 
  B cell neoplasms  
    Diffuse large B cell lymphoma 
    Burkitt lymphoma 
    Plasma cell myeloma 
    Plasmacytoma-like lesion 
    Other b  
  T cell neoplasms  
    Peripheral T cell lymphoma, NOS 
    Hepatosplenic T cell lymphoma 
    Other b  

 Classical Hodgkin lymphoma-type PTLD 

  Reprinted from Swerdlow SH, Webber SA, Chadburn A, et al. Post-
transplant lymphoproliferative disorders. In: Swerdlow SH, Campo E, 
Harris NL, et al., eds. WHO Classifi cation of Tumours of Haematopoietic 
and Lymphoid Tissues. 4th ed. Geneva: WHO Press; pp. 343–344, copy-
right 2008. 
  a Some mass-like lesions in the posttransplant setting may have the morpho-
logic appearance of fl orid follicular hyperplasia or other marked but non-
IM-like lymphoid hyperplasias. 
  b Indolent small B cell lymphomas arising in transplant recipients are not 
included among the PTLD.  

   TABLE 26-3.    Ancillary pathological studies useful for the categori-
zation of PTLD   

 Immunophenotype a  

 Presence of EBV (EBER in situ hybridization) a,b  

 Clonality (immunoglobulin genes, T cell receptor, EBV) 

 Genetic/cytogenetic studies (chromosome or oncogene abnormalities) 

 Donor-vs.-recipient origin 

 Therapy-dependent markers (expression of CD20, cytotoxic T cell 
epitopes) 

   a Studies essential for classifi cation. 
  b Immunohistochemical analysis for EBV LMP-1 is specifi c but less useful.  
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 solitary extranodal masses have a particularly good progno-
sis [ 177 ]. The literature also includes several cases of 
mucosa- associated lymphoid tissue (MALT) lymphomas 
involving the stomach or parotid gland in SOT recipients 
[ 178 ], but the most recent WHO classifi cation system does 
not include these indolent lesions among PTLD subtypes [ 6 ].   

26.8.2      Hodgkin Lymphoma Type PTLD 

 Classical  Hodgkin   lymphoma type PTLD is the least com-
mon subtype of PTLD. Incidence of Hodgkin lymphoma 
after SOT does not exceed the population rate in the fi rst 2 
years, but rises steadily thereafter, reaching 13.8 cases per 
100,000 at 8–10 years posttransplant (i.e., SIR 4.1) [ 179 ]. 
Males and patients younger than 20 at transplant appear to 
carry two and four times the risk, respectively, but a predilec-
tion for renal recipients was not confi rmed, contrary to early 
reports [ 180 ]. It is important to distinguish classical Hodgkin 
type PTLD from Hodgkin lymphoma-like PTLD histologi-
cally. Reed–Sternberg cells in Hodgkin lymphoma-like 
PTLD are EBV-positive, CD15-negative, CD45-positive, 
and CD20-positive, and can be accompanied by small or 
intermediate-size EBV-positive lymphoid cells [ 6 ]. It is best 
categorized as polymorphic or monomorphic PTLD. In con-
trast, classical Hodgkin type PTLD meets the criteria used 
for this diagnosis in immunocompetent patients. It appears to 
respond best to conventional management for Hodgkin lym-
phoma, namely chemotherapy [ 148 ,  181 ]. Despite morpho-
logic similarities, outcomes for Hodgkin lymphoma type 
PTLD are inferior to those in non-transplant patients [ 182 ]. 
Interestingly, there are several reports of patients developing 
classic Hodgkin disease several years after more typical 
PTLD [ 183 ]. Epidemiologic population-based studies in 
Scandinavia and England have clearly identifi ed symptom-
atic infectious mononucleosis as a risk factor for EBV- 
positive Hodgkin lymphoma in immunocompetent patients 
[ 184 ,  185 ]. Whether EBV disease or early PTLD after pri-
mary EBV infection increases the risk for future Hodgkin 
disease in the transplant setting in a similar way requires fur-
ther study .  

26.8.3     Staging 

   Staging   is important to provide a standardized reference sys-
tem for the relationship of tumor burden to outcome. At the 
very minimum, staging should document the precise ana-
tomic location and size of lesions. While the Ann Arbor stag-
ing system is typically used for adults [ 186 ], other staging 
approaches such as the Murphy system have been used in 
children [ 187 ]. Although clinical assessment, including 
inquiry for symptoms and performance status as well as 
physical examination, remains important, the sensitivity for 
identifying areas of disease involvement is poor. Therefore, 

imaging of the chest, abdomen, and pelvis is recommended 
at baseline [ 61 ,  188 ]. 

 There are no high quality studies to establish the ideal 
imaging technique for patients with PTLD. Recently pub-
lished guidelines recommend PET-CT scans as the modality 
of choice for fl uorodeoxyglucose (FDG)-avid lymphomas, 
specifi cally Hodgkin lymphoma and aggressive subtypes of 
NHL, for initial staging and response evaluation in the non- 
transplant setting [ 188 ]. PET-CT scans improve accuracy of 
staging when compared to CT scans and results lead to a 
stage change in 10–30%, although no impact on overall out-
comes has been demonstrated [ 189 ]. 

 Several small case series have confi rmed that PTLD 
lesions are FDG-avid and that PET-CT is an effective imag-
ing modality in staging PTLD patients, with a higher sensi-
tivity than CT for detecting extranodal disease [ 190 – 194 ]. A 
retrospective review of 150 SOT or HSCT recipients who 
had PET scans either for biopsy-proven or suspected PTLD 
found an overall sensitivity and specifi city of 89%, and a 
positive and negative predictive value of 91 and 87%, respec-
tively, demonstrating an excellent ability to differentiate 
PTLD from non-malignant disease [ 195 ]. However, some 
subtypes of PTLD, such as monomorphic T-cell lymphomas, 
may not be FDG-avid, necessitating CT as an alternate stag-
ing modality. In addition to staging, PET-CT is more accu-
rate than CT in assessing treatment response in non-transplant 
lymphomas as it can better distinguish residual viable tumor 
from necrosis or fi brosis [ 188 ]. Whether this is also true in 
the setting of PTLD requires further study, but preliminary 
data are encouraging [ 190 ]. Availability of PET-CT may be 
limited in some regions, and CT should be the default modal-
ity in these cases. 

  Bone marrow biopsy   has traditionally been recommended 
for routine staging in non-transplant lymphomas, but no data 
is available on its utility in PTLD. Bone marrow involvement 
by PTLD represents a negative prognostic factor in some 
series [ 100 ,  173 ,  196 ]. Recent guidelines for non-transplant 
lymphomas cite bone marrow signal on PET-CT as a valid 
surrogate for bone marrow biopsy [ 188 ]. 

 Assessment for CNS involvement is not routinely per-
formed at diagnosis in non-transplant lymphoma [ 188 ], and 
no data is available on this practice in PTLD [ 61 ]. In the 
presence of neurologic symptoms, MRI brain is an excellent 
imaging modality for detecting CNS PTLD [ 197 ].   

26.8.4      Epstein–Barr Virus Viral Load 

 Although EBV VL  testing   is used extensively to support 
EBV disease and PTLD diagnosis, the interpretation of 
results in this setting is problematic. A major problem is the 
lack of assay standardization. Studies have documented large 
variability in assay sensitivity and quantitative results 
reported when the same sample is tested [ 198 ,  199 ]. This 
variability is exacerbated by relatively few available 
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 commercial assays and the large number of laboratory-
developed assays used. In 2011, the WHO approved an inter-
national reference standard (IS) for EBV DNA to be used as 
a common assay calibrator [ 200 ]. Although it is hoped that 
this will improve harmonization of assay results, other fac-
tors such as extraction methods, gene targets, and instrument 
platforms also infl uence results [ 201 ]. Until the impact of the 
WHO IS on reported result variability has been evaluated, 
inter-institutional comparisons require formal cross- 
referencing of assay results. This also means that, currently, 
it is not possible to recommend specifi c qualitative or quan-
titative EBV DNA measurements to serve as globally applied 
triggers for preemptive intervention, PTLD diagnosis, or 
treatment end-points. 

 The optimal matrix for EBV VL measurement (i.e., whole 
blood vs. plasma) also remains uncertain. Measurement of 
EBV DNA in whole blood and lymphocytes appears to be 
more sensitive than measurement in plasma for the early 
detection of EBV reactivation, suggesting that whole blood 
may be a better matrix for use in preemptive monitoring 
strategies [ 71 ,  202 ]. Recent studies in whole blood showed a 
close correlation between copies/ml and copies/μg DNA 
with similar dynamic trending in patients using both report-
ing formats; normalization to cell number or genomic DNA 
in cellular specimens may be unnecessary [ 202 ,  203 ]. 
Although EBV generally becomes detectable in plasma as 
VL rises in matched whole blood samples, the quantitative 
results reported in plasma have suboptimal correlation with 
those reported in whole blood or lymphocytes, particularly 
in HSCT [ 71 ,  202 ]. 

 Studies evaluating EBV VL as a diagnostic test for PTLD 
in patients with symptoms or signs but with no previous VL 
monitoring are limited. In lower risk adult SOT patients with 
unknown pre-transplant serology, qualitative detection of 
EBV DNA in plasma was highly specifi c for EBV-positive 
PTLD but lacked sensitivity, missing some cases of localized 
EBV-positive PTLD and all EBV-negative PTLD, the pre-
dominant form of late PTLD in adults [ 52 ]. Whether these 
data can be extrapolated to high-risk patients or to the broader 
transplant population is uncertain. Some investigators have 
suggested that plasma has better specifi city for “high load” 
and may be the preferred specimen when used for the diag-
nosis and monitoring of therapeutic response of PTLD but 
studies to date have been small and require further validation 
[ 52 ,  159 ,  204 ,  205 ]. 

 PTLD may be compartmentalized in only CNS or the 
allograft. EBV DNA detection in CSF in the absence of 
detection in peripheral blood has been reported in HSCT 
patients with CNS PTLD [ 206 ,  207 ] and in bronchoalveolar 
lavage (BAL) fl uid in pediatric thoracic transplant recipients 
with lung PTLD [ 208 ]. However, EBV DNA, sometimes at 
high levels, can be frequently detected in BAL fl uid of adult 
transplant recipients without PTLD as well as in immuno-
competent patients [ 209 ,  210 ]. There has only been limited 
evaluation of EBV DNA measurement in CSF for the diag-

nosis of CNS lymphoma and CNS disease in transplant 
recipients [ 160 ,  211 ]. The gold standard of biopsy-proven 
disease is lacking in many patients in these studies, making 
interpretation diffi cult. Additional validation of EBV DNA 
measurement in CSF and BAL fl uid, including assessment of 
quantitative levels that might improve specifi city and posi-
tive predictive values for EBV disease or PTLD, is required.    

26.9     Strategies for the Prevention 
of Posttransplant 
Lymphoproliferative Disorder 

 Given the absence of reliably effective therapy for all stages 
or forms of PTLD after SOT and HSCT, strategies for pre-
vention in high-risk recipients have emerged as a major focus 
for PTLD management. It is important to identify these 
patients prior to transplantation. EBV serostatus should be 
determined in all donors and recipients. Wherever appropri-
ate, particularly in EBV-mismatched recipients, immunosup-
pression should be minimized and the risk vs. benefi t of 
using immunosuppressive agents that selectively deplete T 
cells relative to B cells as induction or rejection therapy 
should be carefully evaluated.

   Two major approaches have been used for PTLD preven-
tion. The fi rst strategy, “universal prophylaxis,” involves the 
administration of antiviral drugs, immunoglobulin or adop-
tive immunotherapy to all patients considered to be at 
increased risk for PTLD, usually beginning shortly after 
transplant. The second, termed a “preemptive” strategy, 
combines serial monitoring of peripheral blood EBV DNA 
levels with interventions that might lower the risk of 
PTLD. Such interventions would be triggered by EBV DNA 
levels that are predictive of PTLD risk, but occur before the 
onset of clinical disease. 

26.9.1      Universal Prophylaxis Using Antiviral 
Drugs or Immunoglobulin 

 Antiviral  drugs   such as acyclovir, ganciclovir, foscarnet, and 
cidofovir [ 212 ] as well as the newer agents, brincidofovir 
[ 213 ] and maribavir [ 214 ], under development for CMV dis-
ease, have in vitro activity against lytic EBV replication but 
have no activity against EBV infection in its latent form. 
Acyclovir and valacyclovir treatment in immunocompetent 
patients with infectious mononucleosis signifi cantly reduces 
or eliminates oropharyngeal EBV shedding [ 215 ,  216 ]. In 
seropositive immunocompetent patients remote from acute 
infection, although 1 month of acyclovir therapy had no 
effect on EBV VL in peripheral blood [ 217 ], a 1-year course 
of low dose acyclovir did result in a modest reduction. 

 The use of antiviral drugs for universal prophylaxis has 
not been evaluated in randomized controlled trials; their role 
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in PTLD prevention remains controversial. Cases of PTLD 
have occurred in patients receiving both acyclovir and ganci-
clovir prophylaxis. When compared to historical controls 
some studies evaluating antiviral prophylaxis demonstrated a 
reduction in PTLD incidence; others observed no effect as 
reviewed by Funch [ 218 ]. A multicenter case-control study 
found that the risk of PTLD was reduced in kidney transplant 
patients receiving acyclovir or ganciclovir for prophylaxis or 
treatment, with protective effects most marked in the fi rst 
transplant year, increasing with duration of therapy, and 
greater for ganciclovir than acyclovir [ 218 ]. In contrast, the 
use of acyclovir or ganciclovir CMV prophylaxis did not 
impact PTLD incidence in a registry study of recipients of 
deceased donor kidney transplants [ 219 ]. 

 Since primary, often donor-transmitted EBV is a major 
PTLD risk factor after SOT, reduction in early infections 
may extrapolate to reduced PTLD risk. A reduction in pri-
mary EBV infection was observed in a recent analysis of 
ganciclovir/valganciclovir prophylaxis vs. no prophylaxis in 
a small non-randomized study of mismatched pediatric kid-
ney SOT recipients [ 41 ]. Intriguingly, a pilot study in a simi-
lar population suggested that 2 weeks of valganciclovir 
treatment of organ donors may reduce recipient PTLD risk 
[ 220 ]. These preliminary observations require further evalu-
ation, ideally in randomized controlled trials. 

 The utility of passive administration of EBV neutralizing 
antibodies (via IVIG) as a prophylactic strategy also remains 
unclear. Two prospective randomized placebo-controlled tri-
als, one using CMV-IVIG prophylaxis in EBV-seronegative 
pediatric liver recipients [ 221 ], and the second examining the 
benefi t of IVIG when added to ganciclovir in EBV- 
mismatched adult and pediatric SOT recipients [ 222 ] failed 
to observe a reduction in PTLD rates in patients receiving the 
immunoglobulin products. The latter study also did not 
observe an impact of IVIG on EBV VLs in peripheral blood. 
In contrast, results of an epidemiologic study by the CTS 
registry added to the uncertainty by reporting that the use of 
CMV-IVIG reduced the incidence of NHL in kidney trans-
plant recipients but only in the fi rst posttransplant year [ 219 ].   

26.9.2      Prophylactic Adoptive Immunotherapy 

  Adoptive   transfer of T-cell immunity is an attractive strategy 
to facilitate the restoration of EBV-specifi c CTL responses. 
This is particularly true in HSCT where most lesions are of 
donor origin and express the most immunostimulatory EBV 
latent cycle antigens. The infusion of unfractionated lym-
phocytes from their EBV-seropositive donors (i.e., donor 
lymphocyte infusion (DLI)) has been shown to be effective 
in HSCT recipients but is associated with a signifi cant risk of 
developing GVHD. A refi nement of this approach is the 
infusion of polyclonal, EBV-specifi c, predominately CD8 +  
CTL cell lines prepared from donor leukocytes (reviewed in 
Refs. [ 5 ,  223 ] in the setting of HSCT or recipient leukocytes 
in the setting of SOT. In HSCT recipients, this approach is 

safe and effective, with functional EBV-specifi c CTL 
responses persisting for up to 9 years [ 224 ]. Moreover, this 
strategy provides cellular immunity targeted at EBV-disease 
while avoiding the unwanted responses of GVHD. However, 
in SOT patients who are EBV-seropositive prior to trans-
plant, the low incidence of PTLD renders the routine produc-
tion of autologous cloned, EBV-specifi c CTL impractical 
and costly. The patients at highest risk for PTLD, EBV- 
seronegative recipients, do not have autologous CTLs from 
which to develop cell lines. To generate a CTL response 
from naïve T cells ex vivo has proved challenging. Moreover 
infused CTL have limited persistence in the SOT setting, 
perhaps due to ongoing pharmacologic immunosuppression. 
The production of EBV-specifi c CTL is time-consuming 
(usually 2–3 months) and expensive, limiting widespread 
clinical applicability. Several groups have focused on devel-
oping rapid manufacturing strategies to overcome these 
obstacles (reviewed in Ref. [ 5 ]; these include rapid capture 
techniques to identify polyclonal EBV-CTL, the use of 
genetically modifi ed dendritic cells as stimulator cells, or the 
use of overlapping EBV peptide pools as a source of antigen. 
There is also great interest in the development of banks of 
cloned, third-party EBV-specifi c CTL [ 225 ]. This would 
allow for an immediately accessible source of EBV-CTL, 
particularly for patients with rapidly progressive disease or 
those recipients of transplants from EBV-seronegative 
donors. Other notable developments that might improve the 
in vivo effi cacy of adoptive therapy include genetic manipu-
lation to create CNI-resistant CTL [ 226 ] and the availability 
of banked third-party virus-specifi c T cells with simultane-
ous activity against other viruses (CMV and adenovirus) that 
can also cause serious disease in both SOT and HSCT recipi-
ents [ 227 ]. 

 Adoptive immunotherapy for prevention of PTLD has 
been given either to all high-risk patients, or preemptively in 
response to EBV DNAemia (reviewed in Refs. [ 223 ,  225 ]. 
These approaches have been most extensively evaluated in 
patients receiving HSCT from matched unrelated donors or 
mismatched family members in the context of T-cell deple-
tion protocols, in those with a previous history of EBV- 
PTLD, or who had an underlying immunodefi ciency where 
the incidence of EBV-PTLD may be as high as 11% [ 224 ]. 
Only one case of PTLD was observed in 108 HSCT and 21 
SOT high-risk patients who received EBV-CTL prophylacti-
cally; that patient had received a CTL line that lacked strong 
EBV-specifi city [ 223 ,  225 ]. None of the HSCT recipients 
developed de novo GVHD following CTL infusion.   

26.9.3     Preemptive Management 

  The  preemptive approach   has evolved as the preferred PTLD 
prevention strategy and is recommended in international 
guidelines in EBV-mismatched (donor seropositive/recipi-
ent seronegative) SOT recipients and in high-risk HSCT 
recipients [ 4 ,  61 ,  62 ,  228 ]. European guidelines for SOT also 
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recommend use of a preemptive strategy for all lung and 
intestinal allograft recipients and all patients receiving treat-
ment for acute rejection [ 62 ]. However, the evidence to sup-
port this strategy in adult EBV-seropositive recipients in 
these cohorts is weaker. These strategies are not recom-
mended for lower risk populations where the risk vs. benefi t 
is uncertain. 

26.9.3.1     Monitoring Algorithms and Trigger 
Points for Intervention 

 In addition to issues related to EBV assay standardization and 
choice of specimen type, optimal monitoring algorithms have 
not yet been defi ned. Monitoring algorithms are most cost-
effective when used during the posttransplant period of high-
est risk, defi ned as 3–6 months in HSCT and at least 1 year in 
SOT. Measurement of CD4+ cells as a marker of immune 
reconstitution in HSCT [ 229 ,  230 ] and SOT recipients [ 231 ] 
may better tailor the monitoring period in individual patients; 
patients with GVHD may require longer monitoring [ 229 , 
 230 ]. VL can rise very quickly, particularly in severely immu-
nosuppressed HSCT patients. In a recent HSCT study, the 
median time to EBV disease from onset of EBV DNAemia 
was 7 days (range 0–17 days) [ 53 ]. EBV DNA kinetics may 
be as important as absolute quantitative values for triggering 
interventions [ 4 ,  53 ,  61 ,  62 ]. Monitoring more frequently than 
the currently recommended once weekly may be indicated in 
the highest risk HSCT subgroups [ 53 ]. Less frequent monitor-
ing at intervals varying from weekly to monthly has been rec-
ommended in SOT recipients [ 4 ,  61 ,  62 ]. 

 There are very few natural history studies relating EBV 
DNAemia levels to PTLD events where clinicians were 
blinded to results. Interpretation from non-blinded studies is 
complicated by both the heterogeneity of the populations 
studied, as well as the non-standardized assays and sample 
types used (reviewed in Ref. [ 63 ]). As a result of these fac-
tors, defi ning optimal trigger points for preemptive interven-
tion is diffi cult [ 232 ,  233 ]. A recent multicenter analysis of 
HSCT PTLD cases highlights this problem. EBV DNA levels 
at the time of PTLD diagnosis were below two commonly 
used trigger points for preemptive intervention in 45 and 
23% of cases, respectively [ 157 ]. Although EBV DNA detec-
tion has an excellent negative predictive value for early EBV+ 
PTLD after both SOT and HSCT, preemptive trigger points, 
often center-specifi c, have a positive predictive value of only 
28–65% in SOT [ 63 ] and 25–50% in HSCT [ 229 ,  234 ]. 

 To improve the specifi city of high VL for PTLD predic-
tion, combining VL with testing of additional biomarkers 
has been explored. The most promising is the quantitation of 
EBV-specifi c CTLs using tetramers, ELISPOT or fl ow 
cytometry-based intracellular cytokine staining [ 235 – 238 ]. 
However, there are few commercially available CTL assays 
and current assays are costly, complex, not very rapid, and 
not standardized [ 239 ]. Additional biomarkers proposed for 
risk stratifi cation that require additional evaluation include 

assessment of global immunosuppression using commercial 
ATP-release assays [ 74 ], and measurement of IL-6 and 
1L-10 [ 240 ,  241 ], soluble CD30 [ 242 ], CXCL13 [ 243 ], or 
serum free light chain levels [ 244 ,  245 ].  

26.9.3.2     Preemptive Interventions in SOT 

 Effective preemptive strategies require that the intervention 
lowers PTLD risk without signifi cant adverse events includ-
ing graft rejection [ 5 ,  246 ,  247 ]. Although preemptive inter-
ventions are recommended for high risk, predominantly 
EBV-mismatched SOT patients early after transplant during 
the course of acute EBV infection, there is no data to support 
their use in patients with established CVLP later after trans-
plant. Whether any intervention strategy described has any 
long-term effect on either VL kinetics or PTLD risk in CVLP 
patients remains uncertain. 

  Reduction in immunosuppression (RIS  ) remains the 
mainstay of preemptive treatment in SOT [ 248 ]. However, 
the process for best achieving this is uncertain; suggestions 
are outlined in international guidelines [ 62 ,  249 ]. Some 
advocate a change in immunosuppression to mTOR inhibi-
tors [ 248 ]. Although antiviral drugs (ganciclovir/valganci-
clovir) or intravenous immunoglobulin (IVIG) are sometimes 
given, often simultaneously with RIS [ 250 ,  251 ], the added 
benefi t of these agents is uncertain [ 252 ]. Rituximab, a chi-
meric antibody directed against the CD20 antigen expressed 
on B cells, has been used less frequently as a preemptive 
intervention in SOT than in HSCT [ 248 ]. The risks vs. ben-
efi ts of using rituximab when compared to RIS alone in SOT 
are unknown. Benefi ts may be greater in the setting of tho-
racic transplantation where the consequences of acute rejec-
tion following RIS may be higher. Experiences with 
rituximab have been reported in heart transplant recipients 
failing RIS [ 253 ] and EBV-mismatched kidney transplant 
patients given rituximab simultaneously with RIS [ 137 ]. 
Preliminary data from intestinal SOT [ 254 ] suggest that 
incorporating rituximab into routine induction regimens in 
high-risk patients might also be considered as an alternate 
strategy to reduce risk.  

26.9.3.3     Preemptive Interventions in HSCT 

 RIS is recommended as an initial preemptive intervention in 
HSCT when possible [ 228 ]. However, RIS often fails to alter 
VL kinetics in the short term particularly very early after 
HSCT when viral load is rising quickly, the patient is pro-
foundly immunosuppressed and immune reconstitution will 
take some time [ 140 ]. In addition, the risk vs. benefi ts of 
reduced immunosuppression, particularly in patients with 
preexisting GVHD, should be considered. The routine use of 
sirolimus for GVHD prophylaxis in HSCT has been sug-
gested but the impact of this strategy in reducing the inci-
dence of PTLD has not been evaluated [ 246 ]. The utility of 
using anti-viral drugs alone for preemption is uncertain. Liu 
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found that only 2 of 16 HSCT patients who received antiviral 
drugs as the only preemptive intervention responded vs. a 
complete response (CR) rate of 45.8% when combined with 
reduced immunosuppression [ 53 ]. 

 Because RIS and antiviral therapy have high failure rates 
as interventions, rituximab therapy has become a common 
initial preemptive intervention in HSCT [ 5 ,  246 ]. Although a 
standard weekly dose of 375 mg/m 2  is recommended, opti-
mal dosing and number of doses required remains uncertain 
[ 233 ]. Incorporating rituximab into HSCT conditioning regi-
mens in high-risk patients has also been employed as an 
alternate strategy to reduce PTLD risk [ 255 ]. Safety con-
cerns associated with preemptive rituximab include possible 
excess bacterial infection due to delayed immune reconstitu-
tion, higher non-relapse mortality in HSCT recipients [ 256 ] 
and CD20 escape mutants causing PTLD [ 257 ]. Signifi cant 
side effects of rituximab observed in other settings include 
infusion reactions, B cell lymphopenia sometimes associated 
with hypogammaglobulinemia, CMV and hepatitis B reacti-
vation, and progressive multifocal leukoencephalopathy [ 4 ]. 
Ongoing safety monitoring and improved targeting of ritux-
imab therapy to the highest risk patients is warranted. 
Although adoptive immunotherapy for preemptive interven-
tion is attractive as an alternative to rituximab or in cases of 
rituximab failure in HSCT, widespread accessibility to this 
therapy remains problematic [ 223 ,  225 ].  

26.9.3.4     Effi cacy of Preemptive Therapy 

 There are neither randomized controlled trials comparing 
preemptive strategies vs. placebo nor specifi c interventions 
to each other. However, there is an increasing body of evi-
dence (primarily single center reports) that suggests that pre-
emptive strategies have reduced the incidence of early PTLD 
in high-risk patients when compared to historical cohorts 
after both SOT and HSCT (reviewed in Refs. [ 4 ,  5 ,  62 ,  249 ]).     

26.10     Treatment of Posttransplant 
Lymphoproliferative Disorders 

 The approach to treating established PTLD in both SOT and 
HSCT involves restoring the immune response to EBV and 
eradicating the proliferating lymphocytes while maintaining 
graft function. Patients are vulnerable to toxicity in both arms 
of this approach, and therefore must be monitored closely with 
involvement of multiple disciplines, including the transplant 
physician, infectious diseases specialist, and hematologist/
oncologist [ 249 ]. The mainstays of therapy for PTLD in SOT 
include reduction of immune suppression, rituximab, and che-
motherapy. Adequately powered randomized controlled trials 
of therapeutic interventions for established PTLD have not 
been performed primarily due to its rarity. Therefore, recom-
mendations for the management of PTLD in SOT have been 
solely based on small phase II clinical trials, retrospective case 

series, and expert opinion [ 148 ,  249 ]. Recently, however, 
results from the largest international multicenter phase II clini-
cal trial ever conducted in PTLD were published, laying the 
groundwork for high- quality clinical evidence for treatment of 
PTLD in SOT (discussed in Sect.  26.10.6 ) [ 258 ] (Table  26-4 ). 

 Therapeutic options are limited in HSCT patients with 
established PTLD. Reducing immune suppression is not 
always feasible or effective, whereas adoptive immunother-
apy is highly effective but unavailable at most centers. 
Rituximab monotherapy is relied upon, but approximately 
30% fail [ 157 ]. Published outcomes of therapy in this setting 
are limited to case series and retrospective reviews (reviewed 
in Refs. [ 5 ,  259 ]). 

26.10.1     Reduction of Immunosuppression 
(RIS) 

 Reduction  or   discontinuation of immunosuppression is the 
most important initial step in the management of PTLD after 
SOT [ 4 ] but may have less utility in early PTLD after HSCT 
where regeneration of cellular immunity is delayed and the 
risk of developing GVHD is signifi cant [ 246 ]. In SOT recipi-
ents, response rates to this strategy have ranged from 0 to 
73%. A retrospective study reported that 45% of 67 patients 
responded to RIS, an effect not limited to those with poly-
clonal or EBV-associated disease [ 260 ]. A favorable response 
was less likely in older recipients, those with bulky disease, 
or advanced stage; there was a 17% rate of relapse in com-
plete responders and a 32% rate of acute rejection. In con-
trast, others have reported CR rates of <10% to RIS alone 
[ 261 ,  262 ]. RIS are unlikely to have a signifi cant impact on 
the course of some forms of PTLD such as late NHL, multi-
ple myeloma, and most T-cell lymphomas. 

 There is no consensus on which agent should  preferentially 
be reduced or the duration of the reduction. A recommended 
strategy is to discontinue any antiproliferative agents and 

   TABLE 26-4.    Options for the treatment of posttransplant lymphop-
roliferative disorder   

 Increase the cytotoxic T cell (CTL) response 
 Reduction or withdrawal of immunosuppression 
 Adoptive immunotherapy with autologous EBV-specifi c CTL 
 Adoptive immunotherapy with partially HLA-matched allogeneic CTL 

 Antiviral strategies 
 Ganciclovir/valganciclovir, acyclovir/valganciclovir 
 Foscarnet, cidofovir 
 Histone deacetylase inhibitor combined with ganciclovir 
 Intravenous immunoglobulin (IVIG) 

 Cytokine therapy 
 Interferon-α 
 Anti-IL-6 monoclonal antibodies 

 Tumor debulking 
 Anti-B cell monoclonal antibody therapy (rituximab) 
 Cytotoxic chemotherapy 
 Surgical resection 
 Local irradiation 

   IL  interleukin.  
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reduce the dose of CNI by 25–50% while maintaining the 
dose of steroid [ 62 ,  249 ]. Recent studies suggest that main-
taining a low dose of CNI rather than discontinuing it com-
pletely is associated with better long-term graft survival 
without impairing the response to other PTLD treatments 
[ 262 ,  263 ]. Responses are typically seen in 2–4 weeks; wait-
ing up to 6 weeks in stable patients without progressive dis-
ease may be warranted given that the median time to failure 
in non-responders was 45 days [ 260 ]. The utility of conver-
sion to an mTOR inhibitor after PTLD is diagnosed is uncer-
tain but warrants further investigation.  

26.10.2      Adoptive Immunotherapy 

 In some  settings  , reduction of immunosuppression is not 
possible. Papadopoulos et al. [ 264 ] initially described dra-
matic responses to infusions of unfractionated donor leuko-
cytes (DLI) in HSCT patients with PTLD. A more recent 
study reported complete or partial remissions in 73%, 
although GVHD complicated longer-term outcomes in 17% 
[ 265 ]. The use of polyclonal, EBV-specifi c CTLs prepared 
from donor leukocytes (reviewed in Refs. [ 5 ,  223 ] yielded 
response rates (CR and partial remissions (PR)) of 68 and 
84% in two recent HSCT series [ 224 ,  265 ]; no patient devel-
oped GVHD. Responders experienced exponential increase 
in the EBV-specifi c CTL population within 7–14 days with 
subsequent clearance of EBV viremia [ 265 ]. While more 
extensive disease was associated with treatment failure, four 
of six patients with CNS involvement achieved CR. Both 
DLI and EBV-CTL were able to rescue patients failing ritux-
imab therapy, although the response rate was not as high as 
when adoptive immunotherapy was used initially. Limited 
data are available concerning the effi cacy of adoptive trans-
fer of autologous EBV-specifi c CTLs in SOT, although pre-
liminary data suggest that regression of disease may occur 
(reviewed in Refs. [ 223 ,  225 ,  228 ]. The utility of cloned 
third-party EBV-specifi c CTLs was demonstrated in a phase 
II clinical trial involving 33 patients (2 HSCT, 31 SOT) who 
had failed conventional therapy with immunosuppression 
reduction ( N  = 33), rituximab ( N  = 12), chemotherapy, and/or 
radiotherapy ( N  = 8) [ 266 ]. Administration of third-party 
EBV-specifi c CTL selected by best available HLA match 
was associated with a 52% response rate at 6 months with 14 
patients achieving a CR; responses were superior with better 
HLA-matching between the recipient and the CTL donor. In 
a study of HSCT recipients with PTLD resistant to conven-
tional therapy, responses were achieved in 4 (3 CR, 1 PR) of 
11 patients [ 267 ]. Recent technologic advances that have 
lowered cost and decreased the complexity and time for 
EBV-CTL production should make adoptive immunotherapy 
more clinically accessible. At present, it has not been recom-
mended in SOT outside of a clinical trial [ 249 ]. If adoptive 
immunotherapy is to be considered in the setting of SOT, it 
would be critical to determine whether the PTLD lesions are 
of donor or recipient origin.   

26.10.3     Antiviral Drugs and Immunoglobulin 

 Although EBV lytic  transcripts   are expressed in some cells in 
most EBV-positive PTLD [ 268 ,  269 ], the role of antiviral 
drugs or immunoglobulin as a therapeutic agent in patients 
with established PTLD is uncertain. At best, these agents may 
reduce the recruitment of new B cells into the lymphoprolif-
erative process or may infl uence the expression of lytic viral 
proteins that modulate the immune response. Alternatively, 
they may have an indirect benefi t on PTLD development by 
eliminating other viral infections that act as cofactors in 
PTLD development. It is likely that that these agents exert 
greater benefi t when they are used either as prophylaxis or 
preemptively rather than as therapy for established disease.  

26.10.4     Interferon-α (Alpha) and Blockade 
of Interleukin-6 

 IFN-α (alpha) administration and IL-6  blockade   by mono-
clonal antibodies have been used historically, but both of 
these therapeutic modalities have limited evidence support-
ing their effi cacy in the treatment of PTLD [ 261 ,  270 ] and 
generally are not used in current practice.  

26.10.5     B-Cell Antibodies 

 The introduction  o  f  rituximab   has improved response rates in 
virtually all B-cell CD20-positive lymphoproliferative disor-
ders when combined with chemotherapy [ 271 ,  272 ]. Several 
retrospective reviews and phase II clinical trials have con-
fi rmed the effi cacy of rituximab monotherapy in CD20- 
positive PTLD post-SOT in patients that fail to respond to 
reduced immunosuppression. Phase II trials show overall 
response rates (ORR) of 44–71% and CR rates of 26–53% 
after 4 weekly doses [ 273 – 276 ]. In the setting of HSCT, no 
prospective trials have been published, but retrospective 
series report ORRs of 70–84% [ 96 ,  157 ]. Rituximab is well 
tolerated with no mortality events directly related to treat-
ment toxicity reported in these trials. 

 Unfortunately, remissions achieved using rituximab mono-
therapy are durable in only a subset of patients. In a combined 
analysis of two prospective phase II trials, 58% of responders 
progressed within 1 year, and 50% of enrolled patients required 
further treatment within 6 months of rituximab monotherapy. 
Patients with one or more risk factors, including age ≥60, 
ECOG performance status ≥2, or elevated LDH, were more 
likely to relapse and required further treatment [ 277 ]. Repeating 
a course of 4 weekly rituximab doses in patients that initially 
achieved PR did improve response rates, but did not eliminate 
subsequent progression [ 275 ]. Patients that progress after 
rituximab remain salvageable with chemotherapy [ 278 ]. 

 In summary, while PTLD responds to single-agent ritux-
imab in most patients with very few adverse effects, responses 
tend to be durable in a minority of patients, necessitating fur-
ther defi nitive treatment.  
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26.10.6      Cytotoxic Chemotherapy 

 SOT patients with CD20- positive   PTLD that fail reduced 
immunosuppression and rituximab may benefi t from chemo-
therapy. The standard of care in non-transplant aggressive 
B-cell NHL, and therefore the default regimen in PTLD, is 
currently rituximab combined with CHOP (cyclophospha-
mide, doxorubicin, vincristine, prednisone) [ 148 ,  271 ,  272 ]. 
Historically, chemotherapy has been associated with high 
treatment-related mortality (TRM) in SOT patients, largely 
from infectious complications. The improvement in TRM 
seen in recent studies may be due to improved supportive 
care measures. However, cytotoxic chemotherapy is often 
not feasible in HSCT patients due to bone marrow toxicity, 
and (limited) published response rates are unfavorable [ 259 ]. 

 Accurate assessment of remission rates of PTLD in SOT 
treated with chemotherapy and identifi cation of a superior 
chemotherapy regimen are elusive, due to the almost entirely 
retrospective nature of the publications. Results of retrospec-
tive studies of other anthracycline-based chemotherapy, 
mainly CHOP with or without rituximab, show ORRs of 
65–73%, 5-year OS of 25–78%, and TRM of 0–31% [ 279 –
 283 ]. In one of the few prospective studies, investigators 
treated 16 adult patients with EBV-related PTLD using a 
sequential protocol starting with reduced immunosuppres-
sion, followed by interferon-α (alpha) and then ProMACE- 
CytoBOM for those not achieving CR at any step. ORR to 
reduced immunosuppression, IFN-α (alpha), and chemother-
apy were 12.5, 7, and 67%, respectively, and the median OS 
was only 19 months [ 261 ]. A low-dose chemotherapy proto-
col (cyclophosphamide and prednisone) has been studied 
prospectively in children post-SOT with EBV-positive 
PTLD that failed reduced immunosuppression; CR rate was 
84%, 2-year OS and event-free survival (EFS) were 73 and 
67%, respectively, and TRM was 6% [ 284 ]. A subsequent 
study in a larger cohort added 3 weekly doses of rituximab in 
the fi rst 2 cycles but saw a lower CR rate (69%) and similar 
2-year OS (83%), EFS (71%), and TRM (5%) [ 285 ]. The 
heterogeneity of transplant and histologic subtypes between 
the studies precludes comparisons to determine the added 
benefi t of rituximab. 

 The PTLD-1 trial, the largest phase II international multi-
center trial in adult PTLD post-SOT, utilized a sequential 
treatment approach in an attempt to improve the suboptimal 
relapse rate with rituximab and diminish the toxicity of che-
motherapy [ 258 ]. Seventy patients with CD20-positive 
PTLD (mainly late-onset and monomorphic) that failed 
reduced immunosuppression but had a good performance 
status were given 4 weekly doses of rituximab followed by 
four cycles of CHOP every 21 days. Support with 
granulocyte- colony stimulating factor was required and pro-
phylactic antibiotics were recommended. They reported an 
ORR of 60% after initial rituximab monotherapy, increasing 
to 90%, the highest ever reported in any PTLD trial, after 
sequential chemotherapy. EBV-positive and -negative 

PTLDs responded equally. Seventy-four percent (74 %) of 
responders remained in remission 5 years later. There were 
no TRM events related to rituximab, and TRM related to 
CHOP was 11%; serious infections related to chemotherapy 
were more frequent in rituximab non-responders (58 vs. 
30%,  p  = 0.025). Sequential therapy produced a longer 
median OS (6.6 years) than rituximab monotherapy trials 
(1.2–3.5 years) [ 273 – 275 ]. 

 An important question not yet addressed by a prospective 
trial is whether patients with an excellent response to ritux-
imab alone could be managed without additional chemother-
apy. Trappe et al. analyzed prognostic factors in PTLD-1 
patients and predicted that patients in CR after four doses 
rituximab and those in PR with a low-risk international prog-
nostic index (IPI) score were unlikely to have derived benefi t 
from chemotherapy [ 286 ]. A prospective phase II multi-
center clinical trial to examine risk-stratifi ed sequential ther-
apy (RSST) is currently underway; those who achieve CR 
with rituximab do not proceed to RCHOP [ 287 ]. Preliminary 
data are promising for 91 patients treated with RSST: 3 year 
OS was higher with RSST (70%) than with sequential ther-
apy in PTLD-1 (61%). Twenty-seven percent achieved CR 
with rituximab alone, and only three of these patients have 
relapsed. The publication of the experience of the PTLD 
Study Group with RSST is highly anticipated, because it 
may inform preselection of those likely to avoid chemother-
apy without sacrifi cing disease control. 

 In summary, in the absence of prospective clinical trials 
comparing rituximab monotherapy, sequential rituximab fol-
lowed by CHOP (±R), and RCHOP for the treatment of 
CD20-positive PTLD in SOT, the standard of care remains 
elusive. Prior to the PTLD-1 trial publication, British experts 
had recommended rituximab alone for clinically low-risk 
PTLD, defi ned as having no risk factors (age >60, elevated 
LDH, and poor performance status), whereas they had rec-
ommended RCHOP for patients with any of the aforemen-
tioned risk factors or for patients who fail rituximab 
monotherapy [ 249 ]. Sequential therapy may offer the highest 
response and survival rates published to date for CD20-
positive PTLDs that fail reduced immunosuppression. While 
the avoidance of chemotherapy in low risk patients is desir-
able, patient selection remains unclear [ 287 ]. 

 Rare subtypes of PTLD that resemble non-transplant lym-
phomas, such as Burkitt lymphoma, T cell lymphomas, and 
plasmablastic PTLD, require specifi c chemotherapeutic 
treatment extrapolated from the lymphoma literature 
(reviewed in Refs. [ 148 ,  249 ]). Treatment for primary CNS 
PTLD is discussed in a separate section.  

26.10.7     Surgical Resection or Radiation 

 Patients with  localized   PTLD, such as isolated skin, GI, or 
renal allograft lesions, can achieve prolonged remissions 
with surgery or localized radiation [ 146 ,  260 ]. Surgical 
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resection can be used for tumor debulking, as in allograft 
PTLD, or management of local complications, such as gas-
trointestinal hemorrhage, obstruction or perforation in cases 
of GI PTLD. In cases of PTLD with GI involvement, excess 
early mortality often results from excellent systemic treat-
ment response causing GI perforation, and some experts 
consider surgical resection prior to initiating systemic ther-
apy if GI disease is localized [ 148 ]. 

 Radiation may be used for patients with life-threatening 
obstructive or compressive symptoms, and may also be use-
ful for palliation in those with obstructive symptoms that fail 
to respond to systemic therapy [ 249 ]. However, radiation is 
not considered curative in most cases, and patients with 
monomorphic PTLD should be treated primarily with sys-
temic therapy [ 249 ]. Radiation is potentially curative for 
plasmacytoma-like PTLD [ 177 ].  

Radioimmunotherapy using  90 Y-Ibritumomab Tiuxetan, or 
Zevalin, a CD20-directed radiotherapeutic antibody, has pro-
duced prolonged remissions in 8 PTLD patients who had 
failed reduced immunosuppression and rituximab with or 
without chemotherapy [ 293 ]. ORR was 62.5%, and at a 
median follow-up of 37 months, four patients remained in 
CR. Toxicity was primarily hematological, and no TRM or 
graft rejection occurred. Therefore, Zevalin may be an effec-
tive salvage treatment for relapsed or refractory PTLD; how-
ever, cost and accessibility outside clinical trials may limit 
its use.  

26.10.8     Treatment of PTLD Affecting 
the Central Nervous System 

 CNS involvement by  PTLD   portends a poor prognosis [ 100 , 
 154 ,  196 ]. Management of lymphoma in the CNS involves a 
different approach than systemic PTLD due to the poor CNS 
penetration of standard agents, including rituximab. Favored 
regimens in non-transplant primary CNS lymphoma include 
high-dose methotrexate (HD-MTX) (3.5–8 g/m 2 ) alone or 
combined with cytarabine followed by consolidation of 
remission using autologous HSCT or whole brain radiation 
(WBRT) [ 197 ]. However, the toxicity of these regimens pre-
cludes many patients with SOT and HSCT, as MTX is renally 
excreted and should be avoided in those with renal or hepatic 
impairment. Several case series have reported success with 
HD-MTX in highly selected patients with primary CNS 
PTLD with reasonable tolerability [ 288 ,  289 ]. In the largest 
reported retrospective series of primary CNS PTLD ( n  = 84), 
patients treated with rituximab and/or cytarabine (most often 
given after MTX) tended to have better outcomes, although 
the optimal treatment regimen was not discernible due to the 
signifi cant variation in approaches [ 155 ]. Overall, lack of 
response to initial therapy was the strongest predictor of 
adverse survival (HR 8.7). The retrospective nature of these 
studies precludes defi nitive conclusions, but it appears that 
young patients with primary CNS PTLD should be offered 

MTX and rituximab if performance status and organ func-
tion allow [ 148 ,  249 ]. There are several reported cases of 
CNS PTLD, particularly early posttransplant, responding to 
reduced immunosuppression and rituximab monotherapy 
[ 155 ,  290 ,  291 ]; which patients would be suitable for this 
conservative approach is unclear. 

 Radiotherapy may be useful in the setting of CNS disease, 
particularly in patients ineligible for chemotherapy due to 
renal impairment and/or poor performance status and in 
those that progress or have residual disease following che-
motherapy [ 148 ,  197 ]. Although CNS lymphoma is radio-
sensitive, CRs are rare and the vast majority relapse [ 197 ]. 
WBRT may provide improved disease control in patients 
with partial remission after chemotherapy [ 292 ]. 
Unfortunately, brain radiation is known to cause signifi cant 
CNS side effects, such as memory loss [ 197 ].  

26.10.9     Prognosis with Treatment 

 Despite advances in prevention, diagnosis, and therapy, mor-
tality from PTLD remains excessive. Lymphomas were the 
most common cause of cancer-related mortality in SOT 
patients in a recent study of Australian thoracic and liver 
transplant recipients, and the risk of death from NHL was 
17-fold higher than the general population [ 294 ]. In another 
study, however, a comparison of mortality from lymphoma 
subtypes in SOT to outcomes of non-transplant lymphomas 
in a registry yielded no signifi cant difference [ 147 ], suggest-
ing that the excess mortality from NHL in SOT patients 
refl ects the increased incidence [ 294 ]. Patients with PTLD 
have a fi ve-fold higher rate of graft failure [ 295 ]. Retrospective 
series of PTLD post-SOT report OS of 30–68% at 5 years, 
with excess mortality in the fi rst year post-diagnosis [ 100 , 
 110 ,  115 ,  154 ,  196 ]. Treatment with rituximab did improve 
survival in a recent retrospective series [ 100 ]. A large UK 
series of PTLD after HSCT reported 1- and 2-year OS of 46 
and 40%, respectively [ 157 ]. 

 Several groups have published retrospective studies that 
identify clinical prognostic factors, but their applicability is 
limited by small patient numbers, heterogeneous histologic 
subtypes, and treatment modalities. Previously identifi ed 
adverse prognostic factors include monomorphic histology, 
T-cell histology, lack of allograft involvement, bone marrow 
involvement, CNS involvement, advanced stage, poor per-
formance status, elevated LDH, and hypoalbuminemia [ 99 , 
 100 ,  116 ,  147 ,  196 ,  274 ]. The IPI, a clinical score validated 
in aggressive NHL [ 296 ], was predictive of outcome in some 
PTLD series [ 99 ,  147 ,  286 ]. A prognostic score was devel-
oped from 500 PTLD cases in renal transplant patients incor-
porating elevated LDH, disseminated disease, monomorphic 
disease, serum creatinine >133 μmol/L, and age >55 years; 
predicted 10-year OS was 85% for low-, 80% for moderate-, 
56% for high- and 0% for very high-risk scores [ 154 ]. 
Independent predictors of adverse OS in patients treated in 
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the PTLD-1 prospective trial were advanced age (>60 years), 
thoracic transplant, and poor response to rituximab mono-
therapy [ 286 ]. In contrast to earlier studies [ 153 ,  297 ], nei-
ther late PTLD nor EBV-negativity was predictive of 
outcome in several more recent series [ 84 ,  100 ,  154 ,  277 , 
 286 ,  298 ]. 

 Adverse prognostic factors for OS of recipients of T-cell 
depleted HSCT with PTLD treated with rituximab were age 
>60, advanced stage, over 1 extranodal site, poor perfor-
mance status, and absence of peripheral lymphadenopathy. 
Furthermore, rituximab failure resulted in extremely poor 
prognoses [ 157 ]. Other adverse prognostic factors reported 
for PTLD in HSCT treated with rituximab include age ≥30, 
acute GVHD, and no reduction in immunosuppression at 
PTLD diagnosis [ 96 ].  

26.10.10     Retransplantation 
After Posttransplant 
Lymphoproliferative Disorder 

 Successful  retransplantation   in kidney, liver, and cardiac 
allograft recipients who have recovered from PTLD has been 
reported. In an analysis of the UNOS database, 69 patients 
(27 kidney, 22 liver, 9 lung, 6 heart, 4 intestine, 1 pancreas) 
were identifi ed who underwent repeat transplantation after 
an episode of PTLD [ 299 ]. One third of patients had devel-
oped PTLD within the fi rst posttransplant year with only 
1.4% diagnosed beyond the fi rst decade. The interval 
between PTLD and retransplantation was greater than 1 year 
in 75%. The majority were children at the time of fi rst trans-
plant, suggesting that many may have developed PTLD in 
the setting of a primary EBV infection. No recurrent PTLD 
was identifi ed in this cohort, suggesting that retransplanta-
tion is appropriate as long as patients have remained disease- 
free for a signifi cant interval and an immune response to the 
initial EBV infection has occurred. The optimal time from 
PTLD remission to retransplantation is unknown, and in the 
setting of liver, heart, and lung transplantation, timing is 
largely dictated by clinical need. At present, no data suggest 
that any one immunosuppressive protocol is superior to 
another when retransplantation is performed in patients with 
prior PTLD. In general, there is a trend to avoid induction 
with anti-thymocyte preparations.  

26.10.11     Viral Load Testing to Monitor 
Treatment Response and Predict 
Relapse 

 In some SOT and  HSCT   recipients with EBV-positive PTLD 
and high VL at diagnosis, treatment is associated with a fall 
and clearance of VL coincident with clinical and histologic 
regression [ 204 ,  300 ,  301 ]. In a multicenter study of HSCT 
recipients with PTLD treated with rituximab, Styczynski 

et al. [ 96 ] observed that an increase in EBV DNAemia 1–2 
weeks after treatment was a predictor of poor response and 
was associated with an increased risk of death. However, 
virologic and clinical responses are not always concordant in 
SOT PTLD patients receiving rituximab [ 302 ,  303 ] or adop-
tive immunotherapy with EBV-specifi c CTL [ 223 ]. In SOT 
pediatric patients, particularly those experiencing primary 
infection after transplant, asymptomatic intermittent or per-
sistent VL rebound occurs frequently with no short-term 
consequences [ 300 ,  301 ]. These data, which involved VL 
monitoring in cellular blood compartments, suggest VL 
monitoring to measure PTLD therapy response or predict 
relapse in the SOT setting cannot be recommended. However, 
as noted earlier (see Sect.  26.8 ) plasma may be the preferred 
sample type in this setting [ 52 ,  204 ].   

26.11     Potential Future Options 
for Treatment and Prevention 
of PTLD 

 The presence of the EBV genome in all EBV-PTLD cells 
represents an opportunity for highly “tumor-specifi c” target-
ing of therapy. Several investigators have explored the con-
cept that inducing lytic infection in these latently infected 
cells could cause cytotoxicity and this effect could be further 
accentuated by the addition of anti-herpesvirus drugs such as 
acyclovir or ganciclovir [ 304 ]. Studies in EBV-positive lym-
phoid cell lines and animal models suggest that a number of 
agents used for treatment of hematologic malignancies 
including doxorubicin, gemcitabine, rituximab/dexametha-
sone, bortezomib, cyclophosphamide, and γ (gamma)-irradi-
ation induce lytic phase EBV gene expression and the 
concomitant use of antiviral drugs like ganciclovir increases 
cytotoxicity [ 305 ,  306 ]. The use of short hairpin RNA to 
inhibit TERT, a key component of the telomerase complex 
necessary for EBV-cellular transformation, combined with 
ganciclovir has demonstrated similar effects as reviewed in 
Ref. [ 307 ]. 

 A number of histone deacetylase inhibitors including 
butyrate and valproic acid are potent inducers of EBV lytic 
phase gene expression [ 304 ]. In a pilot study, the combina-
tion of arginine butyrate and ganciclovir induced complete 
clinical remissions in four of six patients with PTLD refrac-
tory to conventional chemotherapy and/or radiation [ 308 ]. In 
a phase I/II trial using a similar protocol and inclusion crite-
ria, 10 of 15 patients with EBV-associated lymphoid malig-
nancies experienced regression of tumor with four CR and 
six PR; one third of enrolled patients had PTLD [ 309 ]. Two 
newer histone deacetylase inhibitors suberoylanilide 
hydroxamic acid and romidepsin have been approved for the 
treatment of T-cell lymphomas [ 310 ]. Determining the 
impact of this class of drug or chemotherapeutic agents with 
EBV lytic induction activity when combined with antiviral 
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drugs on EBV-positive lymphoproliferative disorders 
requires further clinical trials in both the general population 
and transplant recipients. 

 Other EBV-targeted therapies being explored in preclini-
cal studies include the elimination of episomal EBV genomes 
by low dose hydroxyurea treatment, use of anti-sense RNA 
against the LMP-1 oncoprotein, expression of detrimental 
cellular proteins using an EBV-specifi c promoter dependent 
expression vector, and the use of small molecules that block 
signaling pathways constitutively activated by EBV [ 304 , 
 311 ]. Manipulation of virally encoded miRNA and virally 
induced cellular miRNAs is a strategy of signifi cant interest 
for the development of novel therapeutics [ 29 ,  312 ]. 
However, targeted delivery of some of these potential thera-
peutic agents to tumor cells is an unresolved challenge. 

 A number of new therapeutic approaches are currently 
being investigated for NHL in the immunocompetent host 
[ 313 ]. Most of these are novel molecularly targeted thera-
pies in various stages of development such as proteasome 
inhibitors (e.g., bortezomib), immunomodulatory drugs 
(e.g., lenalidomide), B-cell receptor signaling inhibitors 
(e.g., ibrutinib), apoptosis effectors (e.g., venetoclax), and 
novel monoclonal antibodies (e.g., obinutuzumab). Gene 
expression profi ling and next-generation sequencing studies 
have identifi ed that DLBCL can be further categorized by 
cell-of- origin (activated B cell (ABC) or germinal center B 
cell (GCB)), and that these subtypes may be dependent on 
unique molecular pathways. Monomorphic B cell PTLDs 
are more often ABC subtype [ 116 ]. The targeted novel ther-
apies showing more promise in ABC subtype include ibruti-
nib and lenalidomide. Whether these agents will be used 
alone or in combination with chemotherapy has yet to be 
determined. 

 Bexarotene, a synthetic retinoid analogue approved for 
use in cutaneous T-cell lymphoma, may have activity against 
other forms of T cell-derived PTLD. Bexarotene has been 
used with good effect in a single case of refractory EBV- 
associated peripheral T-cell PTLD where it appeared to 
induce remission [ 314 ]. Other novel agents holding promise 
in the treatment of non-transplant T-cell lymphomas include 
romidepsin and belinostat (histone deacetylase inhibitors), 
and brentuximab vedotin (an anti-CD30 monoclonal anti-
body) [ 315 ]. 

 Interest has recently turned to the potential use of pami-
dronate, a widely available bisphosphonate that reduces bone 
turnover, in the treatment of PTLD (reviewed in Ref. [ 316 ]). 
It activates and expands a class of λδ (gamma delta) T cells 
that have NK cell characteristics and participate in the innate 
immune system. In vitro, these cells led to lysis of EBV- 
transformed autologous human lymphoblastoid B-cell line. 
In a murine model of human B-cell lymphoproliferative dis-
ease, adoptive transfer of these pamidronate-expanded λδ 
(gamma delta) T cells both prevented the development of 
disease when given preemptively and led to remissions and 
prolonged survival in mice with established disease [ 317 ]. 

Similar results were seen when tested in a murine model 
where immunodefi cient mice had been reconstituted with a 
functional human immune system. Whether these prelimi-
nary results will translate into clinical effi cacy has yet to be 
determined. 

 Research in vaccine development has focused on strate-
gies that would affect EBV-associated disorders, such as 
PTLD, Burkitt lymphoma, and nasopharyngeal carcinoma 
(reviewed in Ref. [ 318 ]). A recombinant gp350 vaccine 
reduced the rate of symptomatic infectious mononucleosis 
from 10 to 2%, although it failed to reduce the rate of asymp-
tomatic primary infection [ 319 ]. Because the theory of PTLD 
pathogenesis suggests that very high VLs may be important, 
vaccines that lower VL in infected patients, even if not pre-
venting infection, may reduce PTLD risk. The EBV- 
seronegative patient awaiting SOT may be a particularly 
important subgroup in whom to further evaluate this vaccine. 
A phase I clinical trial of the gp350 vaccine in EBV- 
seronegative children with chronic kidney disease ( N  = 16) 
failed to prevent either wild-type EBV infection pre- 
transplant or reduction in EBV VLs when compared to non- 
vaccinated patients undergoing primary EBV infection 
posttransplant [ 320 ]. Neutralizing antibody developed in the 
minority and titers declined rapidly. Moreover one of the 
vaccinated children developed PTLD. Whether better 
 adjuvants or a modifi ed vaccination schedule would produce 
greater vaccine effi cacy requires further testing. 
Immunosuppression due to the presence of uremia may also 
have had an impact. 

 An alternative vaccine strategy is aimed at the generation 
of a CTL response to latently infected cells by using 
 formulations of synthetic peptides that mimic immunodomi-
nant epitopes recognized by EBV-induced CD8 +  CTLs 
in vivo. Recently, a phase I trial of such a vaccine has revealed 
that it is well tolerated and induced EBV-specifi c CTL in 
healthy volunteers [ 321 ]. The development of this type of 
vaccine faces the immense obstacle of including suffi cient 
peptides in the formulation to address the large number of 
HLA polymorphisms in the population.  

26.12     Summary 

 Signifi cant progress has been made both in the understand-
ing of the biology of EBV infection and in the pathogenesis 
of PTLD. This has resulted in major advances in the preven-
tion and treatment of EBV-associated PTLD occurring early 
after transplantation. Nonetheless, morbidity and mortality 
associated with PTLD persists. As transplant recipients sur-
vive longer, the risk of late EBV-negative PTLD has become 
more signifi cant. A standardized approach to pathology is 
critical for both understanding pathogenesis and designing 
therapy. New techniques for monitoring EBV VL hold prom-
ise, but they suffer from a lack of standardization. Prospective, 
multicenter, controlled trials evaluating prophylactic, 
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 preemptive, and therapeutic strategies are needed to reduce 
the incidence, morbidity, and mortality associated with this 
complication of transplantation.     
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 Herpes Simplex and Varicella-Zoster Virus 
Infection after Hematopoietic Stem Cell 
or Solid Organ Transplantation                     
     Joshua     T.     Schiffer       and     John     W.     Gnann     Jr.      

27.1           Introduction 

 Because of the impaired cell-mediated immunity that accom-
panies antirejection therapy, clinical manifestations of herpes-
virus diseases in organ transplant recipients are more frequent, 
severe, and prolonged than those in immunocompetent indi-
viduals [ 1 ]. A key characteristic of  herpesviruses   is establish-
ment of latent infections of specifi c tissues that persist for life. 
The viral genome is present within latently infected cells, but 
does not undergo full replication cycles to produce infectious 
progeny. Nevertheless, immune-mediated eradication of the 
infection does not occur. Periodically, latent HSV and VZV 
will replicate and temporarily overwhelm the immune 
response, resulting in herpes labialis or herpes zoster. 

 Infections with herpes simplex virus (HSV) and varicella- 
zoster virus (VZV) are common (>50 % seroprevalence in 
most populations). Most primary infections occur during 
childhood and diagnosis of latent infections is established by 
serological testing. Diseases in adult transplant patients are 
usually due to reactivation. When primary infection occurs 
in transplant patients, manifestations are frequently severe. 

 While CMV causes more than half of viral infections in 
transplant patients, HSV and VZV are the next most common 
viral infections [ 1 – 5 ]. The intensity of immunologic suppres-
sion is associated with frequency and severity of disease. For 
example, the VZV attack rate is fi ve times higher after alloge-
neic hematopoietic stem cell transplantation (HCT) than renal 
transplantation. Reduction in immunosuppressive therapy 
may be necessary to achieve control of life- threatening infec-
tions. While prophylactic antiviral therapy reduces the risk of 
herpesvirus disease, the ultimate goal is to develop selective 
immunosuppression that prevents graft rejection without sup-
pressing antiviral cellular immune responses.  

27.2     Description of the Pathogens 

 Herpes simplex viruses type 1 and type 2 (HSV-1, HSV-2) 
and VZV are alpha  herpesviruses  , characterized by similar 
structures, rapid replication cycles, destruction of host cells, 

lifelong latency in sensory nerve ganglia, and a robust cell- 
mediated immunologic response in tissue. Each virion is 
100–200 nm in diameter. The nucleocapsid is composed of 
162 capsomeres arranged in icosahedral symmetry. An 
amorphous tegument layer surrounds the capsid. The virion 
is enclosed in a lipid-containing laminated envelope with 
external glycoproteins that mediate entry into cells and serve 
as antigens. The herpesvirus genome consists of a linear, 
double-stranded DNA molecule (120–230 kb) with unique 
regions fl anked by terminal repeating sequences. 
 Herpesviruses   specify a variety of enzymes to catalyze steps 
in the replication cycle, including nucleic acid metabolism, 
DNA synthesis, and protein processing. Synthesis of viral 
DNA and capsid assembly occurs in the nucleus; the enve-
lope is acquired as the capsid passes through the nuclear 
membrane. Productive infection with release of progeny 
virus results in cell death.  

27.3     Herpes Simplex Virus 

27.3.1     Epidemiology 

  HSV-1 is  transmitted      most commonly during childhood by 
oral secretions. Since HSV-2 is sexually transmitted, serop-
revalence remains low until puberty. In the USA, HSV-1 and 
HSV-2 seroprevalence is 62 % and 16 %, respectively, with 
signifi cant variation by age and socioeconomic groups [ 6 ,  7 ]. 
A recent trend in developed countries is that HSV-1 is a more 
common cause of incident genital herpes than HSV-2, though 
the long-term recurrence rates of genital HSV-1 may be 
attenuated relative to genital HSV-2 [ 8 ]. In the modern treat-
ment era, the incidence of HSV disease in HCT patients is 
determined by the duration of antiviral prophylaxis: the 
2-year incidence of HSV disease in patients receiving 30 
days of prophylaxis was 32 % versus 0.2 % in patients receiv-
ing a full year of prophylaxis [ 9 ]. 

 Clinical manifestations of HSV occur with increased fre-
quency in patients with reduced cell-mediated immune 
responses due to disease or immunosuppressive therapy. 
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Prior to routine antiviral prophylaxis, HSV disease was noted 
in 70–80 % of HCT and 40–50 % of solid organ transplant 
(SOT) recipients [ 10 – 16 ]. Cumulative incidence in the era of 
antiviral prophylaxis is considerably lower.   

27.3.2     Pathogenesis 

  In a newly  infected   individual, viral replication and spread 
occurs within keratinocytes on the mucocutaneous surface, 
followed by viral transport via cutaneous neurons to nerve 
cell bodies in ganglia where latency is established. When 
latent HSV reactivates, virus travels via sensory nerves back 
to the skin, where replication occurs in epidermal layers, 
sometimes producing clusters of painful vesicles. For HSV-1 
and HSV-2, most shedding is asymptomatic, which is critical 
for transmission [ 17 ]. 

 The immune mechanisms that control HSV reactivation 
are not fully elucidated. CD8 +  T lymphocytes surround 
latently infected neurons, and persistent CD8 +  cytotoxic 
T-lymphocyte (CTL) activity has been demonstrated in 
infected patients [ 18 ,  19 ]. HSV-2 specifi c T-cell aggregates 
persist at mucosal lesion sites for months. The spatial hetero-
geneity of these cells may contribute to the episodic nature of 
-2 shedding over time [ 20 ,  21 ]. Both adaptive and innate 
responses can be suppressed by antirejection immunosup-
pressive therapy. Donor anti-HSV immunity is transferred 
during HCT and provides protection against recurrent dis-
ease, dissemination, and development of antiviral drug resis-
tance [ 22 ]. 

 Most HSV infections that occur following HCT or SOT 
result from reactivation of endogenous virus, rather than pri-
mary infection. Primary infections account for ~2 % of HSV 
disease in HCT recipients [ 23 ]. Determination of HSV-1 and 
HSV-2 serologic status prior to transplantation aids subse-
quent prophylactic strategies. Asymptomatic oropharyngeal 
shedding is common in seropositive transplant patients not 
receiving antiviral prophylaxis [ 24 ,  25 ]. A subset of these 
patients will develop orofacial lesions. Patients occasionally 
transmit virus to remote anatomic sites via autoinoculation, 
resulting in syndromes such as herpes keratitis or whitlow. 

  Herpesviruses   can be transmitted via a solid organ graft 
from a seropositive donor [ 26 – 28 ], though this has not been 
observed following HCT. If the recipient is seronegative, pri-
mary infection occasionally results in viremia, which can 
lead to lethal, visceral organ involvement. Two patients who 
received kidneys from the same donor developed fulminant, 
fatal HSV-2 hepatitis. Isolates from both recipients had iden-
tical restriction endonuclease patterns, proving transmission 
via the transplanted organs [ 27 ]. No such cases have been 
observed in the era of antiviral prophylaxis. 

 In the absence of prophylaxis, most HSV infections occur 
within 30 days after SOT or HCT [ 13 ,  14 ,  28 – 33 ]. HSV reac-
tivates rapidly after initiation of immunosuppressive therapy, 
which coincides with suppression of lymphocyte responsive-

ness to HSV antigens [ 34 ,  35 ]. Intensity of immunosuppres-
sion predicts risk of posttransplant HSV disease, with higher 
rates in SOT patients who received OKT3 or antithymocyte 
globulin [ 13 ,  36 ], and after haploidentical transplant [ 37 ]. 
No correlation between HSV antibody titers and disease has 
been established. Donor immunity does not prevent reactiva-
tion in the graft recipient, but does limit recurrence and drug 
resistance. Following SOT, lymphocyte responsiveness to 
HSV antigens normalize within about 6 months, and recur-
rence frequency declines [ 34 ]. In HCT recipients, reestab-
lishment of specifi c lymphocyte reactivity is dependent on 
reexposure to HSV antigens [ 35 ]. Patients who develop a 
lymphocyte response to HSV after fi rst posttransplantation 
recurrence maintain a lower frequency of subsequent recur-
rences [ 35 ]. In HCT populations, acute graft-versus-host dis-
ease (GVHD) [ 38 ] or a matched-unrelated/mismatched 
donor [ 39 ] are associated with increased HSV disease risk. 
No detrimental effect of HSV infection on graft survival has 
been demonstrated.   

27.3.3     Clinical Presentation and Natural 
History 

 Seventy to eighty percent of   seropositive   HCT patients will 
develop HSV disease [ 13 ,  14 ,  24 ,  35 ,  40 ,  41 ]. Certain che-
motherapies, including  lenalidomide   for multiple myeloma, 
are associated with high incidence of HSV disease. These 
high attack rates provide rationale for antiviral prophylaxis 
to prevent HSV during the weeks after transplantation. 

 The initial presentation of mucocutaneous disease in 
transplant patients often does not differ from infection in 
immunocompetent hosts. However, a subset of lesions in 
immunocompromised patients heal more slowly, and a 
smaller percent undergo fatal dissemination [ 14 ,  40 ,  42 ]. 

  Herpetic lesions   begin as painful erythematous papules 
that progress to clusters of vesicles. If vesicles remain intact, 
they evolve into pustules with the infl ux of infl ammatory 
cells. Vesicles are fragile and rupture results in erosions on 
an erythematous base that crusts. Healing occurs over 5–10 
days in normal hosts, but may take 4–6 weeks in immuno-
compromised hosts off therapy [ 40 ,  42 ]. In some patients, 
large, atypical, mucocutaneous ulcerations develop that 
require biopsy or viral culture for accurate diagnosis. 

  Orolabial lesions   account for most HSV disease in after 
transplant [ 23 ]. Lesions involve the lips, gingiva, tongue, 
posterior pharynx, and perioral skin. In HCT patients, intra-
oral HSV disease during the granulocytopenic period is dif-
fi cult to distinguish from chemotherapy induced mucositis 
[ 43 ]. If typical lesions are present, the diagnosis of HSV gin-
givostomatitis is suggested but should be confi rmed with a 
viral culture or assay for viral DNA, particularly if there is 
concern for drug resistance. Herpetic gingivostomatitis can 
cause severe pain resulting in diminished nutritional intake 
and possible bacterial superinfection. 

J.T. Schiffer and J.W. Gnann Jr.
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  Anogenital herpes   usually results from HSV-2 reactiva-
tion in sacral ganglia [ 44 ], and ranges from self-limited 
lesions to extensive chronic ulcerations that persist for weeks 
[ 45 ,  46 ]. Cases of atypical HSV that mimic HPV disease, 
hemorrhoids, or malignancy have been noted in transplant 
patients [ 44 – 47 ]. Anogenital HSV-2 may be complicated by 
lymphocytic meningitis, which is usually self-limited and 
does not progress to encephalitis. 

  Mucocutaneous HSV infections   can cause serious mor-
bidity, but are usually self-limited. HSV dissemination can 
result in visceral organ infections that are diffi cult to diag-
nose and frequently lethal. HSV can spread by direct exten-
sion from the oropharynx to the gastrointestinal or respiratory 
tracts, causing esophagitis or pneumonia. The presence of a 
nasogastric tube may increase risk of esophagitis in a trans-
plant patient with oral HSV. HSV may mimic skin GVHD 
with histologic features resembling HSV associated ery-
thema multiforme [ 48 ]. HSV encephalitis does not occur 
with increased frequency in transplant patients. Viremic dis-
semination to multiple organs, while rare, is associated with 
high mortality. 

 Patients with HSV esophagitis present with dysphagia and 
odynophagia that may be indistinguishable from syndromes 
caused by  Candida  or CMV [ 49 ,  50 ]. Because clinical and 
radiographic fi ndings cannot distinguish among the etiologies 
of esophagitis, endoscopy for biopsy and cultures is required. 
Endoscopic examination reveals herpetic superfi cial erosions 
and ulcerations that become confl uent [ 49 ,  50 ]. Colitis in 
transplant patients is much more commonly caused by CMV 
than by HSV in the era of antiviral prophylaxis [ 51 ,  52 ]. 

  HSV pneumonia      is more common in HCT, lung, and 
heart–lung transplant recipients, than other SOT patients [ 12 , 
 53 – 55 ]. Pulmonary HSV involvement with HSV most com-
monly results from aspiration or local extension from the 
upper airway, rather than viremia [ 56 ]. HSV-1 pneumonia 
resulting from contiguous spread is characterized by focal or 
multifocal infi ltrates on chest radiograph. Endotracheal intu-
bation increases the risk of direct extension to the tracheo-
bronchial tree. HSV pneumonia resulting from viremia may 
be due to either HSV-1 or HSV-2, presents with diffuse infi l-
trates, and is usually accompanied by disease affecting other 
organs [ 57 ]. HSV pneumonia presents with fever, cough, 
dyspnea, hypoxemia, and chest radiograph abnormalities 
that may be indistinguishable from bacterial pneumonia 
[ 54 ]. Chest computed tomography may demonstrate focal 
consolidation with small centrilobar nodules and areas of 
ground-glass attenuation [ 56 ]. Bronchoscopy reveals tra-
cheobronchitis. Since HSV is frequently present in oral 
secretions, positive cultures from expectorated sputum are 
misleading. A defi nitive diagnosis of HSV pneumonia is 
based on positive viral culture or polymerase chain reaction 
(PCR) of deep lung specimens, coupled with histopathologic 
evidence of infection on biopsy. 

 Viremic HSV-1 or HSV-2 dissemination can result in 
infection of the liver, lungs, adrenal glands, gastrointestinal 

tract, and skin during the fi rst 30 days after transplant. This 
syndrome has been described most frequently in renal and 
liver transplant patients, but also in HCT recipients [ 26 ,  27 , 
 58 – 62 ]. Systemic HSV usually occurs within 1 month of 
transplantation. Primary HSV infection with dissemination 
has occurred when an organ is transplanted from a seroposi-
tive donor to a seronegative recipient [ 26 ,  27 ,  63 ], though 
reactivation in seropositive patients is the more common eti-
ology [ 64 ]. Computed tomography may demonstrate innu-
merable tiny low-density hepatic foci that may be mistaken 
for  Candida  micro-abscesses [ 28 ,  65 ]. Clinical fi ndings 
included abdominal pain and tenderness, fever, and elevated 
hepatocellular enzymes. Not all patients have HSV skin 
lesions. Liver biopsy (for HSV cultures, PCR, and histopa-
thology) [ 28 ,  66 ], or PCR of blood are diagnostic studies of 
choice, the diagnosis is often made postmortem. 

 The mortality rate for transplant patients with untreated 
HSV hepatitis is 60–80 % and approaches 100 % if dissemi-
nated intravascular coagulopathy develops [ 28 ]. Rapid diag-
nosis and early antiviral therapy are essential for survival 
[ 67 ], although a few cases of less fulminant hepatitis 
(>60 days after transplantation) have been reported [ 68 ]. 
Empiric therapy with intravenous  acyclovir   should be 
 initiated as soon as the diagnosis is considered. Liver trans-
plantation has been attempted in a few patients with liver 
failure due to fulminant HSV [ 62 ,  69 – 71 ]. 

 CMV  hepatitis      is also rare, but presents differently. HSV 
hepatitis tends to occur within 5–25 days of transplantation 
is rapidly progressive, and is associated with leukopenia with 
an increased percentage of band forms [ 62 ]. CMV hepatitis 
usually occurs 20–50 days after SOT, has a subacute course, 
and is associated with leukopenia and atypical lymphocytes. 
A liver biopsy is essential to provide an accurate diagnosis, 
especially in liver transplant recipients in whom the differen-
tial diagnosis also includes hepatitis B, hepatitis C, or graft 
rejection. 

 Another scenario in which implantation of allogeneic tis-
sue can transmit HSV is ocular surgery, especially kerato-
plasty or corneal transplantation [ 72 ,  73 ]. HSV transmitted 
by a donor cornea can result in graft failure and ulcerative 
keratitis after transplantation [ 74 ].   

27.3.4     Diagnosis 

     Typical mucocutaneous herpetic lesions can be accurately 
identifi ed by experienced clinicians. Atypical lesions or vis-
ceral organ involvement requires laboratory confi rmation. 
Intraoral HSV lesions can be diffi cult to distinguish from 
mucositis. When performed early during infection, viral cul-
ture of lesions is a sensitive technique: vesicle or ulcer exu-
date is collected on a swab and placed in appropriate transport 
media. Biopsy specimens can be minced and extracted for 
culture and should be inoculated onto cells as soon as possi-
ble. Specimens can be stored at 4 °C for up to 48 h, although 
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some reduction in yield may result. HSV grows readily on 
many mammalian cell lines. Characteristic cytopathic 
changes can be observed within 24–48 h, though growth 
occasionally takes a week. Viral typing can be performed by 
staining cells from the culture monolayer with fl uorescein- 
labeled HSV-1 and 2-specifi c monoclonal antibodies. 

 A variety of rapid diagnostic assays to detect HSV antigens 
or nucleic acids have replaced virus culture at many centers. 
PCR is the method of choice for diagnosing central nervous 
system infections, is sensitive for detecting HSV DNA in tis-
sues and blood, and should be employed for culture negative 
lesions and suspected visceral disease [ 47 ,  75 – 78 ]. 

 A sensitive  direct immunofl uorescence assay (DFA)   is 
available for diagnosis of mucocutaneous lesions in under an 
hour [ 79 ]: cells scraped from a vesicle or ulcer base are 
stained with fl uorescein-labeled monoclonal antibodies spe-
cifi c for HSV-1, HSV-2, or VZV. 

 Because most HSV infections are due to reactivation in 
patients with preexisting antibody, serology is helpful to 
defi ne susceptibility, but not to diagnose active disease. A 
negative assay for anti-HSV antibodies excludes recurrent, 
but not primary HSV. In the past, most laboratories used a 
whole-virus  enzyme-linked immunosorbent assay (ELISA)   
that did not reliably distinguish between antibodies against 
HSV-1 or HSV-2. Current highly specifi c serologic tests usu-
ally allow identifi cation of patients who are infected with 
HSV-1, HSV-2, or both [ 80 ,  81 ]. In cases of borderline sero-
logic results, or results discordant with clinical history, HSV 
Western Blot is the gold standard for diagnosis.   

27.3.5     Therapy 

  The release  of    acyclovir   in the early 1980s revolutionized the 
treatment and prophylaxis of HSV. Small trials of intra-
venous acyclovir for mucocutaneous HSV infections in 

immunocompromised patients demonstrated effi cacy and 
safety [ 82 ]. Subsequent large, randomized, placebo-controlled 
trials in BMT and SOT populations with intravenous  acyclo-
vir   (5 mg/kg or 250 mg/m 2  IV every 8 h) demonstrated 
reduced duration of shedding (median 2.8 vs. 16.8 days), 
pain (median 8.9 vs. 13.1 days), and lesions (median 13.7 vs. 
20.1 days), compared with placebo [ 83 ]. 

 While intravenous  acyclovir   is preferred for severe, life- 
threatening infections, oral acyclovir is more convenient for 
less serious HSV infections, and is safe and well tolerated. In 
21 BMT recipients, oral acyclovir reduced the duration of 
mucocutaneous shedding (median 2 vs. 9 days), pain (median 
6 vs. 16 days), and lesions (median 8 vs. 21 days), compared 
with placebo (Figure  27-1 ) [ 84 ]. Valacyclovir (an acyclovir 
prodrug) and famciclovir (a penciclovir prodrug) have 
in vitro antiviral activity similar to acyclovir, but produce 
higher serum concentrations, which allows simpler dosing 
schedules. Clinical trials in immunocompetent hosts with 
valacyclovir and famciclovir demonstrate high effectiveness, 
though controlled studies with these drugs are limited.

   A topical preparation of  acyclovir   is benefi cial for treatment 
of mucocutaneous HSV in immunocompromised patients 
[ 82 ], but is not as effective as systemically administered drug. 
There is no role for topical acyclovir or penciclovir in trans-
plant patients given the safety of oral preparations. 

 No prospective, controlled studies have been performed to 
evaluate acyclovir in transplant patients with disseminated or 
visceral HSV infections. However, clinical experience 
clearly supports the value of high-dose intravenous acyclovir 
(10 mg/kg IV every 8 h) in this setting [ 14 ,  66 ,  85 ]. 

 Antiviral therapy of  mucocutaneous disease   should be 
continued until lesions are healed, which will usually be at 
least 10 days. Premature discontinuation can result in relapse 
and emergence of acyclovir-resistant HSV. Ganciclovir, 
foscarnet, and cidofovir are primarily used to treat CMV 
but also have excellent activity against HSV.  Acyclovir   has 

  FIGURE 27-1.    Time-to-event 
curves showing probability of 
remaining culture-positive for 
HSV, from a study of BMT 
patients with mucocutaneous 
HSV disease treated with oral 
acyclovir ( closed circles ) or 
placebo ( open circles ) for 10 
days ( P  = 0.0008). (Modifi ed 
from Shepp DH, Newton BA, 
Dardliker PS, et al. Oral 
acyclovir therapy for 
mucocutaneous herpes simplex 
virus infections in 
immunocompromised marrow 
transplant recipients. Ann Intern 
Med. 1985;102:783–785).       
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 limited therapeutic activity against CMV, though high dose 
valacyclovir dosed at 2 g every 6 h is effective in prevent-
ing CMV reactivation [ 86 ]. In transplant patients with con-
current CMV and HSV infections, high-dose ganciclovir, 
foscarnet, or cidofovir provide effective treatment for both 
pathogens. 

 About 2–5 % of HSV isolates recovered from HCT 
patients are acyclovir resistant; the frequency in SOT 
patients is lower [ 87 – 91 ]. While HSV incidence following 
HCT remains low, the percentage of resistant isolates con-
tinues to increase with the advent of longer and deeper 
immunosuppression [ 92 ]. The most common manifestation 
of acyclovir- resistant HSV is extensive, chronic mucocutane-
ous disease [ 91 ]. Serious visceral infections have been 
reported [ 88 ,  93 ,  94 ]. Immunocompromised patients with 
cutaneous lesions or mucositis that fail to heal despite acy-
clovir therapy should be recultured and submitted for antivi-
ral susceptibility testing [ 94 ,  95 ]. 

  Acyclovir   prophylaxis suppresses viral replication and 
reduces the probability of resistance mutations [ 95 ,  96 ]. In 
HCT patients, resistance develops more frequently in patients 
receiving short-term prophylaxis or repeated treatment for 
recurrent disease than in patients on long-term high-dose 
(acyclovir 800 mg twice daily or valacyclovir 500 mg twice 
daily) prophylaxis [ 9 ,  24 ,  91 ,  96 ]. 

 The initial phosphorylation step in acyclovir activation is 
catalyzed by virally encoded thymidine kinase. HSV with 
mutations that alter thymidine kinase will be resistant to acy-
clovir [ 86 ,  94 ,  97 – 99 ]. Famciclovir and ganciclovir are also 
dependent on thymidine kinase for activation, and are against 
most acyclovir-resistant HSV strains. Foscarnet, which is not 
dependent on thymidine kinase, can be used to treat 
acyclovir- resistant HSV [ 88 ,  100 – 102 ].  Foscarnet   is more 

toxic than acyclovir and can lead to renal insuffi ciency in 
25 % of patients as well as electrolyte wasting and aphthous 
genital ulcers [ 103 ]. Infections caused by rare strains resis-
tant to acyclovir and foscarnet may respond to cidofovir [ 89 , 
 104 – 106 ].  Cidofovir   is associated with dose-dependent renal 
insuffi ciency and a Fanconi like syndrome with proteinuria, 
glucosuria, and bicarbonate wasting [ 107 ]. Cidofovir is 
co- dosed with probenecid, which is associated with nausea 
and potentially dehydration. Patients on foscarnet and cido-
fovir should have their renal function tested frequently and 
receive vigorous hydration. Brincidofovir (CMX001), an 
investigational oral prodrug of cidofovir, has greater potency, 
less toxicity and broad activity against CMV, HSV, adenovi-
rus, smallpox and Ebola virus [ 108 ,  109 ].   

27.3.6     Prophylaxis 

  The widespread adoption  of   antiviral prophylaxis has dra-
matically altered the natural history of HSV infections in 
HCT [ 106 ,  110 – 112 ]. Prophylaxis minimizes HSV- 
associated morbidity and mortality in the posttransplant 
period and reduces emergence of acyclovir-resistant strains 
[ 9 ,  95 ,  110 ]. Clinical trials using intravenous acyclovir pro-
phylaxis in BMT patients documented reduction in HSV 
incidence from 70 % to <5 % [ 111 – 113 ]. Prophylaxis using 
oral acyclovir was nearly as effective as (Figure  27-2 ), 
although some patients in the immediate posttransplant 
period had diffi culty taking pills due to stomatitis or nausea 
[ 113 – 116 ]. Due to an increased frequency of HSV disease 
shortly after acyclovir prophylaxis was discontinued, a cur-
rent highly effective strategy is intravenous acyclovir during 
the immediate posttransplant period followed by long-term 

  FIGURE 27-2.    Time-to-event 
curves showing probability of 
remaining culture-negative for 
HSV, from a study of BMT 
patients receiving prophylaxis 
with acyclovir ( closed circles ) or 
placebo ( open circles ) for 5 
weeks ( P  = 0.0002). (Modifi ed 
from Wade JC, Newton B, 
Flournoy N, et al. Oral acyclovir 
for prevention of herpes simplex 
virus reactivation after marrow 
transplantation. Ann Intern Med. 
1984;100:823–828).       
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oral prophylaxis [ 112 ,  115 ,  117 ]. An oral acyclovir regimen 
of 800 mg twice daily has >90 % virologic effi cacy and is not 
associated with development of resistance. This dose is well- 
tolerated, associated with high patient compliance, and 
affordable [ 118 – 120 ], and does not delay marrow engraft-
ment [ 112 ,  114 ,  115 ,  119 ]. Many centers use acyclovir 
400 mg twice daily [ 121 ], though this dose has not been 
tested as extensively for its ability to prevent resistance. Oral 
valacyclovir is well tolerated in HCT patients, offers a sim-
plifi ed prophylactic dosing regimen [ 113 ,  122 – 124 ], and is 
more cost-effective than intravenous acyclovir [ 113 ,  123 ].

   acyclovir prophylaxis is also safe and effective in SOT 
[ 118 ,  124 ,  125 ], including renal [ 30 ,  126 ], liver [ 127 ], and 
cardiac transplant patients [ 128 ,  129 ]. Ganciclovir or valgan-
ciclovir administered for CMV prophylaxis provide effective 
prevention of HSV disease [ 106 ]. Physicians who use a pre-
emptive therapy approach to CMV should use HSV prophy-
laxis with acyclovir or valacyclovir in the early posttransplant 
period.   

27.3.7     Immunoprophylaxis of HSV 
Infections 

  Vaccinating HSV- seronegative   transplant candidates is theo-
retically attractive, but an effective vaccine is not licensed 
[ 130 ]. Clinical trials are ongoing with a variety of attenuated, 
inactivated, subunit, and genetically engineered HSV prepa-
rations. Passive immunotherapy with polyclonal immuno-
globulins has not proven benefi cial for management of HSV 
disease in immunocompromised patients.    

27.4     Varicella-Zoster Virus 

27.4.1     Epidemiology 

  Humans are the  only    known   reservoir for VZV. In temperate 
regions, varicella (chickenpox) epidemics occur annually in 
the late winter and early spring. Prior to introduction of the 
varicella vaccine in 1995, about 3.8 million annual varicella 
cases occurred in the USA. About 60 % occurred in children 
aged 5–9, and 90 % occurred in patients under 15 years of 
age [ 131 ]. Greater than 90 % of the population had varicella 
before age 20. With widespread vaccination, the chickenpox 
incidence has dramatically declined [ 132 ]. Due to either past 
infection or vaccination, fewer than 5 % of adult organ trans-
plant recipients in the USA are VZV-seronegative [ 133 ]. 

 Herpes zoster (shingles) results from reactivation of latent 
VZV. The incidence of zoster in the USA is about four cases 
per 1000 population per year [ 134 – 136 ]. Incidence is age- 
related, exceeding ten cases per 1000 patient-years in indi-
viduals more than 80 years of age [ 134 ,  135 ]. Impaired 
cell-mediated immunity due to lymphoproliferative malig-
nancies, AIDS, or organ transplantation increases risk for 
development of zoster [ 137 ,  138 ].   

27.4.2     Pathogenesis 

   Primary   infection occurs when a susceptible individual is 
exposed to airborne VZV. Patients with chickenpox are 
infectious for 48 h prior to and 4–5 days after rash onset. 
Varicella is most often acquired from exposure to another 
individual with chickenpox, but can occur from exposure to 
a patient with zoster. Rare cases of VZV transmission via the 
donor organ have been reported when the donor had recent 
chickenpox [ 139 ]. Varicella is highly infectious, with attack 
rates exceeding 70 % following household exposure. 

 As VZV replicates in the skin during acute varicella, some 
virions are transported via sensory nerves to the correspond-
ing dorsal root ganglia, where latency is established. The 
specifi c immune responses that limit VZV reactivation from 
ganglia are incompletely understood, but the most important 
factor predisposing to the development of zoster is declining 
VZV-specifi c cellular immunity, resulting from aging or 
immunosuppressive illness or therapy [ 140 ]. Impairment of 
VZV-specifi c effector memory T-cells occurs in SOT patients 
[ 141 ]. Although zoster is usually a disease of adults, VZV-
seropositive children who undergo organ transplantation are 
at high risk for zoster [ 142 ]. Following VZV reactivation and 
replication in ganglion, virus travels along the sensory nerve 
to the skin, where it replicates in epithelial cells, producing 
the characteristic painful dermatomal vesicular eruption of 
herpes zoster (Figure  27-3 ). 

27.4.3        Incidence and Risk Factors 

     The frequency of zoster in transplant populations correlates 
with intensity of immune suppression [ 138 ]. For HCT, the 
cumulative risk of zoster at 5 years posttransplant is 15–25 % 
for autologous and 20–45 % for allogeneic recipients, with 
most infections occurring within the fi rst year [ 143 – 151 ]. 
Among SOT recipients, herpes zoster incidence is about 

  FIGURE 27-3.    Herpes zoster in a heart transplant patient involving 
the right S2 dermatome. Photograph courtesy of John Gnann, MD.       
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20 cases per 1000 patient-years, although risk varies signifi -
cantly by organ type. The cumulative 5-year risk for herpes 
zoster is higher in lung or heart (20–25 %) than in kidney or 
liver recipients (15–20 %) [ 133 ,  152 – 159 ] (Figure  27-4 ). In 
addition to morbidity and mortality, this high incidence in 
transplant patients results in substantial resource utilization 
and cost burden [ 160 ].

   Several factors predispose transplant recipients to zoster. 
Among SOT recipients, African-American race and older 
age are associated with increased relative hazard [ 156 ]. 
Among BMT patients, underlying disease, lymphopenia 
and GVHD are associated with higher risk. The risk is 46 % 
among patients transplanted for Hodgkin disease or lym-
phoma, 23 % for leukemia, and 9 % for solid tumors [ 151 , 
 161 ]. Patients with a CD4 +  lymphocyte <200 cells/μL and 
CD8 +  lymphocytes <800 cells/μL on posttransplant day 30 
had an actuarial risk of 48 % at 1 year [ 146 ]. In studies of 
VZV-seropositive children, the risk of herpes zoster was 
higher after cord blood than after BMT [ 158 ] and higher for 
allogeneic than autologous transplant [ 142 ]. Among allo-
geneic HCT patients, GVHD probably increases the inci-
dence of herpes zoster and dissemination once zoster occurs 
[ 145 ,  147 ,  157 ]. 

 No correlation exists between anti-VZV IgG titers and 
subsequent risk of herpes zoster [ 162 ]. Instead, risk corre-
lates with the level of VZV-specifi c cell-mediated immu-
nity, which is suppressed after transplant. Higher zoster 
rates may occur in patients receiving more intensive immu-
nosuppressive therapy, including mycophenolate mofetil or 
high doses of corticosteroids [ 155 ,  159 ,  163 – 166 ]. 
Bortezomib therapy prior to autologous HCT for multiple 

myeloma has been associated with increased risk of herpes 
zoster [ 167 – 171 ]. 

 Following allogeneic HCT, VZV-specifi c immune 
responses may be lost, even if the donor and the recipient 
were seropositive. As with HSV, T-cell recognition of VZV 
proteins may not be fully reconstituted until the patient expe-
riences reexposure to VZV via clinical disease or possibly 
subclinical reactivation [ 172 ]. However, most patients 
develop durable immunity, and few experience more than 
one episode of zoster.   

27.4.4     Clinical Presentation and Natural 
History 

27.4.4.1     Varicella 

  Because most  adults   are latently infected with VZV, true pri-
mary infection occurs mostly in unvaccinated children [ 173 ]. 
Varicella is only occasionally diagnosed in adult transplant 
patients [ 166 ,  174 – 176 ]. Rare cases of primary varicella 
occur in VZV-seropositive HCT patients, indicating reinfec-
tion [ 177 ]. Determination of VZV serologic status prior to 
transplantation aids clinical decision-making and prevention 
strategies. Chickenpox in patients undergoing HCT or SOT 
has been associated with high rates of morbidity and mortal-
ity [ 166 ,  176 ,  178 ]. Skin lesions may be unusually numerous 
and severe, with ongoing new lesion formation for up to a 
week. Cutaneous complications in immunocompromised 
children include bullous or hemorrhagic lesions, necrotizing 
fasciitis, purpura fulminans, and bacterial superinfection. 
Prior to antiviral therapy, visceral involvement (especially 
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pneumonitis and hepatitis) was reported in nearly half of 
immunocompromised children with chickenpox, resulting in 
10–20 % mortality [ 179 ]. VZV pneumonia occurred in 
25–30 % of these children, presenting with fever, cough, and 
dyspnea within 3–5 days after onset of skin lesions. VZV 
meningitis has also been described in pediatric HCT patients 
[ 180 ]. Potent antirejection therapy and absolute lymphope-
nia (<500/mm 3 ) are risk factors for dissemination and death 
[ 181 ]. The availability of effective antiviral therapy has 
reduced mortality rate to <5 % in transplant patients with 
chickenpox [ 182 – 185 ].   

27.4.4.2     Herpes Zoster 

  Unlike  HSV   infections that occur in the immediate post-
transplant period, VZV reactivation usually occurs later in 
transplant patients (Figure  27-5 ). In the pre-antiviral era, 
median time to zoster following HCT was 5 months, with 
>75 % of cases occurring in the fi rst year [ 161 ,  186 – 188 ]. 
Widespread adoption of prophylactic antiviral regimens has 
resulted in a delay in zoster until a median of 7 months post-
transplant, when prophylaxis has been discontinued [ 145 ]. 
Only 12 % of the episodes occurred within the fi rst 100 days. 
Among patients who survived 24 months after transplanta-
tion, 59 % developed zoster. In a cohort of 239 lung trans-
plant patients, zoster incidence was 12.1 % and mean time to 
fi rst episode was 486 (±265) days. The cumulative incidence 

of zoster was 5.8 %, 18.1 %, and 20.2 % at 1, 3, and 5 years 
after lung transplantation, respectively [ 155 ].

   Clinical herpes zoster in transplant patients can present in 
one of three patterns. In most instances, the patient will 
develop a typical dermatomal skin eruption similar to that 
seen in immunocompetent patients, although the risk of dis-
semination is higher. Malaise and neuralgic pain in the 
involved dermatome precede onset of the rash by hours to a 
few days. A small number of patients present with a pro-
drome of fever, abdominal pain, nausea, and vomiting [ 187 , 
 189 ,  190 ]. In 195 BMT patients with zoster, the rash involved 
the following dermatomes: cranial, 16 %; cervical, 17 %; 
thoracic, 47 %; lumbar, 21 %; and sacral, 12 % [ 187 ]. 
Multiple or noncontiguous dermatomes are involved more 
frequently in transplant recipients than immunocompetent 
hosts. In untreated immunocompetent patients, cessation of 
new vesicle formation occurs in about 3–5 days and lesion 
healing requires 2–3 weeks; in immunocompromised 
patients, these intervals are 8 days and 3–4 weeks, respec-
tively. Prior to antiviral therapy, transplant patients some-
times developed indolent lesions that persisted for weeks or 
months and resolved only when immunosuppression therapy 
was reduced. Complications related to dermatomal herpes 
zoster may include postherpetic neuralgia (20–35 %), cuta-
neous scarring (19 %), ocular complications following tri-
geminal zoster, and bacterial superinfection (17 %) [ 133 , 
 145 ,  150 ,  154 ,  155 ,  187 ,  191 ,  192 ]. Second zoster episodes 
of occur in 5–15 % of transplant patients [ 155 ]. 

 Cutaneous VZV dissemination occurs in 15 % to 30 % of 
HCT patients who initially present with dermatomal herpes 
zoster, with higher rates among allogeneic HCT patients 
[ 145 ,  151 ,  187 ]. Cutaneous dissemination does not increase 
mortality rate, but predicts possible visceral disease, includ-
ing encephalitis [ 193 – 197 ], myelitis, cranial neuropathies 
[ 198 – 201 ], pneumonitis, hepatitis [ 202 ], and necrotizing 
retinitis [ 203 ,  204 ]. Approximately one third of HCT patients 
with dermatomal zoster and cutaneous dissemination subse-
quently develop visceral complications. 

 In HCT patients, 15–20 % of VZV reactivations consist of 
disseminated varicella-like skin lesions with no obvious pri-
mary dermatomal eruption, a syndrome termed  atypical gen-
eralized zoster . This probably represents reactivation of 
endogenous latent VZV in a patient with no effective immune 
responses, although a second primary infection following 
reexposure to exogenous VZV may occur. This syndrome 
resembles varicella, with a 40–50 % risk of visceral involve-
ment [ 151 ,  187 ]. Mortality due to VZV visceral dissemina-
tion was at >50 % in the pre-antiviral era, but is <15 % with 
effective treatment [ 205 ]. 

 Visceral VZV disease with no cutaneous involvement, an 
uncommon presentation, is diffi cult to diagnose and carries a 
high mortality rate. HCT (and rarely SOT) patients present 
with fever, severe abdominal pain, nausea and vomiting, and 
gastrointestinal bleeding [ 190 ,  206 – 210 ]. Rapidly rising 
transaminases suggest acute necrotizing hepatitis, warranting 

  FIGURE 27-5.    Risk of herpes zoster by month after BMT expressed 
as incidence per patient-day (%). (Modifi ed from Locksley RM, 
Flournoy N, Sullivan KM, et al. Infection with varicella-zoster 
virus after marrow transplantation. J Infect Dis. 1985;152:1172–
1181, by permission of Oxford University Press).       
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empiric intravenous acyclovir therapy. Inappropriate antidi-
uretic hormone secretion has been observed with this syn-
drome [ 206 ,  211 ]. In a series of ten HCT patients with 
visceral VZV, mean time from transplantation to onset was 
153 days (range 60–280 days) [ 212 ]. At laparotomy or 
autopsy, these patients have ulcerations in the gastrointesti-
nal tract; hemorrhagic necrosis in the liver, pancreas, and 
kidneys; and positive VZV cultures and PCR from blood and 
involved organs [ 211 ,  213 ]. 

 Lastly, patients may develop subclinical reactivation of 
latent VZV (due to boosted humoral and cellular immune 
responses). In some HCT patients, subclinical VZV reactiva-
tion has been documented by PCR detection of VZV DNA in 
circulating mononuclear cells, accompanied by restoration 
of lymphocyte proliferation responses to VZV antigens 
[ 172 ]. Patients with subclinical reactivation are at low risk 
for subsequent zoster. A related group of patients has been 
described who developed neuralgic pain typical of zoster, but 
no cutaneous lesions (termed  zoster sine herpete ), followed 
by a boost in VZV-specifi c humoral and cellular immune 
responses [ 214 ]. 

 Prior to availability of effective antiviral therapy, the mor-
tality rate for zoster in transplant populations was about 10 %, 
with deaths due to visceral dissemination, especially pneu-
monitis [ 215 ]. In a review of 195 BMT patients, mortality 
associated with dermatomal zoster and varicella-like syn-
drome was 6.7 % and 28 %, respectively [ 187 ]. In a more 
recent study of 43 acyclovir treated episodes in autologous 
BMT patients, all patients survived, including ten patients 
with varicella-like syndrome [ 151 ]. In a study of 25 liver 
transplant patients with zoster (1993–2004), only eight (29 %) 
were hospitalized, 16 (55 %) were treated with oral antivirals 
alone, and none developed visceral involvement [ 183 ].    

27.4.5     Diagnosis 

  The appearances of  classical   varicella and herpes zoster are 
distinctive. In most cases, a clinical diagnosis is accurate and 
reliable. However, in transplant patients, presentations can 
be atypical and distinguishing between VZV and HSV dis-
ease can sometimes be diffi cult. When there is diagnostic 
uncertainty or visceral disease is suspected, laboratory con-
fi rmation is required. 

 Unlike HSV or CMV, VZV is not shed asymptomatically. 
Therefore, identifi cation of VZV virions, antigens, or nucleic 
acids from cutaneous lesions or tissue biopsies is diagnostic 
of active infection. VZV can be cultured by inoculation of 
vesicular fl uid or tissue extracts into monolayers of human 
fetal diploid kidney or lung cells. VZV is labile and efforts 
should be made to minimize specimen transport and storage 
time. Characteristic cytopathic effects are seen in tissue cul-
ture within 3–7 days. VZV identifi cation can be confi rmed 
by direct immunofl uorescent staining of infected cells using 
VZV-specifi c monoclonal antibodies. A more rapid diagno-

sis can be made by using direct fl uorescent antibodies (DFA) 
to detect VZV glycoprotein antigens in cellular scrapings 
obtained from the base of a fresh vesicle when the clinical 
presentation is atypical [ 216 ,  217 ]. 

 PCR is useful for detecting VZV DNA in skin lesions, tis-
sues or fl uids (e.g., cerebrospinal fl uid) and is much more 
sensitive than culture [ 218 ]. PCR of blood is the diagnostic 
method of choice for patients with visceral disease, includ-
ing patients without cutaneous involvement [ 219 – 221 ]. 

 Serologic assays help determine patient susceptibility to 
VZV but are not useful for diagnosing acute infections. Most 
laboratories use an ELISA method that can detect either IgG 
or IgM. Antibodies appear several days after onset of vari-
cella and peak at 2–3 weeks. Patients with zoster are typi-
cally VZV-seropositive at the time of disease onset, but most 
show a signifi cant rise in titer during the convalescent phase. 
Serologic boosting only provides retrospective confi rmation 
of the diagnosis.   

27.4.6     Therapy 

  The  availability   of safe and effective antiviral drugs has 
greatly reduced the high mortality rate previously associated 
with VZV disease in transplant patients. Controlled trials of 
intravenous acyclovir in immunocompromised patients with 
varicella demonstrated a dramatic reduction in complica-
tions, especially pneumonitis. Therapy should be initiated 
immediately with intravenous acyclovir at 10 mg/kg every 
8 h, though some experts recommend higher doses of 
12–15 mg/kg every 8 h (adjusted for renal function, as neces-
sary). A switch to oral acyclovir, valacyclovir, or famciclo-
vir, can be considered when the patient is afebrile and new 
lesion formation has ceased, to complete 10–14 days of ther-
apy. In a retrospective review of 14 pediatric heart transplant 
patients with varicella, half were treated with intravenous 
acyclovir and half received oral valacyclovir; all patients 
recovered without serious complications [ 222 ]. Among 61 
pediatric liver transplant patients with chickenpox, 95 % 
were treated with oral antiviral therapy with no evidence of 
visceral dissemination [ 223 ]. When feasible, immunosup-
pressive treatment should be temporarily reduced in trans-
plant patients with varicella. If the patient is hospitalized, 
isolation procedures are essential to prevent nosocomial 
transmission. 

 Intravenous acyclovir (dosed as above) remains the ther-
apy of choice for zoster in severely immunocompromised 
patients, including allogeneic HCT patients within 4 months 
of transplantation, HCT patients with moderate-to-severe 
acute or chronic GVHD, any patient requiring potent antire-
jection therapy, or any patient with suspected visceral dis-
semination. Studies in BMT patients with zoster proved that 
acyclovir was highly effective at preventing visceral dissemi-
nation [ 224 ,  225 ]. Since most VZV-related fatalities result 
from disseminated infection, treatment with acyclovir has 
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markedly reduced the herpes zoster mortality rate in trans-
plant patients. Intravenous acyclovir is also the drug of 
choice for treating disseminated disease. When disease is 
well-controlled, the patient can be switched from intrave-
nous to oral antiviral medication to complete therapy. For 
less severely immunosuppressed patients, including most 
SOT and autologous HCT patients with zoster, oral therapy 
with acyclovir (800 mg fi ve times daily), valacyclovir 
(1000 mg t.i.d.), or famciclovir (500 mg t.i.d.), coupled with 
close clinical observation, is reasonable [ 226 ]. Patients 
should be treated until healing is complete (or a minimum of 
10–14 days) to reduce risk of relapsing disease. Herpes zos-
ter involving the fi rst division of the trigeminal nerve (herpes 
zoster ophthalmicus; HZO) carries a substantial risk of ocu-
lar complications. Patients who present with HZO should 
initially be treated with intravenous acyclovir and evaluated 
promptly by an ophthalmologist [ 227 ,  228 ]. 

 Since zoster tends to occur late after transplantation, most 
patients have been discharged from the hospital when the 
disease develops. Treating shingles in transplant patients on 
an outpatient basis with oral antiviral drugs is an attractive 
approach, although data from controlled studies are limited. 
In one study, 27 allogeneic BMT patients with zoster were 
randomized to receive oral or intravenous acyclovir [ 229 ]. 
No VZV dissemination occurred in either group, and no dif-
ferences in healing or clinical outcome were apparent. 
Published data from clinical trials with famciclovir and vala-
cyclovir for herpes zoster in immunocompromised patients 
remain limited, but a large body of clinical experience sug-
gests these drugs are safe and effective and can replace oral 
acyclovir [ 230 ,  231 ]. 

 Resistance to acyclovir occurs less frequently with VZV 
than with HSV and occurs more frequently in patients with 
AIDS than in transplant recipients [ 232 ,  233 ]. The possibil-
ity of acyclovir-resistant virus should be considered in 
immunocompromised patients who have progressive VZV 
disease despite appropriate antiviral therapy Based on anec-
dotal experience, foscarnet is recommended for management 
of disease caused by acyclovir-resistant VZV [ 234 ].   

27.4.7     Prophylaxis 

   Antiviral   prophylaxis in the posttransplant period has the 
dual advantage of effectively preventing both HSV and VZV 
disease. Results from two trials of 6 months of acyclovir pro-
phylaxis in BMT patients showed zoster in 11 of 62 placebo 
recipients (18 %) and in none of 62 acyclovir-treated patients 
[ 112 ,  235 ]. In subsequent studies, oral acyclovir was 
extended to 12 months and the risk of zoster was reduced 
throughout the prophylaxis period [ 118 ,  143 ,  236 ]. These 
studies revealed no negative impact of acyclovir therapy on 
marrow engraftment, organ rejection or VZV-specifi c 

immune reconstitution. Zoster incidence increased after 
prophylaxis was discontinued. For populations receiving 
 prophylaxis for 6 months, the cumulative number of zoster 
cases at 12 months was identical between acyclovir and pla-
cebo groups [ 112 ,  126 ,  235 ,  237 ,  238 ]. In HCT patients 
receiving 12 months of prophylaxis, the highly signifi cant 
difference in zoster risk seen at 12 months was not present at 
24 months after randomization [ 143 ]. Risk factors for zoster 
after prophylaxis termination included continued immuno-
suppression and HLA-mismatch donor status. However, in 
larger, more contemporary studies, “rebound” herpes zoster 
following 12 months of acyclovir prophylaxis was not 
observed [ 239 ,  240 ]. Importantly, acyclovir prophylaxis 
(e.g., 400–800 mg p.o. bid) effectively prevents herpes zoster 
during the early posttransplant period when patients are most 
severely immunosuppressed and are at highest risk for VZV-
related complications. Because of its superior pharmacoki-
netic properties, many experts recommend valacyclovir (e.g., 
500 mg p.o. daily or bid) as an alternative [ 241 ,  242 ]. 
Famciclovir would likely also be effi cacious for prophylaxis, 
but supporting data are lacking. 

 Prophylactic antiviral drug regimens (e.g., valganciclovir) 
intended to prevent CMV disease in transplant patients effec-
tively prevent herpes zoster [ 106 ,  144 ,  147 ,  149 ,  159 ,  243 , 
 244 ]. However, some studies have shown that SOT patients 
receiving only preemptive therapy for CMV have a higher 
incidence and shorter time to onset of herpes zoster when 
compared with patients receiving daily prophylaxis [ 245 ]; 
other studies do not support this observation [ 246 ]. Daily 
acyclovir or valacyclovir should be considered in the early 
posttransplant period for patients whose CMV risk is man-
aged with preemptive rather than prophylactic therapy. 

 Recommendations for duration of HSV/VZV-specifi c pro-
phylaxis following HCT have evolved [ 239 ,  244 ,  247 ]. In 
2009, a CDC panel published guidelines recommending acy-
clovir prophylaxis for 1 year following HCT, due to proven 
effi cacy and safety [ 248 ]. Continuing prophylaxis beyond 1 
year does result in continued reduction of herpes zoster risk 
in HCT patients and can be considered for those patients 
with continued need for systemic immunosuppression or 
with chronic GVHD [ 239 ,  248 ]. In all transplant patients, 
resumption of prophylaxis should be considered during 
intensifi cation of immunosuppressive therapy, a period of 
enhanced risk [ 249 ]. 

 A recent investigation was undertaken to determine if allo-
geneic HCT recipients managed with reduced-intensity con-
ditioning (RIC) could safely forego routine antiviral 
prophylaxis [ 250 ]. The cumulative 2-year incidence of zos-
ter was 20.7 % and did not differ between patients receiving 
myeloablative conditioning or RIC; 29 % of the zoster 
patients developed complications [ 250 ]. Therefore, antiviral 
prophylaxis is still warranted even in the setting of non- 
myeloablative conditioning regimens [ 149 ].   
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27.4.8     Prevention 

27.4.8.1     Post-Exposure Prophylaxis 

   Serological   screening prior to transplantation to determine 
susceptibility to VZV is essential to guide decision-making 
regarding immunoprophylaxis. Transplant patients (espe-
cially VZV-seronegative patients) should avoid exposure to 
persons with active VZV infection. Susceptible transplant 
patients with a close exposure to VZV (either chickenpox or 
zoster) should receive varicella-zoster immune globulin to 
provide passive immunity.  VariZIG™   (Cangene Corporation, 
Winnipeg, Canada), the varicella-zoster globulin product 
available in the USA since 2006, can be ordered on a patient- 
specifi c basis from FFF Enterprises, Temecula, CA (24-h 
hotline: 1-800-8437477). In most cases, varicella-zoster 
immune globulin administration will not prevent infection in 
the susceptible host, but will signifi cantly reduce illness 
severity [ 185 ]. Placebo-controlled trials in high-risk immu-
nocompromised children demonstrated that varicella-zoster 
immune globulin ameliorated severity of chickenpox. A sin-
gle treatment will reduce the risk of disseminated infection 
by about 75 % and provide 4 weeks of passive immunity. 
Controlled studies of post-exposure immunoprophylaxis 
have not been conducted in transplant populations and cur-
rent recommendations are extrapolated from the pediatric 
data [ 251 ]. For maximal effi cacy, varicella-zoster immune 
globulin must be administered as soon as possible after 
exposure (optimally within 96 h, but as late as 10 days may 
still provide benefi ts) [ 252 ]. Standard intravenous immuno-
globulin (IVIG) contains substantial amounts of VZV- 
specifi c IgG and can be used if varicella-zoster immune 
globulin is not available. In situations where immune globu-
lin is not available, post-exposure chemoprophylaxis with 
acyclovir or valacyclovir should be considered in seronega-
tive or high-risk transplant patients who have been exposed 
to VZV [ 177 ,  248 ,  253 ,  254 ]. Some experts recommend 
combination prophylaxis with varicella-zoster immune glob-
ulin plus antiviral therapy for all VZV-seronegative HCT 
patients exposed to VZV [ 177 ]. Varicella-zoster immune 
globulin is not useful for treatment of established varicella or 
herpes zoster. Post-exposure vaccination, the intervention of 
choice in immunocompetent persons, is not recommended in 
transplant patients.    

27.4.9     Vaccination 

27.4.9.1     Varicella Vaccine 

   A more  attractive      option for prevention of VZV infection 
and disease is vaccination [ 255 – 259 ]. The VZV Oka  live- 
attenuated virus varicella vaccine (Varivax ® ) has been rou-
tinely administered to immunocompetent children in many 
countries for 20 years [ 260 ]. Concerns about use of 
 live- attenuated virus vaccines in immunocompromised 

patients have focused on the potential for the vaccine virus to 
cause disease and that immunocompromised patients may 
fail to mount a protective immune response [ 261 – 263 ]. 
Preliminary data suggest that varicella vaccine is safe and 
effective when given prior to SOT [ 223 ,  264 – 269 ]. In a study 
conducted in France, all VZV-seronegative renal transplant 
candidates were given a single dose of the varicella vaccine; 
patients who failed to seroconvert received a second dose [ 264 ]. 
Following transplantation, varicella incidence was 12 % 
among vaccinees and 45 % among unvaccinated patients 
with no history of chickenpox. Varicella was less severe in 
the vaccinated population (no deaths) than in the seronega-
tive unvaccinated population (three deaths). Zoster devel-
oped in 13 % of the patients with a history of varicella, in 7 % 
of the vaccine recipients, and in 38 % of the seronegative 
unvaccinated patients who developed primary varicella after 
transplantation [ 264 ]. When feasible, two doses of vaccine 
should be administered with a minimum interval of 4 weeks, 
and completed at least 2 weeks (preferably 4 weeks) prior to 
transplantation. VZV-seronegative household members 
should be vaccinated to minimize exposure of the transplant 
recipient to wild-type virus [ 248 ,  270 ]. 

 An alternative approach is to administer primary or booster 
varicella vaccination after organ transplantation [ 142 ]. 
Pediatric SOT patients who received varicella vaccine dem-
onstrated good humoral and cellular immune responses with 
few adverse effects [ 251 ,  271 – 274 ]. In similar studies involv-
ing pediatric HCT patients, administration of live- attenuated 
varicella vaccine after transplantation resulted in seroconver-
sion and reduced rates of varicella [ 275 ,  276 ]. Posttransplant 
varicella vaccination of adults has not been studied [ 258 ]. 
Although further research is necessary, vaccination will 
likely play an increasingly important role in protecting trans-
plant patients from varicella. Compared with varicella-zoster 
immune globulin or treatment of varicella, immunization 
would be highly cost-effective  [ 277 ].  

27.4.9.2     Herpes Zoster Vaccine 

  Over 90 % of adult  transplant   patients are latently infected 
with VZV and at risk for zoster [ 257 ,  268 ]. A VZV Oka - 
containing vaccine (Zostavax ® ) reduces the incidence and 
severity of herpes zoster in immunocompetent adults, but has 
not been fully evaluated in immunocompromised popula-
tions [ 278 ,  279 ]. Small studies of live, attenuated VZV Oka  
vaccine administration (usually >1 year after transplanta-
tion) for prevention of zoster in adult autologous HCT recipi-
ents have been reported [ 280 ,  281 ]. The vaccine was well 
tolerated and immunogenic in selected immunologically 
stable patients, but much larger studies are required to assess 
safety and effi cacy [ 282 ]. Pretransplant administration of 
herpes zoster vaccine to SOT candidates should theoretically 
be safe and is being evaluated in ongoing trials. 

 Due to concerns regarding use of live-virus vaccines after 
HCT, a novel approach to preventing herpes zoster is the use 
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of a non-replicating VZV vaccine to boost cellular immune 
responses and prevent reactivation. Randomized studies have 
been performed that compared heat-inactivated VZV vac-
cine or placebo administered after HCT transplantation. 
Compared with the placebo group, vaccine recipients had a 
lower rate of zoster [ 283 ] and signifi cantly reduced disease 
severity [ 284 ]. The level of protection correlated with the 
level of reconstitution of CD4 +  T-cell immunity against 
VZV. Recently, an adjuvanted subunit herpes zoster vaccine 
containing VZV glycoprotein E has shown to be highly 
effective for preventing shingles in immunocompetent adults 
[ 285 ]. While studies in transplant populations have not yet 
been reported, this vaccine avoids the risk associated with 
replicating vaccine virus and has great promise for use in 
immunocompromised patients .        
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     28 
   Human Herpesvirus-6, -7, and -8 After 
Solid Organ Transplantation                     
     Nina     Singh     

       Since 1986, three novel herpes viruses, human herpesvirus 
(HHV)-6, -7, and -8, have been discovered. Kaposi sarcoma 
herpesvirus is causally associated with all forms of Kaposi 
sarcoma, including the type seen after transplantation. The 
role of  HHV-6   and HHV-7 as pathogens in transplant recipi-
ents is less well understood. Although the complete spec-
trum of clinical sequelae and ultimately the effective 
prophylaxis and management of  these   viruses has yet to be 
fully elucidated,    existing data suggest that these viruses are 
potentially pathogenic and clinically relevant in transplant 
recipients. 

28.1     Human Herpesvirus-6 

28.1.1     Biologic Features 

 HHV-6 belongs to  the   subfamily Beta herpesviridae in the 
genus Roseolovirus. HHV-6 is an enveloped virion with an 
icosahedral nucleocapsid of 162 capsomeres that contains a 
large, double-stranded DNA [ 1 ,  2 ]. Phylogenetically, HHV-6 
is most closely related to HHV-7 and cytomegalovirus 
(CMV);  nucleotide sequencing   shows 66% DNA sequence 
homology between CMV and HHV-6 [ 3 ]. 

 The primary target cell for HHV-6 is  CD4 +  T lympho-
cytes  , a characteristic that HHV-6 shares with human immu-
nodefi ciency virus (HIV) [ 4 ,  5 ]. The propensity to infect 
CD4 +  T cells preferentially differentiates HHV-6 from other 
DNA viruses. The virus utilizes CD46 as a cellular receptor; 
however, role of a cofactor has been suggested given that 
some human T-cell lines are not permissive of the virus 
despite high expression of CD46. The cellular host range of 
HHV- 6   is broad and includes not only CD4 +  T cells but also 
CD8 +  T lymphocytes, NK cells, macrophages, megakaryo-
cytes, glial cells, and epithelial cells [ 6 ]. HHV-6 has  immu-
nomodulatory characteristics  ;  virus-infected peripheral 
blood mononuclear cells   have been shown to demonstrate 
reduced cellular  proliferatio  n [ 7 ]. HHV-6 also modulates 
host immune response by altering cytokine and chemokine 

responses and by promoting a shift of T-helper responses 
from Th1 to Th2 phenotype [ 7 – 9 ]. 

 Based on genomic DNA sequences,  cell tropism  , and  pro-
tein expression  , research studies have described two distinct 
variants of HHV-6 that have been designated as the A (HHV- 
 6A  ) and B variants (HHV- 6B  ) [ 10 ,  11 ]. The two variants 
exhibit 88% identity at the  nucleotide   level but differ in a 
number of their biologic properties. Most infections in trans-
plant recipients are due to HHV-6B; the isolation of HHV-6A 
from blood samples is distinctly rare in transplant recipients. 
Lack of detection of HHV-6A may imply either that HHV-6A 
reactivation occurs infrequently or that it may be limited to 
sites other than the blood [ 12 ].  

28.1.2     Transmission 

  Seroepidemiologic studies   have shown that primary infection 
due to HHV-6 is usually acquired during  the   fi rst year of life, 
with saliva the most likely mode of transmission. As with 
other herpesviruses, HHV-6 persists in the host in a latent 
form; seroprevalence in healthy adults exceeds 90% [ 13 ,  14 ]. 
Evidence of prior HHV-6 infection has been documented in 
87–91% of the solid organ and 78–100% of the hematopoi-
etic stem cell transplantation (HSCT) recipients [ 15 ]. 
Although the precise site of latency in the body is not known, 
the epithelial cells of the bronchial epithelia, salivary glands, 
and possibly monocytes/macrophages represent the most 
likely sites [ 16 ]. Neurons and glial cells may also be the sites 
where HHV-6 may be latent. A novel and an increasingly rec-
ognized form of HHV-6 persistence is integration of HHV-6 
DNA sequences in the chromosomes of host peripheral blood 
mononuclear and other cells [ 17 – 20 ]. Chromosomal integra-
tion of HHV-6 DNA is a genetically inherited phenomenon 
and is considered to be responsible for vertical transmission 
of HHV-6 [ 21 ] and for  the   transmission of HHV-6 through 
stem cell  transplantatio  n [ 17 ]. This condition is present in 
∼1% of people and has been anecdotally implicated in HHV-6 
central nervous system  diseas  e [ 22 ]. 
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 Most infections in transplant patients are considered to 
result from reactivation of the latent virus. Donor transmis-
sion of HHV-6 with the transplanted allograft has also  been 
  documented.  Mononuclear cells   latently infected with 
HHV-6 in the donor allograft are believed to be the likely 
source of transmission. Following liver transplantation, pri-
mary HHV-6 infection has been reported in 61–100% of the 
patients who were seronegative for HHV-6 prior to trans-
plantation [ 23 ,  24 ]. HHV-6 has been shown to develop 
latency in the kidney in vivo [ 25 ]. Indeed, two renal trans-
plant recipients who received the allografts from the same 
cadaveric donor were documented to have identical genomic 
pattern of their HHV-6 isolates [ 26 ].  Transplanted allograft   
was the likely source of fatal infection due to HHV-6 variant 
A in a renal transplant recipient who was seronegative for 
HHV-6 prior to transplantation [ 27 ].  

28.1.3      Epidem  iology 

 Overall, 38–55% of the renal, 22–54% of the liver, 36% of 
the heart, and up to 57% of the lung or heart–lung transplant 
recipients develop HHV-6 infection [ 27 – 35 ]. Following 
living- related liver transplantation, HHV-6 infection has 
been documented in 48% of the patients [ 36 ]; these included 
all seronegative and 42% of the recipients seropositive for 
HHV-6 prior to living-related transplantation [ 36 ]. 

 HHV-6 infections typically  occur   between 2 and 4 weeks 
after transplantation; this characteristic timing of onset dis-
tinguishes HHV-6 from other beta herpesvirus infections that 
usually occur posttransplantation [ 37 ]. In a study in liver 
transplant recipients where HHV-6 and HHV-7 DNA detec-
tion was sought in the plasma, HHV-6 infection occurred in 
38% (15/40) patients; 67% of the infections occurred at 2 
weeks posttransplantation after which the frequency of viral 
genome in the plasma sharply declined [ 36 ]. In contrast, only 
31% of the HHV-7 infections were detected at 2 weeks with 
no  distinct   peak in time to detection. Further, HHV-7 DNA 
remained detectable in 10–20% of the patients until 8 weeks 
posttransplant [ 36 ]. Temporal sequence of infections with 
the three beta herpesviruses in organ transplant recipients 
showed that HHV-6 reactivation occurred at a median of 20 
days, followed by HHV-7 (median 26 days) and CMV 
(median 36 days) [ 38 ]. 

 Risk factors for HHV-6 infection in organ transplant recip-
ients have not been fully defi ned. Receipt of OKT3 monoclo-
nal antibodies or antithymocyte globulin has been associated 
with HHV-6 reactivation in solid organ transplant (SOT) 
recipients [ 27 ,  39 ]. HHV-6 seroconversion in one study was 
noted more frequently in patients who received immunosup-
pressive regimens containing sirolimus and IL-12 receptor 
antibodies as induction therapy [ 40 ]. There  is   confl icting 
data on the association of HHV-6 with rejection. HHV-6 
infection has been shown to increase the expression of adhe-
sion molecules and the number of human leukocyte antigen 

class II–positive T cells [ 41 ]. HHV-6 infection has been 
associated with acute allograft rejection in some, but not in 
all reports [ 30 ,  34 ,  38 ]. HHV-6 infection and peak HHV-6 
viral load in liver transplant recipients were associated with 
only those rejection episodes that occurred after day 30 post-
transplantation [ 42 ]. In renal transplant recipients, HHV-7, 
but not CMV or HHV-6, correlated with biopsy-proven cel-
lular rejection [ 43 ]. An association between  chronic allograft 
nephropathy   and HHV-6 infection has been reported [ 44 ]. 
Histopathologic fi ndings of chronic allograft nephropathy 
were observed in late biopsies in renal transplant recipients 
who had received antithymocyte globulin/ALG as induction 
therapy and had HHV-6 reactivation [ 45 ]. 

  Liver transplant recipients with hepatocellular carcinoma   
in one report were more likely to develop HHV-6 viremia 
than patients without it [ 34 ]. The association between HHV-6 
and hepatocellular carcinoma was considered to be mediated 
through hepatotropic viruses, for example, hepatitis B and C 
viruses [ 34 ]. It was proposed that hepatotropic viruses may 
facilitate the emergence of HHV-6 from latency by transacti-
vating its immediate early proteins. 

 HHV-6  infections   develop in 35–42% of allogeneic stem 
cell transplant recipients. Higher rates (87–92%) in cord 
blood transplant recipients are considered to be due to paucity 
of primed HHV-6 specifi c memory T cells and low ability of 
cord blood cells to produce protective cytokines [ 46 ,  47 ]. 
 Risk factors   for HHV-6 infection in HSCT recipients include 
younger age, transplantation for hematologic malignancy, 
HLA mismatch, and corticosteroid administration [ 46 ,  47 ].  

28.1.4     Clinical Manifestations 

 The  clinical sequelae   of HHV-6 may result from symptoms 
directly attributable to the virus or from its immunomodula-
tory effects. Symptomatic infection due to HHV-6 occurs 
more frequently in HSCT recipients than it does in SOT 
recipients (Table  28-1 ). The most frequently observed 

   TABLE 28-1.     Clinical sequelae   of human herpesvirus-6   

 Supportive evidence from cohort studies 
 Encephalitis 
 Bone marrow suppression 
 Association with fungal infections 
 Association with cytomegalovirus infection 
 More aggressive recurrence of hepatitis C virus after liver transplantation 

 Evidence from case reports or case series 
 Pneumonitis 
  Exanthem   
 Hepatitis 
 Gastroduodenitis 
 Leukocytoclastic vasculitis 

 Proposed association with confl icting supportive evidence 
 Association with allograft rejection 
 Association with graft-versus-host  disease   
 Mortality 
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 clinical features of HHV-6 are skin rash and  bone marrow 
suppression  . Organ-specifi c involvement (e.g., interstitial 
pneumonitis, encephalitis, and hepatitis) is less common.

28.1.5         Direct   Effects 

 A  nonspecifi c febrile syndrome   with or without a skin rash is 
attributed to HHV-6 in both HSCT and SOT recipients. The 
 febrile mononucleosis syndrome   attributable to CMV in 
transplant recipients may be related to concurrent infection 
with HHV-6 and HHV-7 rather than just CMV alone. HHV-6 
is associated with acute and, less frequently, chronic 
 myelosuppression [ 48 ]. In vitro studies have shown that 
colony- forming units of granulocyte–macrophage precursor 
decrease by 43% with HHV-6 infection; the growth of the 
multipotential precursor of granulocytes,    erythrocytes, 
monocytes, and megakaryocytes was inhibited by 71%, and 
that of erythroid burst-forming units was reduced by 73% 
[ 9 ]. The most common hematologic sequelae of HHV-6 
infection are  delayed platelet engraftment   and  leukopenia  . 
Cytokine-produced or virus-produced soluble  factors   may 
mediate the marrow suppressive effect of HHV-6 [ 9 ]. 
However, research fi ndings have documented the direct 
effect of HHV-6 on the hematopoietic progenitor cells 
in vitro [ 49 ]. 

 HHV-6 is a  neurotropic virus  . A number of well- 
documented case reports of HHV-6  encephalitis  , as well as at 
least three studies that included concurrent controls, have 
documented an association between HHV-6 and central ner-
vous system (CNS) complications of unidentifi able etiology 
[ 50 – 52 ]. In a report in liver transplant recipients, 15% (12 of 
80) of the patients had mental status changes of unknown 
etiology after transplantation [ 34 ]. Patients with HHV-6 vire-
mia had a signifi cantly higher incidence of mental status 
changes of unidentifi able etiology (29%; 9 of 31), compared 
with those without HHV-6 viremia (6%; 3 of 49;  P  = 0.008). 
Among 338 bone marrow transplant (BMT) recipients, CNS 
symptoms developed in 24 (7.1%). Researchers detected 
HHV-6 DNA in the cerebrospinal fl uid (CSF) in 23% (5 of 
22) of the patients with CNS symptoms [ 51 ]. None of the 
fi ve cases in whom HHV-6 DNA was detected in the CSF 
samples had an identifi ed cause of their CNS symptoms, and 
none of the 11  cases   with a known etiology of CNS symp-
toms had HHV-6 DNA in the CSF ( P  = 0.03).  Allogeneic 
BMT recipients   who received  CD3-specifi c monoclonal 
antibody (anti-CD3)   were more likely to develop encephali-
tis than were those patients who did not receive anti-CD3 
( P  = 0.008) [ 53 ]. After adjusting for anti-CD3 therapy, 
HHV-6 was signifi cantly associated with  encephalitis   
( P  = 0.009) [ 53 ]. 

 Mental status changes ranging from confusion to coma, 
seizure, and headache are the predominant clinical manifes-
tation of HHV-6. Focal neurologic fi ndings are rare.  CSF 
pleocytosis   ranging from 6 to 53 cells/mL was present in 

50% of the patients with HHV-6 encephalitis in one review 
[ 52 ]. In the same review,  neuroimaging abnormalities   were 
present in two out of eight patients on  magnetic resonance 
imaging   [ 52 ]. These abnormalities included multiple, nonen-
hancing, low-attenuation lesions in the gray matter. More 
recently, HHV-6 has been identifi ed as an etiologic agent for 
 posttransplant acute limbic encephalitis     , a distinct syndrome 
characterized by seizures, dense anterograde amnesia, and 
neuroimaging abnormalities showing low-attenuation lesions 
typically involving bilateral medial temporal lobes [ 54 ,  55 ]. 

 Some but not all studies in HSCT recipients have  s  ug-
gested a causal association between HHV-6 and graft-versus 
host disease)    (GVHD [ 56 – 58 ]. HHV-6 may present as an 
exanthem that may be indistinguishable clinically from 
GVHD; skin biopsy with demonstration of HHV-6 by immu-
nohistochemistry and polymerase chain reaction (PCR) may 
be diagnostically useful in differentiating the two conditions 
or showing their coexistence [ 56 ,  58 ]. 

 Case reports in stem cell transplant recipients have docu-
mented an association between obliterative bronchitis and 
HHV-6 [ 59 ,  60 ]. Although HHV-6 has been detected in 9.4–
14.6% of the bronchoalveolar lavage fl uid samples in lung 
transplant recipients [ 33 ,  61 ], its relevance as a pathogen in 
this setting is controversial. HHV-7, on the other hand, was 
proposed to have a role in the pathogenesis of  bronchiolitis 
obliterans with organizing pneumonia (BOOP)   given that 
HHV-7-DNA was detected in all (7/7) transbronchial biop-
sies that showed BOOP while coinfection with other beta 
herpesviruses was rare [ 61 ]. Rare cases of  gastrointestinal 
disease  ,  hepatitis  , and  hemophagocytic syndrome   due to 
HHV-6 have also been documented in transplant recipients 
[ 30 ,  62 – 64 ].  

28.1.6     Indirect Sequelae 

 HHV-6 has been  described   as an immunomodulatory and 
immunosuppressive virus that may facilitate superinfections 
with other opportunistic infections in transplant recipients, 
particularly CMV [ 7 ,  23 ,  37 ,  48 ]. A study identifi ed primary 
HHV-6 infection as a signifi cant risk factor for the develop-
ment of symptomatic CMV infection, including tissue inva-
sive CMV disease  in   liver transplant recipients [ 23 ]. In renal 
transplant recipients at risk for primary CMV infection, 
HHV-6 infection is signifi cantly associated with the develop-
ment of  CMV viral syndrome   and CMV  hepatiti  s [ 48 ]. 
HHV-6 infection is an independently signifi cant predictor of 
invasive fungal infections in liver transplant recipients. When 
the risk of opportunistic infections is controlled for the level 
of immunosuppression, HHV-6 infection increases by 3.68- 
fold in liver transplant recipients [ 42 ]. Another study reported 
that liver transplant recipients with HHV-6 had a signifi -
cantly higher mortality; the independent  association   between 
HHV-6 and late mortality approached statistical signifi cance 
in that study [ 34 ]. 
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 HHV-6 infection has been shown to have a role in the 
pathogenesis of hepatitis C [ 42 ,  65 ]. Although  HHV-6 vire-
mia   did not affect the overall rate of recurrence of hepatitis 
C, it was associated with a more severe form of recurrence 
[ 42 ]. Patients with HHV-6 viremia tended to have an earlier 
recurrence and higher fi brosis scores on recurrence than did 
those with HHV-6 viremia [ 65 ]. Of note, patients who 
received ganciclovir as preemptive therapy for CMV infec-
tion had lower total Knodell scores and a trend toward lower 
fi brosis scores than those of patients who did not receive 
ganciclovir [ 65 ]. A protective effect of  ganciclovir   on the 
severity of HCV recurrence was proposed to be mediated via 
its mitigating effect on HHV-6 infection [ 65 ]. 

 Although the  pathophysiologic basis   of the association 
between HHV-6 and severity of HCV, particularly the pro-
gression of fi brosis remains to be determined, a number of 
biologic plausibilities exist. HHV-6 is a potent inducer of 
cytokines, e.g. TNF-α, that play a role in the development of 
hepatic fi brosis. It is proposed that TNF-α leads to activation 
of Kupffer cells in the liver, a key component in the cascade 
of hepatic  fi brogenesi  s [ 66 ]. Production of TNF-α can also 
lead to the induction of  transforming growth factor (TGF- 
β1),   a fi brogenic cytokine that is a potent stimulus for hepatic 
stellate cells to increase the production of extracellular 
matrix protein that ultimately results in hepatic fi brosis [ 67 ]. 

 Clinical relevance of  chromosomally integrated   HHV-6 
has not been fully defi ned in transplant recipients. 
Chromosomally integrated HHV-6 was documented in ~1% 
of the organ transplant recipients and correlated with an 
insignifi cantly higher risk of allograft rejection compared 
with patients who had low grade or no HHV-6 viremia [ 68 ].  

28.1.7      Diagnosi  s 

 Although viral inclusion–bearing cells may appear in histo-
pathologic samples [ 48 ], HHV-6 characteristically elicits 
little infl ammatory response.    Multinucleated giant cells, 
which are similar to the cytopathogenic effect caused by 
HHV-6 in human T lymphocytes in vitro, and enveloped viri-
ons with a prominent tegument that can by visualized by 
electron microscopy in the tissue have been proposed as 
morphologic criteria when assessing the possibility of tissue- 
invasive HHV-6 disease [ 69 ]. 

 Serologic, virologic, and in situ immunohistochemistry 
 assays   have been used for the diagnosis of HHV-6. For the 
serologic diagnosis of HHV-6, enzyme immunoassays are 
more sensitive than are the fl uorescence assays [ 70 ]. As with 
all herpesviruses that establish latency, serologic tests may 
not be reliable indicators of active infection, although they 
are useful for the determination of seroprevalence. Antigenic 
cross-reactivity or concomitant infection with other herpes-
viruses may confound the specifi city of the serologic assays 
or the interpretation of changes in HHV-6 antibody titers. 
Immunoglobulin M (IgM) per se is also not a reliable marker 

for HHV-6 infection because most cases confi rmed by 
 culture or seroconversion have no detectable IgM [ 70 ]. 
Furthermore, up to 5% of healthy adults demonstrate IgM 
positivity at any time [ 70 ]. 

 HHV-6 induces a characteristic cytopathic effect in pri-
mary lymphocyte culture with “large ballooning” refractile 
cells and the loss of normal lymphocyte clumping. The 
detection of HHV-6 in cell culture, however, must be con-
fi rmed by HHV-6–specifi c reagents and  not   merely by the 
 cytopathic effect  . HHV-6 isolation in cell culture is labor- 
intensive and time-consuming, requiring from 5 to 21 days 
for detection. A rapid shell vial (early antigen) assay can 
detect HHV-6 within 72 h [ 48 ]. This assay is analogous to 
the shell vial assay for the diagnosis of CMV. Compared 
with conventional cell culture, the assay has a sensitivity of 
86% and a specifi city of 100% in BMT and liver transplant 
recipients [ 71 ]. 

 The ability of  qualitative PCR   to detect latent virus limits 
its use for the  diagnosis   of HHV-6. Latently infected 
peripheral blood mononuclear cells, however, contain 
fewer than ten HHV-6 genomes per 106 cells. Nevertheless, 
PCR has other advantages. PCR positivity in cell-free spec-
imens can be diagnostically useful. Furthermore, HHV-6 
variant discrimination is readily accomplished by PCR. The 
blood compartment used for the detection may infl uence 
the yield of the virus. Whereas HHV-6B DNA is detectable 
in both peripheral blood leukocytes and plasma, HHV-6A 
DNA is detected primarily in the plasma according to one 
report [ 72 ]. 

 A potential caveat is that patients with chromosomally 
integrated HHV-6 may have detectable virus in the CSF or 
serum even in the absence of active infection [ 17 ]. 
Antigenemia or viral isolation may have diagnostic utility in 
such cases [ 17 ]. A decline in viral load in temporal associa-
tion with treatment also suggests a causal role of HHV-6 in 
patients with a clinical illness compatible with HHV-6 
[ 17 – 19 ]. 

  Immunohistochemical stains   for detecting HHV-6 in 
formalin- fi xed, paraffi n-embedded tissue are also available. 
Immunohistochemical staining of tissues with murine mono-
clonal antibody that is reactive against both the structural 
protein p101 of variant B and the structural protein glycopro-
tein 82 (gp82) of variant A detects cells that are productively, 
and not latently infected with HHV-6.  

28.1.8      Manage  ment 

28.1.8.1     Prevention 

 Of currently available  antiviral   agents, acyclovir has consis-
tently shown poor activity against HHV-6 in vitro [ 73 ]. 
Ganciclovir, on the other hand, has anti-HHV-6 activity 
with EC 50  ranging from 0.56 to >25 in various studies. 
HHV-6 UL69 is the functional homolog of human CMV 
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UL97- encoded kinase that converts ganciclovir to its mono-
phosphate metabolite in the infected cell [ 73 ]. In vitro stud-
ies have shown that the capacity of HHV-6 UL69 
phosphorylates ganciclovir is 10-fold lower as compared to 
that of human CMV UL97 [ 74 ]. Furthermore, the affi nity of 
ganciclovir triphosphate for HHV-6 DNA polymerase is 
6-fold less than that for CMV and 800-fold less compared to 
acyclovir triphosphate for herpes simplex virus (HSV) DNA 
polymerase [ 75 ]. 

 Antiviral prophylaxis with ganciclovir has been shown to 
be protective against HHV-6 infection in some but not all 
studies. In HSCT recipients, HHV-6 infection was docu-
mented in 39% (11/28) of the patients who did not receive 
ganciclovir compared to 0/13 in those  who   did [ 74 ]. In renal 
transplant recipients receiving ganciclovir HHV-6, viremia 
appeared later after transplantation (42 vs. 21 days) and was 
shorter in duration (29 vs. 62 days); however, there was no 
difference in the incidence of viremia (71% vs. 61%) [ 76 ]. 
Low-grade viremia was documented in ~14% of the organ 
transplant recipients receiving valganciclovir for 100 days 
posttransplant; however, no clinical manifestations could be 
attributed to it [ 77 ]. In contrast, suppression of CMV was 
complete. Thus, antiviral prophylaxis is not consistently 
effective in the prevention of HHV-6. The role of targeted 
prophylaxis based on periodic monitoring for HHV6 viremia 
has also not been defi ned. Given lack of standardized quanti-
tative PCR cutoffs that can reliably predict disease, and 
erratic effi cacy of currently available antiviral agents against 
HHV-6, a preemptive therapeutic approach cannot be recom-
mended at this time.  

28.1.8.2     Treatment 

 Overall  mortality   in patients with HHV-6 meningoencepha-
litis has ranged from 45% to 58% [ 50 ,  51 ]. Both ganciclovir 
and foscarnet have been successfully used for the treatment 
of meningoencephalitis, although outcomes have not been 
uniformly good. Of 13 HSCT recipients with HHV- 6   enceph-
alitis, 46% (6) died, that included four treated with  ganciclo-
vir   and two who received ganciclovir and foscarnet [ 78 ]. In a 
review of HHV-6 encephalitis in transplant recipients, cure 
was documented in 7/8 patients who received ganciclovir or 
foscarnet for at least 7 days as compared to 0/4  who   did not 
receive these drugs or received them for less than 7 days 
( P  = 0.01) [ 52 ]. 

 There is evidence that antiviral activity against HHV-6 is 
different in serum and CSF. Amongst 11 HSCT recipients, 
median log decrease in the serum from 2.0 to 0 copies/mL 
and in the CSF from 4.4 to 2.0 copies/mL was documented 
with antiviral therapy [ 50 ]. Furthermore, decreases in CSF 
levels lagged behind that in the serum; earliest negativity in 
the CSF was observed at week 3 of antiviral therapy. Overall 
5/11 patients died, including 4/5 who received foscarnet and 
ganciclovir [ 50 ]. In a recent report, ganciclovir and foscarnet 
were effective in inhibiting HHV-6 in peripheral blood 

mononuclear cells, but only foscarnet and cidofovir inhibited 
the virus in glial cells [ 79 ]. Rarely, ganciclovir-resistant 
HHV-6 disease has been documented in the setting of pro-
longed ganciclovir exposure [ 80 ]. It should be noted that 
while chromosomally integrated HHV-6 is not  treatable   with 
antiviral agents [ 17 ,  19 ], a case of severe encephalomyelitis 
due to chromosomally integrated HHV-6 successfully treated 
with  foscarnet   and  ganciclovir   has been reported [ 18 ]. 

  Maribavir   has been shown to be inactive against HHV-6 
[ 73 ]. However, a recent study that evaluated the activity of 
maribavir against HHV-6 in a cell culture to slow the growth 
of lymphocytes documented that maribavir inhibits the repli-
cation of HHV-6 and the activity of UL69 protein kinase 
[ 81 ]. Other agents with diverse targets and enhanced activity 
are in various stages of development [ 82 ]. Hexadecyloxypropyl 
cidofovir or CMX001, is a lipid conjugate of cidofovir with 
in vitro activity against numerous double stranded DNA 
viruses. In vitro studies in propagated cell  lines   showed a 
100-fold increase of cidofovir-diphosphate concentration in 
cells exposed to hexadecyloxypropyl cidofovir compared to 
cidofovir  although   clinical data are pending [ 83 ].    

28.2     Human Herpesvirus-7 

28.2.1     Overview 

 Infection due to HHV-7, like HHV-6, is ubiquitous. HHV-7, 
however, is more  cell-associated  , less lytic, and slower grow-
ing than HHV-6 [ 84 ]. HHV-7 not only exhibits selective tro-
pism for CD4 +  T lymphocytes, but it also uses the CD4 
molecule as its receptor. Primary infection due to HHV-7 
also occurs during childhood, albeit at a slightly later age 
than does HHV-6. The salivary glands are believed to be the 
sites of persistence and replication of this virus. 

 HHV-7 may be a causative agent of  roseola (exanthema 
subitum),   particularly of the second attack. HHV-7 causes up 
to 10% of the cases of exanthema subitum. An association 
between HHV-7 infection and neurologic manifestations 
(e.g., acute hemiplegia in childhood and febrile convulsions) 
has been reported in nontransplant settings [ 85 ]. 

 Viremia due to HHV-7 has been demonstrated by the 
detection of HHV-7  DNA   via PCR of the peripheral blood 
mononuclear cells in 57% of the bone marrow and 39% of 
the renal transplant recipients [ 86 ,  87 ]. HHV-7 may be a 
cofactor in the pathogenesis of CMV in transplant recipients. 
Patients with CMV disease are more likely to have HHV-7 
DNA detection than are those with asymptomatic CMV 
infection [ 57 ]. In a study of renal transplant recipients, 
patients coinfected with CMV and HHV-7 were more likely 
to have CMV disease, as compared to those with CMV infec-
tion only [ 43 ]. The  febrile syndrome   associated with CMV 
in liver transplant recipients may be due to concurrent infec-
tion with HHV-6 and/or HHV-7 [ 88 ]. A possible association 
between HHV-7  with bronchiolitis obliterans   and organizing 
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pneumonia was reported in a lung transplant recipient [ 61 ]. 
One report of fatal encephalitis in association with HHV-7 in 
a  peripheral blood stem cell transplant recipient   has been 
published [ 89 ].  

28.2.2     Management 

 Confl icting reports exist regarding the in vitro susceptibility 
of HHV-7 to  ganciclovir  . Researchers have evaluated the 
inhibitory activity of four classes of antiviral agents against 
HHV-7 [ 90 ]. These included  foscarnet  ; the  β-guanine ana-
logues  ,  acyclovir  ,  ganciclovir  , and  penciclovir  ; the  acyclic 
nucleoside phosphonates   e.g., cidofovir and its cyclic deriva-
tives, cyclic HPMPC [(S)-1-(3-hydroxy-2- phosphonylmetho
xypropyadenine)]; and a series of benzimidazole ribonucleo-
sides [ 90 ]. In this study, HHV-7 was most sensitive to  cido-
fovir   and its related compounds and least sensitive to the 
β-guanine analogues, including ganciclovir [ 90 ]. In another 
study, however, ganciclovir was shown to be highly active 
against HHV-7 [ 91 ]. 

 Data regarding the clinical effi cacy of antiviral agents for 
HHV-7 are sparse. One study reported clearance of HHV-7 
DNA in the blood, as detected by PCR, in one of two BMT 
recipients who received ganciclovir and in two of those who 
received foscarnet [ 86 ]. A study of renal transplant recipi-
ents, however, showed that neither oral nor intravenous gan-
ciclovir had an effect on the  prevalence   of HHV-7 viremia, as 
detected by PCR [ 92 ].   

28.3     Human Herpesvirus-8 or Kaposi 
Sarcoma Herpesvirus 

28.3.1      Biologic   Features 

 Kaposi sarcoma herpes virus (KSHV) is a member of the 
subfamily Gammaherpesviridae that belongs to the genus 
Rhadinovirus. These herpesviruses are transforming viruses 
that are capable of causing tumors in their natural hosts. 
KSHV is most closely related to herpesvirus  s  aimiri with 
which it bears 51% DNA sequence homology [ 93 ]. 

 KSHV is unique among herpesviruses in that it contains 
an unprecedented number of genes that are transduced from 
the host cellular genomes during its evolution, a phenome-
non known as molecular piracy [ 94 ]. While they are less 
important for viral replication, these genes do encode for cel-
lular homologs that induce angiogenesis, regulate antiviral 
immunity, and alter cellular growth [ 94 ]. Spindle cells are 
the histopathologic hallmark of Kaposi sarcoma (KS). Most 
of these cells stain positive for endothelial cell markers; 
however, some cells express proteins that are characteristic 
of smooth muscle cells, macrophages, or dendritic cells. 
These data suggest that KS spindle cells are derived from a 
pluripotent mesenchymal progenitor cell [ 94 ]. 

 Whether KS is a true malignancy or a cytokine-driven 
hyperplasia is unknown. KSHV is a potent inducer of angio-
genic cytokines, such as IL-6, basic fi broblast growth factor, 
and IFN-γ [ 94 ]. KS spindle cells produce IL-6, and the addi-
tion of exogenous IL-6 to culture can enhance the prolifera-
tion of KS cells in culture, which has led many to believe that 
KS is a cytokine-driven lesion.  

28.3.2     Epidemiology and Clinical 
Manifestations 

 The incidence of KS in  transplant   recipients largely parallels 
the geographic seroprevalence of KSHV in that region 
(Table  28-2 ). Consequently, wide geographic variations in 
KS rates are observed. In areas of low seroprevalence of 
KSHV (e.g., United States), KS affects less than 1% of the 
transplant recipients, and it accounts for 3–10% of all malig-
nancies in transplant recipients. On the other hand, in South 
Africa and Saudi Arabia, KS affects up to 5% of the trans-
plant recipients, and it accounts for between 59% and 87% of 
the posttransplantation malignancies [ 95 ,  100 – 102 ]. The 
striking male predominance of KS lesions in the nontrans-
plant setting is less pronounced in transplant recipients, who 
have  a   male-to-female ratio of 3:1.

   Although most KS lesions in transplant recipients result 
from the reactivation of latent virus, transmission via the 
transplanted allograft can occur. In a liver transplant recipi-
ent with KS, the anatomic distribution of KS in an autopsy 
study and the HLA haplotyping suggested that KS arose in 
the stromal endothelial cells of the donor liver [ 103 ]. After 
transplantation, the seroconversion rates range from 2% to 

   TABLE 28-2.     Geographic variations   in the incidence of Kaposi sar-
coma in solid organ transplant recipients   

 Country 
 Incidence of Kaposi 
sarcoma (%) 

 Proportion of all malignancies in 
transplant recipients that are due 
to Kaposi sarcoma (%) 

 United States  0.5  3–10 

 France  0. 6    8.3 

 Italy  1.6  – 

 Israel  2.4  – 

 South Africa  4   59   

 Saudi Arabia  5.3  87 

  Data from Moosa MR, Treurnicht FK, van Rensburg EJ, et al. Detection and 
subtyping of human herpesvirus-8 in renal transplant patients before and 
after remission of Kaposi’s sarcoma. Transplantation. 1998;66:214–8 [ 95 ]; 
Penn I. Incidence and treatment of neoplasia after transplantation. J Heart 
Lung Transplant. 1993;12:S328–36 [ 96 ]; Harwood AR, Osoba D, Hofstader 
SL, et al. Kaposi’s sarcoma in recipients of renal transplants. Am J Med. 
1979;67:759–65 [ 97 ]; Hiesse C, Kriaa F, Rieu P, et al. Incidence and type of 
malignancies occurring after renal transplantation in conventionally and 
cyclosporine-treated recipients: analysis of a 20-year period in 1600 
patients. Transplant Proc. 1995;27:972–4 [ 98 ]; and Montagnino G, Bencini 
PL, Tarantino A, et al. Clinical features and course of Kaposi’s sarcoma in 
kidney transplant recipients: report of 13 cases. Am J Nephrol. 1994;
14:121–6 [ 99 ].  
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12% [ 104 ,  105 ]. Higher rates of seroconversion are observed 
in liver transplant recipients than in renal transplant recipi-
ents [ 105 ]. Another study indicated that seroconversion 
occurred at a mean of 5 months after transplantation and that 
it preceded KS by 11.5 months [ 100 ]. KS is one of the earli-
est posttransplantation malignancies to occur in transplant 
recipients. The median time to onset is 22 months for KS, 32 
months for lymphomas, and 69 months for epithelial malig-
nancies [ 96 ]. The frequency of KS is higher in liver trans-
plant recipients than it is in other organ transplant recipients 
[ 96 ]. Notably, rare reports of KS in BMT recipients are 
encountered. KSHV viremia as quantifi ed by a real-time 
PCR correlates with the progression of KS in transplant 
recipients [ 106 ]. 

 Although the skin is the most commonly involved site of 
KS, up to 40% of transplant recipients may develop visceral 
lesions, including gastrointestinal, pulmonary, bladder, and 
laryngeal KS. Gastrointestinal involvement may often be 
occult, or it may be associated with nonspecifi c gastrointes-
tinal symptoms and bleeding. Occasionally, perforation, 
obstruction, and protein-losing enteropathy caused by lym-
phatic obstruction may occur. In addition, some  authors   
report nonneoplastic manifestations (e.g., a syndrome char-
acterized by fever, splenomegaly, and marrow failure with 
plasmacytosis) after transplantation [ 107 ].  

28.3.3     Management 

 Reduction or withdrawal of immunosuppression remains the 
mainstay of the management of KS in transplant recipients. 
 Although   the regression of KS with the reduction or cessa-
tion of immunosuppression occurs in all forms of KS, remis-
sion rates are higher for visceral lesions than for those that 
are nonvisceral. However, up to 50% of the patients treated 
with the cessation of immunosuppression may lose their 
grafts [ 101 ,  108 ]. In patients with  disseminated   or visceral 
KS that fails to respond to modifi cations in immunosuppres-
sion, combination chemotherapy has been employed in some 
reports [ 109 ]. Of fi ve transplant recipients treated with com-
bination therapy with doxorubicin, bleomycin, and vincris-
tine, two experienced a complete remission and two had a 
partial response [ 109 ]. In this setting, retransplantation in 
renal allograft recipients leads to the recurrence of KS lesions 
almost universally [ 108 ]. However, some case studies have 
reported a successful outcome after retransplantation [ 110 ]. 

 The existence of lytically infected cells in KS lesions has 
implications for the treatment of KS with antiviral agents. 
Nucleoside analogues (e.g., acyclovir and penciclovir) have 
minimal in vitro activity against KSHV. Although the virus 
is susceptible to ganciclovir and foscarnet, the acyclic nucle-
osides phosphonate analogues, cidofovir and HPMPA, are 
potent inhibitors of HHV-8 DNA synthesis [ 111 ]. Reportedly, 
adefovir blocks HHV-8 DNA replication at a fourfold lower 
concentration than does foscarnet [ 111 ]. 

 In the setting of HIV, a signifi cant reduction in the risk of 
KS in patients who receive ganciclovir has been reported; 
however, experience with antiviral therapy in the transplant 
setting is limited. In four thoracic organ transplant recipients 
who received cidofovir for KS recurrence or for intolerance 
of cytotoxic chemotherapy, researchers documented the 
clearance of KSHV from the  blood   in two out of two and 
from skin lesions in two out of four patients [ 112 ]. Clinical 
improvement of one patient’s gastric KS lesions was 
observed [ 112 ]. However, results regarding a role for antivi-
ral therapy in the management of  posttransplantation   KS are 
inconclusive. 

 B cells in the lymph nodes of patients with KSHV-related, 
multicentric Castleman disease stain positively for CD20 
surface antigen; one study used anti-CD20 antibody therapy 
in a patient with HIV infection [ 113 ]. The role of other 
experimental therapies (e.g., inhibitors of angiogenesis and 
retinoids) is unproven [ 114 ]. 

 The immunosuppressive agent rapamycin has been shown 
 to   inhibit the growth of  primary effusion lymphoma (PEL)   
cell lives, and to prevent and delay the development of PEL 
tumors in animal models of severe combined immunodefi -
ciency [ 115 ]. Anecdotal reports have documented regression 
of KS lesions in transplant recipients upon conversion to 
rapamycin-based  immunosuppressio  n [ 116 ,  117 ]. Others 
have reported no such benefi cial effect [ 118 ].   

28.4     Summary 

 Existing literature supports the role of HHV-6 as a potential 
cause of encephalitis and bone marrow suppression in trans-
plant recipients. An association of HHV-6 with fungal infec-
tions and CMV infection has been documented. HHV-7 also 
appears to be an immunomodulatory agent that may facili-
tate the pathogenicity of CMV. One possibility is that the 
benefi cial effect of antiviral prophylaxis for CMV in trans-
plant recipients could have been mediated in part through its 
effect on these newer beta herpesviruses. Trials for CMV 
chemoprophylaxis may consider assessing the effect of anti-
viral agents on HHV-6 and HHV-7 since these data have 
implications for the further elucidation of the pathogenicity 
of these viruses.     
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29.1           Introduction 

 Herpesviruses have plagued persons undergoing hematopoi-
etic stem cell transplantation (HCT) since the introduction of 
this life-saving therapy in the 1950s. With the early recogni-
tion of severe disease due to local or disseminated herpes sim-
plex virus (HSV), it was clear that preventative measures were 
necessary, and acyclovir prophylaxis studies were initiated in 
the early 1980s [ 1 ]. Similarly, human cytomegalovirus (CMV) 
reactivation was found to occur in the majority of patients, 
many of whom developed severe pulmonary and gastrointesti-
nal disease unimpeded by acyclovir. This prompted the devel-
opment of prophylactic and preemptive treatment strategies 
using ganciclovir and foscarnet [ 2 ]. Human herpesvirus 
(HHV) 6A, HHV-6B, HHV-7, and HHV-8 (also known as 
Kaposi’s sarcoma associated herpesvirus, or KSHV)    were 
unknown in the early era of HCT, only to be discovered in an 
8-year period between 1986 and 1994 [ 3 – 5 ]. 

 HHV-6A, HHV-6B, and HHV-7 are T lymphotropic 
viruses closely related to CMV, placing them in the betaher-
pesvirus family. Given their etiologic link to roseola infan-
tum, these viruses are designated Roseoloviruses. Population 
based studies demonstrate that upwards of 95% of the human 
population is infected in the fi rst few years of life. KSHV is 
a member of the gammaherpesvirus family in the rhadinovi-
rus genus. Infection with KSHV is less frequent, and serop-
revalence ranges widely from <10% to >40% depending on 
geographic region and risk factors [ 6 – 8 ]. 

 The preponderance of evidence suggests an  importan  t  role 
  for HHV-6B in complications after allogeneic HCT, whereas 
there is less support for a signifi cant role  for   HHV-6A, HHV-
7, and KSHV.    The utility of screening and preventive 
approaches for these viruses remains unclear given a still 
limited understanding of the full spectrum of their clinical 
impact after HCT, coupled with costly diagnostics and lim-
ited low-risk therapeutic options. 

 This chapter will focus on recent advances in our under-
standing of the post-HCT epidemiology, clinical impact, 
diagnosis, and treatment of HHV-6B in particular, in addi-
tion to HHV-6A, HHV-7, and KSHV.  

29.2     Epidemiology 

29.2.1     HHV-6A and B 

 HHV-6A and HHV-6B were classifi ed as separate species in 
2012 due to epidemiological, biological, and immunological 
distinctions [ 9 ]. HHV-6B infects most children within the 
fi rst few years of life and is likely transmitted by saliva [ 10 , 
 11 ]. The epidemiology of HHV-6A is not as well described. 
Primary infection with HHV-6A appears to occur later in life 
and with less frequency [ 12 ], although early infection may 
be more common in Sub-Saharan Africa [ 13 ]. 

 HHV-6B uses  the   cellular receptor CD134 for entry into 
cells [ 14 ], whereas HHV-6A uses CD46 [ 15 ]. Like other her-
pesviruses, these pathogens chronically infect their host and 
remain latent in a variety of cell types, including peripheral 
blood mononuclear cells (PBMCs), natural killer cells, bone 
marrow progenitor cells, salivary glands, bronchial glands, 
oligodendrocytes, and astrocytes [ 10 ,  16 ,  17 ]. Although the 
putative method of latency remains unclear, there is mount-
ing evidence to support subtelomeric chromosomal integra-
tion rather than episome formation, a mechanism unique to 
HHV-6 species among HHVs [ 18 ,  19 ] (Figure  29-1 ). If viral 
integration occurs in a germ-line cell, vertical transmission 
of chromosomally integrated HHV-6 (ciHHV-6) results in 
offspring with latent HHV-6 in all nucleated cells. This con-
dition of inherited ciHHV-6 is found in ~1% of the popula-
tion (~70 million individuals worldwide). HHV-6B is 
responsible for two-thirds of inherited ciHHV-6 cases while 
HHV-6A accounts for one-third [ 18 ]. Importantly, viral inte-
gration is not a dead end, as reactivation with associated 
cytopathic effects can be induced in vitro [ 20 ], and a case of 
apparent inherited ciHHV-6-associated disease was recently 
described in a child with severe combined immunodefi ciency 
who underwent HCT [ 21 ].

   HHV- 6B   accounts for ~98% of HHV-6 species reactiva-
tion after allogeneic HCT [ 22 – 26 ]. Studies of HHV-6B 
detection in diverse populations of allogeneic HCT recipi-
ents, primarily using polymerase chain reaction (PCR) 
assays to detect viral DNA, demonstrate that 40–50% of 
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patients have viral reactivation at a median of approximately 
3 weeks after HCT (Table  29-1 ). Given that the majority of 
people are seropositive for HHV-6B at the time of HCT, most 
viral detection is likely due to viral reactivation; however, as 
a number of leukocyte subsets are sites of latency for HHV-6 

[ 16 ,  17 ], there is also the possibility of graft-induced (re-)
infection with HHV-6 from donor to recipient. The most 
common risk factors for HHV-6 reactivation include cord 
blood transplantation (CBT), use of a mismatched or 
 unrelated donor, receipt of anti-T-cell antibodies, acute 

  FIGURE 29-1.    Chromosomal integration of HHV-6A and B. Human herpesvirus 6A and 6B are able to integrate into the subtelomeric and/or 
telomeric region of human chromosomes.  Upper panel : This demonstrates a potential pathway of latency in a naturally infected individual in 
whom the virus integrates into a chromosome of infected cells.  Lower panel : This demonstrates the unique condition of inherited chromosom-
ally integrated HHV-6 that occurs when the virus infects and integrates into the chromosome of a gamete that is subsequently fertilized. This 
will result in an individual with one copy of the entire HHV-6 genome in every nucleated cell and in 50% of their gametes, allowing for vertical 
transmission. Reprinted from Current Opinion in Virology, Volume 9, Kauffer BB and Flamand L, Chromosomally integrated HHV-6: impact 
on virus, cell and organismal biology, 111–118, Copyright 2014, with permission from Elsevier.       

       TABLE 29-1.    Epidemiology of HHV-6A, HHV-6B, HHV-7, and KSHV infections in HCT recipients   

 Population-based seroprevalence  Incidence of reactivation (%)  Risk factors for reactivation after HCT 

 HHV-6A  Not well studied  0–3 a   Not well understood 

 HHV-6B  ~95% after infancy  40–50  Cord blood HCT 
 HLA mismatched donor 
 Unrelated donor 
 Acute graft-versus-host disease 
 grades II–IV 
 Receipt of anti-T-cell antibodies 
 Receipt of steroids 

 HHV-7  ~95% after infancy  20–60  Not well understood 

 KSHV  Sub-Saharan Africa, >30–40% 
 Mediterranean, 10–20% 
 Americas and Asia, <10% 
 Men who have sex with men, 20–40% 

 0–1  Not well understood 

   a Consider latent inherited ciHHV-6A as a source of viral DNA.  
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 graft- versus- host disease (GVHD) grades II–IV, and treat-
ment with glucocorticoids [ 23 ,  24 ,  27 – 32 ] (Table  29-1 ). The 
highest rates of HHV-6B detection are seen after CBT; in a 
recent prospective cohort of 125 CBT recipients, reactiva-
tion was documented in 94% of patients [ 25 ]. CBT recipients 
also have higher levels of HHV-6 reactivation with median 
viral loads approximately 1 log 10  higher than recipients of 
other sources of stem cells (i.e., PBMCs or bone marrow) 
[ 25 ,  33 ]. While use of alternative donor sources and graft 
manipulation, such as cord blood cells and T-cell depletion, 
has allowed for expanded access to HCT, later engraftment 
and delayed adaptive immune reconstitution have resulted in 
a greater burden of virus-associated complications [ 34 ]. A 
recent study also demonstrated that up to 50% of CBT recipi-
ents have long-lasting detection of HHV-6B a median of 4 
years post-CBT, despite no signifi cant differences in long- 
term immune reconstitution [ 35 ].

29.2.2        HHV-7 

 HHV-7, similar to HHV-6B,  infects   most children within the 
fi rst few years of life and is thought to be transmitted via 
saliva [ 3 ,  10 ,  36 ,  37 ]. HHV-7 exhibits selective tropism for 
CD4+ T-cells and uses the CD4 receptor for cell entry [ 38 ]. 
Primary infection rarely comes to clinical attention but is 
likely another, although less frequent, cause of roseola infan-
tum. Most studies of HHV-7 after HCT have been conducted 
in pediatric patients, who have a 20–60% incidence of 
HHV-7 DNA detection, typically during the fi rst 2–6 weeks 
after HCT [ 39 – 41 ] (Table  29-1 ). One study reported a lower 
rate of detection (5.5% of patients) and detection in alloge-
neic but not autologous HCT recipients [ 42 ]. In contrast to 
HHV-6B, there is no obvious peak time of reactivation, and 
the vast majority of reactivation events are transient and low- 
level. Risk factors for HHV-7 reactivation have not been well 
studied. A prospective study assessing for HHV-7 reactiva-
tion with weekly PCR testing for 12 weeks after autologous 
and allogeneic HCT in 59 pediatric patients showed a nega-
tive association with HHV-6 reactivation and an increased 
incidence after autologous (vs allogeneic) HCT and PBMC 
(vs cord blood/bone marrow) HCT in univariate models [ 39 ]. 
Another study in 125 pediatric HCT recipients reported a 
positive association with higher dose of CD34+ stem cells, 
use of busulfan, related donor, and HHV-6 reactivation.  

29.2.3     KSHV (or HHV-8) 

 KSHV infection is  less   ubiquitous than HHV-6A, HHV-6B, 
and HHV-7. Although the timing and precise route of infec-
tion are not well understood, exposure to saliva through 
casual contact among children and young adults is the most 
plausible route of infection in the majority of individuals 
[ 43 ]. CD19+ B cells appear to be the primary viral reservoir, 
but other potential reservoirs, such as the endothelium, 

CD68+ monocyte-macrophage cells, salivary glands, and 
prostate epithelia have been proposed [ 6 ]. There are notable 
geographic differences in the seroprevalence of KSHV, with 
the highest rates in sub-Saharan Africa (>30–40%), interme-
diate rates in Mediterranean areas (10–20%), and lowest 
rates in Asia and the USA (<10%) [ 6 ] (Table  29-1 ). KSHV 
infection is evident in 20–40% of men who have sex with 
men [ 6 – 8 ], and sexual transmission has been demonstrated 
within this population [ 44 ]. Interestingly, KSHV is not 
detected in appreciable amounts in seminal fl uid or the 
 rectum [ 45 ]. 

 An epidemiologic study of 187 HCT donor–recipient pairs 
in Italy found that 13% of donors and 11% of recipients were 
seropositive for KSHV [ 46 ]. KSHV DNA detection in the 
blood was rare (0–1%) after HCT in this and other studies 
[ 47 ] (Table  29-1 ). Among solid organ transplant recipients 
developing KS, more than 80% appear to be seropositive 
prior to transplant, suggesting viral reactivation as a cause of 
disease [ 48 ]. The natural history of KSHV after HCT is 
poorly studied and may be higher in certain patient 
populations.   

29.3     Clinical Impact 

29.3.1     HHV-6A and B 

 HHV-6B is a pleiotropic virus that has been associated with 
many complications after allogeneic HCT (Table  29-2 ). 
Whether HHV-6B has a causal role in all of these processes 
has been controversial due to the challenge implicit in 

      TABLE 29-2.    Disease associations with HHV-6A, HHV-6B, HHV-
7, and KSHV reactivation after HCT   

 Epidemiologic associations 
 Level of in vitro or in vivo 
support for causation 

 HHV-6A  Encephalitis a   Weak, case reports 

 HHV-6B  Encephalitis (including 
limbic encephalitis) 

 CNS dysfunction (not 
encephalitis) 

 Fever and rash 
 Myelosuppression 
 Acute graft-versus-host 

disease 
 Allograft rejection 
 CMV reactivation 
 Pneumonitis 
 Hepatitis 
 Increased all-cause mortality 

 Strong 

 Moderate 

 Strong 
 Strong 
 Moderate 

 Weak 
 Weak 
 Weak 
 Weak, case reports 
 Weak 

 HHV-7  Encephalomyelitis 
 Increased level and duration 

of CMV viremia 

 Weak, case reports 
 Weak 

 KSHV  Kaposi’s sarcoma 
 Bone marrow failure 
 Fever and rash 

 Strong 
 Weak 
 Weak 

   a Consider latent ciHHV-6A as a source of viral DNA.  
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 attributing disease to a virus latent in diverse cell types. 
Studies have used a variety of techniques without interna-
tional standards on an array of sample sources to detect 
HHV-6, often without distinguishing between species, mak-
ing direct comparisons problematic. HHV-6A has not been 
independently associated with any disease after HCT.

29.3.1.1       Central Nervous System Disease 

 There is suffi cient evidence  to   implicate HHV-6B as a cause 
of encephalitis, and the most common etiology of encephali-
tis after HCT, as recently reviewed by Drs. Ward and Ogata 
[ 49 ,  50 ]. The incidence of HHV-6B encephalitis after alloge-
neic HCT was evaluated in a meta-analysis of 19 studies and 
reported to occur in 8.3% of CBT recipients compared to 
0.5% of patients receiving stem cells derived from PBMCs 
or bone marrow [ 51 ]. 

 Many studies have defi ned HHV-6 encephalitis as acute 
encephalopathy with HHV-6 detected in the CSF or brain, 
without a more likely explanation identifi ed after extensive 
evaluation. The more specifi c syndrome of HHV-6B  post- HCT 
acute limbic encephalitis (HHV-6B-PALE) is characterized by 
distinct clinical, laboratory, and radiographic features, includ-
ing amnesia (especially anterograde), seizures, confusion, the 
syndrome of inappropriate antidiuretic hormone secretion, 
mild cerebrospinal fl uid (CSF) pleocytosis and protein eleva-
tion, and medial temporal lobe changes on brain magnetic 
resonance imaging (MRI) [ 22 ,  24 ,  50 – 52 ]. 

 Detection of HHV-6B DNA in CSF is a defi ning clinical 
criteria for HHV-6B encephalitis, and at least 85% of affected 
patients have concurrent detection in the blood [ 24 ,  51 ]. In a 
review of 48 published cases and case series of patients with 
likely HHV-6B encephalitis over a 15-year period, 40 of 48 
cases had HHV-6B documented in CSF samples [ 53 ]. All 
cases followed allogeneic HCT except for 1 after autologous 
HCT. Symptom onset occurred after engraftment in the 
majority of cases following adult HCT but may occur pre-
engraftment after CBT [ 24 ]. The most common neurologic 
symptoms were confusion and depressed consciousness 
beginning at a median of 24 days after HCT, with a range of 
15–60 days. Seizures were reported in 40% of cases, although 
electrographic seizures without obvious clinical fi ndings 
appeared to occur in a higher proportion. MRI fi ndings were 
abnormal in 30 of 43 cases and involved the medial temporal 
lobes in 22 of 30 cases. Typical MRI abnormalities include 
well circumscribed, hyperintense, nonenhancing lesions 
involving the medial temporal lobes, and especially the hip-
pocampus, on T2, fl uid attenuation inversion recovery 
(FLAIR) and diffusion-weighted (DWI) MRI sequences [ 52 , 
 54 ,  55 ]. Brain computed tomography scans are typically nor-
mal. CSF fi ndings were signifi cant for elevated protein lev-
els in 58% of reported cases, as well as mild lymphocytic 
pleocytosis in a minority of patients (although leukopenia 
was likely present at the time of lumbar puncture in many 

cases) [ 53 ]. HHV-6B was identifi ed in 24 of 27 cases that 
underwent discriminatory testing for HHV-6 species. 
Additional studies have demonstrated HHV-6B protein 
expression in the mesial temporal lobes of patients with 
HHV-6B encephalitis [ 56 ,  57 ]. 

 HHV-6 systemic reactivation with high levels of viremia is 
the primary risk factor implicated in the development of 
HHV-6B encephalitis. Patients with HHV-6B encephalitis 
typically have plasma viral loads 100-fold greater than other 
viremic patients [ 29 ,  58 ]. Cord blood HCT recipients are at 
particularly high risk for increased frequency and degree of 
HHV-6 systemic reactivation [ 25 ,  33 ] with subsequent 
encephalitis [ 24 ,  59 ]. Among patients with viremia, viral 
loads >10 4  copies/ml are typically seen in the setting of 
HHV-6B encephalitis. A large retrospective study demon-
strated that peak plasma HHV-6B viral loads ≥10 5  copies/ml 
was 71% sensitive and 94% specifi c for HHV-6B encephalitis 
[ 24 ]. However, it is important to note that some cases of 
encephalitis have been reported in the absence of viremia, 
although this may have been do to lack of or the timing of 
testing. Finally, not all studies tested patients for inherited 
ciHHV-6, and inappropriate inclusion of affected patients 
may have led to a relative increase in observed HHV-6 viral 
loads (see Sect.  29.3.1.3 ). 

 Patients who develop HHV-6B encephalitis have signifi -
cant morbidity and mortality despite antiviral treatment [ 60 ]. 
Retrospective reviews demonstrate that clinical status 
improves after antiviral treatment in the majority of patients, 
but 20–40% of patients have persistent mild-to-moderate 
neurocognitive defi cits and up to 25% have progressive 
encephalitis resulting in death [ 52 ,  53 ,  61 ]. Mortality is par-
ticularly high after CBT with rates of up to 50% [ 24 ]. 

 In addition to overt encephalitis, there is accumulating 
evidence that HHV-6B may also contribute to less-fulminant 
CNS dysfunction. A large prospective study of 315 alloge-
neic HCT recipients that systematically assessed for CNS 
dysfunction found an independent and temporal association 
between HHV-6B reactivation and both delirium and neuro-
cognitive decline after HCT [ 62 ]. Similar fi ndings were dem-
onstrated in a cohort of 35 CBT recipients [ 63 ]. HHV-6B 
DNA detection in CSF is typically associated with neuro-
logic fi ndings ranging from headache to fulminant encepha-
litis, but it may also occur in the absence of CNS symptoms 
in a minority of patients [ 64 – 66 ]. Our understanding of the 
signifi cance of HHV-6B DNA detection in the CSF contin-
ues to evolve but is limited by the lack of routine CSF sam-
pling in asymptomatic HCT recipients early after HCT.  

29.3.1.2     Non-Central Nervous System Disease 

 HHV-6B reactivation has been associated with  a   number of 
non-CNS conditions after HCT (Table  29-2 ), although its 
precise role in these disorders remains unclear. Of all the 
non-CNS disease associations, HHV-6B as a cause of 
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 myelosuppression has the most supporting evidence; how-
ever, intriguing evidence exists for other outcomes as well. 

 A number of studies have demonstrated an association of 
HHV-6B reactivation with myelosuppression and delayed 
engraftment, particularly involving platelets, in addition to 
graft failure [ 30 ,  32 ,  67 – 69 ]. A recent large prospective trial 
in 235 consecutive allogeneic HCT recipients showed 
delayed platelet engraftment among the 48% of patients who 
developed HHV-6B viremia within 100 days [ 26 ]. A retro-
spective study of 77 CBT recipients found a strong associa-
tion between HHV-6B reactivation and graft failure in 
adjusted analyses [ 70 ]. In vitro studies have provided plau-
sible mechanistic explanations for these fi ndings, including 
suppression of thrombopoietin-inducible megakaryocytic 
colony formation [ 71 ] and attenuated lymphocyte prolifera-
tion responses in the setting of lytic HHV-6B infection [ 72 ]. 
Interestingly, in the acute care setting, HHV-6 primary infec-
tion has been associated with relatively lower platelet counts 
than that found with other childhood causes of fever [ 73 ]. 

 Acute GVHD is another important post-HCT complica-
tion that has been associated with HHV-6B reactivation [ 24 , 
 74 ,  75 ]. In a prospective trial of 315 allogeneic HCT recipi-
ents with twice-weekly PCR testing, HHV-6B was indepen-
dently and quantitatively associated with acute GVHD 
grades II–IV in time-dependent multivariable analyses, and 
the fi ndings suggested a potential role in each of the organ- 
specifi c subtypes [ 23 ]. Interestingly, a retrospective study 
found a bidirectional association between HHV-6 reactiva-
tion and acute GVHD [ 76 ]. This study also showed that 
HHV-6B reactivation was associated with rash that clinically 
imitated skin GVHD in 17 patients; histopathology revealed 
a lymphoid infi ltrate but no evidence of acute GVHD. A 
causal relationship between HHV-6B reactivation and acute 
GVHD is supported by in vitro and limited clinical data 
demonstrating that HHV-6 infection may cause a proinfl am-
matory cytokine response (primarily elevated IL-6 concen-
trations) [ 58 ,  77 ] or type I immune response [ 78 ] that may be 
involved in the development of acute GVHD. Given the mor-
bidity and mortality associated with acute GVHD, additional 
study of the causal pathways in the development of HHV- 
6B- associated acute GVHD is warranted. 

 HHV-6B reactivation has been variably associated with an 
increased risk for CMV reactivation and disease after HCT. A 
recent prospective study of 315 allogeneic HCT patients 
demonstrated that HHV-6B reactivation was quantitatively 
associated with increased risk of subsequent CMV reactiva-
tion [ 23 ]. In a study of 21 allogeneic HCT recipients, HHV-6 
reactivation was associated with an absence of CMV- specifi c 
lymphocyte proliferative responses, and persistence of 
HHV-6 detection correlated with need for repeated courses 
of preemptive antiviral therapy against CMV during the fi rst 
6 months after HCT [ 79 ]. In contrast, a study of 68 alloge-
neic HCT recipients found that HHV-6 reactivation was 
associated with CMV reactivation in univariate analysis but 
not multivariable analyses [ 80 ]. This report additionally 

demonstrated that detection of HHV-6 DNA in plasma did 
not seem to affect CMV-specifi c T cell immune reconstitu-
tion as measured by intracellular cytokine staining. The bio-
logic plausibility of a causal link between HHV-6B and 
subsequent CMV reactivation is supported by in vitro studies 
demonstrating the immunosuppressive effects of HHV-6B 
reactivation, potentially through inhibition of IL-12 produc-
tion [ 81 ,  82 ]. In addition, the generalizability of the associa-
tion between HHV-6 and CMV reactivation is supported by 
results from clinical studies of non-HCT populations includ-
ing critically ill adults and solid organ transplant recipients 
[ 83 – 85 ]. 

 HHV-6B has been implicated with other end-organ dis-
eases after allogeneic HCT in case reports and small case 
series. Perhaps the most important area of investigation is its 
role in pulmonary disease, which remains a leading cause of 
morbidity and mortality after HCT and is idiopathic in ~10% 
of patients [ 86 – 90 ]. A number of studies have reported a 
potential association between HHV-6 and pneumonitis, as 
fi rst described in two allogeneic HCT recipients with pneu-
monitis and HHV-6 detection in respiratory specimens and 
lung tissue by PCR and immunohistochemistry [ 91 ]. A retro-
spective study of lung biopsy specimens from 15 allogeneic 
HCT recipients with pneumonia found a quantitative associa-
tion between HHV-6 detection and idiopathic pneumonia 
syndrome [ 92 ]. Several subsequent retrospective studies have 
had variable results, and HHV-6 has been frequently detected 
along with copathogens and in control subjects [ 93 – 95 ], rais-
ing questions about whether the association is truly causal. In 
a recent study employing quantitative PCR testing for known 
and potential pulmonary pathogens in 69 allogeneic HCT 
recipients with idiopathic pneumonia syndrome (IPS), HHV-6 
was detected in 29% of patients, and it was the only pathogen 
found in half of those patients [ 96 ]. Mortality was signifi -
cantly higher in patients with IPS and HHV-6 detection com-
pared to those without a pathogen, and blood contamination 
did not appear to be a confounder. Past studies have been lim-
ited by small sample size and lack of speciation and quantita-
tive diagnostics with an international standard. Additional 
study of HHV-6 and lung disease is warranted. 

 There are limited data suggesting that HHV-6 may be a 
pathogen in liver disease after HCT. HHV-6 infection and 
replication in human liver cells has been demonstrated 
in vitro [ 97 ,  98 ], and multiple studies have implicated HHV-6 
as a cause of hepatitis in immunocompetent individuals [ 99 –
 101 ]. Three cases of HHV-6-associated hepatitis after allo-
geneic HCT have been described in patients with hepatitis 
and temporally associated HHV-6 detection in blood and/or 
liver tissue, along with histopathological and/or immunohis-
tochemical evidence of active viral replication in the liver 
[ 30 ,  102 ,  103 ]. One case was documented to be due to 
HHV-6B. All three cases improved with antiviral therapy. 
Given the high incidence of HHV-6B reactivation after HCT 
and lack of routine screening, HHV-6B may be an underap-
preciated cause of liver disease after HCT. 
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 No disease has been causally linked with HHV-6A, which 
is infrequently described in immunocompromised patients 
and only accounts for 0–3% of reactivation events after HCT 
[ 23 ,  104 ]. There are a  fe  w case reports of HHV-6A encepha-
litis after HCT [ 105 – 107 ]. With a contemporary understand-
ing of HHV-6 biology, these reactivation events and cases of 
encephalitis were most likely due to unrecognized inherited 
ciHHV-6A. Whether HHV-6A was contributory to the 
patients’ illness in those with encephalitis is hard to know 
with the information provided [ 50 ]. However, two recent 
case reports of patients with inherited ciHHV-6A were 
highly suggestive of HHV-6A reactivation from the inte-
grated virus with associated encephalitis [ 108 ] and hemo-
phagocytic lymphohistiocytosis [ 21 ]. Ultimately, HHV-6A 
detection in the setting of HCT is suggestive of inherited 
ciHHV-6A, and it appears that viral reactivation from this 
integrated state can occur, as discussed further in the next 
section. However, due to the low incidence of HHV-6A reac-
tivation after HCT, it remains unclear if it shares an associa-
tion with the diversity of complications seen in the context of 
HHV-6B reactivation.  

29.3.1.3      Inherited Chromosomally 
Integrated HHV-6 

 Inherited ciHHV- 6    i  s present in approximately 1–2% of the 
general population (Figure  29-1 ). Lack of recognition of this 
condition has led to inappropriate treatment of patients and 
considerable confusion in the literature, when detection of 
viral DNA did not correlate with clinical disease [ 109 ,  110 ]. 
Whether patients with inherited ciHHV-6 can develop 
HHV-6 reactivation with associated pathogenicity, or other 
indirect complications, has been a topic of controversy. 
There is a dearth of studies exploring clinical outcomes in 
affected individuals. However, an accumulating body of 
in vitro and in vivo evidence suggests that inherited ciHHV-6 
can be the source of pathogenic viral reactivation and other 
complications, especially in immunocompromised patients. 

 The prevalence of inherited ciHHV-6 among hospitalized 
patients was >3-fold higher than in healthy blood donors in 
one report, suggesting that persons with inherited ciHHV-6 
may have more medical complications [ 111 ]. In a study of 
37 patients with a diagnosis of HHV-6 CNS dysfunction 
after HCT, there was no obvious enrichment for inherited 
ciHHV-6 to suggest that patients with this condition have 
greater risk for disease due to HHV-6 [ 108 ]. However, an 
estimate of the true prevalence was limited by the sample 
size. A recent report detailed in vivo molecular and virologi-
cal evidence of HHV-6A reactivation from inherited ciHHV-
 6A, with associated clinical symptoms of hemophagocytic 
lymphohistiocytosis, in a child with X-linked severe com-
bined immunodefi ciency who underwent HCT [ 21 ]. A few 
case reports and small studies also suggest that inherited 
ciHHV-6 may directly or indirectly contribute to clinical dis-
ease in affected patients [ 108 ,  112 – 114 ]. However, a retro-

spective review of 21 cases of patients who had or received 
stem cells or organs with inherited ciHHV-6 found no clini-
cal disease associations [ 115 ]. 

 In vitro experiments have provided clear evidence of 
HHV-6 transcription and translation from ciHHV-6 cell 
lines. Researchers have successfully induced lytic genes and 
capsid mRNA expression by exposing ciHHV-6 cell lines to 
HDAC inhibitors [ 20 ,  116 ]. Furthermore, these cell lines 
were demonstrated to give rise to propagating virus with 
cytopathic effects in an exposed naïve T-cell line, providing 
evidence of viral fi tness. A recent study of 11 immunocom-
petent and immunocompromised patients with inherited 
ciHHV-6 used RT-PCR to demonstrate evidence of active 
viral transcription in 4/11 and HHV-6 antigen detection in 
7/10 individuals, although results were not correlated with 
clinical symptoms [ 117 ]. Given the relatively high frequency 
of inherited ciHHV-6 in the population, it is critical that 
larger studies evaluate the clinical signifi cance of this condi-
tion. Experts have suggested caution in using specimens with 
inherited ciHHV-6 for human stem cell or organ transplanta-
tion [ 118 ,  119 ]. There is an urgent need to address if, how, 
and when inherited ciHHV-6 may have deleterious effects in 
its host.   

29.3.2     HHV-7 

 The  signifi cance   of HHV-7 DNA detection after HCT 
remains unclear, although the virus is rarely associated with 
any clinical manifestations (Table  29-2 ). Some studies sug-
gest that patients with HHV-7 reactivation have higher CMV 
viral loads or longer duration of CMV detection [ 40 ,  120 ], 
and a few case reports have implicated HHV-7 as a cause of 
encephalomyelitis after allogeneic HCT [ 121 – 123 ]. Most 
studies of HHV-7 in immunocompromised patients have had 
small sample sizes, often with confl icting results.  

29.3.3     KSHV (or HHV-8) 

 As in other human HHV-associated  disease  s, KSHV primar-
ily causes disease in immunocompromised subjects due to 
reactivation of latent infection or transmission of infected 
cells from the donor. KSHV infection is the cause of Kaposi’s 
sarcoma (KS), which has four clinical presentations: classic, 
endemic, epidemic or acquired immune defi ciency syndrome 
(AIDS)-associated, and immunosuppression or transplant- 
associated [ 7 ]. In each case, the degree of immunosuppres-
sion is a primary factor in the development and progression 
of disease. While post-HCT KS is rare, there are about 20 
reported cases in the literature described primarily after allo-
geneic HCT [ 124 – 127 ]. In the HCT setting, KS is usually 
associated with skin lesions and bone marrow failure [ 124 ]. 
A review of 14 cases reports a median age of 46 years (range 
7–69), male:female ratio of 2.5:1, and median interval from 
HCT to KS diagnosis of 8.5 months (range 3–27) [ 126 ]. 
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The skin was involved in the majority of patients, and 50% 
had diffuse disease involving >1 site or multiple organs. 
Overall mortality was around 35%, although deaths occurred 
exclusively in patients with diffuse disease, indicating a 70% 
mortality rate among this patient group. 

 Clinical manifestations associated with any KSHV reacti-
vation or infection after HCT have been infrequently reported 
and include fever, rash, hepatitis and bone marrow failure 
[ 128 ,  129 ] (Table  29-2 ). Most studies have not found an 
association between KSHV seropositivity or post-HCT sero-
conversion and the development of clinical symptoms or 
increased mortality [ 46 ].   

29.4     Diagnosis 

29.4.1     HHV-6A and B 

 Diagnosis of clinically  relevant   HHV-6 species infection or 
reactivation is challenging due to the high prevalence of pri-
mary infection with persistence of the virus in a myriad of 
cell types [ 11 ,  12 ]. A variety of techniques can be used to test 
for HHV-6, including serological studies, antigen detection, 
isolation by culture, and nucleic acid detection. Due to the 
labor-intensive nature of many of these approaches, in addi-
tion to lack of specifi city and/or inability to distinguish 
between HHV-6A and HHV-6B, quantitative viral nucleic 
acid detection by PCR has become the method of choice. 
Advantages of this method include its speed, sensitivity, 
specifi city, and ability to distinguish and quantitate species A 
and B [ 130 – 133 ]. 

 Many studies have demonstrated that detection of HHV-6 
DNA in plasma, serum, or CSF correlates well with active 
viral replication [ 53 ,  57 ,  134 ]. One study found the specifi c-
ity of HHV-6 DNA detection in plasma by quantitative PCR 
to be 84% based on a comparison with viral culture [ 135 ]. 
However, there are a number of important limitations to con-
sider when interpreting results from PCR detection of HHV-6 
DNA.  First , detection of HHV-6 DNA in liquid compart-
ments (e.g., blood, CSF, bronchoalveolar lavage fl uid) may 
signifi cantly underestimate tissue-level viral replication. For 
example, brain tissue from patients with HHV-6 encephalitis 
has been shown to have higher levels and prolonged detec-
tion of HHV-6 DNA compared to blood or CSF samples [ 56 , 
 57 ].  Second , sample selection and processing for HHV-6 
PCR testing can markedly affect results. For instance, detec-
tion of HHV-6B DNA in whole blood or PBMCs does not 
correlate as well with active viral replication, as the mono-
nuclear cell is a site of latency [ 17 ]. The use of serum or 
plasma is thought to be more representative of cell-free rep-
licating virus, with the caveat that viral DNA may originate 
from latently infected cells that have lysed during sample 
preparation [ 136 ].  Third , the lack of an international stan-
dard for HHV-6A and B DNA measurement precludes 
extrapolation of quantitative levels to other studies, as inter-

laboratory correlation is known to be poor [ 131 ,  137 ]. The 
development of an international standard, such as the one for 
CMV recently made available by the World Health 
Organization [ 138 ], is currently underway. Whether routine 
screening in all or select HCT recipients will improve out-
comes needs further study, and the establishment of viral 
load thresholds to guide intervention will continue to be lim-
ited until standardization in testing assays, sample selection, 
and sample processing has been accomplished. 

 The condition of inherited ciHHV-6 adds particular chal-
lenges to HHV-6 diagnostics and interpretation of results. 
Inherited ciHHV-6 is suggested by HHV-6 DNA levels of >5.5 
log 10  copies/ml in whole blood specimens, corresponding to 
one copy of HHV-6 per nucleated cell in the sample [ 18 ] 
(Figure  29-1 ). Other fi ndings consistent with inherited 
ciHHV-6 include persistent viral DNA detection without a 
decrease in quantitative levels despite appropriate antiviral 
treatment. This can be true even when plasma or serum is used 
due to release of latent viral DNA from cell lysis or contami-
nation, especially if there is a delay in sample preparation and 
testing [ 139 ]. The gold standard for diagnosis of inherited 
ciHHV-6 is fl uorescence in situ hybridization, a labor-inten-
sive procedure with limited availability [ 139 ]. Another 
approach has been to test hair follicles, where any detection of 
HHV-6 is consistent with inherited ciHHV-6; however, most 
laboratories are not equipped to test such samples. Droplet 
digital PCR (ddPCR) is an emerging technique that allows for 
absolute and precise quantitation of target DNA without the 
use of a standard curve [ 140 ,  141 ]. This method is particularly 
well suited for the identifi cation of inherited ciHHV-6 and has 
recently been developed for this purpose [ 142 ,  143 ]. By con-
currently amplifying DNA targets for HHV-6 and a reference 
human gene for cell count (e.g., human ribonuclease P 
[RPP30]), a ratio of HHV-6 DNA to cell genome equivalents 
of ~1 is indicative of inherited ciHHV-6. These assays have 
high sensitivity and specifi city when used with PBMCs and 
other highly cellular samples, but they can also be utilized 
with archived plasma, sera, and other samples to aid in retro-
spective research, although with reduced specifi city [ 142 ]. 

 Future directions for the diagnosis of active HHV-6 infec-
tion include detection of RNA via reverse transcription real- 
time quantitative PCR (RT-qPCR) [ 130 ,  144 ,  145 ]. This 
method of amplifying messenger RNA from PBMCs or 
other specimens could provide a better approach to distin-
guish active from latent infections [ 144 ], and it may be par-
ticularly useful for identifying HHV-6 reactivation in patients 
with inherited ciHHV-6. One study comparing viral culture 
with a nested RT-PCR assay for a late protein ( U100 ) dem-
onstrated 95% sensitivity and 98.8% specifi city of the 
RT-PCR assay for actively replicating virus in PBMC sam-
ples [ 146 ]. Additionally, in-depth molecular interrogation 
for evidence of HHV-6 infection and replication in tissues 
and other samples involved in end-organ disease is required 
to identify pathologic and molecular signatures of HHV-6B 
infection [ 147 ]. 
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 While the evidence does not yet support routine monitor-
ing for HHV-6B after HCT, patients with acute encephalopa-
thy should have testing of plasma  and   CSF for 
HHV-6B. HHV-6B testing may also be considered for 
patients with end-organ disease that has previously been 
associated with HHV-6B, especially when no other explana-
tion exists. There is also no basis for routine screening of 
donors and recipients for inherited ciHHV-6 at this time, 
although focused testing is important in individuals with 
fi ndings consistent with ciHHV-6. The implementation of 
novel diagnostic approaches in well-designed and appropri-
ately powered studies is an essential next step for establish-
ing causality and moving the fi eld forward from studies of 
association to studies of causation. Large, standardized stud-
ies to evaluate the correlation between HHV-6 RNA and 
DNA detection in blood and tissue with associated end-organ 
disease will be critical to establish actionable indicators for 
treatment.  

29.4.2     HHV-7 and KSHV (or HHV-8) 

 As discussed for HHV-6 species,  the   mainstay for detection 
of HHV-7 and  KSHV   in the clinical setting is real time quan-
titative PCR. There are also no international standards for 
PCR tests for these viruses. In patients with KS, KSHV viral 
load in PBMCs correlates with tumor burden, although data 
in the HCT setting is lacking [ 48 ,  148 ]. Although KSHV 
viremia is associated with KS and disease progression, diag-
nosis is predicated on tissue biopsy, which reveals pathogno-
monic fi ndings. Typical histopathologic features include 
ectatic, irregularly shaped, round capillary, and slit-like 
endothelium-lined vascular spaces and spindle-shaped cells 
accompanied by a variable infl ammatory mononuclear cell 
infi ltrate. Kaposi sarcoma cells stain for endothelial cell 
markers such as CD34 + , and immunostaining of anti-HHV-8 
antibodies may be useful for diagnosis of early stage disease. 
Due to the unclear signifi cance of HHV-7 detection in blood 
specimens after HCT and the low incidence of KSHV- 
associated disease in this setting, routine screening for these 
viruses is not currently recommended.   

29.5     Treatment and Prevention 

29.5.1     HHV-6A and B 

 Optimal treatment  approaches      (i.e., single or combination 
antivirals, dose, duration) have not been rigorously studied. 
Because of this, there are no widely adopted standard prac-
tice guidelines for HHV-6A and B except for treatment of 
post-HCT HHV-6B encephalitis [ 149 – 151 ]. However, sev-
eral available antiviral agents demonstrate good in vitro and 
suggestive in vivo activity against HHV-6A and B, including 

foscarnet, ganciclovir, and cidofovir [ 12 ,  105 ,  152 – 154 ]. 
Based on these data, treatment recommendations for 
HHV-6B encephalitis include the use of ganciclovir and/or 
foscarnet, either alone or in combination [ 149 – 151 ]. 
Although treatment practices vary, one approach is to use 
foscarnet (90 mg/kg twice a day) pre-engraftment and ganci-
clovir (5 mg/kg twice a day) post-engraftment for at least 3 
weeks and until clearance of HHV-6 DNA in plasma and 
CSF by PCR testing (expert opinion). 

 Prophylactic and preemptive strategies to mitigate 
HHV-6B reactivation, such as those employed for other 
HHVs (e.g., HSV, VZV, CMV), have been reported. The use 
of prophylactic ganciclovir in HCT patients can reduce 
HHV-6B reactivation in the blood [ 84 ] and may reduce asso-
ciated morbidity in high-risk patients [ 155 ,  156 ]. Other stud-
ies have not found an association between reduction in 
incidence and level of HHV-6B detection and outcomes 
[ 157 ,  158 ]. Large-scale adoption of this approach is limited 
by the risk of ganciclovir-induced myelosuppression given 
the relatively low incidence of serious HHV-6-associated 
end-organ disease and a limited understanding of the signifi -
cance of HHV-6B reactivation in the absence of apparent 
disease. In a retrospective study evaluating the utility of low 
dose foscarnet (50 mg/kg/day) for 10 days post-engraftment 
to prevent HHV-6B reactivation in a cohort of 118 allogeneic 
HCT recipients (unrelated or cord blood donors), high-level 
HHV-6B reactivation (>10,000 copies/ml) and encephalitis 
were reduced but did not reach clinical signifi cance [ 159 ]. 
Two small prospective studies of preemptive ganciclovir 
(5–10 mg/kg/day) or foscarnet (90 mg/kg/day) and one pro-
phylactic trial with foscarnet (90 mg/kg/day) after HCT did 
not signifi cantly reduce the complications of HHV-6B reac-
tivation [ 158 ,  160 ]. This is perhaps due to the dynamic kinet-
ics of plasma HHV-6 DNA detection and potential delay in 
time to plasma detection after tissue-level reactivation. 

 Drug-resistant strains of HHV-6 appear to be exceedingly 
rare; while in vitro studies support the potential for HHV-6 to 
develop resistance to antiviral agents, only a few case reports 
have described the emergence of drug-resistant isolates in 
the clinical setting [ 161 – 164 ]. However, because the cur-
rently available antiviral medications have signifi cant toxici-
ties and all act via similar mechanisms to antagonize DNA 
polymerase activity, the development of novel therapies is a 
priority. 

 A number of new treatment modalities that have activity 
against HHV-6 species are in various stages of development 
and testing. Brincidofovir, or CMX-001, is a lipophilic deriv-
ative of cidofovir that has generated signifi cant excitement in 
the fi eld of HCT due to its broad range of activity against 
many DNA viruses, oral administration, favorable side-effect 
profi le, and high in vitro activity with half maximal effective 
concentration (EC50) values of 3 and 7 nM for HHV-6A and 
B, respectively [ 165 ]. While this and other available anti- 
HHV- 6 drugs target the viral DNA polymerase, CMV423 is 
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a novel antiviral agent with potent in vitro activity against the 
beta herpesviruses through inhibition of a cellular tyrosine 
kinase involved in viral replication [ 166 ]. It has compared 
favorably to ganciclovir and foscarnet due to its high activity 
and low cytotoxicity. A variety of other molecules have been 
reported to exhibit antiviral activity against HHV-6 in cell 
culture but are in early stages of development [ 154 ], and 
none of these novel agents have been well studied for use 
against HHV-6 species in the clinical setting. The production 
of HHV-6 specifi c cytotoxic T cells for adoptive immuno-
therapy has been encouraging but is in early stages of devel-
opment [ 167 – 169 ]. 

 Further testing and discovery of therapies with low toxic-
ity and high effi cacy against HHV-6 species is imperative for 
the implementation of clinical trials exploring the impact of 
prophylactic, preemptive, and targeted treatment strategies. 
Prophylactic approaches may be important, as viral detection 
in liquid compartments such as blood may underestimate 
tissue-level reactivation. Continued refi nement of our under-
standing of risk factors for HHV-6 reactivation, replication 
kinetics, and clinical impact may allow for focused treatment 
of high-risk patients using newly developed agents.  

29.5.2     HHV-7 

 Treatment for HHV- 7   has been less well studied given its 
unclear clinical signifi cance after HCT and in other settings. 
Like HHV-6 species, acyclovir and other thymidine kinase- 
dependent drugs are only marginally effective in vitro, while 
ganciclovir, foscarnet, and cidofovir show similarly potent 
inhibition of HHV-7 replication in vitro and possibly in vivo 
[ 12 ,  170 ,  171 ].  

29.5.3     KSHV (or HHV-8) 

 Treatment of KSHV after  HCT   is predicated on reduction of 
immunosuppression, particularly in the setting of localized 
disease [ 48 ,  126 ]. Chemotherapeutic treatments, such as 
liposomal anthracyclines (e.g., doxorubicin) and taxanes 
(e.g., docetaxel), or radiotherapy, might be considered in the 
setting of diffuse or refractory disease, but the toxicities after 
HCT should be carefully considered. Sirolimus appears to 
have antineoplastic activity through its inhibition of the 
mammalian target of rapamycin (mTOR) and angiogenesis, 
and it has been reported to contribute to KS regression in one 
post-HCT patient [ 8 ]. Although in vitro studies have demon-
strated anti-KSHV activity for ganciclovir, foscarnet, and 
cidofovir, clinical effi cacy in patients with KS has not been 
demonstrated [ 48 ]. This is likely because most tumor cells in 
KS are latently infected with KSHV, and the anti-DNA 
 polymerase mechanism of these drugs requires actively rep-
licating virus for effi cacy.   

29.6     Conclusion 

•     Establishing HHV-6A, HHV-6B, and HHV-7 as causal 
pathogens in associated diseases is challenging due to 
their ubiquitous infection of the human population with 
latency in diverse cell types.  

•   The importance of HHV-6B reactivation after HCT is 
underscored by its association with encephalitis and mor-
tality in this setting [ 23 ,  26 ,  172 ].  

•   The clinical role of HHV-7 after HCT remains unclear.  
•   While the incidence of KS due to KSHV after HCT is 

low, affected patients may suffer signifi cant morbidity, 
and our ability to predict or prevent development of this 
disease is poorly understood.  

•   Actionable interpretation of prior and ongoing studies of 
these viruses continues to be constrained by existing diag-
nostic methods and study designs which lead to inconclu-
sive results. Future investigation of both direct and 
indirect mechanisms by which these viruses contribute to 
disease, using improved characterization of viral, host, 
and clinical factors associated with their pathogenesis, 
will be critical to advance our understanding of their clini-
cal signifi cance.  

•   As new antiviral therapies emerge [ 167 ,  173 ], the ability 
to defi ne endpoints and risk-stratify patients is increas-
ingly important. Targeted screening, coupled with low 
risk prevention and treatment strategies, may improve 
patient outcomes after HCT. Multicenter randomized 
controlled treatment and prevention trials using agents 
active against these viruses are greatly needed to explore 
a causal link between viral reactivation and adverse out-
comes in HCT recipients.        
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30.1           Infl uenza Infection 
in Hematopoietic Stem Cell 
Transplant and Solid Organ 
Transplant Recipients 

30.1.1     Overview and Epidemiology 

 The infl uenza virus is among the most common human respi-
ratory viruses. It belongs to the  Orthomyxoviridae  family 
and is a segmented, single-stranded RNA virus in which the 
individual segments code for critical peptides. Further clas-
sifi cation of the virus into subtypes is based on its surface 
hemagglutinins and neuraminidases [ 1 ].  Seasonal infl uenza 
activity   can begin as early as October and continue into May 
in the Northern hemisphere. In the USA, infl uenza activity 
most commonly peaks between December and February [ 1 ]. 
During the 2014–2015 season, the Centers for Disease 
Control and Prevention (CDC) reported 125,462 infections 
(18.1% of specimens tested) (Figure  30-1 ). The proportion 
of deaths during this time period attributed to pneumonia 
secondary to infl uenza according to the 122 Cities Mortality 
Reporting System, ranged from 5.0% to 9.3% [ 2 ].

   Seasonal infl uenza virus infections in humans cause 
annual epidemics resulting in millions of cases worldwide 
and signifi cant  health and economic burdens   [ 3 ]. The sea-
sonal  prevalence   of infl uenza infections in immunocompro-
mised patients, including solid organ transplant (SOT) and 
hematopoietic stem cell transplant (HCT) recipients, closely 
parallels the community-wide prevalence (Figure  30-1 ), as 
demonstrated during local epidemics and the 2009 H1N1 
pandemic [ 1 ,  3 ,  4 ]. Although the overall incidence is low 
(<5%) [ 5 ,  6 ], infl uenza infection remains a signifi cant cause 
of morbidity and mortality among transplant recipients along 
with respiratory syncytial virus, and parainfl uenza [ 6 ,  7 ]. 

 The  incidence of   infl uenza infections in HCT recipients is 
1.3–2.6%, and signifi cantly higher rates may be seen during 
the peaks of infl uenza outbreaks in the community [ 8 ]. In 
SOT recipients, the incidence of infl uenza infection varies 
depending on the type of organ transplanted; it is higher 

among lung transplant recipients than among recipients of 
other solid organs [ 9 ]. In a study involving 3569 SOT recipi-
ents, the incidence of infl uenza infection was 41.8 cases per 
1000 person-years after lung transplants, 4.3 cases per 1000 
person-years after kidney transplants, and 2.8 cases per 1000 
person-years after liver transplants [ 10 ] and most studies 
reported an incidence between 2% and 4% [ 11 – 13 ]. 

 Recent studies reporting on the 2009 H1N1 infl uenza 
pandemic have greatly increased our knowledge of the  epi-
demiology   of infl uenza infection in the transplant popula-
tion [ 14 ]. A steady decrease in  complication rates   has been 
seen over the past decade, likely for several reasons, includ-
ing improved supportive care, more sensitive and rapid 
diagnostics that enable earlier treatment, and better treat-
ment strategies [ 15 ].  

30.1.2     Clinical Presentation 
and Prognostic Factors 

 Infl uenza is an acute, usually self-limited, febrile illness. 
The  clinical presentation   of infl uenza infection in SOT and 
HCT recipients does not differ substantially from the typi-
cal “fl u- like” illness described in the general population 
[ 11 ,  16 ,  17 ]. However, transplant recipients may have either 
atypical presentation limited to shortness of breath or 
weakness [ 7 ] or only constitutional symptoms, sometimes 
without a fever [ 12 ] (Table  30-1 ). These possibilities rein-
force the importance of a high index of suspicion, espe-
cially during the respiratory season. In both SOT and HCT 
recipients, infection with infl uenza virus may present either 
with upper respiratory tract infection (URI) or lower respi-
ratory tract infection (LRI), and appears to produce the 
severest symptoms in the early posttransplant period 
(<3 months) [ 8 ,  9 ,  13 ].

   In HCT recipients, URI symptoms may consist of rhinitis 
and cough. Fever is more often described in patients with 
pneumonia (LRI). Clinical symptoms reported less fre-
quently are muscle aches, sore throat, dyspnea, and some-
times gastrointestinal and neurological symptoms [ 8 ,  18 ]. 
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  FIGURE 30-1.    Centers for Disease Control Outpatient Illness Surveillance Weekly Summary for 2014–2015, showing Infl uenza Positive 
Test, National Summary. (Data obtained from   http://www.cdc.gov/fl u/weekly/index.htm#whomap     .  Accessed July 25, 2015.) Comparison 
with MD Anderson Cancer Center Flu surveillance. (Data provided by Dr. Roy Chemaly, Infection Control section at MD Anderson 
Cancer Center).       

      TABLE 30-1.    Comparison of clinical presentations of Infl uenza and Parainfl uenza viruses in Hematopoietic Stem Cell and Solid Organ 
Transplant recipients   

 Clinical presentation  Viral infection 

 Infl uenza [ 17 – 20 ]  Parainfl uenza [ 21 – 24 ] 

 Most common symptoms  Fever, cough, rhinorrhea  Croup, conjunctivitis (better characterized in children) 
 High fever, cough, coryza 

 Common symptoms  Muscle ache, sore throat, headache, dyspnea  Rhinorrhea, and/or sore throat 

 Rare symptoms  Gastrointestinal symptoms, neurological 
symptoms, fatigue 

 Pneumonitis in absence of upper respiratory infection 
 Parotiditis, epiglottitis, myocarditis, and pericarditis 

In cases of LRI, radiographic abnormalities may include 
typical diffuse ground glass infi ltrates, which occur in 
14–49% of patients, or air space consolidation resembling 
fungal or bacterial disease (Figure  30-2 ) [ 15 ,  18 ,  25 ].

   Studies have investigated many risk factors associated 
with the severity of infl uenza infection and post-infl uenza 
complications in HCT recipients, including factors associ-
ated with the progression to  LRI   (Table  30-2 ). LRI occurs in 
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about 30–50% of HCT patients with infl uenza [ 18 ,  19 ,  36 ] 
and usually develops within a week of the onset of symptoms 
[ 8 ,  11 ]. At The University of Texas MD Anderson Cancer 
Center, factors associated with progression to LRI were pro-
found lymphocytopenia, defi ned as an absolute lymphocyte 
count of <200 cells/mL (odds ratio [OR], 2.85; 95% confi -
dence interval [CI], 1.01–8.09;  P  = 0.049); age older than 65 
years (OR, 2.76; 95% CI, 1.34–5.73;  P  = 0.004); and neutro-
penia, defi ned as an absolute neutrophil count of <500 cells/
mL (OR, 2.06; 95% CI, 1.13–3.75;  P  = 0.016) [ 11 ]. Other 
studies have also identifi ed lymphocytopenia as a risk factor 
for progression, although using different upper cutoffs (100–
300 cells/mL) [ 13 ,  18 ,  20 ,  27 ,  29 ]. Finally, early antiviral 
therapy for URI within the fi rst 48 h of presentation has been 
associated with better prognosis in several studies [ 8 ,  29 ,  31 , 
 36 ]. Furthermore, studies of HCT recipients with 2009 A/
H1N1 infections found that presentation with LRI, age 
>65 years, and nosocomial acquisition were risk factors for 
the need for mechanical ventilation [ 18 ,  29 ]. The use of cor-
ticosteroids at 1 mg/kg was reported by some authors to have 
an inverse association with need for mechanical ventilation 
and progression to pneumonia [ 29 ,  37 ], however these fi nd-
ings are controversial as publications from Fred Hutchinson 
Cancer Research Center and others, have associated steroid 
therapy with prolonged viral shedding and in some instances 
progression to LRI [ 8 ,  13 ,  31 ]. Moreover, the experience of 
intensive care departments during the 2009 H1N1 infl uenza 
pandemic showed that steroid therapy did not result in better 

outcomes and was associated with increased risk of super 
infections, also argues against corticosteroid use [ 38 ].

   Infl uenza fatalities in HCT  recipients   have mostly been 
associated with respiratory complications, including need 
for mechanical ventilation, with mortality rates of 6–28% [ 8 , 
 29 ,  36 ,  39 ]. Mortality can be attributed either to the direct 
effect of infl uenza viral infection with subsequent respiratory 
failure or to superimposed infections with concomitant 
pathogens, including bacteria, fungi such as  Aspergillus 
fumigatus , and other viruses such as RSV [ 11 ,  36 ,  39 ]. 

 Most of our knowledge of infl uenza in SOT recipients is 
derived from reports on the 2009 H1N1 pandemic [ 17 ]. 
However, from studies previous to 2009, presentation with 
fever in addition to respiratory symptoms strongly suggested 
infl uenza infection, as opposed to other viral infections, in 
SOT recipients [ 9 ]. During the 2009 pandemic, constitu-
tional symptoms (e.g., fever, fatigue, malaise, myalgia) and 
URI symptoms (e.g., rhinorrhea, sore throat) were frequently 
described, while gastrointestinal (diarrhea), central nervous 
system (encephalitis), heart (myocarditis), or skeletal muscle 
(myositis) symptoms were comparatively rare [ 16 ,  40 ] 
(Table  30-1 ). 

 Studies have shown that rates of complications  in SOT 
recipients   during the 2009 H1N1 pandemic were generally 
higher than those observed during previous seasonal infl u-
enza outbreaks. Two studies conducted in SOT recipients 
before 2009, including mostly pediatric SOT recipients and 
adult renal transplant recipients; in general, they portrayed 

  FIGURE 30-2.    29-year-old male with Hodgkin lymphoma status post- Haploidentical HCT Admitted with myalgias, cough, shortness of 
breath, headache. Nasal wash PCR positive for Infl uenza A. Chest radiograph ( right ) and computed tomography scan of the chest ( left ), 
showing bilateral multifocal infi ltrates with consolidative pattern. Abbreviation:  HCT  stem cell transplant.       
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milder, more self-limited illnesses than those described in 
patients infected with the 2009 H1N1 infl uenza virus [ 9 ,  16 ]. 
In contrast, Kumar et al.’s report, on the 2009 pandemic 
which included 237 SOT recipients from different centers, 
described a high incidence of pneumonia (31.7%,) and 

higher rates of admission to intensive care units (ICUs) 
(15.6%) [ 17 ]. Other publications from the 2009 pandemic 
mirrored these fi ndings, with rates of infl uenza-associated 
LRI in SOT recipients as high as 49%, and ICU admission 
rates of 10–16%, mostly related to respiratory failure [ 10 , 

      TABLE 30-2    Factors associated with progression to Lower Respiratory tract Infection (LRI) in Hematopoietic Stem Cell and Solid Organ 
Transplant recipients with Infl uenza and Parainfl uenza infections   

 Factors associated with progression to LRI in hematopoietic stem cell transplant recipients 

 Infl uenza  Parainfl uenza 

 Study  Signifi cant Factors  Study  Signifi cant Factors 

 Ljungman et al., 2001 [ 13 ] 
  N  = 16 

 Lymphocytopenia (<200 μg/L) 
 Neutropenia 
 (<500 μg/L) 

 Nichols et al., 2001 [ 23 ] 
  N  = 253 

 Glucocorticoid therapy (dose-dependent) 
 Donor cytomegalovirus serostatus positive 
 Lymphocyte count 

 Nichols et al., 2004 [ 8 ] 
  N  = 62 

 Lymphocytopenia (<100 μg/L) 
 Glucocorticoid associated to 

prolonged viral shedding 

 Chakrabarti et al., 2002 
[ 26 ] 

  N  = 125 

 Allogeneic transplant 
 Time from transplant to infection < 6 months 

 Martino et al., 2005 [ 27 ] 
  N  = 39 

 Alternative donor 
 Graft-versus-host disease 
 Lymphocytopenia (<200 μL/L) 

 Srinivasan et al., 2011 [ 28 ] 
 N  = 46 

 Time from transplant to infection ≤ 100 days 
 Glucocorticoid therapy 
 Absolute leukocyte count <100 cells/μL <mu> at 

infection onset 

 Chemaly et al., 2006 [ 11 ] 
  N  = 112 

 Age > 65 years 
 Neutropenia (absolute neutrophil 

count (<500 cells/mL)) 
 Lymphocytopenia (absolute 

lymphocyte count (<200 cells/
mL)) 

 Chemaly et al., 2012 [ 21 ] 
  N  = 80 

 Neutropenia (neutrophil count <500 μg/L <mu>) 
within 1 week of diagnosis 

 APACHE II score >15 
 Respiratory coinfections 

 Khanna et al., 2010 [ 20 ] 
  N  = 19 

 Lymphocytopenia (<100 μg/L) a   Ustun et al., 2012 [ 22 ] 
  N  = 173 

 Age at presentation, 10–19 years 
 MMRD 
 Graft-versus-host disease 
 Glucocorticoid therapy 
 Coinfections 
 Time from transplant to infection <3 months 

 Choi et al., 2011 [ 29 ] 
  N  = 62 

 Lymphocytopenia (<100 cells/mL) 
 Hypoxemia 

 Seo et al., 2014 
 [ 30 ] 
  N  = 544 

 Time from transplant to infection <365 days 
 Oxygen use at diagnosis 
 Monocyte count (<100 cells/μL) 
 Neutrophil count (<1000 cells/μL) 
 Glucocorticoid therapy 
 >2 mg/kg/day 

 Espinosa-Aguilar et al., 
2011 [ 31 ] 

  N  = 27 

 Glucocorticoid therapy 
 >20 mg/day associated with 

development of LRI 
 Trend associated of 

lymphocytopenia (<500 cells/
mL) and LRI 

 Factors associated with progression to LRI in solid organ transplant recipients 

 Infl uenza  Parainfl uenza 

 Kumar et al., 2010 [ 17 ] 
  N  = 237 

 Delayed antiviral therapy 
 Shock at presentation 
 Diabetes mellitus 

 DeFabritus et al., 1979 
[ 32 ] 

  N  = 16 

 Good outcomes 

 Smud et al., 2010 [ 33 ] 
  N  = 77 

 Delayed antiviral therapy 
 Presentation with LRI 

 Wendt et al., 1992 [ 34 ] 
  N  = 19 

 Age <18 years 

 Cordero et al., 2012 [ 14 ] 
  N  = 77 

 Diabetes mellitus 
 Time from transplant to infection 

<90 days 
 Septic shock 
 Bilateral pulmonary involvement 
 Time from onset of symptoms to 

initiation of antiviral therapy 

 Apalsch et al., 1995 [ 35 ] 
  N  = 42 

 <6 months after transplant 
 Augmentation of immunosuppression 
 Time from transplant to infection ≤1 month 

  Abbreviations:  LRI  lower respiratory tract infection,  PIV  parainfl uenza virus,  APACHE  Acute Physiology and Chronic Health Evaluation,  MMRD  mis-
matched related donor,  URI  upper respiratory tract infection,  RI  lower respiratory infection. 
  a Associated with longer viral shedding.  
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 14 ]. Factors associated with progression in SOT recipients 
included delayed initiation of antiviral therapy (OR, 3.03; 
95% CI, 1.24–7.39;  P  = 0.015) [ 17 ] and infl uenza infection 
occurring within 90 days of transplant (OR, 5.00; 95% CI, 
2.10–12.20;  P  = 0.02) (Table  30-2 ) [ 14 ,  33 ]. 

 Infl uenza-related mortality rates in SOT recipients range 
from 4% to 9% [ 9 ,  10 ,  41 ]. Early therapy with oseltamivir 
has been associated generally with decreased rates of mor-
tality and ICU admission and fewer complicated outcomes 
in SOT recipients [ 15 ,  17 ]. As in HCT recipients, presenta-
tion with pneumonia (OR, 21.6; 95% CI, 2.9–155.8; 
 P  < 0.001) [ 15 ] and bacterial, viral, or fungal coinfections 
are relatively common (incidence, 7–29%) in SOT recipi-
ents; these coinfections have been associated with a higher 
risk of death [ 15 ,  17 ].  

30.1.3     Diagnosis 

 The availability of rapid and sensitive methods to diagnose 
respiratory viral infections, and infl uenza in particular, not 
only allows early diagnosis and initiation of therapy but also 
limits the risk of nosocomial transmission by facilitating 
appropriate use of antibiotics and rapid implementation of 
isolation precautions when necessary [ 42 ]. Reliable and 
accurate diagnosis depends on the quality of the respiratory 
samples collected for laboratory testing. Nasopharyngeal 
aspirations, nasal washings, and bronchoalveolar lavages are 
the optimal specimens, though throat and nasal swabs have 
been used and can also provide an accurate diagnosis [ 43 ]. 
Respiratory specimens should be collected and placed in 
viral transport media, preferably at 4 °C, as infectivity is lost 
at higher temperatures. If a delay of more than 24 h before 
processing is anticipated, specimens should be frozen [ 44 ]. 

30.1.3.1     Antigen Detection Assays 

 Antigen detection  assays      include the enzyme-linked immu-
nosorbent assay (ELISA), immunofl uorescence assay, and 
enzymatic detection by chemical reactions. These tests have 
quick turnaround times—as fast as 15 min—and do not 
require specialized laboratory equipment or personnel; thus, 
they can be used outside certifi ed laboratories in point-of- 
care settings. Most point-of-care tests distinguish infl uenza 
A virus from infl uenza B virus, but they do not consistently 
identify avian infl uenza virus subtypes. Furthermore, these 
tests have more variable sensitivity (47–93%) than cell cul-
ture and molecular assays, though their specifi city is accept-
able (around 90–95%) [ 45 ]. The results of these tests are 
infl uenced by the population, the type of specimen, and the 
timing of collection after presentation [ 46 ]. Their sensitivity 
is greatest during the peak infl uenza season, when false- 
positive results are less likely and the positive predictive 
value is high; however, in immunocompromised hosts, even 
peak-season sensitivities can be as low as 50% [ 47 ]. Thus, 

given the limited sensitivity of these assays, negative results 
do not rule out infl uenza virus infection, and follow-up test-
ing with molecular testing and/or viral culture should be con-
sidered to confi rm negative results, especially when clinical 
suspicion is high [ 38 ].  

30.1.3.2     Molecular Assays 

 Molecular  assays      can identify the presence of infl uenza viral 
RNA in respiratory specimens: (a) Reverse transcription 
polymerase chain reaction (RT-PCR) in which purifi ed infl u-
enza viral RNA is fi rst reverse transcribed into cDNA, and, 
the cDNA is then amplifi ed with specifi c primers, however 
this technique is time consuming and does not easily yield 
quantitative results. (b) Real-time quantitative RT-PCR 
(RT-qPCR) uses chemistry and instrumentation platforms to 
amplify and simultaneously quantify a targeted DNA mole-
cule with high sensitivity and specifi city as well as a rapid 
turnaround time. (c) Multiplex PCR is a variant of PCR that 
amplifi es multiple DNA targets using more than one pair of 
primers in a single reaction tube; it is able to distinguish mul-
tiple respiratory viruses simultaneously. These assays have 
high sensitivity (>90%) and specifi city (close to 100%) and 
can yield results in 3–8 h [ 48 – 50 ]. 

 Some molecular assays [ 1 ] are able only to detect and dis-
criminate between infl uenza A and B virus infections; while 
other tests can identify specifi c infl uenza A virus subtypes 
(A [H1N1] pdm09, seasonal A [H1N1], or seasonal A 
[H3N2]) [ 51 ]. Rapid molecular assays using isothermal 
nucleic acid amplifi cation are a new type of molecular diag-
nostic test for infl uenza. 1  One rapid molecular assay has been 
approved in January 2014 in Europe, and recently in 2015 by 
the US Food and Drug Administration (FDA), which differ-
entiates infl uenza A from B but not subtypes. It can be used 
in physicians’ offi ces, emergency rooms, or health depart-
ment clinics and yields results in 15 min [ 52 ,  53 ]. 

 The disadvantages of these molecular techniques include 
their high cost, which limits their availability, and their 
inability to distinguish nonviable from viable viruses [ 54 ]. 
Detection of a weak signal may represent a commensal 
infection, the tail end of a previous infection, or an early 
evolving infection. In the case of immunocompromised 
patients, shedding or persistent infection may render viruses 
detectable by PCR for a prolonged period of time (7–45 
days). Therefore, a positive test requires always to be placed 
into a clinical context [ 12 ,  20 ].  

1   The World Health Organization (WHO) information for molecular 
diagnosis of 
 Infl uenza virus—update can be found at  http://www.who.int/infl uenza/
gisrs_laboratory/molecular_diagnosis_influenza_virus_humans_
update_201403rev201505.pdf?ua=1 . Accessed 28 Aug 2015. 
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30.1.3.3     Cell Culture 

 Viral isolation  by      routine cell culture has been the gold stan-
dard for infl uenza diagnosis. However, it may take 3–10 
days before the results are readily available, which may in 
turn have an impact on patient care [ 55 ]. The classic tech-
nique uses a series of primary cell lines (human fi broblast 
and rhesus monkey kidney) and continuous cell lines (A549 
human lung carcinoma). The specimens are inoculated onto 
cell culture monolayers, and the visible cellular changes that 
occur in response to viral infection are monitored by light 
microscopy for  cytopathic effect (CPE)  . Based on the speci-
men source, the time to CPE, the quality of the CPE, and the 
cell line(s) showing CPE, a preliminary identifi cation of the 
virus can be made. The presence of a specifi c virus is con-
fi rmed by immunofl uorescent staining using virus-specifi c 
fl uorescently labeled antibodies [ 56 ]. A more rapid and sen-
sitive viral culture is the shell vial assay, a modifi cation of 
tube culture that uses a smaller tube shell vial culture. The 
sample is centrifuged onto a single layer of cells and viral 
growth is measured by antigen detection methods. The shell 
culture can have a turnaround time of 48 h, with sensitivity 
between 60% and 83% and good specifi city, around 
90–100% [ 57 ,  58 ]. 

 Viral culture is still an important part of the diagnosis, as 
it allows assessment of seasonal changes, virus subtype, and 
potential viral susceptibilities when needed. Unlike the 
molecular methods and nucleic acid amplifi cation tests, viral 
culture detects only viable viruses. This can be very useful 
for patient management because transplant recipients usually 
experience prolonged viral shedding, even when they are 
undergoing active antiviral therapy [ 55 ].   

30.1.4     Management 

 In both HCT and SOT recipients, antiviral therapy should be 
initiated promptly and even empirically when infl uenza 
infection is suspected, regardless of the severity of the ill-
ness. Furthermore, antivirals should be administered even if 
patients present with symptoms for longer than 2 days, given 
the known benefi t of these drugs in reducing complications 
[ 59 ]. In a study involving HCT recipients, virological 
response was seen even in patients whose treatment was 
started 3–6 days after initial symptoms, which is longer than 
the 48-h treatment window recommended for immunocom-
petent individuals [ 20 ]. Early administration of antiviral 
therapy has been associated with reduced risks of LRI 
(adjusted OR, 0.04; 95% CI, 00–02;  P  < 0001), hypoxemia 
(adjusted OR, 014; 95% CI, 00–04;  P  < 0001), ICU admis-
sion ( P  = 0.007), hospitalization ( P  = 0.049), need for 
mechanical ventilation ( P  = 0.019), and death at 6 weeks 
(adjusted HR, 021; 95% CI, 00–10;  P  = 0049) [ 21 ,  29 ]. This 
was also true for SOT patients in whom early initiation of 
antiviral therapy was associated with lower rates of progres-
sion to pneumonia (35% vs. 76%) ( P  = 0.013), and delayed 

antiviral treatment was independently associated with 
increased risk of admission to ICU (odds ratio [OR] 3.03, 
95% CI 1.24–7.39,  P  = 0.015) [ 17 ]. 

 Other studies in SOT and HCT recipients, as well as in 
patients with solid tumors have associated delay in initiation 
of therapy (24 h or more after onset of symptoms), with unfa-
vorable outcomes such as progression to LRI and even death 
[ 17 ,  36 ,  60 ]. Most experts recommend continuing antiviral 
therapy until viral replication has ceased, which typically 
takes longer in transplant patients than the 5 days of therapy 
recommended for immunocompetent patients [ 20 ]. 
Therefore, prolonged antiviral therapy may be of benefi t in 
transplant recipients, and experts usually recommend a 
10-day course of treatment for posttransplant patients [ 61 ]. 

 The two main groups of antivirals for infl uenza are the 
neuraminidase inhibitors [oseltamivir, zanamivir, and pera-
mivir (licensed in some countries)], which are active against 
both infl uenza A and B [ 52 ,  62 ,  63 ], and the M2 inhibitors 
(amantadine and rimantadine), which only act against infl u-
enza A [ 64 ] (Table  30-3 ).

   Oseltamivir is administered orally; its most common side 
effects are gastrointestinal (mainly nausea), so it is better tol-
erated with food. Zanamivir is administered by inhalation 
and is contraindicated or not well-tolerated in patients with 
chronic obstructive pulmonary disease and asthma (i.e., 
underlying airway disease). Intravenous (IV) zanamivir is 
undergoing evaluation in a phase 3 trial and is available for 
compassionate use from its manufacturer via an FDA emer-
gent investigational new drug application in the USA [ 61 ], 
and compassionate use program in Europe [ 65 ]. In immuno-
compromised patients, increased doses of oseltamivir 
(150 mg twice a day, adjusted to renal function) have been 
used, as was recommended for patients with the H5N1 avian 
infl uenza strain. Concerns about absorption in patients with 
graft-versus-host disease or mucositis also motivated higher 
dosing. However, the benefi t and impact on clinical out-
comes of high-dose oseltamivir have not been conclusively 
demonstrated [ 66 ,  67 ], and we do not advocate this practice 
at the present time. 

  Peramivi  r is available in Japan and South Korea and has 
been recently approved in the USA but still under evaluation 
in clinical trials in Europe. Peramivir is active against infl u-
enza A and B and is indicated for the treatment of infl uenza 
infection in adults. Peramivir is the fi rst neuraminidase 
inhibitor that is FDA-approved for IV use and is adminis-
tered as a single IV dose [ 63 ]. It should be considered for 
patients who are unable to tolerate oral or enteric administra-
tion of drugs. However, further studies are needed to 
 determine the effi cacy and safety of peramivir in immuno-
compromised patients [ 62 ]. Lastly, Lanimavir (formerly 
CS-8958), which is a new-long acting inhaled neuraminidase 
inhibitor, has been approved in Japan in 2010 and is cur-
rently under clinical trials in the USA and Europe and prom-
ises activity against oseltamivir resistant infl uenza strains, 
but more clinical data is still required [ 62 ]. 
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 The  M2 inhibitors   (or amantadanes),  amantadine and 
rimantadine  , are not active against infl uenza B virus because 
the protein M2 is unique to infl uenza A viruses [ 46 ]. In addi-
tion, broad resistance to M2 inhibitors has been described; 
therefore, amantadanes are no longer recommended as 
 fi rst- line therapy for infl uenza in the USA unless resistance 
precludes the use of the neuraminidase inhibitors [ 68 ]. 

 The use of  adjunctive corticosteroid therapy   remains con-
troversial. Some studies have shown that adjuvant corticoste-
roids may decrease infl ammation and thus prevent the 
development of LRI [ 69 ], but at the cost of prolonging viral 
shedding in immunocompromised patients or even other 
unfavorable outcomes [ 8 ,  70 ]. Thus, additional studies are 
needed to determine the role of corticosteroid therapy in 
patients with severe infection, and its use is not recom-
mended at the present time. 

30.1.4.1     Antiviral Resistance 

  Resistance of  infl uenza   2009 H1N1 and H3N2 strains to the 
available M2 inhibitors is usually recognized early on and 
frequently develops over the course of treatment, particularly 

in immunocompromised patients [ 71 ]. The mechanisms of 
resistance are mostly mediated by mutations at many sites of 
the target pore of the M2 protein channel. Therefore, aman-
tadine and rimantadine should not be used as fi rst-line ther-
apy or chemoprophylaxis for currently circulating infl uenza 
A viruses in transplant patients [ 68 ,  72 ]. 

 Resistance to neuraminidase inhibitors among the infl u-
enza viruses is an emerging problem of serious epidemio-
logical and clinical implications. A recent meta-analysis, 
including 19 studies, reported a pooled incidence rate for 
oseltamivir resistance of 2.6% [ 73 ]. However, higher rates of 
resistance (up to 16.3%) have been reported from Japanese 
children in 2004 [ 74 ]. Furthermore, during the 2007–2008 
season in Europe, increased resistance to oseltamivir (up to 
17%) was found to be associated with a specifi c mutation in 
the seasonal infl uenza A/H1N1 virus strains, H275Y, which 
causes a histidine to tyrosine substitution in the neuramini-
dase [ 75 ]. These resistant strains have been reported world-
wide [ 76 ,  77 ] and have elicited concern because they have 
caused severe clinical disease in patients with cancer, with 
the potential for nosocomial spread [ 78 ]. Strains with H275Y 
mutations were also reported during the 2009 H1N1 

   TABLE 30-3.    Currently available medications for treatment of Infl uenza   

  Neuraminidase inhibitors  Active against infl uenza A and B viruses 

 Antiviral agent  Dosing  Concerns for resistance  Adverse events  Approved for prophylaxis 

 Oseltamivir  75 mg orally every 12 h for 10 
days 

 Requires renal adjustment 
 Approved for children >2 weeks 

 Some strains of infl uenza A/
H1N1 with H275Y 
mutations 

 Gastrointestinal, skin and 
neuropsychiatric events 
(Japanese reports) 

 Poor absorption in severely ill 
patients, patients in ICU, and 
patients with graft-versus-
host disease 

 Yes 

 Zanamivir  10 mg inhaled every 12 h (2 
5-mg inhalations) 

 Approved for children over 7 
years of age 

 Minimal (case reports on 
combination with H275Y 
mutations and I223R and 
E119 neuraminidase 
substitutions) 

 Hyperactive airway; skin and 
gastrointestinal events 

 Yes 

 Peramivir  600 mg IV ×1 dose 
 Requires renal adjustment 
 Approved in Japan, South Korea 

and the USA for adults over 
18 years of age 

 Potential for some strains of 
infl uenza A/H1N1 with 
H275Y mutation—cross- 
resistance with 
oseltamivir 

 Neurologic events; neutropenia; 
diarrhea; creatinine kinase 
elevation 

 No 

 Laninamivir  For aults/children age 10, a 
dose of 2 packages (40 mg of 
laninamivir octanoate ) once a 
day. Approved in Japan. Phase 
2 trials in the USA 

 Approved in Japan 
 Phase 2 trials in the USA 

 Can be used for oseltamivir-
resistant infl uenza A 
strains 

 Gastrointestinal events  No 

  M2 inhibitors  Active against infl uenza A virus only 

 Antiviral agent  Dosing  Concerns for resistance  Adverse events  Approved for prophylaxis 

 Amantadine 
 (generic) 

 100 mg orally every 12 h  Currently not recommended 
for treatment of infl uenza 
A (rapid emergence of 
resistance while on 
treatment) 

 Cardiac, neurologic, and 
gastrointestinal events; 
neutropenia 

 No 

 Rimantadine 
 (generic) 

 100 mg orally every 12 h  Same as amantadine  Neurological and cardiac events  No 
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 pandemic, and some of these mutations arose after treat-
ment with oseltamivir [ 78 ,  79 ]. Finally, although rare, some 
instances of oseltamivir-resistant H3N2 strains have been 
detected worldwide [ 64 ]. In immunocompromised patients, 
the extended duration of viral replication and shedding and 
the prolonged use of antiviral agents for chemoprophylaxis 
may explain the development of oseltamivir-resistant infl u-
enza A viruses, especially those with H275Y mutations 
[ 80 ,  81 ]. 

 A small number of  oseltamivir-resistant 2009 H1N1 
viruses   have also shown reduced peramivir susceptibility 
[ 82 ,  83 ], generating great concern about the use of peramivir 
in immunocompromised patients with oseltamivir-resistant 
infl uenza A infections. Therefore, patients infected with 
infl uenza A virus that is suspected or documented to have the 
H275Y mutation should not be treated with peramivir [ 78 , 
 84 ]. The treatment of choice for oseltamivir-resistant infl u-
enza with the H275Y mutation is zanamivir, and few reports 
of good outcomes with the use of zanamivir in HCT recipi-
ents have been published [ 85 ,  86 ]. However, it is important 
to mention that zanamivir-resistant strains of 2009 H1N1 
infl uenza virus have been reported in immunocompromised 
patients after prolonged antiviral use. These strains showed 
specifi c mutations in the neuraminidase (I223R neuramini-
dase substitutions), occurring in combination with or after 
the H275Y substitution, that have been associated with 
reduced susceptibility to zanamivir [ 87 ,  88 ]. Therefore, 
patients undergoing infl uenza treatment who do not have an 
appropriate clinical response within 3–5 days of the initia-
tion of antiviral therapy and/or have a worsening course 
despite ongoing therapy should raise suspicion of an infec-
tion with oseltamivir and/or zanamivir-resistant virus. 
Several methods for genotypic and phenotypic antiviral sus-
ceptibility testing are currently available [ 64 ,  89 ]. 

 It has been suggested that triple combination therapy with 
oseltamivir, amantadine, and ribavirin or higher doses of 
oseltamivir (150 mg twice a day, adjusted to renal function) 
could prevent the emergence of antiviral resistance and treat 
severe disease [ 90 ,  91 ], but the effi cacy and safety of these 
regimens still need to be determined in clinical trials [ 67 ].   

30.1.4.2     Antivirals in the Pipeline 

 New  age  nts for the treatment of infl uenza are under develop-
ment. DAS181 (Fludase, Ansun BioPharma, USA) is a 
recombinant fusion protein that includes a sialidase derived 
from  Actinomycosis viscosus  that cleaves sialic acid recep-
tors on host cells. This protein has been shown to bind to 
cells and effi ciently remove cell-surface sialic acid residues 
from respiratory epithelium [ 92 ]. Sialic acid is the primary 
receptor for viral binding and entry into the host cell; there-
fore, the removal of sialic acid by DAS181 potently inhibits 
viral infection. Furthermore, by targeting the host cells rather 
than the virus, DAS181 may be less likely than virus- targeted 

drugs to induce resistance [ 93 ]. In a phase 2 study, DAS181 
signifi cantly reduced viral load in participants infected with 
infl uenza [ 93 ]. More effi cacy studies are needed to investi-
gate clinical outcomes and the effect of the medication on 
viral load and shedding. 

 Favipiravir (T705, Toyama Chemical, Japan) is an investi-
gational antiviral drug that functions as a nucleotide ana-
logue and inhibitor of the viral RNA polymerase of infl uenza 
types A, B, and C, including oseltamivir-resistant strains 
[ 64 ]. Synergy with oseltamivir has been demonstrated in pre-
clinical models [ 94 ,  95 ], and is currently undergoing Phase 
III clinical trials in the USA, Europe, and Latin America. 
Nitazoxanide, an antiparasitic agent with a novel antiviral 
effect [ 96 ], has been tested in healthy adults and has been 
shown to reduce the duration of symptoms after acute 
uncomplicated infl uenza infections [ 97 ]. In view of the 
ongoing drift or shift of the infl uenza A virus and the possi-
bility of new pandemics or serious epidemics, future studies 
are needed to evaluate combination therapies and even newer 
agents, such as neutralizing monoclonal antibodies [ 98 ] and 
Toll-like receptor agonists, that elicit broad-spectrum 
immune response against infl uenza viruses [ 99 ].   

30.1.5     Prevention 

 Person-to-person  transmiss  ion of the infl uenza virus may 
occur through small aerosols, large droplets, or direct and 
indirect contact. The two basic tenets of infl uenza infection 
prevention, therefore, are strict attention to hand hygiene and 
social distancing [ 100 ]. Patients with known or suspected 
infl uenza infection should be isolated from other patients 
using standard and droplet precautions, which include the 
use of gloves, gowns, and surgical masks when close contact 
is anticipated and goggles or face shields when appropriate, 
in particular during aerosol-generating procedures [ 101 ]. 

 In general, individuals with infl uenza infection may become 
infectious 1 day before symptoms’ onset and up to 7 days after 
becoming sick; however, because immunocompromised 
patients may have prolonged shedding of the virus, they may 
be contagious for longer than 7 days. Nosocomial transmis-
sion of infl uenza virus is underestimated, but several outbreaks 
in transplant and non-transplant units have been reported [ 81 ]. 
Early and accurate diagnosis, by prompting isolation precau-
tions, is of tremendous importance in preventing nosocomial 
transmission. Other precautionary measures should be estab-
lished in outpatient settings, where transmission may occur in 
waiting areas. Screening patients for respiratory symptoms 
during the winter season at the front desk or at check-in and 
providing masks and alcohol- based gel for hand hygiene may 
reduce transmission of infl uenza virus. In addition, health care 
workers with fl u-like symptoms or with potential respiratory 
viral infection should be furloughed from direct patient care 
until infl uenza and other respiratory viruses are ruled out or 
they become asymptomatic [ 66 ]. 
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 For immunocompromised patients, daily chemoprophy-
laxis with strain-specifi c anti-infl uenza agents during out-
breaks was recommended in the past. However, this 
recommendation was called into question by a randomized, 
double blind, placebo-controlled trial conducted during the 
2009 H1N1 pandemic. This study showed that prophylaxis 
with oseltamivir was effective in reducing infl uenza burden 
by 75% in high-risk transplant recipients, but at the price of 
an increase in oseltamivir-resistant infl uenza A strains [ 76 , 
 102 – 104 ]. At our institution, we recommend providing 
empiric therapy for immunocompromised patients with 
upper respiratory symptoms during the infl uenza season 
until molecular testing results by PCR are available and 
reserving chemoprophylaxis in case of nosocomial out-
breaks [ 61 ]. 

  Vaccination   should be the primary means of prevention of 
infl uenza infection. The vaccine should be offered by 
September or October in the Northern hemisphere and by 
May in the Southern hemisphere [ 10 ,  105 ]. Several infl uenza 
vaccines are currently licensed for use, including inactivated 
infl uenza vaccines, which can be administered intramuscu-
larly or intradermal, and live infl uenza vaccines, which are 
administered intranasal. Inactivated infl uenza vaccines cur-
rently in use are either trivalent (two strains of infl uenza A 
and one strain of infl uenza B) or quadrivalent (two strains of 
infl uenza A and two strains of infl uenza B). The live attenu-
ated vaccines are contraindicated in transplant recipients and 
their close contacts because there is a risk of transmission of 
the live-attenuated vaccine strains [ 106 ]. The immunogenic-
ity of infl uenza vaccine in transplant recipients is variable, 
depending on the type of organ transplanted, the immuno-
suppressive regimen used, and the composition of the prepa-
ration of the vaccine. Vaccine response in transplant 
recipients has been found to be lower than that observed in 
the general population, with antibody response ranging from 
20% to 50%, especially during the fi rst year after transplant 
[ 107 ,  108 ]. However, further studies, including a recent 
meta-analysis, showed that even when vaccinated patients 
develop infl uenza, the severity of the disease is reduced com-
pared to that observed in unvaccinated patients [ 109 – 111 ]. 
Inactivated infl uenza vaccine is therefore recommended for 
all HCT and SOT recipients as well as their household mem-
bers [ 10 ,  109 ,  112 ,  113 ]. Vaccination is usually offered 6 
months after transplantation or as early as 4 months after 
transplantation in case of community outbreaks [ 112 ]. 
Ensuring compliance with vaccination in HCT and SOT 
recipients and their family members has been challenging, 
though compliance rates have improved over the years [ 114 , 
 115 ]. A patient survey at MD Anderson Cancer Center 
showed that a strong recommendation by the clinical pro-
vider was the best predictor of compliance with infl uenza 
vaccination in an immunocompromised population [ 116 ]. 
Likewise, vaccination of health care workers is an essential 
component of protecting vulnerable patients and should be 
encouraged and monitored, especially in centers caring for 
SOT and HCT patients [ 117 ].  

30.1.6     Long-Term Outcomes 

 After the 2009 H1N1  pandemi  c, several studies reported 
incidences of acute allograft rejection after infl uenza infec-
tion ranging from 9% to 61%, with the highest rates in lung 
transplant recipients [ 15 ]. The stimulation of cellular immu-
nity in response to viral infection may result in enhanced 
recognition of allogeneic tissue, leading to acute and/or 
chronic allograft rejection. Furthermore, bronchiolitis oblit-
erans syndrome (BOS), defi ned as new onset of obstructive 
disease after transplant (measured by a decline in forced 
expiratory volume [FEV1] in 1 s), has been described after 
infl uenza infection in HCT and lung transplant recipients. 
However, the relationship of infl uenza infection with these 
outcomes is not yet as clear as it is for other viruses, includ-
ing RSV and parainfl uenza virus (PIV), and requires further 
study [ 118 ,  119 ].   

30.2     Parainfl uenza Virus Infection 
in Hematopoietic Stem Cell 
and Solid Organ Transplant 
Recipients 

30.2.1     Overview and Epidemiology 

 PIV is a medium- sized  , enveloped, single-stranded RNA 
virus belonging to the  Paramyxoviridae  family. PIVs are 
divided into two broad classes and four types based on their 
genetic and antigenic characteristics: respirovirus (PIV-1 
and PIV-3) and rubulavirus (PIV-2 and PIV-4). In the general 
population, most clinical infections are caused by PIV-3 
(52%), followed by PIV-1 (26%) and PIV-2 (12%) [ 120 ]. 
Although PIV infections often occur year-round, peak sea-
sonal activity has been reported to occur biennially between 
late September and December for PIV-1, and during the 
spring and summer months for PIV-3 [ 22 ,  120 ]. 

 The vast majority of PIV infections occur in infants and 
children and PIV accounts for 30–50% of the cases of croup 
(acute tracheobronchitis) [ 121 ]. By adulthood, more than 
90% of individuals have antibodies to PIV, though they are 
only partially protected against subsequent infections. Even 
in the presence of high levels of serotype-specifi c antibodies, 
primary infection and reinfection can still occur [ 12 ]. Besides 
children, immunocompromised patients, including HCT and 
lung transplant recipients, are among the most vulnerable to 
PIV infections [ 11 ,  122 ]. As in the general population, PIV-3 
is the virus type most commonly observed in transplant 
recipients [ 23 ]. 

 In HCT recipients, the incidence of PIV infections has 
generally been reported to be in the range of 1–7% [ 21 ,  61 ], 
but a recent report of surveillance in asymptomatic HCT 
recipients found a much higher incidence of 18% [ 12 ]. At 
MD Anderson Cancer Center, a higher rate of PIV infection 
in allogeneic transplant recipients (5.5%) was reported when 
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comparing with autologous population (1.3%) [ 21 ]. Most 
PIV infections occurred during the fi rst year after transplant 
[ 123 ], and in a study from the University of Minnesota where 
more than half (58%) occurring within the fi rst 100 days 
[ 22 ]. It is possible that the reported high rates of nosocomial 
transmission, which range from 13% to 41% in different cen-
ters, have been in part responsible of early occurrence of PIV 
after stem cell transplant [ 12 ,  21 ]. 

 In studies from the 1990s, PIV infection in HCT recipients 
was shown to be strongly related to young age [ 34 ,  124 ]. For 
example, in Wend et al.’s 1995 report [ 124 ], 55% of HCT 
patients infected with PIV were younger than 18 years of 
age. More recently, however, the average age of presentation 
has shifted upward. In Ustun et al.’s longitudinal study [ 22 ], 
which tracked the epidemiology of PIV in HCT recipients 
for over 30 years, patients 19 years old or younger made up 
80% of PIV cases from 1974 to 1992, but only 12% from 
2002 to 2010. Similarly, in an MD Anderson Cancer Center 
study, including data from 2002–2007, the mean age of pre-
sentation of PIV infection in over 200 patients with leukemia 
or after HCT was around 54 years [ 21 ]. 

 Limited data are available on PIV infections in SOT recip-
ients. The  incidence   of PIV infection in SOT patients varies 
between 1.6% and 11.9%; most of the reported infections 
have been in lung transplant recipients [ 125 ,  126 ]. The wide 
difference in the reported incidence rates can be explained in 
part by the method of detection, time of year, geographic 
location, and, of course, the type of organ transplanted [ 122 ]. 
Importantly, the majority of PIV infections in lung transplant 
recipients are described between the fi rst and second years 
after transplant, mainly refl ecting exposure in the commu-
nity [ 16 ,  119 ,  126 ].  

30.2.2     Diagnosis 

 As there are no clinical features  pathognomonic   for PIV 
infection, microbiological diagnosis is of paramount impor-
tance. Viral culture is the gold standard for diagnosis of 
PIV. The preferred cell lines for PIV culture are monkey kid-
ney cell lines (e.g., LLC-MK2), but commercially available 
mixed cell culture systems will support growth as well. The 
culture usually takes 2–10 days; therefore, its clinical value 
is limited [ 24 ]. More rapid diagnostic methods such as anti-
gen detection and molecular testing are commercially avail-
able and should be used for immunocompromised patients in 
particular. 

 Antigen testing for PIV can be performed with  immuno-
fl uorescence indirect assays   using antisera against each of 
the PIV serotypes, ELISA, radioimmunoassay. The sensitiv-
ity of these tests has been reported as ranging from 28% to 
84% [ 44 ]. In a study by Sable et al., viral isolation and anti-
gen detection assays using upper respiratory tract specimens 
showed low sensitivity for PIV diagnosis when compared 
with tests using specimens obtained by bronchoalveolar 

lavage [ 127 ]. These fi ndings can be explained in part by the 
relatively low sensitivity of these tests in general and the fact 
that PIV in adult patients may be shed in low titers [ 128 ]. 
The specifi city of immunofl uorescence assays, however, has 
been reported to be approximately 95% [ 24 ]. 

 Molecular tests, including PCR techniques, have a sensi-
tivity of 100% and specifi city of 95–98% [ 129 ].  Multiplex 
RT-qPCR assay kits   using a  dual-priming oligonucleotide 
system   are now available; this kit is capable of detecting 12 
common respiratory viruses. When interpreting molecular 
test results, however, it is important to keep in mind that pro-
longed viral shedding has been reported in immunocompro-
mised patients, including asymptomatic HCT patients [ 12 ]. 

 Radiological fi ndings are not pathognomonic, though 
non-cavitary pulmonary nodules, especially peribronchial 
ground glass infi ltrates and consolidation, have been 
reported [ 130 ].  

30.2.3     Clinical Presentation and Prognostic 
Factors 

 HCT recipients with  PIV   infections may present with fever, 
cough, wheezing, and coryza [ 34 ,  85 ]. Sinusitis may be seen 
in around 40% of patients [ 123 ]. Parotiditis, epiglottitis, and 
even dissemination to the brain, myocardium, and pericar-
dium have also been reported [ 131 ,  132 ] (Table  30-1 ). 
Interestingly, a study by Peck et al. [ 12 ] showed that up to 
17% of HCT recipients tested positive for PIV when weekly 
respiratory samples were collected, regardless of whether 
they showed respiratory symptoms. 

 Two large studies at Fred Hutchinson Cancer Research 
Center and MD Anderson Cancer Center demonstrated that 
the most common presentation of PIV infections in HCT 
recipients was URI (57–87%), followed by URI and LRI 
(30%), and LRI without URI (7–15%) [ 51 ,  60 ]. In a prospec-
tive study at 37 centers in Europe, progression from URI to 
LRI occurred in 13–49% of patients; radiographic fi ndings 
varied and included focal or diffuse interstitial and alveolar 
interstitial infi ltrates (Figure  30-3 ). Most infections pro-
gressed within the fi rst 7 days of presentation [ 23 ,  36 ]. 
Factors that were associated with progression included low 
neutrophil count (<500 μg/L) (OR 4.3; 95% CI, 1.9–10.0; 
 P  < 0.001); respiratory coinfections within a month of PIV 
infection (OR 7.1; 95% CI, 2.7–18.8;  P  < 0.0001) [ 21 ]; low 
lymphocyte counts (<200 μg/L) (OR 1.73; 95% CI, 1.1–2.9; 
 P  = 0.032) [ 23 ,  30 ]; and the use of glucocorticoid therapy, 
dose dependent as follows: dose of 1–2 mg/kg/day (OR, 8.6; 
95% CI, 2.6–27.8;  P  = 0.0003) and dose >2 mg/kg/day (OR 
19.8; 95% CI, 5.2–74.6;  P  < 0.0001) [ 22 ,  30 ] (Table  30-2 ).

   Respiratory failure secondary to PIV is a signifi cant and 
common complication in HCT recipients; it may occur in 
19–43% of patients with pneumonia [ 21 – 23 ]. Mortality 
rates range from 25% to 46%, with higher rates reported in 
patients who develop LRI (HR, 2.6; 95% CI, 1.3–5.4, 
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 P  < 0.01); who present at age 10–19 years (HR, 4.2; 95% CI, 
1.8–9.9;  P  < 0.01); who received transplants from a mis-
matched related donor (HR, 3.8; 95% CI, 1.7–8.5;  P  < 0.01); 
and who developed PIV infection within 3 months after 
transplant (HR, 2.3; 95% CI, 1.2–4.3;  P  < 0.01) [ 22 ]. The 
presence of pulmonary coinfections secondary to 
 Pseudomonas aeruginosa ,  Staphylococcus aureus , and 
 Stenotrophomonas maltophilia  (HR, 2.1; 95% CI, 1.0–4.2; 
 P  = 0.04) and steroid use (HR, 2.0; 95% CI, 1.0–3.9; 
 P  = 0.05) were also associated with higher mortality rates 
[ 22 ,  30 ,  133 ]. 

 Reports of PIV in SOT recipients are scarce. Some retro-
spective studies in adults and children evaluating respiratory 
virus infections after SOT have reported PIV and infl uenza 
to be the most common viruses isolated, with an overall low 
risk for LRI; however, these infections may be associated 
with acute allograft rejection [ 32 ,  35 ]. Reported clinical 
symptoms of PIV infection in SOT recipients are listed in 
Table  30-1 . Vilchez et al. [ 125 ] described the clinical presen-
tation of PIV infections in lung transplant recipients as non-
specifi c, including cough, wheezing, coryza, shortness of 
breath, and temperature elevation above 38 °C [ 125 ]. Various 
studies have reported time to symptom onset after lung trans-
plant ranging from 260 days to 2 years, mostly refl ecting 
exposure in the community [ 124 ,  125 ]. From 10% to 66% of 
SOT patients with PIV developed LRI; risk factors for pro-
gression included previous anti-lymphocyte therapy, lym-
phocytopenia, corticosteroid use, and time from transplant to 
infection (≤1 month) (Table  30-2 ) [ 7 ,  35 ,  122 ]. Acute respi-

ratory failure requiring mechanical ventilation occurred in 
10–21% of SOT recipients and is associated with a higher 
risk of death [ 125 ,  134 ]. Reported mortality rates from PIV 
infection among lung transplant recipients vary from 8% to 
20% and are strongly associated with the presence of coin-
fections with  S. aureus  and  P. aeruginosa  [ 21 ,  125 ].  

30.2.4     Management 

 There is currently no antiviral agent licensed for the treat-
ment of PIV. Management has included supportive care and, 
in some instances, the use of oral or aerosolized ribavirin 
with or without intravenous immunoglobulins (IVIGs). New 
antiviral agents and vaccines in the pipeline might change 
the paradigm of PIV infection management, particularly in 
immunocompromised patients. 

  Ribavirin   is a  n  ucleoside analogue that has broad activity 
in vitro against many RNA and DNA viruses. Aerosolized 
ribavirin is currently licensed for the treatment of severe 
RSV infections in young children. Oral and aerosolized riba-
virin have also been used for the treatment of PIV; however, 
the available data remain controversial and not promising 
[ 61 ]. Our experience with PIV infections in HCT recipients 
at MD Anderson Cancer Center based on retrospective data, 
has shown that administration of aerosolized ribavirin did 
not reduce viral shedding, length of hospital stay, clinical 
response, duration of symptoms, or mortality rate [ 21 ]. 
Furthermore, in other studies there has not been major 

  FIGURE 30-3.    68-year-old female with AML DAY + 255 Matched- unrelated transplant. Admitted with nasal congestion, cough, dyspnea 
and fever. Nasal wash was positive for PIV 3. Chest radiograph ( right ) and computed tomography scan of the chest ( left ) showing bilateral 
ground glass opacities. Abbreviations:  AML  acute myelogenous leukemia,  PIV  parainfl uenza virus.       
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 difference in outcomes among those who were treated with 
aerosolized ribavirin and IVIGs from those who were treated 
with IVIGs alone [ 135 ]. Reports on the use of oral ribavirin 
in HCT recipients have, likewise, shown no impact on mor-
tality rates when compared with supportive care alone [ 30 , 
 136 ]. However, in lung transplant recipients with PIV infec-
tions, oral ribavirin seems to be associated with some bene-
fi ts, including lower rates of BOS within 6 months of 
infection (5% in the ribavirin group versus 24% in the non- 
ribavirin group;  P  = 0.02) [ 137 ,  138 ]. No randomized clinical 
trials have been conducted on the use of aerosolized or oral 
ribavirin in transplant patients to date. 

 Because the  hemagglutinin-neuraminidase glycoprotein 
  of PIV is important in membrane attachment, research has 
focused on the development of selective inhibitors of this 
major surface glycoprotein. DAS181, a novel sialidase 
fusion protein, has shown in vivo and in vitro activity against 
PIV by effectively cleaving sialic acid from respiratory epi-
thelial cells and preventing PIV entry into the cells [ 61 ,  93 ]. 
DAS181 has been administered on a compassionate use 
basis for treatment of severe PIV infections in HCT and SOT 
recipients, with apparent clinical benefi t and antiviral effects 
[ 93 ,  139 ,  140 ]. There is an ongoing double-blind, placebo- 
controlled phase 2 trial examining the effects of DAS181 in 
immunocompromised patients with PIV-related pneumonia. 
Two new antiviral molecule, BCX 2798 and BCX 2855 
(BioCryst Pharmaceuticals, Inc., Birmingham, AL), 
hemagglutinin- neuraminidase inhibitors, are being evaluated 
in infected mouse models using a virus similar to PIV, 
recombinant Sendai virus. BCX 2798 and BCX 2855 were 
developed through structure-based drug design based on the 
structure of the lead compound, Neu5Ac2en (2-deoxy-2, 
3-dehydro-N-acetyl neuraminic acid), bound to the active 
site of hemagglutinin-neuraminidase. Neu5Ac2en inhibits 
most NAs or sialidases and has been shown to reduce virus 
lung titers and to provide protection against lethal infection 
in mice [ 141 ]. 

 The use of  immunomodulation   has also been of great 
interest in the treatment of PIV. Immunoglobulins have long 
been used in the management of PIV infections in immuno-
compromised patients, but very few human studies have 
evaluated the use of IVIGs to treat PIV infection in trans-
plant recipients. In a small cohort of seven subjects with PIV 
infections after lung or heart-lung transplants, a combination 
approach using ribavirin, corticosteroids, and IVIG resulted 
in slower declines in lung function compared to historical 
controls, as measured by FEV1 [ 142 ]. In an animal study 
using two lots of commercial human-pooled IVIGs to treat 
PIV-infected cotton rats, Ottolini et al. demonstrated a sig-
nifi cant decrease in PIV lung titers with the use of immuno-
globulin G. However, they found no effect on infl ammatory 
changes in the lungs [ 143 ]. 

 Prince et al., also using a cotton rat model, studied the 
combination of intranasal topical immunoglobulin G and 
intranasal topical triamcinolone acetonide; showing a favor-

able effect on viral load and pulmonary pathology after treat-
ment through 8 days [ 144 ]. However, when topical 
triamcinolone was used alone, virus titers increased more 
than tenfold [ 143 ,  144 ]. A human study found that higher 
doses of corticosteroid therapy in HCT recipients were asso-
ciated with progression to LRI [ 23 ]. However, the mecha-
nism of action of the corticosteroids on the pathophysiology 
of PIV still needs to be elucidated.  

30.2.5     Prevention 

 PIV  transmissio  n can occur through contact with infectious 
fl uids, either directly or indirectly through contaminated 
fomites or through inhalation of airborne particles. Although 
a few studies have examined whether PIV is transmitted by 
small droplets, the evidence remains inconclusive. PIV trans-
mission can be effectively controlled by good hand hygiene, 
disinfection of surfaces, and environmental control of short- 
range transmission [ 145 ,  146 ]. Several outbreaks have been 
reported in HCT units, unfortunately due in part to the pro-
longed shedding of the virus, symptomatic surveillance and 
isolation precautions have been shown to be ineffective in 
terminating the outbreaks [ 147 – 149 ]. The recent expansion 
of knowledge about the need to maintain a high index of sus-
picion during community outbreaks, recognize asymptom-
atic shedding, and implement early isolation and contact 
precautions has reduced nosocomial infection rates from 
74% to 27% in the last 30 years [ 22 ]. 

 In view of the signifi cant long-term implications of PIV 
infections in transplant recipients, efforts should focus not 
only on treatment but also on preventive strategies. Live 
attenuated PIV vaccines (rHPIV-1/84/del 170/942A) have 
been developed from human and bovine virus strains, and 
the results of phase 1 trials in infants, children, and adults 
suggest that they are safe and immunogenic [ 150 ,  151 ]. 

 In conclusion, PIV is a common infection with high mor-
bidity and potential mortality in transplant patients, as well 
as long-term effects on the graft and overall outcomes. 
Further research is needed, in terms of prevention and man-
agement including graft outcomes.  

30.2.6     Long-Term Outcomes 

 PIV may activate  immunologic  al mechanisms in the lungs; it 
has been associated with a high rate of acute cellular rejec-
tion and risk for BOS in lung transplant recipients [ 118 ]. 
BOS is considered to be the single most important factor 
limiting long-term survival in lung transplant recipients, in 
part because its pathogenesis is poorly understood and treat-
ment options are limited [ 125 ,  152 ]. Vilchez et al. [ 126 ] 
report on 24 lung transplant recipients with PIV infections 
described acute allograft rejection confi rmed by trans bron-
chial biopsy in 82% of patients at the time of diagnosis and 
BOS in 32% of patients over 18 months of post-PIV- infection 
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surveillance. However, the interpretation of biopsy results 
may be diffi cult in the setting of infection because respira-
tory viral infections and acute rejection share similar patho-
logical characteristics, including the presence of perivascular 
infi ltrates [ 153 ]. 

 In HCT recipients, BOS is one of the most common late- 
onset noninfectious pulmonary complications [ 154 ]. The 
diagnosis of BOS is based on spirometry measurements, 
bronchiectasis, and, in some cases, imaging showing evi-
dence of air trapping [ 155 ]. At MD Anderson Cancer Center, 
922 cases of respiratory viral infections in allogeneic HCT 
recipients were reviewed. Of those, 304 patients had pulmo-
nary function tests available before and after the respiratory 
viral episode. The cumulative incidence of BOS was 23%, 
and BOS was more common following PIV and RSV infec-
tions (22%) than following infl uenza infections (13%) [ 156 ]. 
Similarly, Erard et al.’s [ 118 ] report from Fred Hutchinson 
Cancer Research Center documented signifi cant airfl ow 
decline in 86% of the HCT recipients who developed PIV-
attributable LRI (adjusted OR 17.9; 95% CI, 2.0–16; 
 P  = 0.01) during the 100 days following transplantation.   

30.3     Special Issues in Transplant 
of Infl uenza and Parainfl uenza 

 Infl uenza transmission from organ donor to recipients, while 
rare, it has been documented in case reports [ 157 ,  158 ]. Lung 
and intestinal transplant recipients are at higher risk from 
complications from an infected donor; therefore, potential 
donors who died in the context of confi rmed or suspected 
infl uenza infection should be ruled out. For other types of 
transplantation, organs can be procured as long as the donor 
received at least 48 h of directed therapy and the recipient is 
prophylactically treated with neuraminidase inhibitors [ 159 ]. 
Therefore, during the infl uenza season, a high index of sus-
picion should be maintained, and potential donors with URI 
or LRI should be microbiologically tested to rule out infl u-
enza or other respiratory viral infections, especially in cases 
of lung transplantation [ 159 ]. Additionally, the transplanta-
tion team should inform the potential recipient of the risks 
and consequences of accepting or not accepting the trans-
planted organ. To date, there are no reports of solid organ 
transplant associated PIV transmission, but as for infl uenza 
infection, high index of suspicion for donors is encouraged, 
including microbiological testing when indicated. 

 Patients who are scheduled to undergo HCT and who 
develop URI symptoms during the infl uenza season should 
be empirically treated for infl uenza while waiting for test 
results. A recent study from Fred Hutchinson Cancer 
Research Center demonstrated how symptomatic patients 
with upper respiratory viral infection detected before trans-
plant (including infl uenza and parainfl uenza) had an 
increased overall mortality compared with patients who had 

no virus detected (unadjusted HR, 3.5; 95% CI, 1.0–12.1; 
 P  = 0.05) [ 160 ]. Thus, if at all possible, we recommend post-
ponement of the transplant for 2 weeks or until the illness has 
completely resolved [ 61 ].     

   References 

       1.    Bednarska K, Hallmann-Szelinska E, Kondratiuk K, Brydak 
LB. Evaluation of the activity of infl uenza and infl uenza-like 
viruses in the epidemic season 2013/2014. Adv Exp Med Biol. 
2015;857:1–7.  

    2.    Appiah GD, Blanton L, D'Mello T, Kniss K, Smith S, 
Mustaquim D, et al. Infl uenza activity—United States, 2014–
15 season and composition of the 2015–16 infl uenza vaccine. 
MMWR Morb Mortal Wkly Rep. 2015;64:583–90.  

     3.    Molinari NA, Ortega-Sanchez IR, Messonnier ML, Thompson 
WW, Wortley PM, Weintraub E, et al. The annual impact of 
seasonal infl uenza in the us: measuring disease burden and 
costs. Vaccine. 2007;25:5086–96.  

    4.    McCarthy M. Early signs show that 2014–15 fl u season may 
be severe, CDC warns. BMJ. 2014;349:g7530.  

    5.    Schiffer JT, Kirby K, Sandmaier B, Storb R, Corey L, Boeckh 
M. Timing and severity of community acquired respiratory 
virus infections after myeloablative versus non-myeloablative 
hematopoietic stem cell transplantation. Haematologica. 
2009;94:1101–8.  

     6.    Weigt SS, Gregson AL, Deng JC, Lynch 3rd JP, Belperio 
JA. Respiratory viral infections in hematopoietic stem cell and 
solid organ transplant recipients. Semin Respir Crit Care Med. 
2011;32:471–93.  

      7.    Ison MG. Respiratory viral infections in transplant recipients. 
Antivir Ther. 2007;12:627–38.  

            8.    Nichols WG, Guthrie KA, Corey L, Boeckh M. Infl uenza 
infections after hematopoietic stem cell transplantation: risk 
factors, mortality, and the effect of antiviral therapy. Clin 
Infect Dis. 2004;39:1300–6.  

        9.    Lopez-Medrano F, Aguado JM, Lizasoain M, Folgueira D, 
Juan RS, Diaz-Pedroche C, et al. Clinical implications of 
respiratory virus infections in solid organ transplant recipients: 
a prospective study. Transplantation. 2007;84:851–6.  

        10.    Manuel O, Estabrook M. Practice ASTIDCo RNA respiratory 
viruses in solid organ transplantation. Am J Transplant. 
2013;13 Suppl 4:212–9.  

          11.    Chemaly RF, Ghosh S, Bodey GP, Rohatgi N, Safdar A, 
Keating MJ, et al. Respiratory viral infections in adults with 
hematologic malignancies and human stem cell transplanta-
tion recipients: a retrospective study at a major cancer center. 
Medicine (Baltimore). 2006;85:278–87.  

          12.    Peck AJ, Englund JA, Kuypers J, Guthrie KA, Corey L, 
Morrow R, et al. Respiratory virus infection among hemato-
poietic cell transplant recipients: evidence for asymptomatic 
parainfl uenza virus infection. Blood. 2007;110:1681–8.  

        13.    Ljungman P, Ward KN, Crooks BN, Parker A, Martino R, Shaw 
PJ, et al. Respiratory virus infections after stem cell transplanta-
tion: a prospective study from the infectious diseases working 
party of the European group for blood and marrow transplanta-
tion. Bone Marrow Transplant. 2001;28:479–84.  

       14.    Cordero E, de la Torre-Cisneros J, Moreno A, Perez-Romero 
P, Riera M. The impact of infl uenza A(H1N1)pdm09 infection 

30. Infl uenza and Parainfl uenza Infection in Hematopoietic Stem Cell and Solid Organ Transplant Recipients



576

on immunosuppressed patients. Enferm Infecc Microbiol Clin. 
2012;30 Suppl 4:38–42.  

         15.    Cordero E, Perez-Romero P, Moreno A, Len O, Montejo M, 
Vidal E, et al. Pandemic infl uenza A(H1N1) virus infection in 
solid organ transplant recipients: impact of viral and non-viral 
co- infection. Clin Microbiol Infect. 2012;18:67–73.  

       16.    Vilchez RA, McCurry K, Dauber J, Lacono A, Griffi th B, 
Fung J, et al. Infl uenza virus infection in adult solid organ 
transplant recipients. Am J Transplant. 2002;2:287–91.  

             17.    Kumar D, Michaels MG, Morris MI, Green M, Avery RK, Liu 
C, et al. Outcomes from pandemic infl uenza A H1N1 infection 
in recipients of solid-organ transplants: a multicentre cohort 
study. Lancet Infect Dis. 2010;10:521–6.  

        18.    Ljungman P, de la Camara R, Perez-Bercoff L, Abecasis M, 
Nieto Campuzano JB, Cannata-Ortiz MJ, et al. Outcome of 
pandemic H1N1 infections in hematopoietic stem cell trans-
plant recipients. Haematologica. 2011;96:1231–5.  

    19.    Mohty B, Thomas Y, Vukicevic M, Nagy M, Levrat E, 
Bernimoulin M, et al. Clinical features and outcome of 
2009-infl uenza A(H1N1) after allogeneic hematopoietic 
SCT. Bone Marrow Transplant. 2012;47:236–42.  

         20.    Khanna N, Steffen I, Studt JD, Schreiber A, Lehmann T, 
Weisser M, et al. Outcome of infl uenza infections in outpa-
tients after allogeneic hematopoietic stem cell transplantation. 
Transpl Infect Dis. 2009;11:100–5.  

              21.    Chemaly RF, Hanmod SS, Rathod DB, Ghantoji SS, Jiang Y, 
Doshi A, et al. The characteristics and outcomes of parainfl u-
enza virus infections in 200 patients with leukemia or recipi-
ents of hematopoietic stem cell transplantation. Blood. 
2012;119:2738–45. quiz 969.  

           22.    Ustun C, Slaby J, Shanley RM, Vydra J, Smith AR, Wagner JE, 
et al. Human parainfl uenza virus infection after hematopoietic 
stem cell transplantation: risk factors, management, mortality, 
and changes over time. Biol Blood Marrow Transplant. 
2012;18:1580–8.  

         23.    Nichols WG, Corey L, Gooley T, Davis C, Boeckh 
M. Parainfl uenza virus infections after hematopoietic stem cell 
transplantation: risk factors, response to antiviral therapy, and 
effect on transplant outcome. Blood. 2001;98:573–8.  

      24.    Henrickson KJ. Parainfl uenza viruses. Clin Microbiol Rev. 
2003;16:242–64.  

    25.    Lopez-Medrano F, Cordero E, Gavalda J, Cruzado JM, Marcos 
MA, Perez-Romero P, et al. Executive summary. Management 
of infl uenza infection in solid-organ transplant recipients: con-
sensus statement of the group for the study of infection in 
transplant recipients (GESITRA) of the Spanish society of 
infectious diseases and clinical microbiology (SEIMC) and 
the Spanish network for research in infectious diseases 
(REIPI). Enferm Infecc Microbiol Clin. 2013;31:528–34.  

    26.    Chakrabarti S, Avivi I, Mackinnon S, Ward K, Kottaridis PD, 
Osman H, et al. Respiratory virus infections in transplant 
recipients after reduced-intensity conditioning with campath-
1h: high incidence but low mortality. Br J Haematol. 2002;
119:1125–32.  

     27.    Martino R, Porras RP, Rabella N, Williams JV, Ramila E, 
Margall N, et al. Prospective study of the incidence, clinical 
features, and outcome of symptomatic upper and lower respi-
ratory tract infections by respiratory viruses in adult recipients 
of hematopoietic stem cell transplants for hematologic malig-
nancies. Biol Blood Marrow Transplant. 2005;11:781–96.  

    28.    Srinivasan A, Wang C, Yang J, Shenep JL, Leung WH, 
Hayden RT. Symptomatic parainfl uenza virus infections in 
children undergoing hematopoietic stem cell transplantation. 
Biol Blood Marrow Transplant. 2011;17:1520–7.  

          29.    Choi SM, Boudreault AA, Xie H, Englund JA, Corey L, 
Boeckh M. Differences in clinical outcomes after 2009 infl u-
enza A/H1N1 and seasonal infl uenza among hematopoietic 
cell transplant recipients. Blood. 2011;117:5050–6.  

        30.    Seo S, Xie H, Campbell AP, Kuypers JM, Leisenring WM, 
Englund JA, et al. Parainfl uenza virus lower respiratory tract 
disease after hematopoietic cell transplant: viral detection in 
the lung predicts outcome. Clin Infect Dis. 2014;58:1357–68.  

      31.    Espinosa-Aguilar L, Green JS, Forrest GN, Ball ED, Maziarz 
RT, Strasfeld L, et al. Novel H1N1 infl uenza in hematopoietic 
stem cell transplantation recipients: two centers’ experiences. 
Biol Blood Marrow Transplant. 2011;17:566–73.  

     32.    DeFabritus AM, Riggio RR, David DS, Senterfi t LB, Cheigh 
JS, Stenzel KH. Parainfl uenza type 3 in a transplant unit. 
JAMA. 1979;241:384–6.  

     33.    Smud A, Nagel CB, Madsen E, Rial Mdel C, Barcan LA, 
Gomez AA, et al. Pandemic infl uenza A/H1N1 virus infection 
in solid organ transplant recipients: a multicenter study. 
Transplantation. 2010;90:1458–62.  

      34.    Wendt CH, Weisdorf DJ, Jordan MC, Balfour Jr HH, Hertz 
MI. Parainfl uenza virus respiratory infection after bone mar-
row transplantation. N Engl J Med. 1992;326:921–6.  

      35.    Apalsch AM, Green M, Ledesma-Medina J, Nour B, Wald 
ER. Parainfl uenza and infl uenza virus infections in pediatric 
organ transplant recipients. Clin Infect Dis. 1995;20:394–9.  

         36.    Ljungman P. Respiratory virus infections in stem cell trans-
plant patients: the European experience. Biol Blood Marrow 
Transplant. 2001;7(Suppl):5S–7S.  

    37.    Boudreault AA, Xie H, Leisenring W, Englund J, Corey L, 
Boeckh M. Impact of corticosteroid treatment and antiviral 
therapy on clinical outcomes in hematopoietic cell transplant 
patients infected with infl uenza virus. Biol Blood Marrow 
Transplant. 2011;17:979–86.  

     38.    Kim SH, Hong SB, Yun SC, Choi WI, Ahn JJ, Lee YJ, et al. 
Corticosteroid treatment in critically ill patients with pan-
demic infl uenza A/H1N1 2009 infection: analytic strategy 
using propensity scores. Am J Respir Crit Care Med. 
2009;2011(183):1207–14.  

     39.    Renaud C, Campbell AP. Changing epidemiology of respira-
tory viral infections in hematopoietic cell transplant recipients 
and solid organ transplant recipients. Curr Opin Infect Dis. 
2011;24:333–43.  

    40.    Vilchez RA, Fung J, Kusne S. The pathogenesis and manage-
ment of infl uenza virus infection in organ transplant recipients. 
Transpl Infect Dis. 2002;4:177–82.  

    41.    Camargo LF, de Sandes-Freitas TV, Silva CD, Bittante CD, 
Ono G, Correa L, et al. Morbimortality of pandemic infl uenza 
A H1N1 infection in kidney transplant recipients requiring 
hospitalization: a comparative analysis with nonimmunocom-
promised patients. Transplantation. 2012;93:69–72.  

    42.    Pillet S, Lardeux M, Dina J, Grattard F, Verhoeven P, Le Goff 
J, et al. Comparative evaluation of six commercialized multi-
plex PCR kits for the diagnosis of respiratory infections. PLoS 
One. 2013;8:e72174.  

    43.    Campbell AP, Kuypers J, Englund JA, Guthrie KA, Corey L, 
Boeckh M. Self-collection of foam nasal swabs for respiratory 

E.J. Ariza-Heredia and R.F. Chemaly



577

virus detection by PCR among immunocompetent subjects 
and hematopoietic cell transplant recipients. J Clin Microbiol. 
2013;51:324–7.  

     44.   Bowden RA, Ljungman P, Snydman DR, editors. Transplant 
infections diseases. 3rd ed. Philadelphia, PA; Lippincott 
Williams and Wilkins: 2010.  

    45.    Kuypers J, Campbell AP, Cent A, Corey L, Boeckh M. 
Comparison of conventional and molecular detection of respi-
ratory viruses in hematopoietic cell transplant recipients. 
Transpl Infect Dis. 2009;11:298–303.  

     46.    Ebell MH. Diagnosing and treating patients with suspected 
infl uenza. Am Fam Physician. 2005;72:1789–92.  

    47.    Waner JL, Todd SJ, Shalaby H, Murphy P, Wall LV. Comparison 
of Directigen FLU-A with viral isolation and direct immuno-
fl uorescence for the rapid detection and identifi cation of infl u-
enza A virus. J Clin Microbiol. 1991;29:479–82.  

    48.    Landry ML, Cohen S, Ferguson D. Real-time PCR compared 
to Binax now and cytospin-immunofl uorescence for detection 
of infl uenza in hospitalized patients. J Clin Virol. 2008;
43:148–51.  

   49.    Zimmerman RK, Rinaldo CR, Nowalk MP, Balasubramani 
GK, Thompson MG, Bullotta A, et al. Detection of infl uenza 
virus infection using two PCR methods. Adv Virol. 2014;
2014:274679.  

    50.    Wang R, Taubenberger JK. Methods for molecular surveil-
lance of infl uenza. Expert Rev Anti Infect Ther. 2010;8:
517–27.  

     51.    Chartrand C, Leefl ang MM, Minion J, Brewer T, Pai M. 
Accuracy of rapid infl uenza diagnostic tests: a meta-analysis. 
Ann Intern Med. 2012;156:500–11.  

     52.    Louie JK, Yang S, Yen C, Acosta M, Schechter R, Uyeki 
TM. Use of intravenous peramivir for treatment of severe 
infl uenza A(H1N1)pdm09. PLoS One. 2012;7:e40261.  

    53.   FDA grants fi rst CLIA waiver for nucleic acid-based fl u diag-
nostic test.   http://www.fda.gov/newsevents/newsroom/pres-
sannouncements/ucm429127.htm    . Accessed 9 June 2015.  

    54.    Templeton KE, Scheltinga SA, Beersma MF, Kroes AC, Claas 
EC. Rapid and sensitive method using multiplex real-time pcr 
for diagnosis of infections by infl uenza A and infl uenza B 
viruses, respiratory syncytial virus, and parainfl uenza viruses 
1, 2, 3, and 4. J Clin Microbiol. 2004;42:1564–9.  

     55.    Dunn JJ, Woolstenhulme RD, Langer J, Carroll KC. Sensitivity 
of respiratory virus culture when screening with r-mix fresh 
cells. J Clin Microbiol. 2004;42:79–82.  

    56.    Petric M, Comanor L, Petti CA. Role of the laboratory in diag-
nosis of infl uenza during seasonal epidemics and potential 
pandemics. J Infect Dis. 2006;194 Suppl 2:S98–110.  

    57.    Steed LL, Salmon VC, Overall Jr JC. Identifi cation of infl u-
enza A virus by shell vial culture and two commercially avail-
able antigen detection methods. Clin Diagn Virol. 1994;2:
261–9.  

    58.    Zitterkopf NL, Leekha S, Espy MJ, Wood CM, Sampathkumar 
P, Smith TF. Relevance of infl uenza A virus detection by PCR, 
shell vial assay, and tube cell culture to rapid reporting proce-
dures. J Clin Microbiol. 2006;44:3366–7.  

    59.    Hajjar LA, Mauad T, Galas FR, Kumar A, da Silva LF, 
Dolhnikoff M, et al. Severe novel infl uenza A(H1N1) infection 
in cancer patients. Ann Oncol. 2010;21:2333–41.  

     60.    Chemaly RF, Vigil KJ, Saad M, Vilar-Compte D, Cornejo-
Juarez P, Perez-Jimenez C, et al. A multicenter study of pan-

demic infl uenza A(H1N1) infection in patients with solid 
tumors in 3 countries: early therapy improves outcomes. 
Cancer. 2012;118:4627–33.  

          61.    Chemaly RF, Shah DP, Boeckh MJ. Management of respira-
tory viral infections in hematopoietic cell transplant recipients 
and patients with hematologic malignancies. Clin Infect Dis. 
2014;59 Suppl 5:S344–51.  

      62.    Ison MG, Fraiz J, Heller B, Jauregui L, Mills G, O'Riordan W, 
et al. Intravenous peramivir for treatment of infl uenza in hos-
pitalized patients. Antivir Ther. 2014;19:349–61.  

     63.   FDA approves RAPIVAB to treat fl u infection.   http://www.
fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm427755.htmcited    . 9 June 2015.  

       64.    Ison MG. Antivirals and resistance: infl uenza virus. Curr Opin 
Virol. 2011;1:563–73.  

    65.   Conditions of use, conditions for distribution and patients tar-
geted and conditions for safety monitoring addressed to member 
states for iv zanamivir available for compassionate use. 2011. 
  http://www.ema.europa.eu/docs/en_GB/document_library/
Other/2010/02/WC500074124.pdfcited    . 28 August 2015.  

     66.    Casper C, Englund J, Boeckh M. How I treat infl uenza in 
patients with hematologic malignancies. Blood. 2010;115:
1331–42.  

     67.    Watcharananan SP, Suwatanapongched T, Wacharawanichkul 
P, Chantratitaya W, Mavichak V, Mossad SB. Infl uenza A/
H1N1 2009 pneumonia in kidney transplant recipients: char-
acteristics and outcomes following high-dose oseltamivir 
exposure. Transpl Infect Dis. 2009;2010(12):127–31.  

     68.    Dong G, Peng C, Luo J, Wang C, Han L, Wu B, et al. 
Adamantane- resistant infl uenza A viruses in the world (1902–
2013): frequency and distribution of M2 gene mutations. PLoS 
One. 2015;10, e0119115.  

    69.    Quispe-Laime AM, Bracco JD, Barberio PA, Campagne CG, 
Rolfo VE, Umberger R, et al. H1N1 infl uenza A virus-associ-
ated acute lung injury: response to combination oseltamivir 
and prolonged corticosteroid treatment. Intensive Care Med. 
2010;36:33–41.  

    70.    Shah DP, El Taoum KK, Shah JN, Vigil KJ, Adachi JA, 
Granwehr BP, et al. Characteristics and outcomes of pandemic 
2009/H1N1 versus seasonal infl uenza in children with cancer. 
Pediatr Infect Dis J. 2012;31:373–8.  

    71.    Abed Y, Goyette N, Boivin G. Generation and characterization 
of recombinant infl uenza A(H1N1) viruses harboring amanta-
dine resistance mutations. Antimicrob Agents Chemother. 
2005;49:556–9.  

    72.    Baranovich T, Bahl J, Marathe BM, Culhane M, Stigger-
Rosser E, Darnell D, et al. Infl uenza A viruses of swine circu-
lating in the United States during 2009–2014 are susceptible to 
neuraminidase inhibitors but show lineage-dependent resis-
tance to adamantanes. Antiviral Res. 2015;117:10–9.  

    73.    Thorlund K, Awad T, Boivin G, Thabane L. Systematic review 
of infl uenza resistance to the neuraminidase inhibitors. BMC 
Infect Dis. 2011;11:134.  

    74.    Nitsch-Osuch A, Brydak LB. Infl uenza viruses resistant to 
neuraminidase inhibitors. Acta Biochim Pol. 2014;61:505–8.  

    75.   Lackenby A, Hungnes O, Dudman SG, Meijer A, Paget WJ, 
Hay AJ, et al. Emergence of resistance to oseltamivir among 
infl uenza A(H1N1) viruses in Europe. Euro Surveill. 2008;13.  

     76.    Baz M, Abed Y, Simon P, Hamelin ME, Boivin G. Effect of the 
neuraminidase mutation H274Y conferring resistance to 

30. Infl uenza and Parainfl uenza Infection in Hematopoietic Stem Cell and Solid Organ Transplant Recipients

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm429127.htm
http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm429127.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm427755.htmcited
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm427755.htmcited
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm427755.htmcited
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2010/02/WC500074124.pdfcited
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2010/02/WC500074124.pdfcited


578

 oseltamivir on the replicative capacity and virulence of old and 
recent human infl uenza A(H1N1) viruses. J Infect Dis. 2010;
201:740–5.  

    77.    Takashita E, Meijer A, Lackenby A, Gubareva L, Rebelo-de- 
Andrade H, Besselaar T, et al. Global update on the suscepti-
bility of human infl uenza viruses to neuraminidase inhibitors, 
2013–2014. Antiviral Res. 2015;117:27–38.  

      78.    Renaud C, Boudreault AA, Kuypers J, Lofy KH, Corey L, 
Boeckh MJ, et al. H275y mutant pandemic (H1N1) 2009 virus 
in immunocompromised patients. Emerg Infect Dis. 2011;
17:653–60. quiz 765.  

    79.    Valinotto LE, Diez RA, Barrero PR, Farias JA, Lopez EL, 
Mistchenko AS. Emergence of intratreatment resistance to 
oseltamivir in pandemic infl uenza A H1N1 2009 virus. Antivir 
Ther. 2010;15:923–7.  

    80.    Gooskens J, Jonges M, Claas EC, Meijer A, Kroes 
AC. Prolonged infl uenza virus infection during lymphocyto-
penia and frequent detection of drug-resistant viruses. J Infect 
Dis. 2009;199:1435–41.  

     81.    Weinstock DM, Gubareva LV, Zuccotti G. Prolonged shedding 
of multidrug-resistant infl uenza A virus in an immunocompro-
mised patient. N Engl J Med. 2003;348:867–8.  

    82.    Renaud C, Pergam SA, Polyak C, Jain R, Kuypers J, Englund 
JA, et al. Early emergence of an H275Y mutation in a hemato-
poietic cell transplant recipient treated with intravenous pera-
mivir. Transpl Infect Dis. 2010;12:513–7.  

    83.    Shetty AK, Ross GA, Pranikoff T, Gubareva LV, Sechrist C, 
Guirand DM, et al. Oseltamivir-resistant 2009 H1N1 infl uenza 
pneumonia during therapy in a renal transplant recipient. 
Pediatr Transplant. 2012;16:E153–7.  

    84.    Takashita E, Fujisaki S, Kishida N, Xu H, Imai M, Tashiro M, 
et al. Characterization of neuraminidase inhibitor-resistant 
infl uenza A(H1N1)pdm09 viruses isolated in four seasons 
during pandemic and post-pandemic periods in Japan. 
Infl uenza Other Respir Viruses. 2013;7:1390–9.  

     85.    Johny AA, Clark A, Price N, Carrington D, Oakhill A, Marks 
DI. The use of zanamivir to treat infl uenza A and B infection 
after allogeneic stem cell transplantation. Bone Marrow 
Transplant. 2002;29:113–5.  

    86.    Harter G, Zimmermann O, Maier L, Schubert A, Mertens T, 
Kern P, et al. Intravenous zanamivir for patients with pneumo-
nitis due to pandemic (H1N1) 2009 infl uenza virus. Clin Infect 
Dis. 2010;50:1249–51.  

    87.   Tamura D, DeBiasi RL, Okomo-Adhiambo M, Mishin VP, 
Campbell AP, Loechelt B, et al. Emergence of Multidrug-
Resistant Infl uenza A(H1N1)pdm09 Virus Variants in an 
Immunocompromised Child Treated With Oseltamivir and 
Zanamivir J Infect Dis. 2015; 212(8):1209–13.  

    88.    Nguyen HT, Fry AM, Loveless PA, Klimov AI, Gubareva 
LV. Recovery of a multidrug-resistant strain of pandemic infl u-
enza A 2009 (H1N1) virus carrying a dual H275Y/I223R 
mutation from a child after prolonged treatment with oseltami-
vir. Clin Infect Dis. 2010;51:983–4.  

    89.    Laplante J, St George K. Antiviral resistance in infl uenza 
viruses: laboratory testing. Clin Lab Med. 2014;34:387–408.  

    90.    Chan-Tack KM, Murray JS, Birnkrant DB. Use of ribavirin to 
treat infl uenza. N Engl J Med. 2009;361:1713–4.  

    91.    Nguyen JT, Hoopes JD, Le MH, Smee DF, Patick AK, Faix 
DJ, et al. Triple combination of amantadine, ribavirin, and 

oseltamivir is highly active and synergistic against drug resis-
tant infl uenza virus strains in vitro. PLoS One. 2010;5, e9332.  

    92.   An open label study to examine the effects of das181 adminis-
tered by dry powder inhaler (dpi) or nebulized formulation in 
immunocompromised subjects with parainfl uenza (piv) infec-
tion.   https://clinicaltrials.gov/ct2/show/NCT01924793cited    . 8 
June 2015.  

       93.    Moss RB, Hansen C, Sanders RL, Hawley S, Li T, Steigbigel RT. 
A phase ii study of das181, a novel host directed antiviral for the 
treatment of infl uenza infection. J Infect Dis. 2012;206:1844–51.  

    94.    Smee DF, Tarbet EB, Furuta Y, Morrey JD, Barnard DL. 
Synergistic combinations of favipiravir and oseltamivir against 
wild-type pandemic and oseltamivir-resistant infl uenza A 
virus infections in mice. Future Virol. 2013;8:1085–94.  

    95.    Tarbet EB, Vollmer AH, Hurst BL, Barnard DL, Furuta Y, 
Smee DF. In vitro activity of favipiravir and neuraminidase 
inhibitor combinations against oseltamivir-sensitive and 
oseltamivir- resistant pandemic infl uenza A(H1N1) virus. Arch 
Virol. 2014;159:1279–91.  

    96.    Rossignol JF, La Frazia S, Chiappa L, Ciucci A, Santoro 
MG. Thiazolides, a new class of anti-infl uenza molecules tar-
geting viral hemagglutinin at the post-translational level. 
J Biol Chem. 2009;284:29798–808.  

    97.    Haffi zulla J, Hartman A, Hoppers M, Resnick H, Samudrala S, 
Ginocchio C, et al. Effect of nitazoxanide in adults and adoles-
cents with acute uncomplicated infl uenza: a double-blind, ran-
domised, placebo-controlled, phase 2b/3 trial. Lancet Infect 
Dis. 2014;14:609–18.  

    98.    Limberis MP, Adam VS, Wong G, Gren J, Kobasa D, Ross 
TM, et al. Intranasal antibody gene transfer in mice and ferrets 
elicits broad protection against pandemic infl uenza. Sci Transl 
Med. 2013;5:187ra72.  

    99.    Wong JP, Saravolac EG, Sabuda D, Levy HB, Kende 
M. Prophylactic and therapeutic effi cacies of poly(IC.LC) 
against respiratory infl uenza A virus infection in mice. 
Antimicrob Agents Chemother. 1995;39:2574–6.  

    100.    Jefferson T, Del Mar C, Dooley L, Ferroni E, Al-Ansary LA, 
Bawazeer GA, et al. Physical interventions to interrupt or 
reduce the spread of respiratory viruses: systematic review. 
BMJ. 2009;339:b3675.  

    101.   Siegel JD, Rhinehart E, Jackson M, Chiarello L, Health Care 
Infection Control Practices Advisory C 2007 guideline for iso-
lation precautions: preventing transmission of infectious 
agents in health care settings. Am J Infect Control 
2007: 35 :S65–164  

    102.    Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, 
Mootrey G, et al. Prevention and control of seasonal infl uenza 
with vaccines: recommendations of the advisory committee on 
immunization practices (ACIP), 2009. MMWR Recomm Rep. 
2009;58:1–52.  

   103.    Chen LF, Dailey NJ, Rao AK, Fleischauer AT, Greenwald I, 
Deyde VM, et al. Cluster of oseltamivir-resistant 2009 pan-
demic infl uenza A (H1N1) virus infections on a hospital ward 
among immunocompromised patients—North Carolina, 2009. 
J Infect Dis. 2011;203:838–46.  

    104.    Moore C, Galiano M, Lackenby A, Abdelrahman T, Barnes R, 
Evans MR, et al. Evidence of person-to-person transmission of 
oseltamivir-resistant pandemic infl uenza A(H1N1) 2009 virus 
in a hematology unit. J Infect Dis. 2011;203:18–24.  

E.J. Ariza-Heredia and R.F. Chemaly

https://clinicaltrials.gov/ct2/show/NCT01924793cited


579

    105.    Tomblyn M, Chiller T, Einsele H, Gress R, Sepkowitz K, 
Storek J, et al. Guidelines for preventing infectious complica-
tions among hematopoietic cell transplant recipients: a global 
perspective. Preface Bone Marrow Transplant. 2009;44:
453–5.  

    106.    Grohskopf LA, Olsen SJ, Sokolow LZ, Bresee JS, Cox NJ, 
Broder KR, et al. Prevention and control of seasonal infl uenza 
with vaccines: recommendations of the advisory committee on 
immunization practices (ACIP)—United States, 2014–15 
infl uenza season. MMWR Morb Mortal Wkly Rep. 2014;63:
691–7.  

    107.    Engelhard D, Nagler A, Hardan I, Morag A, Aker M, Baciu H, 
et al. Antibody response to a two-dose regimen of infl uenza 
vaccine in allogeneic T cell-depleted and autologous BMT 
recipients. Bone Marrow Transplant. 1993;11:1–5.  

    108.    Issa NC, Marty FM, Gagne LS, Koo S, Verrill KA, Alyea EP, 
et al. Seroprotective titers against 2009 H1N1 infl uenza A 
virus after vaccination in allogeneic hematopoietic stem cell 
transplantation recipients. Biol Blood Marrow Transplant. 
2011;17:434–8.  

     109.   Beck CR, McKenzie BC, Hashim AB, Harris RC, University 
of Nottingham I, the ImmunoCompromised Study G, et al. 
Infl uenza vaccination for immunocompromised patients: sys-
tematic review and meta-analysis by etiology. J Infect Dis. 
2012: 206 :1250-9.  

   110.    Schuurmans MM, Tini GM, Dalar L, Fretz G, Benden C, 
Boehler A. Pandemic 2009 H1N1 infl uenza virus vaccination 
in lung transplant recipients: coverage, safety and clinical 
effectiveness in the Zurich cohort. J Heart Lung Transplant. 
2011;30:685–90.  

    111.    Machado CM, Cardoso MR, da Rocha IF, Boas LS, Dulley 
FL, Pannuti CS. The benefi t of infl uenza vaccination after 
bone marrow transplantation. Bone Marrow Transplant. 
2 0 0 5 ; 3 6 :
897–900.  

     112.    Ljungman P. Vaccination of immunocompromised patients. 
Clin Microbiol Infect. 2012;18 Suppl 5:93–9.  

    113.    Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, 
Tomblyn M, et al. 2013 IDSA clinical practice guideline for 
vaccination of the immunocompromised host. Clin Infect Dis. 
2014;58:309–18.  

    114.    Ariza-Heredia EJ, Gulbis AM, Stolar KR, Kebriaei P, Shah 
DP, McConn KK, et al. Vaccination guidelines after hemato-
poietic stem cell transplantation: practitioners’ knowledge, 
attitudes, and gap between guidelines and clinical practice. 
Transpl Infect Dis. 2014;16:878–86.  

    115.    Chon WJ, Kadambi PV, Harland RC, Thistlethwaite JR, West 
BL, Udani S, et al. Changing attitudes toward infl uenza vac-
cination in U.S. Kidney transplant programs over the past 
decade. Clin J Am Soc Nephrol. 2010;5:1637–41.  

    116.   Azzi J, Ella A-H, Shah D, Nesher L, Ghantoji S, Michailidis L, 
Marsh L, Chemaly R. The impact of infl uenza vaccination in 
patients with cancer on subsequent disease during the 
 2013–2014 infl uenza season. In Infectious Diseases Society 
of America meeting ID week 2014; 10 Oct 2014; 
Philadelphia, PA.  

    117.    Thomas RE, Jefferson TO, Demicheli V, Rivetti D. Infl uenza 
vaccination for health-care workers who work with elderly 
people in institutions: a systematic review. Lancet Infect Dis. 
2006;6:273–9.  

      118.    Erard V, Chien JW, Kim HW, Nichols WG, Flowers ME, 
Martin PJ, et al. Airfl ow decline after myeloablative allogeneic 
hematopoietic cell transplantation: the role of community 
respiratory viruses. J Infect Dis. 2006;193:1619–25.  

     119.    Kumar D, Erdman D, Keshavjee S, Peret T, Tellier R, 
Hadjiliadis D, et al. Clinical impact of community-acquired 
respiratory viruses on bronchiolitis obliterans after lung trans-
plant. Am J Transplant. 2005;5:2031–6.  

     120.    Fry AM, Curns AT, Harbour K, Hutwagner L, Holman RC, 
Anderson LJ. Seasonal trends of human parainfl uenza viral 
infections: United States, 1990–2004. Clin Infect Dis. 2006;
43:1016–22.  

    121.    Rihkanen H, Ronkko E, Nieminen T, Komsi KL, Raty R, 
Saxen H, et al. Respiratory viruses in laryngeal croup of young 
children. J Pediatr. 2008;152:661–5.  

      122.    Vilchez R, McCurry K, Dauber J, Iacono A, Keenan R, Griffi th 
B, et al. Infl uenza and parainfl uenza respiratory viral infection 
requiring admission in adult lung transplant recipients. 
Transplantation. 2002;73:1075–8.  

     123.    Lewis VA, Champlin R, Englund J, Couch R, Goodrich JM, 
Rolston K, et al. Respiratory disease due to parainfl uenza virus 
in adult bone marrow transplant recipients. Clin Infect Dis. 
1996;23:1033–7.  

      124.    Wendt CH, Hertz MI. Respiratory syncytial virus and parain-
fl uenza virus infections in the immunocompromised host. 
Semin Respir Infect. 1995;10:224–31.  

          125.    Vilchez RA, McCurry K, Dauber J, Iacono A, Keenan R, 
Zeevi A, et al. The epidemiology of parainfl uenza virus infec-
tion in lung transplant recipients. Clin Infect Dis. 2001;33:
2004–8.  

      126.    Vilchez RA, Dauber J, McCurry K, Iacono A, Kusne 
S. Parainfl uenza virus infection in adult lung transplant recipi-
ents: an emergent clinical syndrome with implications on 
allograft function. Am J Transplant. 2003;3:116–20.  

    127.    Sable CA, Hayden FG. Orthomyxoviral and paramyxoviral 
infections in transplant patients. Infect Dis Clin North Am. 
1995;9:987–1003.  

    128.    Vu DL, Bridevaux PO, Aubert JD, Soccal PM, Kaiser 
L. Respiratory viruses in lung transplant recipients: a critical 
review and pooled analysis of clinical studies. Am J Transplant. 
2011;11:1071–8.  

    129.    Fan J, Henrickson KJ. Rapid diagnosis of human parainfl u-
enza virus type 1 infection by quantitative reverse transcription-
PCR- enzyme hybridization assay. J Clin Microbiol. 1996;
34:1914–7.  

    130.    Ferguson PE, Sorrell TC, Bradstock K, Carr P, Gilroy 
NM. Parainfl uenza virus type 3 pneumonia in bone marrow 
transplant recipients: multiple small nodules in high- resolu-
tion lung computed tomography scans provide a radiological 
clue to diagnosis. Clin Infect Dis. 2009;48:905–9.  

    131.    Lange T, Franke G, Niederwieser D. Parotitis associated with 
a parainfl uenza virus type 3 infection during aplasia after unre-
lated allogeneic stem cell transplantation. Leuk Lymphoma. 
2006;47:1714–5.  

    132.    Vigil KJ, Mulanovich VE, Chemaly RF, Tarrand J, Raad II, 
Adachi JA. Severe parainfl uenza virus type 2 supraglottitis in 
an immunocompetent adult host: An unusual cause of a para-
myxoviridae viral infection. J Intern Med. 2009;265:
397–400.  

30. Infl uenza and Parainfl uenza Infection in Hematopoietic Stem Cell and Solid Organ Transplant Recipients



580

    133.    Safdar A, Rodriguez GH, Mihu CN, Mora-Ramos L, 
Mulanovich V, Chemaly RF, et al. Infections in non-myeloab-
lative hematopoietic stem cell transplantation patients with 
lymphoid malignancies: spectrum of infections, predictors of 
outcome and proposed guidelines for fungal infection preven-
tion. Bone Marrow Transplant. 2010;45:339–47.  

    134.    Billings JL, Hertz MI, Savik K, Wendt CH. Respiratory viruses 
and chronic rejection in lung transplant recipients. J Heart 
Lung Transplant. 2002;21:559–66.  

    135.    Renaud C, Englund JA. Antiviral therapy of respiratory viruses 
in haematopoietic stem cell transplant recipients. Antivir Ther. 
2012;17:175–91.  

    136.    Park SY, Baek S, Lee SO, Choi SH, Kim YS, Woo JH, et al. 
Effi cacy of oral ribavirin in hematologic disease patients with 
paramyxovirus infection: analytic strategy using propensity 
scores. Antimicrob Agents Chemother. 2013;57:983–9.  

    137.    Fuehner T, Dierich M, Duesberg C, DeWall C, Welte T, 
Haverich A, et al. Single-centre experience with oral ribavirin 
in lung transplant recipients with paramyxovirus infections. 
Antivir Ther. 2011;16:733–40.  

    138.    Sparrelid E, Ljungman P, Ekelof-Andstrom E, Aschan J, 
Ringden O, Winiarski J, et al. Ribavirin therapy in bone mar-
row transplant recipients with viral respiratory tract infections. 
Bone Marrow Transplant. 1997;19:905–8.  

    139.    Chalkias S, Mackenzie MR, Gay C, Dooley C, Marty FM, 
Moss RB, et al. Das181 treatment of hematopoietic stem cell 
transplant patients with parainfl uenza virus lung disease 
requiring mechanical ventilation. Transpl Infect Dis. 2014;
16:141–4.  

    140.   Ansun BioPharma I. An open label study to examine the 
effects of das181 administered by dry powder inhaler (dpi) 
or nebulized formulation in immunocompromised subjects 
with parainfl uenza (piv) infection. Available from clinicaltri-
als.Gov. Web site:   https://clinicaltrials.gov/ct2/show/
NCT01924793cited    . 8 June 2015.  

    141.    Alymova IV, Watanabe M, Boyd KL, Chand P, Babu YS, 
Portner A. Effi cacy of the novel parainfl uenza virus 
haemagglutinin- neuraminidase inhibitor BCX 2798 in mice—
further evaluation. Antivir Ther. 2009;14:891–8.  

    142.    Liu V, Dhillon GS, Weill D. A multi-drug regimen for respira-
tory syncytial virus and parainfl uenza virus infections in adult 
lung and heart-lung transplant recipients. Transpl Infect Dis. 
2010;12:38–44.  

     143.    Ottolini MG, Porter DD, Blanco JC, Prince GA. A cotton rat 
model of human parainfl uenza 3 laryngotracheitis: virus growth, 
pathology, and therapy. J Infect Dis. 2002;186:1713–7.  

     144.    Prince GA, Porter DD. Treatment of parainfl uenza virus type 3 
bronchiolitis and pneumonia in a cotton rat model using topi-
cal antibody and glucocorticosteroid. J Infect Dis. 
1996;173:598–608.  

    145.    van der Veen J, Poort Y, Birchfi eld DJ. Effect of relative 
humidity on experimental transmission of Sendai virus in 
mice. 1. Proc Soc Exp Biol Med. 1972;140:1437–40.  

    146.    Brady MT, Evans J, Cuartas J. Survival and disinfection of 
parainfl uenza viruses on environmental surfaces. Am J Infect 
Control. 1990;18:18–23.  

    147.    Zambon M, Bull T, Sadler CJ, Goldman JM, Ward 
KN. Molecular epidemiology of two consecutive outbreaks of 

parainfl uenza 3 in a bone marrow transplant unit. J Clin 
Microbiol. 1998;36:2289–93.  

   148.    Nichols WG, Erdman DD, Han A, Zukerman C, Corey L, 
Boeckh M. Prolonged outbreak of human parainfl uenza virus 
3 infection in a stem cell transplant outpatient department: 
Insights from molecular epidemiologic analysis. Biol Blood 
Marrow Transplant. 2004;10:58–64.  

    149.    Maziarz RT, Sridharan P, Slater S, Meyers G, Post M, Erdman 
DD, et al. Control of an outbreak of human parainfl uenza virus 
3 in hematopoietic stem cell transplant recipients. Biol Blood 
Marrow Transplant. 2010;16:192–8.  

    150.    Adderson E, Branum K, Sealy RE, Jones BG, Surman SL, 
Penkert R, et al. Safety and immunogenicity of an intranasal 
Sendai virus- based human parainfl uenza virus type 1 vaccine 
in 3- to 6-year-old children. Clin Vaccine Immunol. 2015;
22:298–303.  

    151.    Karron RA, Wright PF, Newman FK, Makhene M, Thompson 
J, Samorodin R, et al. A live human parainfl uenza type 3 virus 
vaccine is attenuated and immunogenic in healthy infants and 
children. J Infect Dis. 1995;172:1445–50.  

    152.    Chaparro C, Scavuzzo M, Winton T, Keshavjee S, Kesten S. 
Status of lung transplant recipients surviving beyond fi ve 
years. J Heart Lung Transplant. 1997;16:511–6.  

    153.    Tazelaar HD. Perivascular infl ammation in pulmonary infec-
tions: implications for the diagnosis of lung rejection. J Heart 
Lung Transplant. 1991;10:437–41.  

    154.    Yoshihara S, Yanik G, Cooke KR, Mineishi S. Bronchiolitis 
obliterans syndrome (bos), bronchiolitis obliterans organizing 
pneumonia (boop), and other late-onset noninfectious pulmo-
nary complications following allogeneic hematopoietic stem 
cell transplantation. Biol Blood Marrow Transplant. 
2007;13:749–59.  

    155.    Filipovich AH, Weisdorf D, Pavletic S, Socie G, 
Wingard JR, Lee SJ, et al. National institutes of health consen-
sus development project on criteria for clinical trials in chronic 
graft-versus-host disease: I. Diagnosis and staging working 
group report. Biol Blood Marrow Transplant. 2005;11:
945–56.  

    156.   Shah DP, Alousi AA, Bashoura L, Shah PK, Mahajan S, 
Mulanovich VE, Ariza-Heredia EJ, Chemaly RF. Bronchiolitis 
obliterans following respiratory viral infections in allogeneic 
hematopoietic stem cell transplant recipients. In Interscience 
conference on antimicrobial agens and chemotherapy 
(ICAAC); San Francisco, CA, USA.  

    157.    Le Page AK, Kainer G, Glanville AR, Tu E, Bhonagiri D, 
Rawlinson WD. Infl uenza B virus transmission in recipients of 
kidney and lung transplants from an infected donor. 
Transplantation. 2010;90:99–102.  

    158.    Meylan PR, Aubert JD, Kaiser L. Infl uenza transmission to 
recipient through lung transplantation. Transpl Infect Dis. 
2007;9:55–7.  

     159.    Cockbain AJ, Jacob M, Ecuyer C, Hostert L, Ahmad 
N. Transplantation of solid organs procured from infl uenza A 
H1N1 infected donors. Transpl Int. 2011;24:e107–10.  

    160.    Campbell AP, Guthrie KA, Englund JA, Farney RM, Minerich 
EL, Kuypers J, et al. Clinical outcomes associated with respi-
ratory virus detection before allogeneic hematopoietic stem 
cell transplant. Clin Infect Dis. 2015;61:192–202.    

E.J. Ariza-Heredia and R.F. Chemaly

https://clinicaltrials.gov/ct2/show/NCT01924793cited
https://clinicaltrials.gov/ct2/show/NCT01924793cited


581© Springer International Publishing Switzerland 2016
P. Ljungman et al. (eds.), Transplant Infections, DOI 10.1007/978-3-319-28797-3_31

     31 
   Respiratory Syncytial Virus and Human 
Metapneumovirus Infection in Transplant 
Recipients                     
     Christian     Renaud      and     Janet     Englund     

31.1           Introduction 

 Respiratory viruses may cause serious morbidity and 
 mortality in the immunocompromised host, and the trans-
plant recipient appears particularly vulnerable. The impact 
of infection with respiratory viruses and the subsequent 
development of severe lower respiratory tract disease 
has been increasingly appreciated as respiratory viruses 
become more readily detectable. Respiratory syncytial virus 
(RSV) and human metapneumovirus (hMPV) are among 
the best- documented respiratory viruses causing a wide 
range of respiratory disease in transplant recipients, rang-
ing from asymptomatic shedding to fatal respiratory failure. 
Understanding the epidemiology and clinical characteristics 
of RSV and hMPV permits clinicians to intervene pretrans-
plant, provide appropriate infection control and prevention 
measures, potentially treat patients, and manage immuno-
suppressive therapy. 

 Severe respiratory disease in the seriously immunocom-
promised host in the mid-twentieth century was originally 
attributed to infection with opportunistic pathogens such as 
gram-negative bacteria, fungi,  Pneumocystis jiroveci , and 
mycobacteria, as well as cytomegalovirus (CMV) and ade-
novirus. In the later twentieth century, episodes of acute 
upper respiratory infection (URI) and LRTI without an iden-
tifi ed etiology were often considered to be “idiopathic” 
pneumonia or attributed to regimen-related toxicity or acute 
respiratory distress syndrome (ARDS). In the classic 1982 
study of 215 non-bacterial, non-fungal pneumonias in 525 
allogeneic hematopoietic stem cell transplant (HSCT) recipi-
ents, 44% of the episodes of pneumonia remained undiag-
nosed. The overall mortality rate associated with idiopathic 
pneumonia in these HSCT recipients was 60%, a strikingly 
high fi gure [ 1 ]. The potential morbidity of RSV infections 
was fi rst recognized in immunocompromised children in the 
1970s, more than a decade earlier than in immunocompro-
mised adults [ 2 – 6 ]. The recognition of respiratory viruses as 
an important clinical problem likely refl ects the increasing 
number of severely immunodefi cient patients, more aggres-
sive attempts to identify the cause of respiratory illness in 

high-risk patients, and the increasing ability of clinical 
 virology and pathology laboratories to identify respiratory 
viruses in clinical specimens. 

 Although uncommon or atypical pathogens may be 
responsible for respiratory disease in the transplant recipient, 
the same viruses that cause typically mild but acute respira-
tory illness in the general population are responsible for hos-
pitalizations in persons of all ages with underlying medical 
conditions [ 7 ]. These same viruses are also a common cause 
of respiratory disease in transplant recipients [ 8 – 15 ]. With 
the widespread availability of sensitive and reliable molecu-
lar diagnostic methods, RSV and hMPV have been detected 
worldwide in transplant recipients and shown to be common 
causes of respiratory disease in the immunocompromised 
host [ 16 ,  17 ]. In both the general population as well as in 
transplant recipients, RSV and hMPV may produce a wide 
constellation of clinical syndromes ranging from the com-
mon cold to bronchiolitis to severe pneumonia, but in con-
trast to the general population, RSV and hMPV may 
signifi cantly impact the morbidity and mortality of the trans-
plant recipient.  

31.2      Virology      

 RSV  was fi rst identifi ed in 1956 and became appreciated as 
a major cause of epidemic bronchiolitis and pneumonia in 
young children in the 1960s [ 18 ,  19 ]. HMPV was fi rst identi-
fi ed in 2001 by molecular techniques in symptomatic chil-
dren by van den Hoogen et al. as a paramyxovirus causing 
bronchiolitis and URI in children [ 20 ]. Both viruses are 
 classifi ed within the Pneumovirinae subfamily of the 
Paramyxoviridae family of non-segmented, negative-strand, 
enveloped RNA viruses [ 21 ]. HMPV belongs to the 
Metapneumovirus genus whereas RSV is a member of the 
Pneumovirus genus. Both viruses are highly pleomorphic 
and their sizes vary from 150 to 600 nm. The RSV and 
hMPV genomes are approximately 13–15 kb in length and 
closely resemble each other, excluding a few differences in 
the order of the genes and the absence of the non-structural 
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genes (NS1 and NS2) from hMPV genome. The remaining 
eight genes code for nine proteins present in both viruses: the 
nucleoprotein (N protein), the phosphoprotein (P protein), 
the matrix protein (M protein), the fusion glycoprotein (F 
protein), the putative transcription factor (M2-1 protein), the 
RNA synthesis regulatory factor (the M2-2 protein), the 
small hydrophobic glycoprotein (SH protein), the attach-
ment glycoprotein (G protein) and the viral polymerase (L 
protein). The RNA core of the virion is associated with P, N, 
L, M2-1, M2-2 proteins, surrounded by M protein and cov-
ered by a lipid envelope. F is the most highly conserved of 
the envelope glycoproteins within each virus and between 
RSV and hMPV. The fusion glycoprotein is essential in pro-
moting attachment and fusion of the virus with the cell mem-
brane during viral entry. The fusion protein is the target of 
many vaccines under development as well as that of mono-
clonal antibodies such as palivizumab, which is used to pre-
vent RSV disease in preterm infants. By contrast, the G gene 
is the most variable. Whole genome analysis of both RSV 
and hMPV has shown the existence of two genotypes, A and 
B. In hMPV, those two major genetic groups are further 
divided into subgroups A1, A2, B1, B2 based upon the 
sequence variability of the G and F genes. Subgroup A2 is 
again divided into A2a and A2b. 

 RSV and hMPV infections produce both humoral and cel-
lular immune responses. Humoral immunity protects against 
reinfection while cellular immunity controls established 
infection and terminates viral shedding. Protective immunity 
in immunocompetent hosts is thought to be relatively short- 
lived. Both viruses interfere  with the host’s innate immune 
system resulting into incomplete clearance and partial 
immunity.  

31.3     Diagnosis 

 Prompt and accurate identifi cation of respiratory viral patho-
gen is critically important in the transplant recipient because 
it enables specifi c infection control precautions to be insti-
tuted, the initiation of specifi c antiviral therapy, impacts the 
use of immunosuppressive therapy, and potentially affects 
whether transplantation should proceed [ 22 – 24 ]. 
Furthermore, identifi cation of a respiratory viral pathogen 
can assist in avoiding unnecessary therapy, procedures, and 
surgical procedures (such as open lung biopsy), as well as 
assist in the identifi cation of a potential cluster or epidemic 
of infections within the medical unit, hospital, or commu-
nity. In hospitalized adults (both immunocompromised and 
immunocompetent), rapid viral diagnosis has been shown to 
reduce mortality and decrease the length of hospital stay and 
total cost [ 25 ,  26 ]. 

  Laboratory diagnosis      of respiratory viruses including 
RSV and hMPV has evolved considerably; adequate speci-
men collection is still essential for the successful identifi ca-
tion of viruses in clinical samples. Newer types of 

nasopharyngeal swabs have shown improved viral diagnos-
tic sensitivity compared to previous swabs, with similar sen-
sitivity to nasal washes when using sensitive molecular 
methods in patients [ 27 ,  28 ]. For example, nylon fl ocked 
swabs and foam swabs increase cell capture within the swab 
and then release into the transport media, increasing viral 
recovery [ 29 ,  30 ]. Nasal wash or aspiration methods are 
superior for isolation of viruses by culture and increase the 
sensitivity of culture, antigenic assays and quantitative 
molecular assays [ 31 ]. Nasal washes are well tolerated in 
cooperative adults and offer the advantage of visualizing the 
quality of the specimen. Bronchoalveolar lavage remains 
the specimen of choice to diagnose lower respiratory tract 
infections because of the ability to simultaneously test for 
potential co-pathogens such as fungi,  Pneumocystis jiroveci , 
and bacteria, as well as to document viral infection in the 
lower airways. Discordance in viral detection between 
upper and lower respiratory tract samples have been 
described with both viruses; negative upper tract and posi-
tive lower tract specimens in immunocompromised patients 
are possible but more discordance has been noted for hMPV 
compared with RSV. 

  Molecular diagnosis    of   RSV and hMPV is faster and more 
sensitive than viral culture or antigen detection, and most 
laboratories currently use commercial or in-house molecular 
assays to detect RSV and hMPV (Table  31-1 ). Many genes 
have been targeted to detect RSV, including the N, F and L 
genes, with similar genes also targeted to detect hMPV. Many 
rapid assays have been approved including some highly mul-
tiplexed respiratory panels allowing detection of RSV and 
hMPV as well as many other respiratory viruses and bacte-
ria. Several different primer sets may be utilized simultane-
ously in the reaction mix, and the virus identifi ed by the size 
of the amplicon or following hybridization with a virus-spe-
cifi c probe. Some commercial assays are very rapid and 
require minimal technical expertise, with only 1–2 h of turn 
around time [ 32 ,  33 ]. Some laboratories have developed 
quantitative assays using hydrolysis probe technology with 
standard curves to help understand the signifi cance of posi-
tive results and to follow viral loads under therapeutic man-
agement [ 34 – 36 ]. No quantitative commercial assays are yet 
available. Molecular assays have also been used to detect 
viral RNA from blood/serum as a prognostic marker [ 37 ].

   Unlike molecular methods, isolation of virus by culture 
confi rms the presence of a complete infectious unit capable 
of further multiplication. Positive culture results may be 
obtained with as little as a single infectious virion, below the 
threshold of detection for most other detection methods, 
including some  nucleic acid amplifi cation test (NAAT) 
methods  . Another advantage of viral culture is that multiple 
viruses may be identifi ed from a single sample and viruses 
can grow independently of point mutations that could poten-
tially create false negative results by NAAT. The major limi-
tations of viral isolation include the time, expense, and 
expertise required for virus isolation. 
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 A variety of cell lines can be used to grow RSV (Hep-2, 
A549, RhMK) or hMPV (LLC-MK2, Vero), and detection 
by cell culture can also be accomplished using several 
types of cells together, such as the R-Mix cells (mixture of 
mink lung cells and A549 cells) [ 38 ] (Diagnostic Hybrids, 
Athens, OH). Centrifugation combined with viral antigen 
detection methods permits more rapid diagnosis [ 39 ]. 
RSV- and hMPV-specifi c monoclonal antibodies have 
been used for  immunofl uorescence (IFA) techniques   either 
directly on respiratory specimens or in cell culture [ 40 , 
 41 ]. The sensitivity of IFA is lower than that of  NAAT      for 
detection of RSV and hMPV. However, results can be rea-
sonably fast, the method is relatively inexpensive, and 
importantly, this method also confi rms that an appropriate 
specimen has been properly obtained by looking at ciliated 
epithelial cells. Sensitivity of IFA when performed by an 
experienced laboratory is as high as 70–90% of the sam-
ples positive by PCR—at least in children [ 34 ]. IFA can 
detect viruses that would be missed by NAAT because of 
point mutations. IFA positivity also has good clinical cor-
relation while low grade NAAT positivity can be detected 
for longer periods of time with unclear signifi cance and 
transmissibility. 

  Enzyme immunoassays (EIAs)         and rapid antigenic diag-
nostic tests ( RADTs)      are commercially available for RSV 
and to a lesser extent for hMPV. These assays lack sensitivity 
and/or specifi city and are not recommended in transplant 
populations. More than one diagnostic method should be 
used, since no method is perfect. Molecular assays have the 
greatest sensitivity—although perhaps at times can perhaps 
be too sensitive. Paradoxically, rare point mutations causing 
mismatches have been described causing false negative 
results of NAAT in transplant units. Viral cell culture requires 
time, is becoming less available in laboratories, and is more 
expensive and less sensitive, although it can catch those 
strains with mismatches and provide information on viral 
replicative nature while receiving treatment. 

31.3.1     Strain Identifi cation 
and Characterization 

 Further  characterization of   RSV and hMPV  strains   obtained 
from culture or directly from the clinical specimen is fre-
quently desirable. Antigenic differences among virus strains 
isolated from different geographic locations or at different 
times may also be examined. Pools of monoclonal antibodies 
and “RNA fi ngerprinting” have been used in the analysis of 
RSV strains in nosocomial outbreaks [ 42 ,  43 ] but direct 
sequencing of the F and G glycoproteins is more commonly 
utilized [ 44 ,  45 ]. Next-generation sequencing is a very prom-
ising tool to characterize RSV or hMPV strains during severe 
infection. This could provide information on phylogenicity 
to identify outbreaks and also detect mutations that could be 
associated with antiviral or monoclonal resistance as well as 
increased virulence. Some human gene alleles in the human 
genome may increase RSV severity in infants, but little is 
known yet on these genomic variations in transplant recipi-
ents. Next-generation sequencing has the potential to pro-
vide information on the virus and the human genomes 
simultaneously.   

31.4     Epidemiology 

31.4.1     RSV Epidemiology 

31.4.1.1     Hematopoetic Stem Cell Transplantation 

 RSV is well   known to cause annual winter outbreaks in the 
community (Figure  31-1 ). Surveillance studies of respiratory 
viruses from transplant centers have established the high fre-
quency and the signifi cant clinical impact of respiratory viral 
infections in  HSCT      recipients overall [ 8 – 15 ,  46 ,  47 ] as well 
as the relative importance of RSV in terms of morbidity and 
mortality (Table  31-2 ). A 1988 retrospective review con-
ducted at the Children’s Hospital of Philadelphia revealed a 

   TABLE 31-1.    Diagnostic tests  for      common respiratory viruses   

 Virus  RSV  HMPV  Test advantages 

 Specimen  Nasopharyngeal aspirate, nasal wash, nasal swab, 
bronchoalveolar lavage 

 Real time RT-PCR assays a   Widely available  Widely available  Sensitive, specifi c, and ability to be rapid (within 1 h); 
typing, determination of viral load, and sequencing 
possible 

 Enzyme-based Immunoassay 
(EIA b ) 

 Widely available  Not available in the USA but 
available in Canada and 
Europe 

 Rapid but less sensitive (particularly for low viral 
loads); relatively inexpensive 

 Fluorescent antigen detection  Available  Available  Less expensive, rapid; assess quality of specimen; not 
as sensitive as RT-PCR 

 Culture (clinical lab)  Central labs only  Limited labs only  Becoming less available; results take time but enables 
typing and analysis of viral strains 

   a Many viruses can be detected simultaneously by real-time PCR methods [ 32 ]. 
  b EIA kits are available for RSV only in the USA but for hMPV outside the USA.  

31. Respiratory Syncytial Virus and Human Metapneumovirus Infection in Transplant Recipients
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respiratory viral infection in 11 (12%) of 96 pediatric HSCT 
patients, with only one infection due to RSV [ 47 ]. One of the 
earliest studies demonstrated fatal RSV pneumonia in four of 
11 immunocompromised adult HSCT and solid organ trans-
plant recipients with RSV infection [ 5 ].

    Most studies conducted in the twentieth century utilized 
classical virological methods that were relatively insensitive 
for the detection of RSV and/or did not detect recently 
described respiratory viruses such as hMPV. Thus, these stud-
ies likely underestimated the true frequency of RSV overall. 
Nonetheless, early studies from large transplant centers 
reported serious sequelae in small numbers of patients who 
developed pneumonia where RSV was detected [ 5 ,  9 ,  13 ]. At 
the Fred Hutchinson Cancer Research Center (Hutch), a pro-
spective surveillance study conducted in 1987 documented 
respiratory viral infections in 15 (19%) of 78 immunocom-
promised patients who were followed until hospital discharge 
[ 13 ]; fi ve (33%) patients developed pneumonia and two 
(13%) patients died (one with RSV, the other with adenovi-
rus). A subsequent prospective surveillance study described 
127 viral infections and revealed an overall frequency of viral 

infections of approximately 4% [ 11 ]; 49% of RSV isolates 
were from BAL. This study demonstrated the relatively high 
numbers of patients with RSV lower respiratory tract disease, 
which was higher than rates of LRTI caused by PIV (22%) 
infl uenza (10%), or rhinovirus (3%). 

 Results of viral surveillance in transplant units vary 
depending on the type of surveillance protocols utilized, 
time of year surveillance was conducted, type of clinical 
samples evaluated, and laboratory tests utilized. At the 
Huddinge University Hospital, Stockholm, a prospective 
surveillance study conducted among HSCT recipients 
between 1989 and 1996 detected 39 (7.1%) respiratory viral 
infections in 545 patients, including RSV in 21% [ 14 ]. At 
M.D. Anderson Cancer Center (MDACC), prospective 
 surveillance conducted using culture techniques among 
 hospitalized adult HSCT recipients during two 6-month win-
ter periods detected 67 (31%) respiratory viral infections in 
217 hospitalized patients with acute respiratory symptom. 
Nearly half of these were due to RSV (33 patients, 49%). 
The impact of these illnesses was considerable: 20 (61%) 
patients had RSV infection progressing to pneumonia, and 
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  FIGURE 31-1.    Seasonality  of 
     RSV and hMPV  by      number of 
cases/week in outpatient and 
hospitalized patients, Seattle, 
2012–2015.       

       TABLE 31-2.    Lower  respiratory   tract  disease    associated      with  RSV    and      hMPV in transplant recipients   

 Virus  Incidence %  Progression to LRTI (%)  Deaths associated with LRTI (%)  Reference 

 HSCT: 

   RSV  1–12  18–55  7–43  [ 48 ,  49 ] 

   hMPV  3–7  21–40  33–40  [ 45 ,  48 – 50 ] 

 SOT: 

   RSV-  [ 51 – 53 ] 

    Lung TX -adults 
    Liver Tx (peds) 

 2–16% 
 3–46% 
 46% 

 ? 
 ? 
 ? 

 10–20% 
 12–20% 
 ? 

   hMPV-  [ 54 ] 

    Lung TX  4%  ?  33% 
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12 patients with RSV pneumonia died. During the winter 
period when community viruses were frequent and nosoco-
mial transmission was high, the frequency and mortality of 
respiratory viral-associated pneumonias was more than four 
times as high as CMV-associated pneumonia. 

 Recent prospective studies conducted in transplant centers 
worldwide continue to demonstrate the importance of RSV 
and report incidence of infections and risk factors for fatal 
disease (Table  31-2 ). A 2005 study from Barcelona, Spain, 
described the 2-year incidence of symptomatic respiratory 
viral infections in over 400 patients followed for up to sev-
eral years posttransplant. Altogether, 29% of allogeneic 
HSCT recipients and 14% of autologous HSCT recipients 
had respiratory viruses detected, with 19 patients (4.6%) 
receiving either autologous or allogeneic transplants having 
symptomatic RSV disease [ 55 ]. Risk factors associated with 
having a respiratory virus identifi ed included close house-
hold contacts with children under the age of 12 years and 
chronic graft versus host disease. Lymphopenia was identi-
fi ed as a major risk for URI progression. Similar rates have 
been demonstrated in other   centers in the USA [ 15 ], South 
America [ 56 ], and Europe [ 57 ].  

31.4.1.2       Solid Organ Transplantation 

 Less data is available documenting the impact of RSV in 
 SOT      recipients (Table  31-2 ), RSV has been shown to cause 
lower respiratory tract disease and has been associated with 
other complications, such as organ rejection and bronchiol-
itis obliterans. Lung transplant recipients have the highest 
rates of RSV lower respiratory tract disease in diverse types 
of organ transplant. RSV infections in lung transplant recipi-
ents have also been associated with organ rejection and pro-
gressive bronchiolitis obliterans, both of which have been 
observed to be seasonally related [ 58 ,  59 ]. Adult renal trans-
plant recipients have also been reported to develop RSV- 
associated lower respiratory tract disease. The mortality has 
been low, and most patients have recovered without specifi c 
antiviral therapy [ 5 ,  60 ]. RSV infections in pediatric liver 
transplant recipients have been associated with signifi cant 
morbidity and some but relatively low mortality [ 51 ]. Among 
483 pediatric liver transplant recipients cared for at the 
University of Pittsburgh between 1985 and 1991, 17 (3.4%) 
children developed RSV infections, three-quarters of which 
were nosocomially acquired. The majority of the children 
had lower respiratory tract involvement, and two (12%) chil-
dren died. Specifi c antiviral therapy was not administered. 
The risk factors for more severe disease included onset of 
infection early after transplant, preexisting lung pathology, 
augmented immunosuppression prompted by rejection, and 
younger age. Infections occurring late after transplantation 
in the absence of rejection were usually not severe. 

 An intensive prospective approach to determining the inci-
dence and risk factors for respiratory viruses was carried out 
at the Hutch among 122 HSCT recipients, who were pro-

spectively enrolled between 2000–2004 and tested weekly 
through 100 days posttransplant using both culture and 
RT-PCR detection methods [ 50 ]. The cumulative incidence 
estimates of hMPV and RSV at day 100 were similar, at 
6.2% and 5.8%, respectively. Multivariable analysis demon-
strated that only recipient CMV seropositivity was associ-
ated with increased risk for acquisition of a respiratory virus 
(hazard ratio = 4.1, CI 1.7–10.1,  P  = 0.002). 

 The frequency of RSV infections and associated morbid-
ity and mortality differs substantially, potentially accounting 
for the variability reported by different institutions. These 
differences refl ect the intensity of viral surveillances, the 
time of surveillance, the viruses prevalent in the community, 
the degree of immunosuppression of the patients, infection 
control policies, the inclusion of potential as well as actual 
transplant recipients, surveillance in outpatients as well as 
inpatients, the types of laboratory assays   utilized, and the 
case defi nition utilized (i.e., both clinical and laboratory 
defi nitions).   

31.4.2     HMPV Epidemiology 

31.4.2.1     Hematopoietic Stem Cell Transplantation 

  HMPV     has been  detected   worldwide with a seasonal distribu-
tion. Community outbreaks occur yearly mainly in winter and 
spring (January to May in the northern hemisphere; June to 
July in the southern hemisphere) (Figure  31-1 ). Often hMPV 
outbreaks will be concomitant with or subsequent to RSV 
outbreaks. HMPV most commonly affects young children 
less than 2 years old and is second only to RSV as a cause of 
bronchiolitis. Seroprevalence studies have shown a high per-
centage of children have contracted the virus by age 5–10 
years. However, reinfection can occur later secondary to 
insuffi cient immunity or infection with different genotypes. 
Predominant hMPV strains can vary from location to location 
and from year to year. Vicente et al. have reported higher 
virulence by genotype A [ 61 ], while Papenburg et al. reported 
higher virulence by genotype B [ 62 ]. However, the interac-
tion or impact of hMPV with other viruses or bacteria remains 
unclear, particularly in immunocompromised patients. 

 The importance of hMPV in transplant recipients has not 
been as well studied as RSV (Table  31-2 ). It was fi rst reported 
shortly after the detection of hMPV by Boivin et al. [ 17 ]. An 
early prospective longitudinal study from Spain documented 
hMPV in both autologous and allogeneic HSCT recipients, 
with the incidence and clinical impact of hMPV and RSV 
disease documented to be quite similar [ 55 ]. One early pro-
spective study documented hMPV infections in 22 adults 
with hematologic malignancies that progressed from upper 
respiratory infection to pneumonia, with a case- fatality rate 
close to 14% [ 63 ]. Lower respiratory tract disease and pneu-
monia due to hMPV infection in HSCT recipients has been 
reported to have an overall incidence of 1–4% [ 48 ,  55 ,  64 , 
 65 ]. A single case series described hMPV-positive nasal 
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aspirate samples in 86% of 21 adults following HSCT, many 
of whom were asymptomatic [ 66 ]. This study demonstrated 
very high rates of genetically similar viruses and differs from 
most other studies due to high rates of genetically identical 
viruses. These authors suggested that these hMPV infections 
may have originated in the hospital nosocomially; nonethe-
less, this study is an outlier compared to other reports of 
hMPV in transplant centers. 

 Pneumonia rates following hMPV infection have been 
reported at 20–28% with mortality rates of 0–4% [ 67 – 69 ]. 
Among 163 HSCT recipients who underwent BAL for 
investigation of lower respiratory tract disease with pulmo-
nary infi ltrates by radiographic imaging, hMPV was 
detected in BAL samples from 5 of 163 (3%) patients; four 
of these fi ve died with acute respiratory failure highlighting 
the potential severity of hMPV pneumonia [ 64 ]. A retro-
spective cohort study at the Hutch described a high mortal-
ity rate of 43% among patients with hMPV pneumonia, a 
rate similar to RSV pneumonia mortality [ 49 ]. Studies from 
other transplant units continue to document the potential of 
hMPV to cause severe lower respiratory tract disease, with 
clinical presentations and outcomes generally   similar to 
RSV [ 49 ,  70 ].  

31.4.2.2     Solid Organ  Transplantation   

 The signifi cance   of hMPV infection in  SOT   recipients 
remains less well defi ned, with the exception of hMPV dis-
ease in lung transplant recipients [ 70 ]. Case reports of severe 
disease have been described following liver and renal trans-
plantation [ 71 ,  72 ]. Rates of hMPV infection in lung trans-
plant recipients have been reported to be similar to those 
seen in studies of HSCT recipients, varying from 4–6% [ 57 , 
 73 ]. In most of these patients, hMPV appears to frequently 
be the sole pathogen detected. Detection of hMPV in lung 
transplant recipients may not necessarily signify disease, as 
was noted in a study of 93 lung transplant recipients under-
going BAL mainly for surveillance purposes; four cases of 
hMPV was detected in asymptomatic patients [ 74 ]. HMPV 
infection has been found in 4–6% of lung transplant recipi-
ents, but prevalence may be higher during nosocomial out-
breaks [ 39 ,  75 ]. One study in the setting of a community 
outbreak identifi ed hMPV in BAL samples from 9 of 26 
(35%) patients; their clinical presentation varied from 
asymptomatic infection to severe disease [ 39 ]. 

 Acute allograft rejection was more frequent in the hMPV- 
infected group than in the non-hMPV-infected group (33% 
vs. 6%, respectively;  P  = 0.0257); and overall mortality was 
also higher (33% vs. 0%, respectively;  P  < 0.0025) [ 39 ]. 
Another prospective study found hMPV infection as fre-
quent as RSV after lung transplantation, and to cause as 
much pneumonia and acute allograft dysfunction (63% vs. 
72%, respectively), but only RSV was associated with 
chronic allograft dysfunction at 6 months [ 76 ]. In another 
study, 25% of hMPV infections in lung transplant recipients 

were associated with acute allograft dysfunction compared 
with 88% for RSV [ 49 ]. A meta-analysis of hMPV respira-
tory infections and allograft rejection, among lung transplan-
tation recipients indicated that detection of hMPV from 
airway secretions may be a signifi cant posttransplantation 
occurrence. A total of 2883 samples from 1007 lung trans-
plant recipients, were analyzed for virus detection; 337 sam-
ples had viruses identifi ed and 57 (17%) were positive for 
hMPV. Twenty of these 57 (35%) cases of hMPV had acute 
rejection within 3 months of viral detection. There were fi ve 
(9.4%) cases of chronic rejection in association with 
hMPV. All studies included in the meta-analysis, with the 
exception of one, identifi ed rejection within 3 months. 
Another study has also described cases of chronic rejection   
within 6 months [ 77 ].    

31.5     Clinical Manifestations 

31.5.1     RSV in   Transplant Recipients   

 Disease manifestations of RSV are dependent on many fac-
tors including the immunity and immune competence of the 
host, the time of infection related to transplant, the type of 
transplant, the age and underlying health of the patient, and 
the degree and duration of immunodefi ciency. RSV infec-
tions in HSCT recipients typically follow the same clinical 
sequence as RSV infections in previously healthy children: 
signs and symptoms of a URI such as rhinorrhea, sinus con-
gestion, sore throat, or otitis media frequently precede signs 
of lower respiratory tract disease including cough, wheezing, 
hypoxia, and pneumonia [ 5 ,  6 ,  9 ] (Tables  31-3  and  31-4 ). 
The presence of wheezing with respiratory symptoms during 
the respiratory virus season may provide the clue that RSV 
may be present. Progression of URI to LRI has been associ-
ated with patients who are early (<1 month) posttransplant, 

   TABLE 31-3.    Clinical symptoms associated with  RSV   and hMPV 
infections in transplant recipients   

 Upper respiratory tract symptoms: 

   Rhinorrhea, congestion 

   Sneezing 

   Sore throat 

   Sinus congestion, sinusitis 

   Otitis media 

 Lower respiratory tract symptoms: 

   Cough 

   Wheeze 

   Shortness of breath, chest tightness 

 Systemic symptoms: 

   Fever 

   Headache 

   Myalgia 

   Hypotension 
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those with lymphopenia, or those who are more severely 
immunosuppressed. In HSCT patients who have recently 
engrafted, the frequency of progression to LRI tract disease 
ranges from 25% to 40% [ 78 ,  79 ] (Table  31-2 ) Pneumonia 
following RSV infection may be primarily viral, bacterial, 
fungal, or mixed in origin. Once RSV disease has progressed 
to respiratory failure, however, the mortality remains high 
despite the use of antiviral therapy, immunotherapy, or 
decreased immunosuppressive therapy. Fatality rates of RSV 
pneumonia range from 20% in more recent case series to 
over 80% in earlier studies.

    Risk factors for the progression of RSV upper respiratory 
disease to lower tract disease or pneumonia and factors relat-
ing to fatal disease have been evaluated. The most common 
risk factor described in multiple centers using different 
methods of case ascertainment and viral detection remains 
lymphopenia. In a prospective multicenter study carried 
out by the European Group for Blood and Marrow 
Transplantation, lymphopenia but not neutropenia signifi -
cantly increased the risk for lower respiratory tract disease 
[ 80 ]. Older age and donor status are also signifi cant risk fac-
tors in some studies, whereas CMV serostatus, acute graft 
versus host disease, time relative to engraftment, and pre-
emptive aerosolized ribavirin at a low dose of 2 h daily were 
not signifi cant [ 81 ]. Investigators from MDACC have dem-
onstrated that season of year, relapse of malignancy, pres-
ence of graft versus host disease, increasing age, and lack of 
engraftment are inpatient risk factors for the development of 
RSV pneumonia [ 9 ,  12 ,  22 ,  82 ]. Recently, large retrospective 
studies have identifi ed graft source including cord or marrow 
(adjusted hazard ratio (HR), 4.1, 95% CI 1.8–9.0) and oxy-
gen requirement (adjusted HR 3.3, 98% CI, 15–6.7) to be 
independently associated with death due to respiratory fail-
ure in HSCT recipients [ 83 ]. Smoking history, conditioning 
with high-dose total body irradiation, and an absolute lym-
phocyte count < 100/mm 3  at the time of URI onset are also 
signifi cantly associated with disease progression [ 84 ]. 

 Since initiation of therapy hinges on prompt diagnosis, the 
possibility of false negative laboratory tests must be consid-
ered in individual patients and the diagnosis should be 
aggressively pursued by other means, such as BAL. Regardless 
of the therapeutic intervention, high rates of mortality due to 
RSV pneumonia are documented in seriously immunocom-
promised patients when therapy has been initiated after the 

development of respiratory failure (Figure  31-2a ). Survival 
rates remain low for severely immunosuppressed patients 
who are intubated due to progressive RSV pneumonia unre-
lated to super-imposed pulmonary  hemorrhage, pulmonary 
edema, or bacterial superinfection [ 5 ,  50 ,  55 ,  81 ,  83 ].

31.5.2        HMPV in Transplant Recipients 

 HMPV may  cause upper or  lower   respiratory tract infections 
in HSCT recipients. Asymptomatic shedding from upper 
respiratory tract has been reported, indicating that not all 
hMPV infections result in severe lower tract disease [ 50 ,  66 , 
 85 ]. HSCT recipients with hMPV disease in the immediately 
posttransplant period typically present with respiratory 
symptoms including nasal congestion, sore throat, cough, or 
fever. Once lower respiratory tract disease develops, rapidly 
progressive pulmonary infi ltrates frequently accompanied by 
hypotension, septic shock, or both may be present [ 64 ] 
(Figure  31-2b  and  c ). In a prospective viral surveillance in 
HSCT recipients where samples for respiratory viruses were 
obtained weekly, regardless of the presence of respiratory 
symptoms, a cumulative incidence estimate of hMPV of 
6.2% (95% CI, 1.3–11.2) over 1 year was determined; all 
cases of hMPV had clinical respiratory symptoms identifi ed 
ranging from mild to more severe disease with single or mul-
tiple symptoms [ 50 ] (Table  31-4 ). Among 15 HSCT recipi-
ents with hMPV detected by RT-PCR in BAL, 10 (67%) had 
positive hMPV RT-PCR in nasal wash sampled within 11 
days prior to or following the BAL [ 49 ]. Viral RNA 
was detected in the serum of one of these severely 
 immunocompromised HSCT recipients at two time points, 
4 days apart, with a viral load of ~8 Log10 copies/ml in each 
sample. This patient died of severe respiratory disease. In 
assessing risk factors associated with overall mortality at 
day 100 posttransplant, the use of bone marrow as the stem 
cell source, steroid treatment and oxygen use have been 
associated with overall mortality [ 49 ]. 

 Radiographic fi ndings associated with hMPV infection in 
the HSCT recipient may consist of centrilobular nodules, 
ground glass opacities, tree-in-bud to diffuse bilateral alveo-
lar infi ltrates [ 86 ,  87 ] (Figure  31-2b–f ). Centrilobular nod-
ules have been associated with less mechanical ventilation 
while ground glass opacities tended to be associated with 

    TABLE 31-4.    Signs, symptoms and  viral   shedding associated with RSV and hMPV infection in HSCT recipients in a prospective single 
center institution a    

 Virus 
 Number of separate 
clinical episodes 

  N  (%) 
 No respiratory symptoms 

  N  (%) 
 No systemic symptoms 

 Viral shedding 
(median days) 

 Viral shedding 
(range, days) 

 RSV  34  1 (3)  7 (21)  11  2–76 

 MPV  21  0  4 (19)  24  5–100 

   a Boeckh M, Campbell A, Xie H, Kuypers J, Leisenring WM, Chien J, Jerome KR, and Englund JA. Progression, Shedding Patterns, and Clinical Disease 
Associated with Respiratory Virus Infections after Allogeneic Hematopoietic Cell Transplantation. Presented at American Society of Hematology Annual 
Meeting, New Orleans, LA; December 7–10, 2013 (Abstract 3278).  
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increased rates of hypoxemia [ 49 ]. Alveolar consolidation 
corresponds to more extensive damage on histological 
examination. Histological evaluation has also shown hyaline 
membrane formation, foci of bronchiolitis obliterans and 
organizing pneumonia and diffuse alveolar hemorrhage. 

 Variable disease severity has been reported following 
hMPV infection in SOT recipients. In one study of 114 lung 
transplant recipients, hMPV was detected in four symptom-
atic and one asymptomatic patients (4.3%), but viral infec-
tion was not persistent and resolved without major 
complications [ 88 ]. In another study, nine lung transplant 
recipients with hMPV were compared with 17 transplant 
recipients without hMPV infection; hMPV infection was 
associated with signs of acute graft rejection and increase 
overall mortality (three of nine with hMPV-infected patients 
died and none died in the  hMPV-negative group) [ 54 ].  

31.5.3     Outbreaks 

  Outbreaks    of respiratory viruses occur annually in the com-
munity, with potential for patients, families, or health care 
workers to become infected following exposure outside the 
hospital. However, nosocomial transmission within the hos-
pital setting becomes a serious concern because of the high 
rates of morbidity and mortality in immunocompromised 
patients documented in nosocomial outbreaks. Hospital- 
based oubreaks of RSV infection in HSCT recipients can 
occur through introduction of circulating community strains 
as well as transmission of identical viral strains among 
patients [ 42 ,  44 ]. Outbreaks of RSV have been associated 
with high mortality rates ranging up to 45% of infected 
patients [ 89 ,  90 ]. The transmission of identical strains of 
RSV within the outpatient setting into the hospital setting 

  FIGURE 31-2.    Chest radiographs  of   transplant recipients with RSV and  hMPV   lower respiratory tract disease. ( a ) Three-year-old with RSV 
pneumonia developing 1 week post HSCT, which proved to be fatal within 2 weeks despite antiviral therapy with aerosolized ribavirin. 
( b ) HMPV Lower respiratory tract disease in a 16-year-old boy with ALL and hMPV disease diagnosed day 5 after a matched related 
BMT. He was diagnosed with hMPV infection on day #5 posttransplant, with clinical fi ndings of mild respiratory distress with cough and 
abnormal chest radiograph showing interstitial infi ltrates. Aerosolized ribavirin and IVIG therapy was initiated. ( c ) Posttransplant day #9: 
He required intubation due to respiratory failure and acute respiratory distress syndrome, with left sided pneumonia and increasing pleural 
effusion. He required mechanical ventilation and 5 0% FiO 2 . ( d ) Post Tx day #11: Worsening of left lower basilar consolidation with small 
left pleural effusion, but oxygen requirement down to 35% FiO 2 ; not yet engrafted and continued on ribavirin. ( e ) Day #16: Now engrafted 
and ribavirin discontinued. He was able to be extubated and relatively quickly weaned to room air. ( f ) Patient with improvement post 
engraftment on day #16 posttransplant. Chest CT shows interval improvement in bilateral patchy groundglass opacities and in left lower 
lobe consolidation. He received supportive care and 10 days of aerosolized ribavirin therapy, which did not substantially impact viral load, 
but he improved clinically concomitant with engraftment. He was subsequently extubated and discharged several weeks later.       
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has also been shown [ 91 ], demonstrating the importance of 
infection control measures in both the inpatient and outpa-
tient setting. Nosocomial transmission of hMPV can also 
occur, with outbreaks possible in both inpatient and outpa-
tient units. In one study, 15 patients were diagnosed with 
hMPV within 7 weeks in a tertiary care cancer unit [ 92 ]. 
Molecular subtyping revealed infection with genotype A2a 
virus, implicating nosocomial transmission. Four patients  
(26.6%) died from hMPV-associated pneumonia and conse-
quent multi-organ failure.   

31.6     Treatment and Prevention 
Strategies 

31.6.1     RSV Treatment 

 Current options for the antiviral therapy of RSV disease in 
immunocompromised hosts are limited. Large, controlled, 
therapeutic trials for RSV pneumonia or lower tract disease 
in immunocompromised patients have not been conducted. 
Aerosolized ribavirin, licensed in the USA for the therapy of 
RSV bronchiolitis and pneumonia in infants and young chil-
dren in 1986, is the antiviral agent currently utilized for the 
treatment of RSV disease in immunocompromised patients. 
In general, ribavirin is given as an inhaled aerosolized solu-
tion via a face mask in a protective environment, such as a 
“scavenging tent,” to protect health care workers from poten-
tial drug contamination.  Ribavirin   was initially licensed for 
use when given for 12–18 h/day, but the use of intermittent 
aerosolized ribavirin given over 2 h, three times daily, was 
found to have similar effectiveness to 12–16 h/day continu-
ous infusion ribavirin in healthy children [ 93 – 95 ] and has 
been utilized in adults because of ease of administration and 
enhanced tolerability. A randomized trial in HSCT patients 
at risk for LRTI evaluated intermittent dosing of ribavirin 
given over 2 h three times daily versus continuous ribavirin 
administration using an adaptive randomized trial design in 
50 HSCT patients, with the authors concluding that the inter-
mittent schedule was preferable because of ease of adminis-
tration and evidence of higher effi cacy [ 96 ]. 

 Only one randomized, controlled, multicenter clinical trial 
of  aerosolized ribavirin   for the prevention of RSV disease 
progression to LRI has been conducted in HSCT recipients 
early posttransplant, and despite an enrollment period of sev-
eral years, only 15 patients were enrolled [ 97 ]. None of the 
ten patients randomized to high dose, short duration aerosol-
ized ribavirin (administered as 2 g/100 ml water given over 
2 h three times daily) had disease progression compared to 
2/5 control patients, a trend that was not statistically signifi -
cant ( P  = 0.08). Viral loads appeared to be reduced during the 
ribavirin treatment, but did rebound after cessation of ther-
apy. Data demonstrating effectiveness of ribavirin is mainly 
retrospective. In an open trial in adult HSCT recipients 
with “RSV-induced acute lung injury,” monotherapy with 

 aerosolized ribavirin was reported to be of benefi t if initiated 
prior to the development of radiographic infi ltrates [ 6 ]. In 
another open trial in adult HSCT recipients with radiograph-
ically proven RSV pneumonia, combination therapy with 
aerosolized ribavirin and high RSV-titered IVIG was reported 
to be of benefi t only if initiated prior to the onset of respira-
tory failure [ 8 ,  98 ]. A retrospective MDACC study of con-
fi rmed RSV infections in 280 allogeneic HSCT recipients 
from 1996 to 2009 utilized multivariable logistic regression 
to demonstrate that lack of ribavirin aerosol therapy at the 
upper respiratory tract disease stage was an important risk 
factor associated with RSV LRTI and all-cause mortality 
[ 99 ]. In a retrospective study of HSCT recipients with con-
fi rmed lower respiratory tract RSV infection based on analy-
sis of bronchoalveolar lavage fl uid at the Hutch, viral RNA 
detection in the blood was detected in 30% of 92 patients at 
a median of 2 days following diagnosis of lower respiratory 
tract disease [ 37 ]. Neutropenia, thrombocytopenia, and 
mechanical ventilation increased the risk of RSV RNA 
detection in the plasma or serum but lymphopenia and ste-
roid use did not. The detection of RSV RNA in the serum or 
plasma increased the risk of overall mortality with an 
adjusted hazard ratio (AHR) of 2.09 ( P  = 0.02). 

 Data in solid organ transplant recipients is even more lim-
ited. Favorable responses have been reported in an open trial 
of lung transplant recipients with lower respiratory tract dis-
ease who received monotherapy with aerosolized ribavirin 
[ 58 ], as well as open trials with oral ribavirin [ 100 – 102 ], 
although controlled studies have not been performed. Oral 
ribavirin was found to be well-tolerated, result in less hospi-
talization, and be less expensive than intravenous or inhaled 
ribavirin in a retrospective study of 52 lung transplant recip-
ients [ 102 ]. 

 The  treatment of   RSV disease with a combination of anti-
viral therapy and passively administered immunoglobulin 
has been investigated in animal models and in children [ 103 –
 106 ]. Therapy with IVIG containing high levels of RSV- 
specifi c antibodies alone does not seem to be effective in 
placebo-controlled trials in children who were not immuno-
compromised [ 104 ,  107 ]. In small open trials at MDACC, 
combination therapy with aerosolized ribavirin (18 h/day) 
and high RSV-titered IVIG (0.5 g/kg every other day) was 
associated with a favorable response in adult HSCT recipi-
ents and patients undergoing induction chemotherapy for 
leukemia who had RSV lower respiratory tract disease in 
whom therapy was initiated prior to respiratory failure [ 8 , 
 98 ]. At the Dana Farber Cancer Institute, combination ther-
apy with aerosolized ribavirin (18 h/day) and RSV-IVIG 
(1.5 g/kg for one dose) was similarly associated with a favor-
able response in 2 HSCT recipients with clinically severe 
RSV pneumonia occurring early following transplant [ 105 ]. 
In subsequent years, MDACC has utilized a combined regi-
men with similar response, although standard IVIG in fre-
quent and large doses (500 mg/kg QOD) has been substituted 
for high-titered IVIG. 
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 Other therapeutic options for the treatment of RSV include 
the use of oral ribavirin, which has been studied in HSCT 
recipients and found to be safe and less expensive than intra-
venous or aerosolized ribavirin [ 100 ,  108 ,  109 ], and is rec-
ommended as an option in addition to intravenous and 
inhaled ribavirin by the European Conference on Infections 
in Leukemia [ 94 ]. Other options include IV ribavirin (an 
investigational drug, ICN) and topical immunoglobulins 
administered with aerosolized or intravenous ribavirin [ 105 , 
 110 ,  111 ]. The relative ease of administration of IV ribavirin 
is attractive, but high rates of mortality (80%) and signifi cant 
cases of hemolytic anemia (20%) make this option currently 
problematic. Although the European experience with combi-
nation aerosolized/intravenous ribavirin has been favorable 
[ 112 ] and intravenous ribavirin is relatively simple to admin-
ister, the high rates of mortality and signifi cant cases of 
hemolytic anemia make this approach controversial. 
Monotherapy with IV ribavirin may be more toxic in these 
patients than has been previously reported in patients with 
hemorrhagic fevers [ 113 ,  114 ]. 

 The decision to initiate therapy with  aerosolized ribavi-
rin   with or without immunotherapy for a RSV-URI must 
take into consideration many factors, including the patient’s 
risk of developing serious lower respiratory tract disease 
(and specifi cally, the degree of anticipated lymphopenia), 
the potential exposure of health care workers to the medica-
tion, the psychological and physical discomfort to the 
patients of aerosol therapy, the adverse effects of aerosol-
ized ribavirin such as bronchospasm, the high cost of these 
drugs as well as the intensive respiratory therapy needed to 
safely administer aerosolized ribavirin, and the need for 
hospitalization with more frequent or prolonged ribavirin 
dosing regimens. 

 In patients who have already undergone conditioning ther-
apy and stem cell infusion but have not yet engrafted, the 
initiation of antiviral therapy at the URI stage may be benefi -
cial. Early studies conducted in the 1990s were small and 
uncontrolled. One study conducted at FHCRC treated 25 
HSCT recipients with upper tract RSV disease with low dose 
aerosolized ribavirin administered at a high concentration 
(60 mg/ml) for 2 h each day (total: 2 g/day [ 8 ]). Unfortunately, 
8/25 patients developed pneumonia, and seven of these died. 
Another study evaluated combination therapy with aerosol-
ized ribavirin and 500 mg/kg IVIG every other day in 12 
patients, two of whom developed pneumonia and died [ 8 , 
 115 ]. This “preemptive” strategy, similar to that used in the 
prevention of CMV disease and CMV pneumonia, is used at 
some transplant centers for those patients at highest risk of 
RSV disease progression, such as pre-engrafted patients with 
RSV detected in the fi rst weeks following transplantation. 
Other options for preemptive therapy include immunother-
apy with IVIG or RSV-specifi c monoclonal antibodies, 
although little data on effi cacy of immunotherapy is 
available.  

31.6.2     HMPV  Treatment   

 No antivirals for  the therapy of hMPV are currently available 
or routinely utilized. Ribavirin is active in vitro and in vivo 
against hMPV, although there are no controlled studies or evi-
dence from large retrospective reviews for the treatment of 
hMPV pneumonia in humans and no drug has yet demon-
strated clinical effectiveness in humans [ 116 ,  117 ]. 
Intravenous, oral or inhaled ribavirin alone or in combination 
with IVIG has been reported as potentially successful thera-
peutic options. A retrospective analysis compared the out-
come between 13 immunocompromised patients with hMPV 
pneumonia treated with ribavirin ± IVIG and ten untreated 
patients. Ribavirin treatment was associated with more 
hypoxemia and similar mortality, possibly related to late ini-
tiation of therapy [ 49 ]. A Seattle study describing hMPV 
lower respiratory tract disease in 55 immunocompromised 
children, including nine undergoing HSCT and eight SOT 
recipients, demonstrated that HSCT recipients had more evi-
dence of severe disease [ 91 ]. Five of eight HSCT recipients 
but no SOT recipients had lower tract disease and were treated 
with aerosolized ribavirin; three had been diagnosed with 
hMPV pretransplant and during the posttransplant period 
received both ribavirin and IVIG. Two additional children 
received aerosolized ribavirin only. Ribavirin was generally 
administered at a dose of 2 g given three times daily for 5–11 
days. Two of the three patients diagnosed with hMPV pre-
transplant who  received ribavirin and IVIG died [ 91 ].  

31.6.3     Infection Prevention Measures 
for RSV and hMPV 

 An aggressive    infection control strategy      can be effective in 
reducing the nosocomial acquisition of RSV by transplant 
recipients [ 91 ,  118 ]. Infection control strategies play a cru-
cial role in the prevention of respiratory viral infection [ 89 , 
 118 – 120 ]. An effective strategy is based on understanding 
the potential seriousness of these infections in transplant 
recipients, knowledge of the viruses circulating in the com-
munity, and ongoing surveillance in high-risk patients. 
Continuing education of patients, family members, visitors, 
and staff regarding the potential seriousness of these infec-
tions must be repeatedly emphasized. Frequent and routine 
clinical screening of high-risk patients for acute upper and/or 
lower respiratory tract illness or fl u-like illness must be con-
ducted, with sampling of respiratory secretions from symp-
tomatic high-risk patients routinely performed both 
pretransplant and posttransplant. Each health care-acquired 
infection should be viewed as a sentinel event warranting an 
investigation and reaffi rmation or modifi cation of the pre-
ventative strategy. 

 Infection control strategies should be designed to prevent 
spread by multiple modes of transmission [ 90 ,  91 ]. Multiple 
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respiratory viruses may circulate in the community concur-
rently and can be spread by different means. Infection con-
trol measures may need to be intensifi ed during community 
or hospital outbreaks, and the intensity and duration of infec-
tion control measures should be tailored to the risk of serious 
disease in different subsets of transplant recipients, and to 
what works in the “real world.” Guidelines for the prevention 
of opportunistic infections among HSCT recipients have 
been issued by the Centers for Disease Control and Prevention 
(CDC), the Infectious Diseases Society of America, and 
European and American Societies for Blood and Marrow 
Transplantation. The guidelines clearly present evidence- 
based recommendations rated by the strength of the recom-
mendation and the quality of the supporting evidence, similar 
to guidelines previously issued for the prevention of oppor-
tunistic infections in those with human immunodefi ciency 
virus [ 120 ]. Preventive strategies for HSCT recipients, their 
household contacts and other close contacts, and health care 
workers are clearly outlined in this document. 

 The prevention of nosocomial acquisition of respiratory 
viral infections in HSCT recipients has been demonstrated 
in one prospective study comparing rates of infection in 
patients cared for in a “protected environment” with patients 
cared for on a transplant unit where infection control mea-
sures were strongly encouraged, but not rigidly enforced 
[ 9 ]. The effectiveness of infection control interventions has 
also been demonstrated by the dramatic decline in the fre-
quency of nosocomial CRV infections among HSCT recipi-
ents cared for in this transplant unit after the implementation 
of an aggressive, multifaceted infection control strategy 
[ 118 ]. Although this intensive multifaceted approach has 
been effective, modifi ed versions of this strategy have also 
been effective. For instance, the  Seattle Cancer Care 
Alliance (SCCA  ) adult inpatient transplant unit uses a simi-
lar strategy with the exception that health care workers and 
other visitors do not wear masks when entering the patient 
room [ 91 ]. However, these workers are intensively screened 
for signs and symptoms of respiratory illnesses prior to 
entering the unit, and restricted from entering the unit if 
they are symptomatic. Similarly, HSCT recipients with 
respiratory symptoms are not transferred to other units, but 
are cared for on the transplant unit using modifi ed droplet 
precautions with all persons entering the room wear gloves, 
gown, and mask, and the door to the room is kept closed. It 
may not be feasible to so intensively protect patients for the 
duration of increased susceptibility to respiratory viral dis-
eases. Protective strategies are costly and cumbersome, and 
pose unpleasant restrictions on the freedom and quality of 
life of the patient and their families. This problem is further 
compounded by the growing trend to discharge patients 
early from the hospital and to perform outpatient HSCT or 
posttransplant care. Transplant recipients residing in the 
community and followed frequently in the outpatient setting 
are another group in which infection control practices must 
become priority [ 91 ]. 

 The prevention of exposure to respiratory viruses is par-
ticularly challenging among high-risk transplant recipients 
living in the community because respiratory infections are so 
prevalent and so contagious. Examples of protective mea-
sures for outpatients include washing hands frequently and 
thoroughly, avoiding close contact with individuals suffering 
from respiratory illnesses, and encouraging close contacts to 
vigorously practice respiratory hygiene. In many cases, such 
as individuals living with children, such efforts may be 
nearly impossible. Consideration of removing day care 
exposures for young children or decreasing exposure to 
transplant recipients to children (including siblings), can and 
should be discussed with families. The rigor and duration of 
prophylactic measures need to be individualized based on 
the immunologic   status of the patient and the risk for serious 
disease, the needs of the patient, and quality-of-life issues.  

31.6.4      Passive Immunoprophylaxis   

 Passive immunization with immunoglobulin, immunoglobu-
lin products, and humanized monoclonal antibodies have 
been actively studied in the pediatric infant population. 
 Palivizumab  , a humanized monoclonal antibody directed 
against the RSV F protein, is licensed for the prevention of 
RSV disease in premature infants and infants with congenital 
heart disease, and is administered as a monthly injection dur-
ing the 4–5 months of RSV season. The cost of this therapy 
has led to new guidelines for use in the pediatric population 
[ 121 ]. Similar interventions have been utilized to attempt to 
decrease the morbidity of serious RSV disease in HSCT 
recipients but direct proof of effectiveness has not yet been 
demonstrated [ 115 ]. For example, passive immunoprophy-
laxis in immunocompromised patients has been evaluated in 
an open trial conducted [ 122 ] using high-titered human 
RSVIG. In this adult study, signifi cant antibody titer 
increases to other respiratory viruses were extremely vari-
able, although the subset of patients with the lowest titers 
appeared to receive the greatest increase in viral-specifi c 
antibody. The cost of this potential therapy remains quite 
high. The monoclonal RSV antibody palivizumab (Synagis) 
has been studied in an open label study in adult HSCT recipi-
ents [ 123 ]. Immunoprophylaxis with monoclonal RSV anti-
bodies would be prohibitively expensive in older children 
and adults, but may have the potential to protect against RSV 
infection, based on pediatric studies. 

 New antibody products, including long-lasting monoclo-
nal antibodies with enhanced activity against RSV, are under 
development and if available at a less expensive price, could 
potentially provide protection against RSV for patients in the 
pretransplant and immediate posttransplant phase. Newer 
monoclonal antibodies that have the potential to neutralize 
against both RSV and hMPV have also been described, 
offering hope for newer preventive modalities that may pro-
tect against both these viruses [ 124 ].  
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31.6.5     Pretransplant Screening 

  Screening   of  transplant   recipients for respiratory viruses 
prior to transplant is not routinely recommended based on 
current US and international transplant guidelines [ 94 ,  125 ]. 
However, the assessment of viral shedding or infection in 
symptomatic transplant candidates prior to transplant is rec-
ommended. Delay of transplant based on detection of RSV 
or hMPV may be warranted depending on the evaluation of 
the risk and benefi ts of continuing on with transplantation. 
Consequences of postponing transplantation should be con-
sidered, including progression of underlying malignancy, 
logistical issues regarding the donor availability, and acces-
sibility of services for the patient. An early study of RSV 
diagnosed prior to HSCT demonstrated that delaying trans-
plant reduced the risk of pneumonia following transplant 
[ 23 ]. More recently, a large prospective study conducted in 
458 patients at the Hutch demonstrated that nearly 25% of 
subjects had respiratory viruses detected pretransplant [ 24 ]. 
Overall, patients with a virus detected prior to transplant had 
fewer days alive and lower survival at day 100 (AHR 2.4; 
95% CI 1.3–4.5) compared with patients who did not have 
viruses. In HSCT recipients who had respiratory symptoms 
and a virus detected prior to transplant (mainly adults), an 
increased overall mortality was seen compared with patients 
without respiratory viruses detected. Higher rates of pre-
transplant infection and sequelae of infection were seen in 
pediatric patients. Detection of respiratory viruses in asymp-
tomatic patients was not associated with increased mortality. 
This data strengthens current guidelines that recommend 
patients with respiratory symptoms prior to transplant should 
be tested for respiratory viruses and transplant delayed, when 
feasible. However, this study was performed chiefl y in 
adults. The higher rates of respiratory viruses documented in 
children pretransplant make routine screening of pediatric 
patients worthy of further investigation.  

31.6.6     New Antivirals 

 Experimental approaches to the therapy of  RSV  antiviral ther-
apy   include novel fusion inhibitors [ 126 ], nucleoside agents, 
small RNA inhibitory molecules [ 109 ], and high- titered 
monoclonal antibody preparations. Two promising RSV anti-
virals that have shown effi cacy in challenge studies in healthy 
adults include the Alios compound AL8176 (Alios Biopharma, 
South San Francisco, CA), an oral anti-RSV nucleoside 
designed to inhibit RSV replication by acting on the viral 
polymerase, and the Gilead Sciences compound GS5806 
(Gilead Sciences, Foster City, CA), an orally bioavailable 
RSV fusion inhibitor [ 126 ,  127 ]. Clinical trials of these agents 
in healthy young children with RSV have been proposed 
[ 128 ]. An international multicenter, placebo- controlled clini-
cal trial of GS5806 was initiated in July 2014, and remains 
ongoing in adult HSCT recipients with documented RSV 
infections (Clinica ltrials.gov identifi er NCT02135614). Other 
antiviral agents are under development.  

31.6.7     Vaccines 

 No RSV   or hMPV  vaccine      is currently available. In general, 
active immunization of transplant recipients will be unlikely 
to prevent severe disease seen in the fi rst several months 
posttransplant. However, prevention of RSV infection in 
families, staff, and nosocomial spread of virus by the use of 
vaccines holds true promise to benefi t transplant recipients 
themselves. Promising advances in new vaccines directed 
against both RSV and hMPV have been reported over the 
past decade, with progress evident in both RSV fusion- 
protein based vaccines and live attenuated vaccines. 
Advances in the understanding of the pre- and post-fusion 
nature of the RSV F protein [ 129 ] has led to increased work 
in developing protein-based vaccines appropriate for older 
children, adults, and pregnant women. 

 Advances in technology and better molecular understand-
ing of RSV and hMPV have resulted in new potential RSV 
candidate vaccines [ 130 ]. At least 12 RSV vaccines are in 
clinical studies in phase 1 or 2 clinical studies, with one RSV 
F vaccine under study in pregnant women. Examples of live 
RSV vaccine candidates under study include live-attenuated 
vaccines relying on genetic manipulation of the RSV genome 
[ 131 ], vectored virus vaccines utilizing the chimpanzee ade-
novirus or vaccinia virus Ankara [ 132 ], or chimeric viruses 
containing a backbone of attenuated parainfl uenza with the F 
gene of RSV added [ 133 ,  134 ]. A chimeric hMPV vaccine 
containing a backbone of avian hMPV and F genes of the 
hMPV [ 135 ]. Although live viral vaccines are unlikely to be 
given to transplant recipients pretransplant or early post-
transplant, they offer hope for   the potential control of RSV 
and hMPV disease in family members and health care work-
ers the future.      
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   Rhinovirus, Coronavirus, Enterovirus, 
and Bocavirus After Hematopoietic Cell 
Transplantation or Solid Organ Transplantation                     
     Alpana     Waghmare      and     Michael     Boeckh     

32.1           Rhinoviruses 

32.1.1     Epidemiology 

   Human rhinoviruses (HRVs),  the      viruses predominantly 
associated with the common cold, are highly prevalent in 
both immunocompetent and immunocompromised individu-
als. Prior to the development of sensitive molecular viral 
detection assays, infl uenza, respiratory syncytial virus, and 
parainfl uenza virus were the most common and most con-
cerning respiratory viral pathogens detected in  hematopoi-
etic cell transplant (HCT) recipients   [ 1 ]. Due to the 
development of  polymerase chain reaction (PCR)   assays for 
viral detection, HRVs are now known to be the most com-
mon viruses detected from respiratory specimens in HCT 
recipients and can account for 25–40% of cases of viral 
respiratory infections in these patients [ 2 – 4 ] (Figure  32-1 ). 
Due to their high prevalence and their ability to cause pro-
gressive infection, HRVs are also a signifi cant cause of lower 
respiratory tract infection (LRTI) in  HCT recipients   (Table 
 32-1 ). HRV infection is also common in  solid organ trans-
plant (SOT) recipients  , although the incidence is not known 
among SOT recipients as a whole. In  lung transplant recipi-
ents     , data from older retrospective and prospective studies 
suggests an incidence of 35–55% among patients with posi-
tive respiratory samples [ 5 – 7 ] (Figure  32-2 ). In a recent pro-
spective surveillance study of  112      lung transplant recipients, 
HRVs represented 62% of all positive samples [ 8 ]. Among 
 symptomatic      lung transplant recipients, HRV represented 
34% of all respiratory viruses detected [ 9 ].

     HRVs are members of the Picornaviridae family and are 
classifi ed into three species, HRV-A, HRV-B, and HRV-C, 
based on similarity in genome organization, capsid features, 
and conserved sequences [ 10 ]. The total number of geno-
types continues to grow as new genotypes are characterized; 
currently at least 160 unique genotypes are described. Due to 
poor growth in traditional viral culture models, HRV-C was 
only recognized after the development of molecular diagnos-
tic techniques. Thus, HRV-C is not a novel species, but rather 

one that has been circulating unnoticed due to lack of an 
appropriate diagnostic assay. There are several biologic 
characteristics of HRV-C that differentiate the species from 
HRV-A and HRV-B. HRV-A and HRV-B both use ICAM-1 
or LDLR for cell attachment and entry, whereas it appears 
that HRV-C may utilize a distinct receptor, cadherin-related 
family member 3, that is associated with asthma susceptibil-
ity [ 11 ,  12 ]. Additionally, HRV-C species are stable at higher 
temperatures and readily infect upper and lower airways, 
whereas HRV-A and HRV-B species tend to be more limited 
to the sinuses and upper airways [ 13 ,  14 ]. These biologic 
characteristics are thought to play a role in variations in 
clinical outcomes observed among the different species.    

32.1.2     Clinical Characteristics 

   Most immunocompetent  patients      with HRV present with an 
afebrile, self-limited syndrome characterized by rhinorrhea, 
nasal congestion, and malaise, and less frequently sore 
throat, mild cough, and hoarseness [ 15 – 19 ]. HRV may also 
be associated with exacerbations of sinusitis, chronic bron-
chitis, and asthma, and with lower respiratory tract syn-
dromes and atypical pneumonias in otherwise healthy 
people, including the young and the elderly [ 20 ,  21 ]. The 
specifi c mechanisms by which HRVs produce lung diseases 
are not well understood. HRVs are also implicated in asthma 
and chronic obstructive pulmonary disease (COPD) exacer-
bations, but again the mechanisms are poorly defi ned. 

 With the widespread availability of PCR diagnostics, data 
are emerging on the incidence and clinical relevance of HRV 
infections in immunocompromised patients. Early studies 
relied on culture to detect HRV, a specifi c but insensitive 
method because the standard viral culture systems are not 
optimized for HRV detection, especially HRV-C [ 22 ]. For 
example, a  Fred Hutchinson Cancer Center surveillance 
study   from 1987 to 1992 detected HRVs in 29 specimens, 
and only one was from a lower respiratory tract specimen 
[ 2 ]. A prospective 5-year study at MD Anderson Cancer 
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Center cultured specimens specifi cally for HRVs at lower 
temperatures with roller culture methods, and reported that 
HRV infections were associated with substantial morbidity 
and mortality in 7 of 22 (32%) myelosuppressed patients 
[ 23 ]. In that study, approximately one third of the adult HCT 
recipients who developed symptomatic HRV infections prior 
to engraftment had progression of upper respiratory tract 
symptoms to LRTI, and all cases with pneumonias were 
fatal. Lung biopsies and autopsies revealed fi ndings consis-
tent with interstitial pneumonitis and/or ARDS, but no in situ 
evaluation was performed to defi nitively assess HRV infec-
tion. Similar reports with evidence of LRTI based on radio-
graphic and BAL fi ndings continue to be noted [ 24 – 26 ], but 

it remains unknown if pneumonia is a direct cause of viral 
invasion of the lung tissue or by host responses in the lung. 
Evidence for in vitro and in vivo replication in lower respira-
tory tract has been shown in experimental infection, where 
HRV was isolated from human volunteers after intranasal 
HRV challenge by in situ hybridization [ 27 ]. The use of 
 RT-PCR      continues to provide new information about the fre-
quency of HRV infection. In a study of BAL samples from 
77 HCT recipients that were tested using  RT-PCR     , HRV was 
detected in six patients (8%), mortality rate was very high 
(83%) and two of the six patients showed persistent HRV 
infection. However, all of the HRV-infected patients had sig-
nifi cant coinfections and it was not certain whether HRV 
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  FIGURE 32-1.    Cumulative 
incidence of fi rst infection 
episodes of  HRV  , HCoV, and 
other respiratory viruses (RSV, 
PIV, HMPV, infl uenza, 
adenovirus) after transplantation 
in 215 HCT recipients. 
Reproduced from Blood, Human 
rhinovirus and coronavirus 
detection among allogeneic 
hematopoietic stem cell 
transplantation recipients, Filippo 
Milano, Angela P. Campbell, 
Katherine A. Guthrie, Jane 
Kuypers, Janet A. Englund, et al., 
115 (10): 2088–2094, 2010, with 
permission from Springer 
Science and Business Media.       

    TABLE 32-1.    Summary of clinical manifestations of  rhinoviruses  ,    coronaviruses,    enteroviruses,  and   bocavirus   

 Virus 
 Upper respiratory 
tract infection 

 Lower respiratory 
tract infection  Other manifestations  Treatment  Comments 

 Human 
rhinovirus 

 ++++  ++  Supportive care  May be associated with severe 
disease in immunocompromised 
hosts 

 Coronavirus  +++  +  Gastrointestinal disease in 
children 

 Supportive care  Recent outbreaks of severe acute 
respiratory syndrome (SARS) 
and middle east respiratory 
syndrome (MERS) 

 Enterovirus  ++  +  Neurologic disease 
(poliomyelitis, meningitis, 
encephalitis), cardiac disease, 
muscle disease, eye infections 

 Supportive care  Sporadic outbreaks described, 
including Enterovirus-D68 

 Bocavirus  ++  ?  Supportive care 
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infection was the direct cause of poor prognosis [ 25 ]. In a 
small cohort of patients with hematologic malignancy, LRTI 
was associated with hypoalbuminemia and bacterial co- 
pathogens were seen in 25% of patients [ 28 ]. 

 Recent studies have shown that immunocompromised 
adults with HRV demonstrated similar hospital admission 
rates, intensive care unit admissions, and mortality rates as 
patients with pandemic H1N1 infl uenza [ 29 ]. Several reports 
have linked HRV infection to severe respiratory failure and 
even death [ 23 – 25 ]. Furthermore, recently presented data 
suggest that LRTI associated with HRV leads to a mortality 
rate comparable to that of RSV, infl uenza virus, and PIV 
[ 30 ], independent of the presence of co-pathogens. Risk fac-
tors for mortality following HRV LRTI included bone mar-
row stem cell source, oxygen requirement at time of 
diagnosis, and steroid use ≥1 mg/kg prior to diagnosis [ 30 ]. 
Other factors that may infl uence clinical severity include the 
presence of HRV RNA in blood, viral load, and HRV species 
type; however, no data exist in immunocompromised patients 
to date. HRV viral RNA was detected in the sera of 30 (12%) 
of 243 pediatric patients with severe HRV respiratory infec-
tion, with HRV-C being the predominant species [ 31 ]. 
In healthy pediatric patients, increased respiratory viral load 
has been associated with HRV LRTI and HRVC has been 
implicated as a more virulent pathogen [ 32 – 34 ]. Others, 
however, have shown lack of correlation between HRV-C 
and oxygen requirement, length of hospitalizations, and 
coinfections [ 35 ]. The predominance of HRV-C in HCT 
recipients has also been described in small studies, with 
higher rates of pneumonia in patients with HRV-C detected 

from the upper respiratory tract [ 36 ]. In a small cohort of 
patients with hematologic malignancies, the rate of LRTI 
was not different between patients infected with HRV-A, 
HRV-B, or HRV-C [ 28 ]. The relative risk of HRV-C infection 
in the immunocompromised population remains unknown, 
and more research is needed to defi ne the role of strain dif-
ferences on outcomes. 

 Detection and diagnosis of respiratory viral infections prior 
to transplant is a common clinical concern that has until 
recently only been evaluated in small cohorts for certain viruses 
[ 37 – 40 ]. In a large, prospective surveillance cohort of alloge-
neic HCT recipients, detection of HRV pretransplant was asso-
ciated with signifi cantly fewer days alive and out of the hospital, 
and signifi cantly higher mortality at 100 days posttransplant 
[ 41 ]. Further, larger prospective studies are needed to deter-
mine risk factors for posttransplant complications, the role of 
viral load and symptom burden at the time of transplantation, 
and the need to potentially delay transplantation for patients 
with HRV present prior to transplantation. Ultimately, the issue 
of viral causality of disease and evaluation of prophylactic and 
treatment modalities will need to be addressed. The impact of 
HRV infection prior to SOT is not known. 

 Like HCT recipients, SOT recipients are exposed to highly 
immunosuppressive regimens that leave them susceptible to 
respiratory viral infections.     Lung transplant recipients   have 
the added disadvantage of altered lung immunity due to fac-
tors such as impaired ciliary clearance, poor cough refl ex, 
and abnormal lymphatic drainage. These factors can predis-
pose to lower respiratory tract infections. The impact of HRV 
on outcomes  in      lung transplant recipients can range from 
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asymptomatic infection to severe disease. In a pooled analy-
sis of all respiratory viruses detected  in      lung transplant recip-
ients, viruses were detected fi ve times more frequently when 
respiratory symptoms were present [ 42 ]. A correlation 
between higher symptom scores and higher rhinovirus load 
in the upper respiratory tract has been demonstrated, although 
even asymptomatic patients can have relatively high viral 
loads [ 43 ]. The relative rate of progression from upper to 
lower tract disease for HRV specifi cally is not known, 
although the effect on lung function has been evaluated in 
aggregate for all respiratory viruses and suggests a decline in 
forced expiratory volume (FEV1) of −5% to −30% [ 42 ]. For 
HRV specifi cally, the FEV1 loss was similar to that seen in 
other respiratory viruses [ 8 ]. The correlation between respi-
ratory viral infections and acute rejection, chronic rejection, 
and  bronchiolitis obliterans syndrome (BOS)   remains some-
what unclear, with several confl icting fi ndings when respira-
tory viruses were evaluated in aggregate [ 6 – 8 ]. A recent 
large cohort of  250      lung transplant recipients, however, 
showed an independent association between respiratory viral 
infections (34% HRV) and chronic lung allograft dysfunc-
tion in multivariate models [ 9 ]. This association was infl u-
enced by time, with more of an effect within a shorter period 
following respiratory infection. Larger, prospective studies 
investing individual viruses are needed to clearly assess the 
impact on these outcomes.    

32.1.3     Diagnosis 

   Unlike paramyxoviruses,  HRV    infection   cannot be diag-
nosed based on characteristic histopathologic changes or 
changes in cell morphology. In the past, cell culture was 
used to diagnose HRV infection using multiple cell lines at 
low temperatures of 33–34 °C, often in rolling tubes. The 
cell lines utilized for the detection of HRVs may detect 
enteroviruses; HRV isolates are distinguished from entero-
viruses by their lability in acid (loss in viral titer following 
exposure to a pH of 5). There are no commercially avail-
able antigen- detection assays or simple kits for the detec-
tion of HRV. 

  RT-PCR      has dramatically improved the ability to both 
detect and characterize HRVs, with current assays at least 
two to three times more sensitive than conventional culture 
methods [ 44 ]. Some PCR assays are able to distinguish 
between enteroviruses and HRVs instead of the acid lability 
assays [ 45 ]. Typing of HRVs based on PCR amplifi cation 
sequence variations in 5′-noncoding region also has been 
described [ 46 ]. New standardized methods to detect more of 
the over 100 strains of HRV have now been described [ 47 ]; 
however, commercially available multiplex respiratory viral 
PCR panels contain primer/probe sets that can cross-react 
between enterovirus and HRV strains. New strains and types 
of HRV are being detected frequently and more diseases 
associated with HRV are being described using new and 
diverse molecular methods.    

32.1.4     Treatment Options 

   There are no approved  antivirals      for the treatment of 
HRV infections. Several agents have been evaluated in 
preclinical and clinical trials for the treatment of HRV infec-
tion in immunocompetent hosts, including capsid binding 
inhibitors, protease inhibitors, and RNA synthesis inhibitors 
[ 48 ]. None of these agents have been evaluated in immuno-
compromised hosts. Given the high prevalence and potential 
severity of HRV infection in this population, there is a great 
need for drug development and clinical trials for the preven-
tion and treatment of LRTI. Outside of transplant recipients, 
there is a potential need for intervention in other populations 
such as patients with asthma or COPD to prevent disease 
exacerbation [ 49 ,  50 ].     

32.2     Coronaviruses 

32.2.1     Epidemiology 

   CoVs            are a frequent cause of the common cold, but little is 
known about the role of CoVs in immunocompromised 
patients [ 51 ] (Table  32-1 ). Human group 1 (subtypes 229E 
and NL63) and human group 2 (OC43 and HKU1) CoVs 
were originally reported as causes of human respiratory ill-
nesses. The availability of more sophisticated diagnostic 
tools, such as  RT-PCR     , has facilitated the detection of CoVs 
in normal and immunocompromised persons. These 
improved molecular methods of viral discovery facilitated 
the recent identifi cation of the novel Group 1 and 2 human 
CoV subtypes—NL63 in 2004 [ 52 ] and HKU1 in 2005 [ 53 ]. 
A more accurate clinical epidemiology of CoV infection is 
beginning to emerge. It is now known that all four known 
subtypes of CoV circulate simultaneously [ 54 ], and that in 
addition to the common cold, CoV is associated with upper 
respiratory tract infection and LRTI in persons with and 
without underlying conditions [ 55 ,  56 ].  In      lung transplant 
recipients, CoVs appear to be the second most common 
respiratory viruses after picornaviruses with a detection rate 
of 13–27% of positive samples [ 5 – 7 ] (Figure  32-2 ). In a 
 prospective surveillance cohort  of      lung transplant recipients, 
coronaviruses were detected in 13% of all positive samples, 
again only second to picornaviruses [ 8 ]. 

 Two additional CoVs associated with outbreaks are the 
 severe acute respiratory syndrome-associated CoV (SARS- 
CoV)   and the recently described  Middle East respiratory 
syndrome-CoV (MERS-CoV)  .  The   SARS outbreak origi-
nated in Guangdong Province in China in 2002 and was 
characterized by a life-threatening, atypical pneumonia and 
was spread by close contact with infected humans, mostly to 
household contacts and health care workers [ 57 ].    SARS- 
CoV is not currently circulating in the world with the most 
recent human cases of infection reported in China in 2004 
[ 58 ]. MERS- CoV   fi rst emerged in the Arabian Peninsula in 
2012, and since then travel-associated cases have been found 
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in a number of countries outside the region [ 59 ]. In adults, 
the fatality rate is estimated to be 40%; in children asymp-
tomatic infection is common but patients with underlying 
medical conditions are at increased risk [ 60 ,  61 ]. There is 
little data on the incidence  of   SARS-CoV  and   MERS-CoV in 
immunocompromised hosts, although immune suppression 
is considered a risk factor. SARS-CoV has been described in 
liver transplant recipients and in patients with myelodysplas-
tic syndrome [ 62 ,  63 ]. MERS-CoV has been described in 
patients on chronic immunosuppression and in renal trans-
plant recipients with a broad range of clinical presentations 
[ 64 ,  65 ]. Other CoVs have been reported to cause pneumonia 
in children and immunocompromised patients treated for 
hematologic malignancies [ 66 – 68 ]. The role of coronavirus 
virus infection prior to transplantation is not known.   

32.2.2     Clinical Characteristics 

  Although most CoV infections result in relatively mild upper 
respiratory tract infection, these viruses have been associated 
with more severe LRTI (e.g., bronchiolitis and pneumonia) in 
patients who are immunosuppressed, have asthma, or are pre-
mature. In one retrospective study carried out over 1 year, 
CoV was detected in six immunocompromised children—fi ve 
with acute lymphocytic leukemia and one renal transplant 
recipient [ 54 ]. Five patients were febrile at the time coronavi-
rus was present, with fevers lasting 1–7 days. All patients ini-
tially presented with rhinorrhea and nasal discharge; two 
children had cough as a presenting symptom. Chest radio-
graphs of only one of the three children were abnormal; LRTI 
based on decreased oxygen saturation, tachypnea, and abnor-
mal chest radiograph was present in only one child with leuke-
mia, who was signifi cantly neutropenic and lymphopenic at 
the time CoV was detected. CoVs have been associated with 
LRTI in HCT recipients with sometimes fatal outcomes [ 66 , 
 67 ,  69 – 71 ]. The clinical characteristics of SARS-CoV and 
MERS-CoV infection in HCT and SOT patients are not well 
described, and presentation can range from mild symptoms to 
respiratory failure and death [ 62 – 65 ,  72 ].   

32.2.3     Diagnosis 

  Until the advent of  RT-PCR     , techniques for the detection of 
CoV were limited and the reliable identifi cation of CoV was 
problematic. Early detection techniques isolated two sub-
types—OC43 and 229E, originally using organ cultures of 
human embryonic trachea, with morphology determined 
using negative staining with electron microscopy [ 73 ]. With 
the advent of molecular detection methods and increased 
interest in CoV detection during the SARS outbreak, new 
strains of CoVs have been discovered and new RT-PCR 
assays developed that facilitate further studies of these 
viruses. Based on RT-PCR assays, four strains of non-SARS 
CoVs (OC43, 229E, NL63, and HKU1) appear to cocirculate 

during the non-summer months in temperate climates, and 
are associated with symptomatic disease in immunocompro-
mised hosts [ 54 ]. Guidance on RT-PCR and serologic assays 
for the confi rmation on MERS-CoV can be found on the 
World Health Organization website [ 74 ].   

32.2.4     Treatment Options 

  There are no approved antivirals for prophylaxis or treatment 
of CoV infections and supportive care remains paramount in 
managing patients infected with coronaviruses. Though sev-
eral antivirals were used during the  SARS-CoV   epidemic, no 
clear benefi t could be established on systematic review [ 75 ]. 
Oral ribavirin was evaluated in retrospective studies for the 
treatment of  MERS-CoV   in immunocompetent individuals; 
decreased survival was noted in one study when compared to 
matched controls [ 76 ,  77 ], however, larger prospective stud-
ies are needed to show true effi cacy. Shedding of all corona-
viruses may persist for up to months, and routine infection 
control practices are encouraged.    

32.3     Enteroviruses 

32.3.1     Epidemiology 

   EVs   are part of the picornaviridae family of viruses and 
can be associated with severe illness in immunocompro-
mised hosts. EVs include polioviruses, coxsackieviruses, 
and echoviruses; these are now all classified into four 
species:  Enterovirus A  (EV-A), EV-B, EV-C, and EV-D. 
Risk for infection and subsequent poor outcomes appears 
to be heavily influenced by age, although factors such as 
sex and  socioeconomic status play a role in the general 
population. EV activity can be either sporadic or epi-
demic, and several outbreaks have been described. EVs 
are typically found during the summer and early autumn 
in temperate climates. 

  Enterovirus-D68 (EV-D68)   was fi rst identifi ed in 
California in 1962 [ 78 ] and has since been associated with 
several small outbreaks, both in the US and internationally, 
from 2009 to 2013 [ 79 – 84 ]. In the summer of 2014, several 
hundred cases of severe respiratory illnesses in children in 
the United States were found to be associated with EV-D68 
infection [ 85 ], and several additional clusters have been 
described worldwide [ 86 – 96 ].  

32.3.2     Clinical Characteristics 

 EVs can cause a wide spectrum of illnesses in immunocom-
petent individuals including asymptomatic infection, polio-
myelitis, meningitis, encephalitis, cardiac disease, muscle 
disease, eye infections, respiratory infections, exanthems, and 
neonatal disease. The most frequently described manifestation 

32. Rhinovirus, Coronavirus, Enterovirus, and Bocavirus After Hematopoietic Cell Transplantation…



604

in immunocompromised patients is respiratory disease, 
although the incidence and spectrum of disease is not known. 
According to one study, EVs can be associated with lower 
respiratory tract infection and mortality; however, larger 
studies are needed to establish specifi c risk factors for worse 
outcomes [ 97 ]. 

 Most confi rmed cases  of   EV-D68 infection have been in 
children, occurring primarily in patients with underlying lung 
disease such as asthma or a history of wheezing.    EV- D68 was 
also associated with several cases of acute fl accid paralysis in 
children during the 2014 outbreak in the United States, 
although defi nitive causation has not yet been established [ 98 , 
 99 ]. The impact  of   EV-D68 infection in immunocompro-
mised hosts is not known; however, the association between 
EV-D68 and severe illness was described in eight adult immu-
nocompromised patients with presumptive EV-D68 infection 
including HCT recipients [ 100 ]. Additionally, one recent 
report of adults with confi rmed EV-D68 infection included 
solid organ transplant recipients [ 87 ].  

32.3.3     Diagnosis 

 Depending on the clinical scenario, EVs can be detected 
from a number of clinical specimens including cerebral spi-
nal fl uid, serum, respiratory specimens, cardiac tissue, and 
stool. EVs may be identifi ed in throat samples as well as 
fecal specimens and cerebrospinal fl uid. Commercial multi-
plex PCR assays contain primer/probe sets that may cross 
react between rhinoviruses and enteroviruses. A specifi c  EV- 
D68 RT-PCR      has been developed by the CDC and has been 
made publically available [ 101 ].  

32.3.4     Treatment Options 

 There are no approved antivirals approved for the treatment of 
EVs.  Intravenous immunoglobulin (IVIG)   has been used in the 
treatment of neonatal enteroviral sepsis, but the effect on clini-
cal outcomes is highly dependent on the presence of specifi c 
neutralizing antibodies and timing of administration [ 102 , 
 103 ].  Pleconaril  , an oral capsid inhibitor with activity against 
picornaviruses, has been evaluated in treatment of enteroviral 
infections including meningitis, neonatal sepsis, and respira-
tory infections [ 104 – 108 ] but is not available for treatment. 
Other capsid binders, protease inhibitors, and polymerase 
inhibitors are in various stages of development, but none are 
currently available for treatment of enteroviral infections [ 109 ]. 
No studies have shown effi cacy in immunocompromised hosts.    

32.4     Bocavirus 

    Human bocavirus (HBoV) is a      newly identifi ed human parvo-
virus that was originally identifi ed by random PCR amplifi ca-
tion/cloning technique on pooled respiratory secretions from 

hospitalized children with respiratory tract symptoms [ 110 ]. 
This virus was named “human bocavirus,” due to its related-
ness to the genome organization of two other parvoviruses, 
bovine parvovirus and minute virus of canines, in the family 
Parvoviridae. This virus continues to be detected in young 
children with a winter seasonality [ 111 – 113 ]. The relation-
ship of HBoV and respiratory disease in immunocompro-
mised patients is not yet clear. Preliminary evidence to date 
demonstrates case reports of disseminated HBoV infection 
with involvement of the respiratory tract, blood, and stool in 
several patients, sometimes associated with GVHD and pro-
longed viral shedding in the feces [ 114 ,  115 ]. Other studies 
have reported little evidence linking this virus with pulmo-
nary pathology or severe respiratory disease  in      HCT or lung 
transplant recipients [ 116 – 118 ]. Further research is necessary 
to link this virus with the disease in the transplant recipient. 
No specifi c antiviral therapy is available.    

32.5     Future Directions 
and Unmet Needs 

 Respiratory viruses are a signifi cant concern following HCT 
and SOT and can be associated with substantial morbidity and 
mortality, even among viruses traditionally not concerned 
pathogenic. New, sensitive diagnostic assays allow for routine 
detection of rhinoviruses, enteroviruses, coronaviruses, and 
bocavirus, and additional data on the epidemiology, risk factors, 
outcomes of infection, and the impact of different viral strains 
are desperately needed. Preliminary studies suggest that detec-
tion of these viruses prior to transplant may affect outcomes, 
but additional studies are needed to explore this important 
clinical area. Furthermore, as new antivirals are being devel-
oped, it will be important to identify high-risk patients that may 
benefi t from treatment. Finally, a better understanding of these 
viruses will be able to inform better infection prevention 
strategies that will remain the mainstay of viral control.     
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33.1           Introduction 

 Adenoviruses (HAdVs) are  nonenveloped lytic DNA viruses   
capable of infecting most mammalian species. To date 67 
different human serotypes with varying tissue tropism have 
been identifi ed, which are divided into seven subgroups or 
species (A–G) according to their oncogenic potential in rats, 
hemagglutinating properties, and DNA homologies [ 1 – 6 ]. 

 About half of the serotypes have been associated with 
 clinical symptoms  , others are found rarely and may not cause 
disease [ 7 ]. HAdV is highly resistant even in moisture-free 
environments and remains infectious at room temperature 
for up to 3 weeks [ 7 ,  8 ]. HAdV is stable at low pH and resis-
tant to gastric and biliary secretions, allowing the virus to 
replicate and achieve a high viral load in the gut [ 7 ]. 

 HAdV is transmitted from person to person by viral shed-
ding in feces, respiratory secretions, and tears of infected 
individuals. Infection occurs by receptor-mediated endocy-
tosis. Receptors interacting with HAdV include the coxsack-
ieadenovirus receptor, CD46, sialic acid residues, and 
lactoferrin [ 9 ,  10 ]. Upon entering early endosomes the virus 
particles gain access to the nucleus, and viral proteins enter 
the MHC class I and II processing pathways. Finally the rep-
lication of viral DNA leads to viral assembly, host cell lysis, 
and escape from the host cell [ 9 ]. 

 Due to the fact that recombinant adenoviruses are increas-
ingly being used as gene transfer vectors in humans, innate 
and adaptive immune responses to HAdV have been exten-
sively studied. HAdV is recognized through intracellular and 
extracellular receptors, which trigger interferon-γ (INF-γ), 
tumor necrosis factor (TNF), interleukin-1 (IL-1), IL-2, and 
macrophage infl ammatory protein production. Besides the 
direct antiviral effect of these cytokines by inhibiting assem-
bly and maturation of adenoviral particles, they recruit and 
activate innate effector cells [ 11 – 14 ]. Finally HAdV-specifi c 
cytotoxic T-cell clones (mostly CD4M +  cells) are able to 
lyse infected target cells using a perforin-dependent mecha-
nism [ 15 – 17 ]. One of the most important T-cell targets is 

the adenoviral hexon protein, which contains the generic 
antigenic component common to all adenoviruses [ 18 ]. Leen 
et al. characterized 40 CD4- or CD8-restricted hexon epit-
opes and showed that most of them are shared among differ-
ent HAdV subspecies suggesting that HAdV-specifi c T cells 
can recognize different serotypes [ 19 ,  20 ]. It is supposed that 
the exposure to different species during childhood and the 
resulting crossreactive cytotoxic T lymphocytes (CTLs) 
leads to a broad HAdV immunity in adults [ 20 – 23 ]. By cyto-
kine fl ow cytometry and INF-γ ELSPOT HAdV-specifi c T 
cells are detectable in healthy individuals [ 24 ]. 

 However, HAdV disposes of several mechanisms for 
immune escape. HAdV encodes proteins that block responses 
to cytolytic and proinfl ammatory cytokines, intrinsic cellular 
apoptosis, as well as innate and adaptive cellular immune 
responses [ 25 – 28 ]. Moreover, antigen presentation by MHC 
class I molecules is inhibited by blocking their transport to 
the cell surface [ 29 ]. 

 Clinical manifestations  in immunocompetent hosts   
include upper respiratory disease (subgroups C and E), gas-
troenteritis (subgroups A, D, and F), or conjunctivitis (sub-
group D) and are self-limited in most cases although severe 
manifestations including encephalitis, myocarditis, and 
pneumonia have been observed sporadically [ 30 – 33 ]. HAdV 
infections occur mainly in young children; however, out-
breaks of HAdV infections in adults, in military camps and 
in medical facilities have been described [ 31 ,  34 – 37 ]. In a 
US population-based epidemiological study, Gray et al. 
identifi ed several risk factors for severe HAdV disease: age 
less than 7 years, chronic disease, recent transplantation, and 
infection with type 5 (subgroup C) and type 21 (subgroup B) 
[ 38 ]. Asymptomatic HAdV infection can persist lifelong in 
lymphoepithelial tissues [ 39 ]. 

 Sites of HAdV persistence include  tonsillar and adenoidal 
T-lymphocytes  , and the gastrointestinal tract [ 39 – 41 ]. 
 Diagnostic approaches   include virus isolation from either 
conventional or rapid cell culture, serologic tests, direct fl uo-
rescent assay or enzyme immunoassay, and conventional or 
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real-time polymerase chain reaction (PCR) techniques [ 5 ,  6 , 
 42 ,  43 ]. Whereas conventional cell culture is relatively time- 
consuming, enzyme immunoassay and rapid cell culture are 
effi cient and suffi ciently sensitive for the diagnosis of adeno-
virus enteritis and upper respiratory disease in immunocom-
petent children [ 43 ]. In immunocompromised patients, 
however,  PCR-based assays   have been established as a stan-
dard diagnostic tool for rapid, specifi c, quantitative, and 
highly sensitive detection of HAdV in any diagnostic mate-
rial [ 42 ,  44 – 49 ]. The analysis of peripheral blood samples of 
immunocompetent children with HAdV-associated respira-
tory disease and of healthy controls showed that HAdV DNA 
may be detected in about 40% of children with respiratory 
HAdV infection for a median period of 4.5 days and occa-
sionally in healthy individuals at a very low level [ 50 ]. 

 In neonates and immunocompromised patients, HAdV 
can cause lethal organ  damag  e [ 51 ]. One of the fi rst lethal 
HAdV infections published was the case of a child with 
severe congenital immunodefi ciency [ 52 ]. HAdV infections 
in patients receiving chemotherapy seems to be a rare event, 
but lethal disseminated HADV disease has been described in 
this condition [ 53 – 59 ]. 

 In adult HIV patients,  acute diarrhea   is frequently associ-
ated with HAdV positivity in stool, whereas in HIV positive 
children HAdV does not seem to be an important cause of 
diarrhea [ 60 ,  61 ]. There are only sporadic reports on severe 
or lethal HAdV infections in HIV patients [ 62 ,  63 ].  

33.2     Diagnostics 

 During the last years real-   time PCR assays for detection and 
quantifi cation of HAdV has become the gold standard in the 
context of allogeneic HSCT [ 5 ,  42 ,  44 ,  46 ,  47 ,  64 ,  65 ]. The 
diffi culty of targeting the wide range of serotypes with major 
genetic differences between the species has been overcome 
by designing primer/probe combinations derived from the 
hexon and the VA RNA region [ 45 ,  47 ,  49 ]. There are a num-
ber of commercial kits available. In-house quantitative PCR 
seem to be comparable to those achieved with commercial 
kits [ 49 ,  66 ,  67 ]. The most commonly identifi ed species in 
the context of HSCT are C (serotypes 1, 2, 5, 6), followed by 
A (serotype 31) and B (serotypes 3, 11, 34), although in rare 
instances D and F can be detected [ 68 – 71 ]. Sequential or 
simultaneous infections with different species have been 
described occasionally [ 1 ,  68 – 71 ]. 

 As it has been shown that detection of high levels of 
HAdV DNA in peripheral blood predicts disseminated 
HAdV disease, a quantitative HAdV PCR-screening in 
peripheral blood samples has become standard in many cen-
ters [ 44 ,  46 ,  47 ,  70 ,  72 – 74 ]. 

 The screening for HAdV in the stool and molecular moni-
toring of viral load in serial stool specimens facilitate early 
detection of  impending   invasive infection [ 1 ,  66 ,  74 ,  75 ]. It is 
important to bear in mind, however, that inhibitors of PDR 

amplifi cation may be present in stool specimens and the 
implementation of appropriate controls is necessary to pre-
vent false negative results. In the guidelines published in 2012 
by the European Conference of Infections in Leukemia 
(ECIL) monitoring with quantitative PCR of HAdV load in 
peripheral blood on a weekly basis for all patients with at least 
1 risk factor is recommended and the duration of monitoring 
should be adapted to degree of immune reconstitution [ 76 ].  

33.3     Incidence 

 Shields et al. were the fi rst to describe the impact of HAdV 
on allogeneic hematopoietic stem cell transplantation 
(HSCT) [ 53 ]. During  the   last decade, HAdV infection in the 
context of allogeneic stem cell transplantation has been 
increasingly recognized as a major cause of transplant- 
related mortality (TRM) especially in children undergoing 
allogeneic HSCT. Whether this “increase” is due to a higher 
percentage of T-cell–depleted grafts and highly effi cient 
peritransplant immunosuppression or due to the fact that 
with the use of highly sensitive PCR techniques HAdV is 
increasingly being diagnosed remains open. 

 The fi rst study based on HAdV-PCR screening in stool, 
urine, and throat swab samples was performed by Chakrabarti 
et al. in a cohort of 76 adult HSCT patients [ 77 ]. A number of 
screening studies have been performed since then, mainly in 
pediatric HSCT patients, revealing an overall incidence of 
HAdV infection between 12% and 42%. Although 55–60% 
of the infected patients remained asymptomatic, an inci-
dence of lethal disease between 0.9% and 7% has been 
observed [ 1 ,  47 ,  70 ,  72 ,  73 ,  77 – 84 ]. The broad range of 
reported incidences may be due to the differences concern-
ing the diagnostic samples (peripheral blood, feces, urine) 
and the diagnostic approach (culture, PCR). The reported 
screening studies based on PCR screening in peripheral 
blood since the year 2000 are summarized in Table  33-1 .

   TABLE 33-1.     Screening studies   on incidences of HAdV viremia and 
HAdV-related mortality [ 1 ,  47 ,  70 ,  72 ,  78 ,  82 – 84 ,  86 ,  94 ,  95 ,  109 ]   

 Author  Year  Pts  Children 
 HAdV 
viremia (%) 

 Lethal 
disease (%) 

 Lion et al.  2003  132  132  8  72 

 Leruez-Ville et al.  2004  58  58  26  0 

 Walls et al.     2005  26  26  42  18 

 Kampman et al.  2005  155  155  17  19 

 Takayama et al.  2007  32  16  33  17 

 Myers et al.  2007  22  20  68  n.r. 

 Gustafson et al.  2008  40  13  15  50 

 Bin-Lula et al.  2010  116  84  26  17 

 Lion et al.  2010  153  153  10  50 

 Öhrmalm et al.  2011  97  20  5  0 

 Hiwarkar et al.  2011  291  291  15  n.r. 

 Sive et al.  2012  116   0    12  7 

S. Matthes-Martin



611

33.4        Risk Factors 

 Several  risk factors   for HAdV infection and, more impor-
tantly, HAdV disease have been identifi ed. 

33.4.1     Patient Characteristics 

 Although HAdV infections are more frequently reported in 
children, recent screening studies revealed incidences of 
viremia between 5% and 12% [ 70 ,  72 ,  84 – 86 ]. Within the 
pediatric HSCT patient cohort, however, younger age seems 
to be a signifi cant risk factor [ 75 ,  81 ]: Although similar rates 
of HAdV infections are observed in adult HSCT patients, the 
clinical impact of HAdV infections in adult HSCT patients 
remains controversial [ 72 ,  84 ,  87 – 90 ]. Recipient and/or 
donor serostatus do not have an impact on the occurrence of 
HAdV infection [ 91 ,  92 ]. However, HAdV PCR positivity in 
nasopharyngeal aspirate preceding hematopoietic stem cell 
transplantation or HAdV infection prior to SCT seem to be a 
very strong risk factor for adenovirus DNAemia in pediatric 
patients [ 93 ,  94 ].  

33.4.2     Donor and  Graf  t 

 Patients transplanted with unrelated cord blood, and patients 
transplanted from unrelated donors (who usually receive 
in vivo or ex vivo T-cell–depleted grafts and have a higher 
incidence of severe GvHD) have an increased risk for HAdV 
infections and disease [ 83 ,  95 – 98 ]. This underlines the 
impact of prolonged immunosuppression on posttransplant 
HAdV infection, attributable either to in vivo or ex vivo 
T-cell depletion, prolonged lymphopenia, or to GvHD- 
associated immunosuppressive posttransplant therapy [ 78 , 
 82 ,  99 ]. In a study published by van Tol et al. the risk of 
HAdV infection, disease, and lethal outcome increased with 
the degree of T-cell depletion from 8%, 2%, and 0% (<2 log 
T-cell depletion) to 29%, 18%, and 7% (>2 log T-cell deple-
tion) and 71%, 42%, and 42% (>3 log T-cell depletion), 
respectively [ 81 ]. Lee et al. found in a restrospective case 
fi nding study in 624 adult and pediatric patients a tenfold 
increased incidence of HAdV disease in patients receiving 
T-cell depleted grafts [ 79 ]. Analyzing patients with or with-
out ATG-containing conditioning regimens (irrespective of 
the graft manipulation), Runde et al. reported a signifi cantly 
higher incidence of HAdV infection in patients receiving 
ATG [ 92 ]. Several groups have addressed the question of 
whether the mode of T-cell depletion (i.e., ex vivo, in vivo, 
specifi c antibodies) has an impact on the risk of HAdV infec-
tion: Lion et al. compared patients who received pretrans-
plant ATG and an unmanipulated graft with those who 
received ATG and an ex vivo T-cell–depleted graft and found 
a signifi cantly higher incidence of HAdV infection in patients 
with ex-vivo T-cell depleted grafts; 8 of 11 patients who 

experienced lethal disease had received ex vivo T-cell–
depleted grafts [ 47 ]. Myers et al. compared the incidence of 
HAdV infection and HAdV disease in pediatric patients with 
either ATG- or alemtuzumab containing conditioning regi-
mens: patients receiving alemtuzumab had a signifi cantly 
higher probability at 6 months of HAdV infection (35% vs. 
13%) and HAdV disease (14% vs. 2%) compared to patients 
receiving ATG [ 80 ], although the impact of serotherapy on 
the incidence of HAdV infections may be infl uenced by the 
dose and length of exposure [ 100 ]. The impact of alemtu-
zumab containing conditioning regimens on HAdV disease 
in adult patients is being discussed controversially: Sive 
reported a HAdV associated mortality of only 7%, whereas 
Avivi and others found a high HAdV-related mortality of 
50%, despite  a   comparable infection rate [ 77 ,  84 ,  85 ,  88 ,  89 ].  

33.4.3     Graft-Versus-Host Disease 

 Severe acute graft-versus-host disease (GvHD) requiring 
intensifi ed or prolonged immunosuppressive treatment 
seems to be associated with an increased risk for  HAdV   
infection and disease [ 1 ,  60 ,  79 ,  80 ,  85 ,  92 ,  96 ]. The lack of 
correlation of HAdV infection with GvHD reported in two 
large screening studies may be due to the fact that these 
included a large proportion of patients who had received a 
T-cell–depleted graft [ 47 ,  77 ]. Patients undergoing T-cell–
depleted HSCT usually do not experience GvHD but have an 
increased risk of HAdV infection, which may result in a sta-
tistically similar incidence of HAdV infection and disease in 
patients with or without GvHD. Excluding patients with 
T-cell–depleted grafts from the statistical analysis reveals a 
signifi cant correlation between severe GvHD and HAdV 
infection and disease.  

33.4.4     Delayed Immune Reconstitution 

 There is an  obviou  s correlation of delayed T-cell reconstitu-
tion and the risk of HAdV infection [ 77 ]. The association of 
HAdV infection with low T-cell counts has been confi rmed 
in several studies [ 81 ,  83 ,  94 ,  101 ]. van Tol et al. showed in a 
homogenous group of patients with comparable immunosup-
pressive therapy and comparable risk for GvHD that indi-
viduals with delayed T-cell recovery have a signifi cantly 
higher risk of HAdV infection and, more importantly, pro-
gression to disease [ 81 ] The monitoring of qualitative (detec-
tion of HAdV-specifi c T-cells) instead of quantitative (total 
T-cell count) seems to be a more elegant approach to evaluat-
ing the risk for progression from HAdV infection to HAdV 
disease [ 81 ,  95 ,  101 ,  102 ]. The detection of HAdV-specifi c T 
cells either by IFN-γ ELIspot assays, CD40L upregulation or 
multimer staining may help clinicians to identify those 
patients who are shedding HAdV or display HAdV viremia 
but are at low risk for HAdV disease [ 102 – 105 ].   
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33.5     Transmission and  Reactivatio  n 

 Viral infections in the context of allogeneic stem cell trans-
plantation are supposed to be the result of transmission by 
the stem cell graft, endogenous reactivation, nosocomial, or 
community-acquired transmissions. 

 It has been suggested, that  HAdV   infections may be donor 
derived because donors of HSCT patients developing HAdV 
infection were seropositive and HAdV could be detected in 
the graft in rare occasions. However, this could not be con-
fi rmed in other studies [ 92 ,  95 ,  106 ]. The fact that different 
HAdV serotypes are detectable simultaneously or sequen-
tially in a number of HAdV-infected patients does not sup-
port the hypothesis of transmission via the stem cell graft [ 1 , 
 68 ,  71 ,  107 ]. 

 Although HAdV disease usually occurs between 2 and 3 
months posttransplant, screening studies in the pediatric set-
ting showed that the median time point of the fi rst HADV 
detection in peripheral blood is day +15 [ 1 ,  108 ]. As HAdV 
is usually detected for the fi rst time when patients are still 
nursed under strict protective isolation measures, and no sea-
sonal distribution can be observed, community-acquired 
infections are unlikely in most patients. 

 However, several HAdV outbreaks in HSCT units have 
been described, some with and some without evidence of 
nosocomial origin [ 109 – 112 ]. 

 Several fi ndings support the hypothesis that HAdV infec-
tion post transplant is caused by endogenous viral reactiva-
tion in most cases. In contrast to immunocompetent patients, 
adenovirus infections in immunocompromised patients pres-
ent no seasonal variation [ 37 ]; high titers of HAdV antibod-
ies against a certain serotype in the recipient prior to SCT 
have been shown to be associated with HAdV infections 
with the same serotype after SCT [ 113 ]; infectious HAdV 
strains detected in children before transplant are identical 
with the strain isolated after HSCT [ 1 ,  39 ,  81 ,  114 ]. This is 
supported by the observation that adenoviral DNA is highly 
prevalent in lymphocytes from the gastrointestinal tract and 
HAdV viremia is preceded by viral shedding in stool in most 
cases [ 1 ,  41 ,  46 ,  115 ,  116 ]. Once infection has occurred, 
viral load can increase rapidly with a viral doubling time of 
1–3 days [ 117 ]. In an adult transplant patient, it has been 
shown that subsequent virus replication in the colon, bone 
marrow, and liver was the origin of HAdV DNAemia [ 118 ].  

33.6     Defi nitions of HAdV Disease 

 As HSCT patients, especially those who are severely immu-
nosuppressed due to T-cell depletion or GvHD, frequently 
have several possible causes for their symptomatology, it 
may be diffi cult to attribute specifi c symptoms or even lethal 
organ failure exclusively to HAdV in the context of GvHD or 
other viral and fungal infections. With the perception that 

HAdV is an important pathogen in the HSCT setting, several 
attempts have been made to clearly defi ne HAdV infection 
and disease [ 115 ,  119 ,  120 ]. It is an established consensus 
that infection is defi ned as the detection of HAdV by any 
method at any site. Defi nite disease has classically been 
defi ned as clinical symptoms compatible with HAdV infec-
tion together with either detection of HAdV in tissue culture 
or histologic evidence; probable disease was defi ned by most 
authors as appropriate symptoms, together with either  the   
presence of HAdV in the absence of other recognizable 
causes or with the HAdV isolation from tissue site with or 
without histologic evidence. Disseminated disease has been 
defi ned by some authors as HAdV viremia, by others as mul-
tiple organ involvement in the presence of two or more 
HAdV-positive PCR assays in PB and other sites tested, in 
the absence of other identifi able causes [ 1 ,  81 ]. HAdV- 
related death is usually defi ned as the detection of HADV in 
biopsy specimens at autopsy [ 77 ,  119 ]. 

 Taking into account that highly sensitive PCR techniques 
have become the diagnostic gold standard for HAdV in the 
context of allogeneic HSCT, ECIL the following defi nitions 
have been recommended by ECIL [ 76 ]:

•    Systemic infection/viremia: Positive HAdV PCR, virus 
isolation, or antigen detection in peripheral blood.  

•   Local infection: Positive HAdV PCR, virus isolation, or 
antigen detection in biopsy material or in body fl uids 
other than peripheral blood.  

•   Probable disease: HAdV infection plus corresponding 
symptoms and signs without histological confi rmation.  

•   Proven disease: HAdV infection plus corresponding 
symptoms related to the infection and histological confi r-
mation of HAdV in the appropriate location.     

33.7     Clinical Manifestation 

 To date, the  pathogenetic mechanism   of HAdV disease is not 
completely understood. It has been shown in several animal 
models that innate cellular immune responses and the respec-
tive proinfl ammatory cytokines largely contribute to the 
HAdV-associated organ damage, especially in the liver [ 121 , 
 122 ]. The binding of HAdV to circulating platelets, which 
causes their activation/aggregation and subsequent entrap-
ment in liver sinusoids may also contribute to hepatic symp-
toms and the frequently observed hemorrhagic events [ 123 ]. 
Additionally, HADV seems to be able to induce auto- or allo-
immune mechanisms [ 124 ]. 

 The fi rst symptoms of HAdV disease in HSCT patients 
frequently are diarrhea, fever, elevated liver enzymes, and 
secondary pancytopenia. 

 However, it has been shown in screening studies that the 
detection of HAdV in stool samples is associated with enteric 
symptoms in only 20–30%[ 1 ,  81 ]. 
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 The spectrum of HAdV-associated disease in HSCT 
patients ranges from mild enteritic or respiratory symptoms 
to severe hemorrhagic enteritis, hemorrhagic cystitis, nephri-
tis, hepatitis, pneumonia, encephalitis, myocarditis, pancre-
atitis, and lethal multiple organ involvement, which frequently 
is associated with hepatic failure [ 31 ,  73 ,  85 ,  87 ,  89 ,  90 ,  125 –
 128 ]. Although not all patients who are HAdV PCR positive 
in peripheral blood become symptomatic, all reported lethal 
cases developed viremia and it has been shown in several 
studies, that increasing or high viral load is associated with 
lethal HAdV disease [ 1 ,  70 ,  72 ,  79 ,  83 ,  84 ,  90 ]. There is fre-
quently an asymptomatic interval of several weeks between 
the detection of HAdV viremia and the progression to inva-
sive disease. The occurrence of HAdV viremia prior to 
day + 50 seems to be associated with a poor outcome [ 74 ]. 
Finally there is a signifi cant correlation between HAdV 
infection and disease and overall TRM [ 129 ]. In a mouse 
model, it has been shown that in the presence of HAdV, lipo-
polysaccharide-induced TNF production rises dramatically 
in peripheral blood, liver, spleen, and lung, and lethality 
increases after lipopolysaccharide challenge. This observa-
tion suggests that HAdV infection might increase the septic 
mortality and thus indirectly contribute to TRM [ 130 ,  131 ].  

33.8     Prevention and Therapy 

33.8.1      Preventio  n 

 Strict isolation and hygiene measures in HSCT patients 
shedding the virus are absolutely necessary in order to pre-
vent horizontal transmission and nosocomial outbreaks. 
Sodium hypochlorite for 10 min or 85% ethanol for at least 
2 min can inactivate HAdV [ 132 ,  133 ]. The CDC guidelines 
recommend contact precautions such as private room, 
masking, gowning, and gloving in order to minimize the 
risk of transmissions to other patients and contamination of 
surfaces [ 134 ]. 

 No randomized trials on the use  of   immunoglobulins as 
prophylaxis for HAdV infections are available. It has been 
shown however, that immunoglobuline prophylaxis does not 
have any impact on the incidence of post-transplant CMV 
infection [ 135 ]. 

 In some pediatric HSCT centers, patients with positive 
HAdV-PCR in stool prior to T-cell–depleted HSCT receive 
one dose of cidofovir prior to conditioning, thus taking the 
opportunity of treatment prior to deletion of the host immune 
system (R. Handgretinger, personal communication).  

33.8.2     Pharmocological Therapy 

 For three  commercially   available antiviral agents—ganciclo-
vir, ribavirin, and cidofovir—in vitro effi cacy against differ-
ent HAdV serotypes has been shown [ 136 ,  137 ]. 

   Ganciclovir    displays some in vitro activity against HAdV, 
and one study showed a correlation between HADV infec-
tion and the absence of prophylactic or preemptive ganciclo-
vir treatment [ 138 ]. 

   Ribavirin    is a purine nucleoside analogue with in vitro 
activity against most HAdV isolates from species A, B, and 
D, and in all isolates from species C [ 136 ]. Although viral 
clearance has been described in a retrospective analysis of 
immunocompromised children with severe HAdV disease, 
no therapeutic benefi t could be observed in a cohort of pedi-
atric patients with HAdV viremia [ 139 ,  140 ]. 

   Cidofovir   , a cytosine analogue that inhibits DNA poly-
merase activity with comparable in vitro activity against dif-
ferent HAdV subgroups, has become standard treatment for 
HAdV infections [ 141 ,  142 ]. It is used as induction therapy 
in a dose of 5 mg/kg/week and 5 mg/kg every 2 weeks there-
after. Cidofovir-associated nephrotoxicity, cytopenia, and 
uveitis may contribute substantially to the HAdV-associated 
morbidity [ 119 ]. Hyper-hydration and the concomitant 
administration of probenecid is mandatory in order to reduce 
nephrotoxicity. Patients treated with cidofovir must undergo 
frequent monitoring of renal and especially tubular function. 
Dose reduction (1 mg/kg three times weekly) seems to be 
associated with less nephrotoxicity, but the effectiveness 
remains open [ 91 ,  143 ]. 

  Cidofovir   seems to be associated with viral clearance and 
clinical recovery in non-immunocompromised patients with 
HAdV pneumonia [ 144 ]. 

 Although successful treatment of HAdV infection and dis-
ease following HSCT with cidofovir has been reported in 
several retrospective and prospective studies, the therapeutic 
value in the context of HSCT and—more importantly—
severe lymphopenia remains open. No randomized trials are 
available and published data are based on extremely heterog-
enous patient populations concerning T-cell depletion and 
the presence of severe GvHD, different time-points of infec-
tion (ranging from pretransplant infection and very early dis-
ease up to more than 200 days posttransplant), different 
treatment regimens, and a variety of concomitant measures 
such as withdrawal of  immunosuppression   or DLI. 
Retrospective analyses revealed that up to 40% of HSCT 
patients receiving cidofovir for viral infections other than 
HAdV develop HAdV viremia during cidofovir treatment 
[ 74 ,  119 ]. The antiviral effect of cidofovir treatment seems to 
be strongly infl uenced by T cell reconstitution [ 145 ,  146 ]. 

 The outcome of patients treated for HAdV viremia with 
cidofovir is summarized in Table  33-2 .

   The compound brincidofovir (CMX001; 
1-O-hexadecyloxypropyl-cidofovir) is an orally bioavailable 
lipid conjugate of cidofovir, was able to eradicate dissemi-
nated HAdV infection in a mouse model and its safety has 
been demonstrated in healthy volunteers [ 147 ,  148 ]. 
However, data on the clinical effectiveness in the context of 
HAdV is still very limited [ 149 ,  150 ]. 
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 The results of a prospective double blind placebo con-
trolled phase II trial on preemptive treatment for HAdV vire-
mia (The HAdv Halt Trial,   https://clinicaltrials.gov/ct2/
show/NCT01241344    ) have not been published to date. 

 A prospective study on the preemptive treatment with 
CMX001 in children with high viral load in stool samples is 
currently under way.  

33.8.3     Adoptive Transfer of HAdV-Specifi c 
T Cells 

 Feuchtinger et al. showed that patients who  cleared   HAdV 
infection displayed HAdV-specifi c T cells  until   day 200 
post-HSCT at signifi cantly higher frequencies than patients 
who failed to control HADV infection [ 104 ]. Heemskerk 
et al. found that the survival of patients with HAdV viremia 
was associated with an increase in lymphocyte counts 
together with the presence of HADV-specifi c CD4 +  T-cell 
responses and increases in titers of neutralizing antibody 
[ 101 ]. The fatal outcome of HAdV disease despite pharma-
cological treatment, together with the fi ndings that outcome 
is mainly related to HAdV-specifi c immunoreconstitution, 
suggests that the recovery of HAdV-specifi c immunity is 
critical for successful antiviral therapy. 

 These observations and the fact that the transfer of virus 
specifi c T cells is feasible and successful in other posttrans-
plant viral  infections   have prompted several attempts to 
select donor-derived HAdV-specifi c T cells [ 151 – 153 ]. 

 HAdV-specifi c T-cells are supposed to be cross-reactive 
with all HAdV subtypes, because the hexon is the immuno-
dominant T-cell target among HAdV capsid proteins, and 

contains multiple epitopes conserved among different sero-
types [ 19 ,  24 ]. In vitro experiments showed that HAdV- 
specifi c T cell can be generated by HAdV-pulsed dendritic 
cells and that cytotoxic T cells raised against HAdV species 
C can lyse cells infected with species B [ 18 ,  151 ,  154 ]. 
Feuchtinger et al. isolated HAdV-specifi c T cells through an 
INF-γ secretion and capture assay and could show specifi c 
antigen responses of both CD4 +  and, to a lesser extent, CD8 +  
T cells by INF-γ expression and cytotoxicity assays upon 
restimulation with different HAdV strains [ 153 ]. 

 In general, the selection of HAdV- specifi c   T-cells is based 
either on long-term expansion [ 107 ,  155 ], magnetic separa-
tion of virus-specifi c T-cells using the IFN-γ-capture assay 
[ 156 ] or multimers [ 103 ]. 

 Other promising approaches are the allodepletion of donor 
T cells to improve immune reconstitution concerning all 
common viruses, the generation of third party T-cells specifi c 
for the three most prevalent viruses in the context of HSCT 
by transduction with a clinical grade HAdV vector and 
restimulation with irradiated EBV-transformed lymphoblas-
toid cell lines or the transfection of γ/δ donor-T-cells with 
adeno-specifi c T-cell receptor by electroporation [ 157 – 159 ]. 

 In a pilot-study Feuchtinger et al. treated six patients with 
HAdV viremia with virus-specifi c donor T cells generated 
by  INF-γ secretion assays   [ 156 ]. In three of four evaluable 
patients the infused T cells underwent an in vivo expansion 
and the viral load decreased in peripheral blood after adop-
tive T-cell transfer. In vivo expansion of specifi c T cells was 
dose independent, suggesting that even very low numbers of 
HAdV-specifi c donor T cells expand easily in vivo in the 
presence of viremia. 

 Although only few clinical phase I/II trials have been pub-
lished so far, they showed impressive clinical results con-
cerning reduction of viral disease without inducing severe 
GvHD. Clinical trials and trial results are summarized in 
Table  33-3 .

33.9         Preemptive Treatment Strategies 

 In the view of the fact that HAdV viremia is frequently fol-
lowed by lethal disease, the availability of highly sensitive 
screening methods and a “window of opportunity” between 
detection of HAdV and HAdV disease, early preemptive 
treatment in patients at risk is strongly recommended. 
However, considering the substantial toxicity of cidofovir 
and the high percentage of patients shedding HAdV in stool 
without becoming symptomatic, preemptive treatment for all 
patients with PCR-positive stool or blood samples is not rec-
ommended. Taking into account the high risk of HAdV vire-
mia in patients with high viral loads in stool,  preemptive 
treatment strategies   based on quantitative PCR in stool sam-
ples may be considered [ 1 ,  75 ]. As severe lymphopenia and 
delayed immunoreconstitution are risk factors for HAdV 
disease, all guidelines and algorithms strongly recommend 

   TABLE 33-2.    Outcome of  cidofovir treatment   for patients with 
HAdV viremia: HAdV-related mortality [ 1 ,  47 ,  74 ,  84 ,  87 ,  88 ,  96 , 
 108 ,  109 ,  116 ,  145 ,  161 – 166 ]   

 Author  Year  No. of Pts 
 HAdV-related 
mortality (%) 

 Legrand et al.  2001  1  0 

 Lion et al.     2003  8  100 

 Lereuz-Ville et al.  2004  6  0 

 Muller et al.  2005  6  16 

 Yusuf et al.  2006  57  18 

 Kalpoe et al.  2006  7  43 

 Symeonidis et al.  2007  3  67 

 Robin et al.     2007  25  68 

 Neofytos et al.  2007  6  33 

 Omar et al.  2010  13  15 

 Lion et al.  2010  16  50 

 Verdeguer et al.  2011  28  11 

 Taniguchi et al.  2012  5  20 

 Watson et al.  2012  6  33 

 Sive et al.  2012  5  20 

 Mynarek et al.  2014  45  4 

 Lugthart et al.  2015  36  8 
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the reduction of immunosuppressive therapy, whenever pos-
sible [ 76 ,  120 ,  142 ,  160 ]. All proposed treatment strategies 
today, recommend third-line therapy with virus-specifi c 
T-cells. This should, however, be performed exclusively in 
the context of prospective trials and restricted to experienced 
centers until it is confi rmed that the transfer of HAdV- 
specifi c T-cells is feasible, safe, and effective. 

 Several algorithms for preemptive treatment in case of 
DNAemia have been proposed with the aim to prevent 

HAdV-associated mortality on one hand and overtreatment 
on the other hand. Published preemptive treatment strategies 
are listed in Table  33-4 .
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   TABLE 33-3.    Adoptive therapy  with   HAdV-specifi c T-cells [ 107 ,  155 ,  156 ,  159 ,  167 – 171 ]   

 Method  Donors/infused cell number  Outcome 

 Feuchtinger et al. (2006)  Interferon-γ capture  Stem cell donors (unrelated)  GvHD 1/9, HAdV 1/6 resolved 

 1–50/10E3/kg 

 Leen et al. (2009)  Culture with transduced  Stem cell donors (unrelated and haplo)  GvHD 0/12, HAdV 2/2 resolved 

 EBV-transformed B lymphoblastoid cell lines  10E6–10E8/m 2  

 Uhlin et al. (2012)  Selection with HLA multimers  Third party  GvHD nr, HAdV 0/1 resolved 

 3 × 10E4/kg 

 Gerdemann et al. (2013)  Short-term plasmid-stimulated culture (CMV, 
ADV, EBV) 

 Stem cell donors (unrelated and haplo)  GvHD 0/10, HAdV 5/5 resolved 

 0.5–2 × 10E7/m 2  

 Quasim et al. (2013)  Interferon-γ capture  Stem cell donors (unrelated and 
haplo), third party 

 GvHD 1/5, HAdV 3/5 resolved 

 1 × 10E4/kg 

 Leen et al. (2013)  Culture with transduced  Third party  GvHD 8/45, HAdV 14/17 resolved 

 EBV-transformed B lymphoblastoid cell lines  2 × 10E7/m 2  

 Geyeregger et al. (2014)  Short-term culture of HAdV stimulated 
donor T-cells      

 Stem cell donors (haplo)  GvHD 1/2, HAdV 1/2 resolved 

 1 × 10E4/kg 

 Di Nardo et al. (2014)  Interferon-γ capture  Stem cell donors (haplo)  GvHD 0/1, HAdV 1/1 resolved 

 1 × 10E5/kg 

 Feucht et al. (2015)  Interferon-γ capture  Stem cell donors 
(sibling, unrelated, haplo) 

 GvHD 0/30, HAdV 22/30 resolved 

 4 × 10E3/kg 

   TABLE 33-4.     Screening   and preemptive treatment  strategie  s [ 1 ,  76 ,  120 ,  142 ]   

 Patients to be screened  Diagnostics  Preemptive treatment with cidofovir  Immunotherapy 

 Matthes-Martin et al. 
(2012) 

 Allo HSCT with ≥1 
risk factor 

 Weekly PB  If ≥1 risk factor  Reduce IS if possible 

 Lion et al. (2010)  All pediatric allo-HSCT  Weekly PCR screening 
in feces 

 All: viral load >10E6/g feaces  Reduce IS if possible 

 If viral load >10E6/g 
faeces 

 Weekly PCR screening in PB  Increasing viral load despite treatment  HAdV CTLs 

 Lindemans et al. (2010)  All pediatric allo-HSCT  Weekly PCR screening in PB  High-risk patients: viral load > 10E2    Reduce IS if possible 

 PCR  positive   patients  Twice weekly  Intemediate-risk patients: 
viral load >10E3 

 Reduce IS if possible 

 Low-risk lymphopenic patients: >10E3  Reduce IS if possible 

 Low-risk patients: >10E4  Reduce IS if possible 

 Increasing viral load despite treatment  HAdV CTLs 

 Chakrabarti et al. (2004)  All allo-HSCT  Weekly: PB  Any  Reduce IS if possible 

 Weekly: feces, urine, throat  If symptomatic: any  Reduce IS if possible 

 If asymptomatic and lymphopenic: any  Reduce IS if possible 

 If asymptomatic and 
immuosuppressed: any 

 Reduce IS if possible 

 If no improvement  HAdV CTLs 
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34.1            Epidemiolog  y 

 Adenoviruses are nonenveloped, double-stranded DNA 
viruses [ 1 ]. There are 57 immunologically distinct types of 
adenoviruses that are further classifi ed into one of seven 
(A–G) subgroups based on hemagglutinin properties, DNA 
homology, oncogenic potential in rodents, and clinical dis-
ease (Table  34-1 ) [ 2 ,  3 ]. Infections due to adenovirus occur 
throughout the year without signifi cant seasonal variation. 
The highest incidence of adenoviral infection occurs in chil-
dren between the ages of 6 months and 5 years [ 2 ,  4 ,  5 ], 
although outbreaks have been noted historically among mili-
tary recruits, adolescents at summer camp, and sometimes 
nursing home residents [ 6 ,  7 ]. Explanations for the infre-
quent incidence of disease in the very young or in older indi-
viduals include the presence of transplancentally acquired 
maternal antibody in the young infant and the development 
of neutralizing antibody to the most common adenoviral 
strains (serotypes 1, 2, and 5) in the majority of children 
older than 5 years [ 2 ]. A risk factor for infection in the pre-
school age group is the increased likelihood of person-to- 
person spread resulting from intimate contact between 
children in the absence of well-developed sanitary habits, 
especially those in day care or other closed environments [ 4 ]. 
Similarly, it is thought that the relative lack of hygiene and 
crowding in military barracks is the cause of the increased 
risk of adenoviral spread among recruits.

   Adenovirus has been reported in recipients of all organ 
types and recipients of bone marrow transplantation with 
wide ranges depending on the organ transplanted, the age of 
the patient and the type of study [ 2 – 27 ]. In general infection 
has been seen more commonly in children compared to adult 
organ recipients [ 8 ,  23 ,  28 ]. Presumably, this difference is 
due to adults having preexisting immunity against adenovi-
rus. However, serological evidence of previous infection 
does not confer complete protection against invasive adeno-
virus disease (e.g., adenovirus hepatitis has occurred in pedi-
atric LT recipients with type-specifi c antibody) [ 10 ]. In 
addition, it is sometimes diffi cult to attribute specifi c disease 
states to the fi nding of adenovirus since it can be shed asymp-

tomatically for long periods of time even in the normal host 
[ 2 ] Descriptions of  adenoviral   infections associated with 
specifi c types of SOT are provided later in this chapter.  

34.2     Mode of Transmission 

  Adenovirus i  s typically transmitted person-to-person via 
direct contact, airborne droplets, or fomites. Among trans-
plant recipients, disease is most frequently described as 
occurring within the fi rst few months after transplantation. 
Although outbreaks of adenovirus infections among trans-
plant recipients have been reported [ 12 ], attempts to docu-
ment nosocomial person-to-person spread in two large series 
were unsuccessful [ 8 ,  13 ]. Adenovirus has not been reported 
to spread through the use of blood products, thereby elimi-
nating another potential source of viral transmission, though 
the possibility of transmission via stem cell products has 
been raised. These facts, as well as the stereotypical timing 
of adenoviral infection within the fi rst several months after 
transplantation [ 8 ,  13 ,  14 ], have led to the suggestion that 
reactivation of latent virus and/or donor organ-associated 
transmission are the major sources of early infection in 
transplant recipients. In support of this hypothesis is the 
capacity of adenovirus to remain latent and the striking simi-
larities, in terms of both timing of infection and relationships 
between serostatus and severity of disease [ 10 ], that exist 
between adenovirus and cytomegalovirus. Of greatest simi-
larity is the signifi cant increase in organ-specifi c adenoviral 
disease in the transplanted organ. However, the early diagno-
sis of adenovirus may in part also be biased by more frequent 
testing early after transplantation.  

34.3     Clinical Disease 

 A number of clinical reports of adenovirus infection after 
SOT have been published [ 8 – 11 ,  14 – 27 ,  29 – 34 ]; a summary 
 of   their fi ndings is shown in Table  34-1 . While manifesta-
tions can vary by organ type, several general comments 



624

pertain to all organs. First, as mentioned previously, confi rm-
ing that observed clinical symptoms are due to adenovirus 
can be diffi cult as this virus can shed asymptomatically or be 
carried latently. Defi nitions categorizing clinical manifesta-
tions of adenovirus after transplantation have been proposed 
by the American Society of Transplantation Infectious Diseases 
community of Practice [ 28 ]. These include asymptomatic 
shedding, symptomatic disease, or disseminated disease; Table 
 34-2  expands this to include possible,    probable, and proven 
disease [ 28 ].

34.3.1       Liver  Transplantatio  n 

 Historically, adenovirus had been recognized as the third 
most important viral pathogen (after cytomegalovirus 
(CMV) and Epstein–Barr virus (EBV)) in children undergo-
ing  liver   transplantation, accounting for infection in 10% of 
484 pediatric LT recipients under cyclosporine A in our cen-
ter in the 1980s [ 8 ]. We subsequently observed a dramatic 
decrease in the incidence and severity of adenovirus infection 
after the introduction of tacrolimus-based immunosuppres-
sion. A review of more recent experience in the literature 
appears to support this decline in the importance of adenovi-
rus in this population. Key epidemiologic observations from 
the earlier series of adenovirus in pediatric liver transplant 
recipients under cyclosporine-based immune suppression 
included the development of disease in younger recipients 
(median age of l 3.0 years; range 0.8–17.2 years) and the 
development of infection early after transplant [ 8 – 11 ]; the 
median time of adenoviral isolation was 25.5 days after LT in 
our series, with severe infections typically presenting in the 
fi rst 50 days [ 8 ]. Symptomatic disease, ranging from self- 
limited fever, gastroenteritis, or cystitis to devastating illness 
with hepatitis or pneumonia, was observed in 60% of 
 pediatric LT recipients with evidence of adenoviral infection 
[ 8 ]. Hepatitis was the most common form of invasive infec-
tion, and was associated with prolonged high-grade fevers. 
Eight of 14 pediatric LT recipients with adenoviral hepatitis 
recovered including four who lost their graft during the 
course of the disease and underwent successful retransplan-
tation. One of the four had a mild episode of recurrent dis-
ease. Adenovirus pneumonia was also seen in this series 
affecting 8 of 48 pediatric LT recipients; 6 of these 8 children 
died, including 2 with concurrent hepatitis. Serotypes 1, 2, 
and 5 were the most common isolates in this series [ 8 ] with 
serotype 5 being the primary cause of hepatitis and serotype 
2 associated with the most cases of pneumonia. The use of 
OKT3 was identifi ed as a risk factor for symptomatic disease 
[ 8 ]. The presence of donor/recipient serologic mismatching 
was associated with development of both infection and more 
severe disease [ 9 ,  10 ]. 

 A single report describes the experience with adenovirus 
infection in adult LT recipients [ 9 ]. Eleven of 191 (5.8%) adult 
recipients of LT had positive cultures for adenovirus in this 
series. However, only 7 of the 11 were thought to have devel-
oped symptomatic disease. In three of the seven symptomatic 
cases, disease was limited to the urinary tract. Disseminated 
disease associated with pneumonia was observed in three 
patients. The remaining patients developed fulminant hepati-
tis. Death was attributable to adenovirus in one case of dis-
seminated disease with pneumonia and in the case of fulminant 
hepatitis. The mean time to isolation of adenovirus by culture 
was 66 days after transplant, while the mean time to onset of 
symptomatic disease due to adenovirus was 55 days (range 
3–180 days) after transplant.    A second report describing 
results of surveillance for adenovirus in adult SOT recipients 

    TABLE 34-1.    Adenovirus serotypes associated with specifi c symp-
toms in immunocompromised  host  s   

 Host  Disease state  Common serotype 

 Immunocompromised 
hosts 

 Persistence in urinary tract 
 Persistence in colon 
 Pneumonitis, hepatitis 

 4, 11, 34, 35 42–49 

 AIDS  Gastroenteritis, 
pneumonitis, hepatitis, 
 encephalitis   

 1, 2, 5, 11, 26, 28, 
29, 30, 37, 43–47 

 Bone marrow/stem 
cell transplant 

 Gastroenteritis, 
pneumonitis, hepatitis, 
hemorrhagic cystitis, 
encephalitis, 
disseminated disease 

 1–3, 5, 7, 11, 31 

 Liver transplant  Gastroenteritis, hepatitis, 
pneumonitis, 
disseminated disease 

 1, 2, 5, 7, 31 

 Renal transplant  Hemorrhagic cystitis, 
pneumonitis, 
gastrointestinal disease 

 11, 34, 35 

 Lung transplant  Pneumonitis, disseminated 
 disea  se 

 2, 5 a  

   a Serotyping often not reported in the literature.  

   TABLE 34-2.     Defi nitions   of adenovirus infection and disease   

 Adenovirus disease 
status  Defi nition 

 Asymptomatic 
infection 

 Detection from stool, urine, respiratory 
secretions or blood by culture, antigen test, 
or PCR in the absence of signs or symptoms 
of illness 

 Possible  adenovirus 
infection   

 Detection in above sites or in the cerebrospinal 
fl uid or bronchoalveolar lavage in the 
presence of signs or symptoms of illness but 
with concurrent infection or rejection of the 
affected organ 

 Probable adenovirus 
infection 

 Same as possible but without concurrent 
infection or rejection of the affected organ 

 Proven adenovirus 
invasive infection 

 Biopsy proven with histologic evidence of 
adenovirus in tissue 

 Disseminated 
adenovirus 
Infection 

 More than two organ systems infected not 
including blood 

  Modifi ed from Florescu DF, Hoffman JA and the AST Infectious Diseases 
Community of Practice, Adenovirus in solid organ transplantation, Am J 
Transplant. 2013;13(Suppl 4):206–11. doi:  10.1111/ajt.12112    .  
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found that 8.3% of 121 liver recipients had AV detectable by 
PCR in their blood in the fi rst 12 months after LTx. However, 
the majority were  asym  ptomatic, and progression to signifi -
cant disease did not occur [ 10 ].  

34.3.2     Renal Transplantation 

 The  reported   experience of adenovirus infections after RT is 
limited to case reports that have accumulated over the last 25 
years [ 27 ] The most frequently reported clinical syndrome 
has been  hemorrhagic cystitis   due to adenovirus types 7, 11, 
34, and 36 [ 14 ,  19 – 22 ,  27 ]. Generally, episodes are self- 
limited despite the fact that many of these patients were ini-
tially treated as having rejection with augmented 
immunosuppression. Hemorrhagic cystitis sometimes accom-
panied with adenovirus nephritis may be confused with renal 
rejection. Patients with adenovirus nephritis generally present 
with persistent fevers, microscopic or macroscopic hematu-
ria, and elevated serum creatinine [ 35 ]. More serious illness, 
 consi  sting of interstitial pneumonia has been less frequently 
reported but is associated with a higher rate of fatal, dissemi-
nated disease [ 16 – 18 ]. Additionally, a single case of fatal 
hepatitis due to adenovirus type 5 has been reported follow-
ing RT [ 15 ]. 

 Similar to adenoviral infections after pediatric LT, the vast 
majority of adenovirus infections after RT have developed 
within the fi rst 6 months after transplantation (range 17 days 
to 9 months; median 2.5 months) [ 14 – 22 ,  27 ]. However, all 
the reported cases of adenoviral infection in RT recipients 
have occurred in adults (range 17–61 years; median 30.5 
years) [ 14 – 22 ]. The early timing after transplantation and the 
predilection for infection of  the   transplanted organ has again 
led to the hypothesis that these cases may be due to donor 
associated transmission. This may represent publication 
bias, though, as clinical experience suggests milder, self- 
limited infections can occur  throughout   the entire post- 
transplant period.  

34.3.3     Cardiac Transplantation 

 There is less information about adenoviral  infection   following 
cardiac transplantation compared to other organ types [ 26 ]. 
However, adenovirus genome has been identifi ed by poly-
merase chain reaction in endomyocardial biopsy specimens 
of 8 of 40 pediatric cardiac transplant recipients who had 
histologic  evidence   of infl ammation indistinguishable from 
rejection [ 36 ]. Of interest, several of the children with this 
fi nding had recent or concurrent histories of upper respira-
tory tract infections. Two of the eight patients presented with 
cardiogenic shock and were felt to have histologic evidence 
of high-grade rejection. They were treated for rejection with 
improved clinical status, and adenovirus could not be identi-
fi ed on subsequent biopsies. Whether adenovirus was the 

sole cause of the infl ammation, a promoter of rejection, or an 
innocent bystander in these patients was not established in 
this report. An additional report among pediatric heart trans-
plant recipients identifi ed an association between detection 
of adenoviral genome copies in myocardial biopsy speci-
mens and adverse clinical events including coronary vascu-
lopathy and graft loss [ 37 ]. As with the previous report, 
causal relationships between the presence of adenoviral 
DNA and the subsequent development of these adverse 
events remain to be proven. Anecdotal case reports of adeno-
virus disease after heart transplantation have been published 
in both adults and pediatrics [ 30 ,  31 ].  

34.3.4     Lung Transplantation 

  Adeno  virus  disease   after lung transplantation appears to 
have higher morbidity and mortality than seen with 
 adenovirus and other organ types. Ohori et al. reported the 
outcome of four cases of adenovirus pneumonia among 308 
lung transplant recipients at the University of Pittsburgh 
[ 23 ]. As  noted   with other organ transplant recipients, the 
incidence was much higher among children (3 of 40) than 
among adults (1 of 268) [ 23 ]. Disease occurred in the fi rst 6 
weeks following transplantation and was uniformly fatal. 
Dissemination beyond the respiratory tree was not demon-
strated despite the performance of an autopsy in each of 
the patients. The authors speculated that the presence of 
ischemic harvest injury predisposed their  patien  ts to the 
development of adenovirus  pneumoniti  s. 

 Bridges et al. reported their experience with adenovirus 
infection in pediatric lung and heart-lung transplant recipi-
ents [ 32 ]. Adenovirus was identifi ed in the lung of 8 of 16 
patients occurring between 1 and 458 days following trans-
plantation. Adenovirus was associated with early, fulminant 
infection in two patients. Perhaps as importantly, these and 
other investigators found that adenovirus infection of the 
transplanted lung was signifi cantly associated with respira-
tory failure leading to graft loss or death and with the histo-
logic diagnosis of obliterative bronchiolitis [ 32 ,  38 ].  

34.3.5     Intestinal Transplantation 

 Several reports  have   documented a very high rate of adenovi-
ral infection among pediatric intestinal transplant recipients 
with rates ranging from 20.8% to 100% [ 24 ,  25 ,  33 ]. In con-
trast,    only limited experience with adenovirus infection has 
been reported in adult intestinal transplant recipients [ 34 ]. At 
least one of the reports of high rates of adenoviral infection 
may be confounded by the fact that viral cultures were 
obtained as part of routine screening of graft biopsies and not 
all of infected patients were symptomatic. The interpretation 
of a positive adenovirus culture or histologic fi nding is made 
diffi cult by the frequent absence of any associated symptoms 
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in ITx recipients with positive results. For patients demon-
strating symptoms at the time of recovery of adenovirus, high 
stool output, alone or in the presence of fever, were the most 
common symptoms found in these patients [ 24 ,  25 ]. While 
one report found no difference in all cause mortality rates for 
pediatric ITx recipients with and without adenovirus infec-
tion [ 33 ], mortality attributable to adenovirus was reported in 
the three series [ 25 ,  26 ,  34 ]. Adenovirus can also present as 
an invasive disease with risk factors including failure to clear 
virus, isolating,    virus from more than one site and intensifi ed 
 i  mmunosuppression.   

34.4     Diagnosis 

 Presumptively  diagnosing   adenovirus infection after trans-
plantation can be diffi cult. Typical manifestations seen in 
patients with disease due to adenovirus, such as fever, hepati-
tis, or  pneumonitis   may represent infection with adenovirus 
but can also be from a number of other pathogens, and also 
can be seen with rejection. Accordingly, the presence of high-
grade fevers and symptoms suggestive of infection should 
prompt a diagnostic evaluation aimed at identifying all such 
possibilities. Adenovirus can be found through the use of 
antigen detection, culture, nucleotide amplifi cation tests, or 
histopathology [ 1 ,  2 ,  39 ]. Rapid antigen detection kits are 
commercially available but their sensitivity and specifi city in 
the SOT population is unstudied. While traditional viral 
cultures are available, they are used less frequently in the era 
of shell vial assays and nucleic acid–based real-time poly-
merase chain reaction (PCR) assays. These latter tests permit 
more rapid diagnosis and increase sensitivity for adenovirus 
[ 1 ,  39 ]. Unfortunately, fi nding of a positive test for adenovi-
rus is not defi nitively diagnostic of symptomatic disease as 
adenovirus can be asymptomatically shed for prolonged peri-
ods of time in urine, upper respiratory secretions, and stool 
[ 2 ,  39 ]. Accordingly, recovery of adenovirus should always 
prompt an effort to identify any additional or alternate poten-
tial explanations for symptoms present concurrently. 
Detection of adenovirus at two or more sites has been found 
to be predictive of invasive disease in bone marrow transplant 
(BMT) recipients [ 3 ,  39 ]; this has also been observed after 
pediatric LT [ 8 ]. Nucleic acid amplifi cation can use quantita-
tive or qualitative PCR for detection adenovirus in multiple 
specimen types. The relative sensitivity of PCR assays is 
dependent on the specimen, the primers used, and the charac-
teristics of the method; as such, not all nucleic acid tests will 
detect all adenovirus serotypes. Preliminary experience sug-
gests that quantitative nucleic acid detection of adenovirus 
genomes in blood appears to have prognostic signifi cance and 
can be used to monitor response to therapy [ 40 – 45 ]. 

 Given the concerns regarding sensitivity and specifi city 
for the above-mentioned diagnostic tests, it is not surprising 
that histologic evaluation remains the gold standard for the 
diagnosis of invasive adenoviral disease [ 1 ,  2 ,  39 ]. Adenoviral 

infection is associated with a typical cytopathic inclusion 
(“smudge cells”). The presence of the virus within tissue 
may also be identifi ed through the use of confi rmatory histo-
chemical stains. Most experts would consider the presence 
of adenovirus in a histologic specimen in association with a 
compatible clinical syndrome to be diagnostic of disease 
attributable to adenovirus.  

34.5     Treatment 

 There currently is no FDA-approved therapy for the treatment 
of adenoviral infection. For some patients with more limited 
disease,  such   as kidney transplant recipients with  hemor-
rhagic cystitis   or interstitial nephritis, management can often 
be accomplished with reduction of immunosuppression 
alone. In general, all patients with adenovirus infection should 
have immunosuppression reduced to speed recovery of infec-
tion along with general supportive care. Although the role of 
antiviral agents is unproven, therapy has resulted in reduced 
progression of disease and reduced mortality in patients with 
disseminated infection or those with more severe manifesta-
tions of infection. A number of agents show variable in vitro 
activity against adenoviruses. However, interpretation of 
these results is limited by the use of different techniques, cell 
lines, and viral isolates [ 39 ,  46 ,  47 ]. There are case reports 
and series describing the use of cidofovir [ 30 ,  46 – 51 ], ribavirin 
[ 44 ,  52 – 55 ,  74 ], and ganciclovir [ 29 ,  56 – 59 ] in the treatment 
of adenoviral infection after SOT or BMT. Ribavirin use is 
associated with signifi cant toxicity [ 39 ,  41 ,  46 ], and its activ-
ity against adenovirus may be limited to subtype C viruses 
[ 60 ]. To date, ribavirin has not been documented to reduce 
viral titers in monitored patients [ 8 ,  44 ,  60 ], and most experts 
recommend against the use of ribavirin in the treatment of 
adenovirus [ 3 ,  39 ]. Likewise, data to support the use of ganci-
clovir for the treatment of adenovirus is limited and is gener-
ally not used for the treatment of severe infections. 

 Of all proposed antiviral agents for adenovirus, cidofovir 
and its lipid ester, brincidofovir (CMX001) have the best  evi-
dence   to support its use [ 3 ,  46 ,  48 – 51 ,  61 – 63 ]. In studies 
using molecular monitoring of infected patients, most, but 
not all, patients demonstrated a virologic response to cidofo-
vir therapy, which correlated with clinical improvement [ 42 , 
 43 ]. Failure to have a one log or greater decline in viral loads 
in the fi rst 2 weeks of treatment was associated with progres-
sion of viremia and death secondary to symptomatic disease 
[ 42 ]. Typically, one of two regimens of cidofovir has been 
used for the management of adenoviral disease: 5 mg/kg 
q1–2 weeks or 1 mg/kg three times a week [ 39 ,  41 ,  49 – 51 , 
 53 ]. Patients are usually hydrated before and after treatment 
and receive probenecid with doses to prevent nephrotoxicity. 
Although the regimen of 1 mg/kg three times per week is 
associated with less nephrotoxicity [ 49 ], the effi cacies of the 
two regimens have not been directly compared. Additionally, 
the 1 mg/kg three times per week regimen is associated with 
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breakthrough CMV and herpes simplex virus (HSV) infec-
tions [ 64 ,  65 ]. More recently, brincidofovir (CMX001) has 
been demonstrated to have excellent oral bioavailability with 
improved in vitro and in vivo activity against adenovirus 
(5 to greater than 2500-fold more potent against adenovirus, 
in terms of IC50 values, than the unmodifi ed parent com-
pound) [ 66 – 68 ]. Further, brincidofovir is associated with no 
signifi cant nephrotoxicity or bone marrow toxicity, although 
dose- limiting diarrhea has been described [ 61 ,  63 ,  66 ,  67 ]. In 
a prospective study of brincidofovir for the management of 
adenovirus in 13 immunocompromised patients with adeno-
virus, eight patients had a ≥1 log 10  drop in viral load after the 
fi rst week of therapy and nine had demonstrated a virologic 
response by week 8. Patients with a virologic response had a 
longer survival than those without a response (median 196 
days versus 54.5 days; P = .04) [ 61 ]. A phase 3, open label 
study of brincidofovir is currently studying the safety and 
effi cacy of this novel compound in  patient  s with adenovirus 
(clinicaltrials.gov identifi er NCT02087306). 

 The use of antibody preparations, including polyclonal 
immunoglobulin with high titers against respiratory syncytial 
virus (Respigam, MedImmune, Inc. Gaithersburg, MD), have 
been used in a few cases with unclear benefi t [ 51 ] but has 
biologic plausibility [ 69 ,  75 ]. 

 Finally, the use of adoptive immunotherapy has been 
reported for the treatment of life-threatening adenoviral infec-
tions after T-cell-depleted BMT [ 70 ,  71 ]. However, efforts to 
apply similar strategies for EBV in SOT recipients have yet to 
be proven successful. Accordingly, while the use of this strat-
egy for BMT recipients may become a therapeutic option, it 
is not applicable to SOT recipients at this time. Nonetheless, 
large-scale production of a panel of adenovirus- specifi c and 
multivirus-specifi c T cells has been demonstrated and shows 
promise as an emerging therapy [ 72 ,  73 ].     
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     35 
   Human Polyomavirus and Papillomavirus 
Infection and Disease Posttransplant                     
     Hans     H.     Hirsch     

35.1           Introduction 

 Infectious complications are accentuated in transplant patients 
as the result of the immunosuppression needed to disable allo-
immune reactions between graft and host such as graft rejec-
tion or graft-versus-host disease. For viral infections, the 
intensity of immunosuppression not only correlates with a 
higher frequency of infectious episodes, but also with an 
increased level and duration of viral replication during such 
episodes, and consequently a greater likelihood of organ man-
ifestations [ 1 – 5 ]. Moreover, virus-induced organ pathology is 
favored when virus-infected cells and immune effectors meet 
in an allogeneic constellation [ 1 ]. Thus, after solid organ trans-
plantation (SOT), liver, lung, and kidney transplants appear to 
be more prone to complications from hepatotropic, pulmo-
tropic, and nephrotropic viruses, respectively, whereas after 
allogeneic hematopoietic stem cell transplantation (HCT), 
excess pathology can arise in virtually every organ targeted by 
viral infection. Thus, in addition to immunosuppression, virus 
replication inside infected host cells is less effectively con-
trolled if viral epitopes are presented in the context of a MHC-I 
versus T-cell receptor mismatch. Moreover, mounting an anti-
viral immune response in this allogeneic constellation bears an 
increased risk for allosensitization, chronic infl ammation, and 
smoldering viral replication, which together or alone may be 
correlates of the so-called “indirect” viral effects [ 6 ,  7 ]. This 
rule of thumb also applies to human papillomavirus (HPV) 
and human polyomavirus (HPyV) infections, which show an 
aggravated clinical course in transplant recipients. HPV and 
HPyV share some similarities in morphology being non-
enveloped icosahedral particles of 40–55 nm in diameter, in 
host range being restricted to the humans as well as in their 
oncogenic potential. Since 2002, however, HPV and HPyV 
are no longer grouped together as  papova  viruses, but are now 
recognized as distinct virus families called  papillomaviridae  
with 39 genera and  polyomaviridae  with 4 genera including 
more than 70 species [ 8 – 10 ].  

35.2     Human Polyomavirus (HPyV) 
Infection 

 The  discovery of   PyV dates back to the 1950s with the iden-
tifi cation of an infectious agent causing multiple tumors in 
newborn mice, hence providing the name (Greek: poly, mul-
tiple; -oma, tumor) [ 11 ]. Since then, PyVs have been detected 
in a variety of vertebrates including rodents, birds, cattle, 
monkeys, and primates. Today, 13 PyVs has been detected in 
human specimens, which differ in age-dependent seropreva-
lence rates, associated pathology, and presumably host cell 
tropism (Table  35-1 ) [ 12 ,  13 ].

   PyV are fairly resistant to environmental inactivation and 
endure temperatures of up to 50 °C for 1 h [ 8 ,  14 ]. The PyV 
genome is a circular double-stranded DNA of about 5100 
base pairs containing a short noncoding control region 
(NCCR) of 400 bp bearing the origin of viral genome repli-
cation as well as promoter/enhancer elements controlling 
expression of the  early viral gene region (EVGR)   and the  late 
viral gene region (LVGR)   in opposite directions from the 
NCCR. The  EVGR encodes   the regulatory the small 
T-antigen (sTag) and large T antigen (LTag), which is highly 
conserved and often targeted in immunohistochemical diag-
nosis of PyV disease. The  LVGR encodes   the viral capsid 
proteins Vp1, Vp2, Vp3, as well as the small regulatory 
agnoprotein. Human PyV (HPyV) genomes are 50–85 % 
homologous both at the nucleic acid and the amino acid 
level. These similarities need to be taken into account when 
using molecular and immunologic assays for research and 
diagnostics [ 15 ,  16 ]. 

 Based on serological studies, primary BKPyV transmis-
sion seems to occur effi ciently in children below 10 years of 
age, reaching an IgG seroprevalence of at least 90 % by early 
adolescence [ 17 – 20 ]. In healthy blood donors, the average 
seroprevalence is 82 % and declines with increasing age 
[ 19 ,  21 ]. In dialysis patients, lower antibody titers have been 
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observed [ 22 ]. By contrast, and despite a certain degree of 
cross-protection [ 19 ,  23 ], JCPyV seroprevalence continues 
to increase during adult life to an average of 58 % indicating 
continued exposure and primary infection during adult life 
[ 18 ,  19 ,  24 ]. In HIV-seropositive patients, JCPyV IgG have 
been reported in more than 90 % suggesting a risk for 
increased transmission associated with HIV infection [ 25 , 
 26 ]. For KIPyV, WUPyV, and MCPyV, slightly lower serop-
revalence, though similar age dependence, has been deter-
mined (Table  35-1 ) [ 20 ,  27 ,  28 ]. For SV40, seropositivity 
seems to be <5 % arguing against a signifi cant SV40 circula-
tion in human populations despite documented vaccine con-
taminations in the 1960s and possibly ongoing exposure in 
zoological parks and animal facilities. 

 Primary HPyV infections have not been linked to specifi c 
symptoms or signs indicating that they are largely subclinical 
or run an unspecifi c, e.g., fl u-like course. Transmission pre-
sumably occurs via mucosal surfaces exposed through inges-
tion, inhalation, or inoculation of virion-contaminated fl uids. 
For BKPyV and JCPyV, kidney and urinary tract have been 
identifi ed as the principle sites of persistence. Importantly, 
reactivation and asymptomatic urinary shedding of BKPyV 
 and    JCPyV   is observed in healthy blood donors at median 
rates of 7–10 % and 19–33 %, with urine viral loads of 3.5 and 
4.6 log10 genome equivalents per mL (Geq/mL), respectively 
[ 19 ,  29 ]. Thus, the detection of BKPyV or JCPyV in the urine 
per se is not an indicator for disease. For KIPyV and WUPyV, 
respiratory transmission is strongly implicated, but the specif-
ics are still unresolved including aspects of latency, reactiva-
tion and the high rate of coinfection with other viruses [ 30 , 
 31 ]. WUPyV DNA was identifi ed in 43 samples obtained 
from 2135 patients with acute respiratory tract infections. Of 
those, 31 were also positive for other respiratory viruses [ 32 ]. 
Screening of immunocompetent individuals with respiratory 
tract infection detected  KIPyV and WUPyV   in 1–7 % without 
pronounced seasonality, but preferably in pediatric patients 
[ 33 ,  34 ]. Using KIPyV VP1- specifi c PCR, positive results 
were obtained in 1 % (6 of 637) nasopharyngeal aspirates 
from patients with respiratory tract disease and 0.5 % (1 of 
192) stool samples from patients with gastroenteritis [ 35 ]. 
KIPyV could not be detected in urine, serum, whole blood or 
isolated leukocytes. MCPyV, HPyV6, and HPyV7 have been 
detected in a relatively large proportion in skin samples from 
otherwise healthy individuals [ 36 – 38 ]. Thus, the MCPyV-
associated skin carcinoma is likely to require cofactors 
besides MCPyV infection such as failing immune control, 
older age, and sun exposure, but possibly also coinfection and 
interaction with other polyomaviruses [ 12 ]. At this point, the 
clinical signifi cance of HPyV infection in immunocompetent 
individuals is still unclear. 

 In patients with impaired immunity, HPyV replication 
appears to be relaxed, and the prevalence of BKPyV replica-
tion and urinary shedding signifi cantly increases to 50–80 % 
[ 39 ,  40 ]. High-level BKPyV viruria defi ned as decoy cell 

shedding or the equivalent of >7 log10 Geq/mL is observed in 
more than half of these patients [ 39 ,  41 – 47 ]. Molecular and 
kinetic data from kidney transplant patients support the model 
of BKPyV latency and reactivation in renal tubular epithelial 
cells followed by amplifi cation in the urothelial cell compart-
ment [ 43 ]. The respective increases in JCPyV shedding are 
less pronounced in immunodefi cient populations [ 19 ,  25 , 
 41 ,  48 ], and JCPyV viremia remains an exception [ 48 – 50 ]. 
For KIPyV and WUPyV, tenfold higher detection rates have 
been reported in immunosuppressed patients [ 51 – 53 ]. In fact, 
all signifi cant, pathologically defi ned HPyV diseases have 
occurred in individuals with impaired immune functions. 
Despite the environmental stability and the high HPyV loads 
in urine and respiratory secretions, there is so far only one 
report of nosocomial transmission clusters, opening the ques-
tion about specifi c infection- control measures for patients at 
high risk [ 54 ], which are currently not deemed necessary 
without further evidence [ 55 ].  

35.3     HPyV Diseases in  Transplant 
Patients   

 The key HPyV diseases posttransplant are PyV-associated 
nephropathy (PyVAN), PyV-associated hemorrhagic cystitis 
(PyVHC), and PyV-associated progressive multifocal leuko-
encephalopathy (PML) (Table  35-1 ). PyVAN and PyVHC 
are primarily associated with BKPyV, but a minority of cases 
are implicating JCPyV [ 48 ,  50 ,  56 ,  57 ]. Conversely, progres-
sive multifocal leukoencephalopathy is primarily mediated 
by JCPyV [ 24 ], but a few cases may be caused by BKPyV 
[ 58 ]. In addition, a variety of gastrointestinal or typically 
proliferative skin disorders have been linked to other HPyVs 
causing diarrhea, or Merkel cell carcinoma,  Trichodysplasia 
spinulosa , and pruritic keratinocyte plaques (Table  35-1 ).  

35.4     BKPyV 

35.4.1     Polyomavirus-Associated 
Nephropathy (PyVAN) 

 The  incidence of    PyVAN   ranges from 1–10 % in kidney 
transplant recipients with a peak in the fi rst 6 months post-
transplant [ 39 ]. PyVAN is typically asymptomatic with no 
other sign than progressive renal allograft failure. Testing 
for  BKPyV   replication demonstrates decoy cells in urine 
cytology, urine viral loads of >7 log10 Geq/mL and, at the same 
time, detectable plasma BKPyV loads (probable PyVAN) 
[ 39 ,  43 ,  59 ,  60 ]. Plasma BKPyV loads have been used as a 
surrogate marker of the disease, which becomes more 
likely with increasing duration and level, e.g., above 4 log10 
Geq/mL (presumptive PyVAN). The defi nitive  diagnosis of   
proven PyVAN requires allograft tissue showing typical 

35. Human Polyomavirus and Papillomavirus Infection and Disease Posttransplant



634

cytopathic changes in renal tubular epithelial cells, which 
are confi rmed by immunohistochemistry for large T-antigen, 
Vp1 or agnoprotein expression or by in situ hybridization 
[ 61 – 64 ]. Immunohistochemistry has mostly relied on cross- 
reacting antibodies raised against the SV40 LTag. Although 
BKPyV causes more than 95 % of cases, this cross-reactiv-
ity is actually advantageous since rare cases of JCPyV-
mediated PyVAN are detected as well [ 48 ,  50 ]. Classifi cation 
of the histological features has been recommended in order 
to predict the risk of subsequent graft loss and enhance the 
comparability of clinical studies (Table  35-2 ; for details, see 
[ 59 ,  60 ]).

   The limitation of the histological diagnosis resides in the 
(multi-)focal nature of PyVAN, causing false negative biopsy 
results in 10–30 %, which may be even higher early in the 
disease when serum creatinine concentration is still at base-
line levels [ 59 ,  63 ]. Also, the distinction of PyVAN from 
acute interstitial rejection is diffi cult and may require adjunct 
histological evaluation of vascular rejection including stain-
ing for C4d [ 13 ,  60 ]. The differential diagnosis of tubular 
cytopathology with intranuclear inclusion and interstitial 
nephritis/tubulitis includes adenovirus and cytomegalovirus 
nephritis. Of note, high-level BKPyV viruria with urine 
loads of >7 log10 Geq/mL are found 30–60 % of kidney trans-
plant patients and precedes by approximately 6 weeks the 
detection of plasma BKPyV loads in a subpopulation of 
patients (10–20 %) and PyVAN [ 39 ]. 

 The  risk factors of   PyVAN include donor characteristics 
(such as female gender, deceased donation, ischemia–reper-
fusion injury, high BKPyV-specifi c antibody titers as a 
marker for recent exposure, HLA-mismatches), recipient 
characteristics (such as older age, male gender, low or 

absent BKPyV-specifi c T-cell activity), and posttransplant 
factors such as acute rejection and antirejection treatment 
with high cumulative steroids, depleting anti-thymocyte 
globulin, intensifi ed immunosuppressive rescue protocols, 
and tacrolimus–mycophenolate–prednisone combinations 
[ 39 ,  47 ,  59 ,  65 – 67 ]. Though multiple and diverse, these 
entities may indeed refl ect complementing factors in PyVAN 
pathogenesis, the central feature being a disrupted balance 
between BKPyV replication in renal tubular epithelial cells 
and BKPyV-specifi c cellular immune control [ 68 ,  69 ]. 
Studies of plasma BKPyV load kinetics in kidney transplant 
patients undergoing surgical graft removal or clearing 
BKPyV replication following reduced immunosuppression 
indicated a short BKPyV half-life of 2–12 h in plasma as 
well as in urine [ 43 ]. Thus, stable steady-state levels actu-
ally result from a >99 % replacement of the plasma virus 
load every day [ 43 ]. The resulting cytopathic loss can be 
estimated as in the order of 1–10 million tubular epithelial 
cells leading to extensive denudation of the tubular epithe-
lial cell layer with necrosis, urine leakage, ensuing infl am-
mation, and eventually tubular atrophy and fi brosis 
(Figure  35-1 ). By contrast, the multilayered urothelial cell 
layer remains largely intact in kidney transplant patients 
despite high urine viral loads and hence without concomi-
tant denudation, infl ammation, and clinical signs [ 43 ]. Thus, 
BKPyV viruria and viremia remain the most consistent 
marker for screening, early intervention, and monitoring 
outcome. In view of the limited sensitivity of allograft biop-
sies and the higher specifi city of plasma BKPyV loads com-
pared to urine BKPyV loads, a diagnosis of probable and 
presumptive PyVAN has been used to guide  preemptive 
treatment   (Table  35-2 ).

    TABLE 35-2.    PyVAN  diagnosis     

 • Possible PyVAN 

   – High-level PyV replication 

     Urine viral load >7 log10 Geq/mL, mostly BKPyV, rarely JCPyV; decoy cells 

   – Plasma BKPyV load not tested or undetectable 

 • Probable PyVAN 

   – High-level PyV replication 

     Urine viral load >7 log Geq/mL mostly BKPyV, rarely JCPyV; decoy cells, PyV particles in three-dimensional aggregates (“haufen”) by 
electron microscopy of urine, BKPyV VP1 mRNA > 6 log10 copies/ng total RNA 

   – Plasma BKPyV load detectable 

 • Presumptive PyVAN (“laboratory-confi rmed”) 

   – Plasma BKPyV load increasing to >4 log10 Geq/mL for >3 weeks 

 • Proven PyVAN 

   – PyVAN-A: Mild viral cytopathic changes in ≤25 % of tubules with minimal interstitial infl ammation, tubular atrophy, and interstitial fi brosis 
<10 % of the biopsy core. Risk of kidney graft loss <10 % 

   – PyVAN-B: Variable viral cytopathic changes in 11–>50 % of tubules, signifi cant infl ammatory infi ltrates with tubulitis, but only mild tubular 
atrophy and fi brosis in ≤25 % of the biopsy core 

     PyVAN-B1 moderate interstitial infl ammation in 11–25 % of biopsy: allograft function slightly impaired, risk of graft loss 25 % 

     PyVAN-B2 signifi cant interstitial infl ammation in 26–50 % of biopsy: allograft signifi cantly impaired, risk of graft loss 50 % 

     PyVAN-B3 extensive interstitial infl ammation in >50 % of biopsy: allograft signifi cantly impaired, risk of graft loss >75 % 

   – PyVAN-C: Moderate to severe tubular atrophy and interstitial fi brosis affecting >25 % of renal parenchyma, viral cytopathic changes variable and 
infl ammatory infi ltrates variable, ranging from <10 % to >50 %: Allograft function signifi cantly impaired, progressive failure, and risk of kidney 
graft loss >80 % 
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    Screening for   BKPyV replication identifi es kidney 
transplant patients before extensive tissue damage and irre-
versible loss of renal graft function has occurred [ 39 ,  70 , 
 71 ]. Protocol biopsies are suboptimal for this purpose since 
approximately one third of cases are missed, which then run 
a worse course [ 70 ]. Testing urine for BKPyV replication by 
urine cytology (decoy cells) or quantitative PCR allows to 
rule out PVAN with a high negative predictive value of 
>95 %, but the positive predictive value is low. Patients with 
high-level urinary BKPyV replication should be tested for 
plasma BKPyV DNA load. If plasma BKPyV loads are pos-
itive and increasing to >4 log10 Geq/mL, reducing immuno-
suppression should be considered even in the absence of a 
positive histology [ 59 ,  72 – 76 ]. Until an internationally 
accepted calibrator for standardizing BKPyV loads has been 
implemented across laboratories, the relevance of this 
threshold has been debated. Unlike the experience with 
cytomegalovirus loads, however, external quality assurance 
programs in Europe indicate that 95 % of the 120 participat-
ing laboratories deviate less than 0.5 log10 Geq/mL from one 
another. At least six prospective studies supported the feasi-
bility and safety of this preemptive approach without pro-
gression to PyVAN and without an excess of acute rejection 
episodes [ 72 ,  76 ,  77 ]. Currently, a minimal screening is rec-
ommended in 3 monthly intervals during the fi rst 2 years 
posttransplant, or when an allograft biopsy is performed [ 13 , 
 59 ,  60 ]. This basic approach has been expanded to monthly 
screening up to month 6 posttransplant and then 3 monthly 
in some centers. Modeling data suggest a benefi t at PyVAN 
rates of >2.1 % when assuming adverse events in 10 % of 
cases [ 78 ]. However, screening may be benefi cial already at 
lower rates given the good outcomes in dedicated centers 
[ 59 ,  72 – 76 ]. 

 The  treatment of   PyVAN relies on timely reduction of 
immunosuppression [ 60 ]. Specifi c antivirals are lacking, but 
have been used as adjunct therapy [ 79 ]. There are no clinical 
studies comparing one strategy with another, but there is 
general consensus, that PyVAN should be treated by reduc-
ing tacrolimus to trough levels to <6 ng/mL (3 ng to 5 ng/
mL), mycophenolate mofetil dosing be reduced to less than 
1000 mg per day (or equivalent) or even discontinued, and 
prednisone reduced to 10 mg or less per day [ 59 ]. For cyclo-
sporine, trough levels of 100–125 ng/mL have been pro-
posed. Currently, no recommendation can be made whether 
or not calcineurin inhibitors or antiproliferative drugs should 
be reduced fi rst. In the preemptive situation, both approaches 
have been successful [ 13 ]. Studies of BKPyV-specifi c immu-
nity in kidney transplant patients and in vitro studies using 
BKPyV-specifi c cellular immunity indicate that the calci-
neurin inhibitor concentration is most critical and that for 
patients with defi nitive PyVAN, reducing calcineurin inhibi-
tors might be more effective as a fi rst step [ 80 ]. Biweekly 
plasma BKPyV loads are commonly used as a surrogate 
marker for tubular epithelial cell replication. Plasma BKPyV 
loads respond earlier than urine BKPyV loads, and a decline 
of >2 log10 Geq/mL is associated with the emergence of 
BKPyV-specifi c T-cell activity in peripheral blood [ 69 ,  81 , 
 82 ]. Clearance typically takes 8–12 weeks. Some centers add 
low-dose intravenous cidofovir at 0.25 mg to 1.0 mg/kg 
bodyweight to this intervention (cave renal and ocular 
toxicity; [ 79 ]). In vitro studies indicate that concentrations 
of 40 μg/mL are needed for a 90 % inhibition [ 83 ], but peak 
serum concentrations of only 5 μg/mL have been observed 
in vivo [ 84 ]. Accordingly, several studies have been disap-
pointing [ 85 ,  86 ]. Similarly, the use of fl uoroquinolones for 
prohylaxis or treatment has not been effective [ 86 ,  87 ]. 
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Switching from mycophenolate to lefl unomide, a pyrimidine 
synthesis inhibitor used for treating rheumatoid arthritis, has 
been advocated because of its presumed virostatic properties 
[ 88 ,  89 ]. Similar to cidofovir, randomized controlled trials 
for lefl unomide effi cacy are lacking. Since lefl unomide must 
be viewed as a less potent immunosuppressant than myco-
phenolates, it is currently impossible to attribute the clearing 
of BKPyV replication and nephropathy to improving 
BKPyV-specifi c immunity or to a combined effect with anti-
virals [ 90 ]. More recently, switching to mTOR-inhibitors has 
been proposed as a possible intervention with a direct inhibi-
tory effect on BKPyV replication, while preserving BKPyV- 
specifi c immune activation [ 80 ,  91 – 94 ]. 

 Retransplantation after allograft loss due to PyVAN can be 
considered, but recovery of BKPyV-specifi c immunity 
should be taken into account [ 95 ,  96 ]. Clearance of plasma 
BKPyV or at least a decline of >2 log Geq/mL may be used 
as an indicator [ 81 ]. Surgical removal of the affected fi rst 
graft is not a prerequisite, but this may be advisable for pre-
emptive retransplantation to avoid rapid reinfection of the 
new graft and to allow unambiguous attribution of BKPyV 
screening assays to the new transplant. No specifi c recom-
mendation for immunosuppression has been made other than 
targeting the lower end of normal. Whether or not induction 
treatment for retransplantation increases the risk of PyVAN 
recurrence is not known [ 95 ,  96 ]. 

 PyVAN has been sporadically diagnosed in autologous 
kidneys in  non-renal SOT or HCT   despite similar or even 
more intense immunosuppression suggesting that factors 
specifi c to kidney transplantation must be operating [ 13 , 
 97 – 101 ]. Most patients were identifi ed with advanced 
infl ammatory PyVAN-B stage and progressed to terminal 
renal failure with dialysis-dependence despite reducing 
immunosuppression and/or addition of cidofovir. Where 
examined, signifi cant viremia and viruria was noted in most 
of these patients as reported for kidney transplant recipients. 
Larger studies indicate however that PyVAN is an excep-
tional complication in non-renal SOT. Thus, non-renal SOT 
and allogeneic HCT with creeping serum creatinine concen-
trations, PyVAN should be considered in the differential 
diagnosis and testing for BKPyV viremia be performed, but 
universal screening for BKPyV replication is presently not 
warranted [ 41 ,  102 ,  103 ]. Less than 5 % of PyVAN may be 
caused by  JCPyV  . The clinical presentation of JCPyV- 
PyVAN is indistinguishable from BKPyV-PyVAN, with 
comparable cytopathic changes in renal tubular epithelial 
cells and corresponding signs of infl ammation [ 48 ,  50 ,  56 ]. 
Thus, the diagnosis of JCPyV-PyVAN requires high-level 
JCPyV loads in urine (>7 log10 Geq/mL), absence of BKPyV 
replication, compatible histopathology changes (PyVAN-A, 
-B, or -C), and the exclusive detection of JCPyV in the 
allograft, e.g., by PCR. The NCCR in JCPyVAN is typically 
not rearranged unlike the JCPyV genomes in PML. Of note, 
JCPyV viremia is rare and usually of low viral load and 
cannot be used as a sensitive marker for screening and moni-

toring. With some exceptions of late diagnosis, kidney 
allograft function was often preserved and histological clear-
ance was observed following reduced immunosuppression 
[ 104 ]. Urine JCPyV loads declined, but remained persis-
tently detectable at levels similar to immunocompetent indi-
viduals [ 19 ,  48 ,  50 ].  

35.4.2     Polyomavirus-Associated 
Hemorrhagic Cystitis (PyVHC) 

  PyVHC   complicates 5–15 % of allogeneic HCT around 3–6 
weeks posttransplant (late onset)    and is associated with higher 
costs in the early transplant period [ 105 ] and an overall poorer 
survival [ 106 ,  107 ]. Most patients are hematologically stable 
and have engrafted. However, cystitis with urinary urgency 
and often disabling pain, and macrohematuria with clots 
require hospital admission and dedicated inpatient care with 
analgesia, forced diuresis, bladder irrigation, and urologic 
intervention for bleeding and relief of postrenal failure. 
PyVHC should be distinguished from other causes of hematu-
ria and/or cystitis [ 108 ,  109 ]. This may be sometimes diffi cult 
because of overlapping patient characteristics and risk factors 
[ 110 ]. Hemorrhagic cystitis with severe hematuria (grade II–
IV) has been reported in up to 5 % of 1906 patients after HCT 
by Seber et al. [ 111 ] with allogeneic HCT, patient 10–30 years 
of age, cyclophosphamide, busulfan, and graft-versus-host 
disease [ 111 ]. This included early- onset hemorrhagic cystitis 
which occurs prior to engraftment and is largely attributed to 
urotoxic conditioning regimens with cyclophosphamide, ifos-
famide, busulfan, and/or TBI and [ 40 ,  108 ,  112 ,  113 ]. It is 
important to note that BKPyV viruria reaching high viral loads 
of >7 log10 Geq/mL is observed in 50–80 % of HCT patients, 
but less than one fi fth develop PyVHC [ 40 ,  112 ,  114 ]. Clearly, 
high-level BKPyV replication with viruria is necessary, but 
not suffi cient for the diagnosis of PyVHC. Similarly, hematu-
ria is quite frequent after allogeneic HCT [ 40 ] and may be due 
to different causes such as thrombocytopenia, coagulation dis-
orders, and graft- versus- host disease. 

 The  diagnosis of   PyVHC requires the triad of cystitis, 
hematuria (grade II or more), and high-level BKPyV replica-
tion with urine loads of >7 log10 Geq/mL (Table  35-3 ). In 
addition, other diagnoses should be excluded including other 
infections and bleeding disorders [ 40 ,  54 ,  79 ,  112 ,  115 ]. 
Cystoscopy may be indicated for local hemostasis and clot 
removal to treat post-renal failure, but is rarely performed for 
a histological diagnosis because of bleeding complications. 
Similarly, imaging studies such as ultrasound, computer 
tomography, or magnetic resonance imaging searching for 
posttrenal obstruction may reveal thickened bladder and ure-
ter walls, but are not required for the diagnosis [ 116 ]. Urine 
BKPyV loads may be higher (e.g., greater than 9 log10 Geq/mL) 
in cases with PyVHC than in asymptomatic patients, but the 
levels frequently overlap [ 45 ,  46 ,  117 – 119 ]. BKPyV viremia 
has been associated with an increased risk of PVHC. 
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BKPyV loads were been detected in sera of one-third of 
HSCT recipients in the fi rst 100 days after HSCT and sus-
tained serum BKPyV loads of >4 log10 Geq/mL were signifi -
cantly associated with PyVHC [ 54 ,  106 ,  120 ,  121 ]. At 
present, validation of urine BKPyV load kinetics or plasma 
BKPyV is lacking regarding their use for diagnosis and for 
their potential use to trigger preemptive interventions.

    Risk factors for   PyVHC include allogeneic HCT, acute 
GvHD, unrelated donor, myeloablative conditioning, cord 
blood HCT, and a higher BKPyV recipient antibody titer 
before HCT [ 106 ,  109 ,  118 ,  122 ]. In fact, BKPyV replication 
represents secondary reactivation in seropositive patients, 
even in children [ 123 ], but the role of the mismatch of sero-
negative donor ( D −)/seropositive recipient (R+) is unknown. 
However, in some cases of presumed nosocomial BKPyV 
transmission, pediatric allogeneic HCT recipients with low 
or absent BKPyV IgG developed PyVHC, and the disease 
only resolved when BKPyV antibody responses increased, 
independent of systemic or intravesical cidofovir treatment. 
Nevertheless, there is currently not enough evidence to sup-
port routine testing of HCT recipients or donors for the pres-
ence of BKPyV-specifi c antibodies. 

 The  pathogenesis   of PyVHC is not well understood. 
Urotoxicity of the conditioning protocol, particularly by cyclo-
phosphamide and ifosphamide, is known to activate local 
infl ammation through oxygen radicals, TNFa, IL-1b, and 
NFkB signalling as well as outright DNA and cell damage of 
urothelial, submucosal and smooth muscle cells [ 124 ]. These 
factors also enhance BKPyV replication via transcription fac-
tor binding sites such as NFkB and AP1 contained in the 
BKPyV noncoding control region, while at the same time, 
BKPyV-specifi c immune control is ablated. Forced diuresis, 
mesna, and reduced intensity protocols decrease the overall 
urotoxicity of conditioning, but may still lead to signifi cant 

local exposure, particularly in the bladder causing limited local 
urothelial damage with erosion, edema, vascular congestion, 
and impaired regeneration [ 125 ]. In such a structurally and 
functionally altered environment, high-level BKPyV replica-
tion may signifi cantly add to the urothelial cytopathology 
which, in contrast to kidney transplant patients showing a simi-
larly high cytopathic wear, leads to urothelial denudation, urine 
leakage, infl ammation, and hematuria [ 43 ].  Infl ammation   may 
be further aggravated postengraftment due to an immune 
reconstitution infl ammatory syndrome [ 126 – 128 ]. The role of 
local toxicity is consistent with the reduced rate of PyVHC 
after reduced intensity conditioning. The preferential manifes-
tation of PyVHC in allogeneic HCT as compared to autologous 
HCT has suggested a contributory role of graft-versus-host dis-
ease. On the other hand, neutropenia is often shorter in autolo-
gous HCT. Thus, we postulate the following sequence of events 
(Figure  35-2 ): (1) Reactivation of BKPyV replication from 
latency in renal tubular epithelial cells; (2) Limited damage of 
the urothelial transitional cell layer by urotoxic conditioning; 
(3) High- level BKPyV replication in the urothelial cell layer 
through cell damage and regeneration and similar lack of anti-
viral immune control; (4) signifi cant denudation, hemorrhage, 
and infl ammation; and (5) Exacerbation upon recovery of 
immunity post-engraftment [ 43 ,  126 ,  127 ]. Local urothelial 
denudation and infl ammation may also facilitate the leakage of 
BKPyV into the circulation thereby explaining the diagnostic 
potential of plasma BKPyV loads [ 120 ,  121 ,  129 ]. Despite 
being an attractive model of PyVHC to researches in the fi eld 
[ 130 ], detailed studies are needed for validation and hopefully 
the development of rational therapies.

   The   treatment   of PyVHC is unresolved despite an array of 
published case reports and a variety of approaches. The reported 
response rates are high, but are based on small uncontrolled case 
series only, the course of which cannot be distinguished from 

   TABLE 35-3.     Polyomavirus-associated hemorrhagic cystitis (PyVHC)   Diagnosis   

 Triad of 

 1. Clinical signs of cystitis 

   (a) Dysuria, urge, frequency, lower abdominal discomfort 

 2. Hematuria of Grade II and higher 

   (a)  Grade I  microscopic hematuria (>100 erythrocytes per high-power fi eld) 

   (b)  Grade II  macrohematuria 

   (c)  Grade III  macrohematuria with clots 

   (d)  Grade IV  macrohematuria with urinary obstruction and post-renal failure 

 3. Laboratory markers of high-level PyV replication in urine 

   (a) Urine viral load >7 log10 Geq/mL 

   (b) Plasma viral load detectable, often >4 log10 Geq/mL 

    (mostly BKPyV, rarely JCPyV >7 log10 Geq/mL; or decoy cells) 

 • Exclude major contribution of other diagnosis or factors 

 Urotoxic  Early-onset HC 

 Hematological  Bleeding disorder, low platelets, graft-versus-host disease 

 Infectious  Bacteria; virus, e.g., cytomegalovirus, adenovirus; fungus; parasite 

 Malignant  Local or metastasizing (e.g., urothelial carcinoma) 

 Mechanical  Catheter, urologic intervention 
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spontaneous recovery. The mainstay of therapy is symptomatic 
with analgesia, hyperhydration, diuresis, and continuous blad-
der irrigation to prevent clot formation and urinary tract obstruc-
tion, platelet and erythrocyte substitution. Local treatment with 
alum, formalin or hyperbaric oxygen has been reported as ben-
efi cial. Urologic intervention may be performed for clot evacu-
ation and for uncontrolled bleeding which may require 
cystectomy [ 131 ,  132 ]. Treatment with steroids, especially in 
patients with graft-versus-host disease may also alleviate the 
infl ammatory component of PyVHC and reduce pain, but at the 
same time enhance BKPyV replication by direct activation 
through viral glucocorticoid response elements and impaired 
antiviral immune control. Reducing immunosuppression as 
proposed for treating PyVAN may increase infl ammation. Thus, 
antiviral treatment seems urgently needed to break out of this 
double-blind pathology. Intravenous cidofovir as biweekly dos-
ing of 5 mg/kg body weight together with probenicid or as 
lower dose of 0.25 mg, 0.5 mg or 1 mg/kg body weight given 
once to three times per week has been reported [ 79 ,  109 ,  133 –
 135 ], but again, evidence from randomized controlled trials is 
lacking. In a retrospective survey in Europe, a presumed 
response to intravenous cidofovir was associated with younger 
age (<15 years), non-cord blood stem cell source, and total body 
irradiation as part of the conditioning regimen [ 134 ]. Intravesical 
cidofovir instillation (5 mg/kg in 60–100 mL saline) has been 
described as a therapy option, but was neither well tolerated nor 
effective in our experience.  Fluoroquinolones   such as ciprofl ox-
acin or levofl oxacin may inhibit BKPyV replication in vitro and 
reduce the peaking of urine BKPyV loads in HSCT patients 
in vivo, but randomized controlled studies are lacking [ 79 ], and 

a recent study in kidney transplant patients showed no effect 
[ 87 ]. In addition, fl uorquinolones are already widely used as 
antibacterial prophylaxis during neutropenia and seemingly 
resistant BKPyV isolates have been reported [ 79 ,  136 ]. Thus, 
there is currently no established treatment for PyVHC other 
than symptomatic support with pain management, hyperhydra-
tion, and intravesical irrigation. Accordingly, no strategies 
regarding screening for urine BKPyV load or BKPyV viremia 
can be recommended. A summary of recent fi ndings and 
recommendations have been presented at the sixth European  
conference for Infections in Leukemia [ 137 ]. 

 PyVHC has been rarely reported in other patients including 
 SOT patients  , patients receiving chemotherapy or with HIV-
AIDS receiving antiretroviral therapy, and even in one pre-
sumably immunocompetent individual with primary BKPyV 
infection [ 129 ,  138 – 142 ]. One case of PyVHC involving 
JCPyV has been reported in a patient with hereditary ataxia 
telangiectasia [ 143 ].   

35.5     JCPyV 

35.5.1     Progressive Multifocal 
Leukoencephalopathy ( PML)   

 PML is a  demyelinating   disease of the central nervous sys-
tem (CNS) that is primarily caused by lytic replication foci 
of JCPyV in oligodendrocytes.    PML has been initially 
described in patients with chronic lymphatic leukemia and 
Hodgkin’s lymphoma about 50 years ago [ 24 ,  144 – 146 ] and 

  FIGURE 35-2.    PyV replication and 
pathology in  hemorrhagic cystitis.         
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PyV particles were seen by electron microscopy in a patient 
with chronic obstructive lung disease treated with corticoste-
roids [ 147 ]. PML is observed after HCT as well as after 
SOT. The incidence rates have not been determined, but must 
be lower than 0.1 % when extrapolating observations in HIV- 
AIDS populations where rates of up to 1 % and more have 
been reported [ 148 ,  149 ]. PML may occur more frequently 
and earlier after HCT, typically within the fi rst year (range 
1–20 months) as compared to a median of 23 months in SOT 
patients (range 1–132 months) [ 150 – 152 ]. It is postulated 
that this refl ects the more pronounced immunodefi ciency in 
HCT resulting from the underlying disease and its treatment 
as originally described [ 144 ] before as well as after 
HCT. Conversely, PML may occur rarely and only several 
years after kidney transplantation, with fi rst symptoms 
appearing at a median of 37 months (range 5–120 months) 
[ 150 – 161 ]. While being consistent with lower immunosup-
pression after kidney transplantation, this may also indicate 
a cumulative risk from immunosuppression and JCPyV (re-)
exposure. The case of a patient should be noted who devel-
oped PML 6 months after kidney retransplantation, but after 
having been immunosuppressed for his fi rst transplant func-
tioning for as long as 20 years [ 152 ]. 

 PML is typically suspected when patients present with 
 neurologic defi cits   (Table  35-4 ). If compatible fi ndings in 
magnetic resonance imaging (MRI) are seen in an immuno-
compromised patient, the diagnosis becomes very likely. The 
defi cits start frequently focally and compromise defi ned 
motor functions and sensory defi cits particularly vision, as 
well as ataxia and are accompanied by initially subtle 
changes in mental status, memory, and speech [ 24 ]. Fits are 
rare HIV-AIDS, but may be more frequent with partial 
immunity in HIV-AIDS patients treated with antiretroviral 
therapy and in transplant patients. For a radiological diagno-
sis, magnetic resonance imaging (MRI) is preferred over 
computer tomography to reveal multiple lesions in subcorti-
cal areas, cerebellum and brain stem, which over time 
become confl uent. These lesions are characterized in MRI by 
increased signal intensity in T2-weighted images without 
mass effect (improved signal contrast in fl uid-attenuated 

inversion recovery and suppression of CSF signal intensity; 
hypointense in T1-weighted MRI) as well as signal in 
diffusion- weighted imaging. The growing experience from 
MRI surveyance of multiple sclerosis patients treated with 
the monoclonal integrin inhibitor natalizumab has lead to 
identifi cation of presymptomatic lesions in some patients 
indicating a change in the diagnostic paradigm of PML. The 
key laboratory study is the detection of JCPyV DNA in cere-
brospinal fl uid (CSF) which has a high positive predictive 
value of >95 %, but only a limited negative predictive value 
of 50–80 % [ 162 ]. Therefore, other etiologies should be eval-
uated as well, including parvovirus B19, EBV, CMV, and 
HHV6 encephalitis/ventriculitis and toxoplasmic encephali-
tis. Other CSF parameters are not or only mildly altered 
including protein (<100 mg/dL) and cell counts, usually with 
normal lactate and glucose concentrations. The defi nitive 
 diagnosis of   proven PML requires the histological detection 
of enlarged oligodendrocytes with nuclear inclusions in the 
periphery of demyelination lesions, which stain positive for 
JCPyV by immunohistochemistry or in situ hybridization 
(Table  35-4 ). In addition, lipid-laden macrophages and 
enlarged multinucleated astrocytes are seen. Infl ammatory 
cells are typically missing in early stages, but in HIV-AIDS 
patients treated with antiretroviral therapy, infl ammatory 
infi ltrates are increasingly noted which may indicate an 
 immune reconstitution infl ammatory syndrome (IRIS  ), as also 
seen especially after discontinuation of natalizumab com-
bined with plasmapheresis.  IRIS   is associated with clinical 
deterioration and new contrast enhancement in MRI and 
even epileptic fi ts. Biopsies for histopathology studies are 
considered when JCPyV is not detected in CSF and/or the 
epidemiological risk is unclear, and/or the clinical or radio-
logical presentation is atypical. The key differential diagno-
sis in transplant patients is calcineurin inhibitor-induced 
leukoencephalopathy (cyclosporine, tacrolimus), which may 
present with radiologically similar lesions. Also, demyelin-
ation due to chemo/radiotherapy, other viruses, acute limbic 
encephalitis, CNS lymphoma, toxoplasmic encephalitis, and 
graft-versus- host disease ought to be considered, while mul-
tiple sclerosis is unlikely in the transplant setting. The course 

    TABLE 35-4.    Diagnosis of  progressive multifocal leukoencephalopathy (PML)     

 • Probable 

   – focal neurological defi cits  plus  

   – MRI showing corresponding T1 hypointense, T2 hyperintense lesions in subcortex cerebellum and brain stem, no signifi cant contrast 
enhancement, no mass effect 

   – Patients with inherited, acquired, or iatrogenic immune dysfunction 

 • Presumptive (“laboratory-confi rmed”) 

   – Probable criteria plus 

   – JCPyV DNA in cerebrospinal fl uid (CSF) 

    or JCPyV-specifi c intrathecal antibody (JCPyV-specifi c IgG index >1.5) 

 • Histology-confi rmed 

   – JCPyV-positive immunohistochemistry or in situ hybridization in the periphery of demyelinated lesions in brain tissue (biopsy, autopsy) 

 • Signifi cant contribution of other (coexisting) pathology excluded 
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of PML is followed clinically and by MRI. JCPyV load in 
CSF has been proposed as a marker of severity and treatment 
response, but requires repeat lumbar taps. With few excep-
tions [ 163 ], JCPyV load in plasma is mostly low or undetect-
able, and urine JCPyV load cannot be used for screening or 
diagnosis as it is unrelated to the overall course [ 164 ].

   The  risk factors   of PML have not been defi ned in trans-
plant patients, mostly because of the sporadic onset in diverse 
clinical backgrounds. In analogy to PML in HIV-AIDS, pro-
found long-standing cellular immunodefi ciency and insuffi -
cient intracerebral antiviral immune surveillance are viewed 
as the key pathological mechanism [ 165 ]. This would also 
account for the occurrence of PML in patients treated with 
anti-T-cell reagents such as natalizumab, efalizumab, or 
FTY720 used for treating autoimmune diseases such rheu-
matoid arthritis, multiple sclerosis, infl ammatory bowel dis-
ease, or psoriasis [ 166 ]. In HIV-AIDS, the median CD4 cell 
count at PML diagnosis is typically below 100 per microliter 
(median 60), but cases with higher CD4 counts occur [ 149 ]. 
A detailed study of HIV-positive PML non-survivors indi-
cated that the overall counts were not decisive, but selec-
tively impaired JCPyV-specifi c T-cell responses [ 26 ]. In the 
study [ 26 ], a protective role of antibodies, and consequently 
intact B-cell repertoires, was suggested which may also 
explain the occurrence of PML cases after anti-CD20 deple-
tion using rituximab [ 167 ]. However, the vast majority of 
PML cases after rituximab had also been treated with antip-
roliferative drugs [ 167 ]. Of the eight transplant patients diag-
nosed with PML after rituximab (four autologous HCT, three 
allogeneic HCT, one kidney), all seven HCT patients had 
received alkylating agents [ 167 ]. 

 The  pathogenesis   of PML is characterized by the uncon-
trolled replication of JCPyV in oligodendrocytes. The multifo-
cality of PML pathology is reminiscent of PyVAN and suggests 
hematogenous spread. Expanding lesions refl ect local cell to 
cell spread. However, it is not resolved whether or not JCPyV 
reaches the central nervous system during a primary infection 
and is later reactivated in the brain, or whether PML is the 
result of secondary reactivation in the periphery reaching the 
brain via lymphocytes [ 168 ]. The increasing JCPyV seropreva-
lence with age argues that signifi cant JCPyV exposure occurs 
during adult life, which as primary or secondary replication 
could be the starting point of PML in severely immunocompro-
mised individuals [ 19 ,  24 ]. A recent report of primary JCPyV 
infection and PyVAN argues that this can be case at times [ 50 ]. 

 The  treatment   of PML is hampered by the lack of effective 
antivirals. Cidofovir and cytarabine have been explored in 
HIV-AIDS patients without convincing results [ 169 – 171 ]. 
Other attempts have explored serotonin uptake inhibitors (ris-
peridone, mirtazipine), and mefl oquine and chlorpromazine 
have been shown in vitro to interfere with JCPyV infection via 
the blockade of the 5-HT2a receptor or endocytosis, respec-
tively [ 172 ]. The success of combination antiretroviral therapy 
in HIV-AIDS patients with PML indicates that recovering 
JCPyV-specifi c immunity must be an integral component of 

treatment [ 149 ]. However, discontinued immunosuppression 
may put transplant patients at risk of organ- and life-compro-
mising alloimmune reactions, the only exception being kidney 
transplantation where organ function can be replaced by dialy-
sis. It is important to realize that PML is mostly diagnosed 
because of the occurrence of clinical defi cits, hence represent-
ing an advanced stage of disease with diminished treatment 
success. Moreover, recovery of JCPyV-specifi c immunity 
may not be achievable in suffi cient time following reduced 
immunosuppression. Recent case reports suggest that admin-
istration of cytokines without or with PML-specifi c JCPyV 
VP1 mutant might be worth testing in clinical trials [ 173 ,  174 ]. 
Unfortunately, an early marker of PML risk is presently lack-
ing that could guide an early intervention similar to BKPyV 
viremia in PyVAN after kidney transplantation.   

35.6     KIPyV and WUPyV 

 The    role of  KIPyV   and  WUPyV      in transplant patients is only 
emerging. In retrospective PCR study of respiratory secre-
tions from 200 immunocompromised patients from France, 
KIPyV and WUPyV were detected in 8 % and 1 %, respec-
tively [ 175 ]. KIPyV was signifi cantly more frequent (18 %) 
among 45 allogeneic HCT patients tested. In several of these 
patients, stool samples were found positive for KIPyV [ 175 ]. 
Data from a large prospective study of more than 200 alloge-
neic HCT patients reported detection rates of 17 % for KIPyV 
in respiratory secretions, yet without seasonal variation and 
without prominent respiratory symptoms, but frequent detec-
tion of other potential pathogens [ 176 ]. Thus, the data sug-
gest that WUPyV and KIPyV may play a role in mostly 
non-severe respiratory tract pathologies. Clearly, the associa-
tion with respiratory and gastrointestinal disease requires 
further study [ 177 ]. A signifi cant step in this direction may 
come from novel antibodies used for immunohistochemistry 
of lung pathologies, that would be instrumental in bett   er 
defi ning KIPyV and WUPyV disease [ 178 ,  179 ].  

35.7     MCPyV 

35.7.1      Merkel Cell Carcinoma (MCC)   

  MCC   is a rare,    cutaneous   malignancy fi rst described in 1972, 
showing the neuroendocrine characteristics of the epidermal 
Merkel cells that transmit the sensation of touch. The incidence 
of MCC is increased in immunocompromised populations 
including those with hematologic malignancies such as chronic 
lymphatic leukemia, HIV-AIDS, and SOT. Transplant Tumor 
registries have reported an incidence of MCC in the last two 
decades with estimated incidence rates of 0.1–0.9 % [ 180 ]. 
Recent data from Finland identifi ed three cases in 4200 renal 
transplants, all of whom died within 0.5–2.1 years [ 181 ]. 
The risk of MCC increases with duration and intensity of immu-
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nosuppression posttransplant. The mean age at diagnosis in 
SOT patients is 47 years. MCC is aggressively metastasizing in 
lymph nodes, lungs, liver, and bone, with a mortality rate of 
56 % and accounts for 4 % of all skin cancer fatalities after SOT 
[ 182 ]. Treatment is not validated, but should be aggressive with 
local surgery and signifi cant reduction or discontinuation of 
immunosuppression, which may lead to regression of MCC 
metastasis in line with immunologic sensitization to tumor anti-
gens including possibly MCPyV LTag truncations [ 182 – 184 ]. 

 MCC has a predilection for the dermis in sun-exposed 
areas, and local metastasis is rapid and determines outcome. 
MCC presents as three types (trabecular, intermediate, small 
cell, mixed) of which the intermediate type showing large 
tumor nests is most prominent and frequently diagnosed, 
while the trabecular type of bridged tumor cell strands or the 
loosely collagen infi ltrating small cell type a rare. Mixed dif-
ferentiation involving squamous, glandular, and melanocytic 
suggests a likely common tumor stem cell origin. Moreover, 
the presence of MCC within other malignancies such as 
squamous cell cancer and basal cell cancer has been described 
and complicates the diagnosis [ 182 ]. Immunohistochemistry 
for cytokeratin 20, neuron-specifi c enolase, and epithelial 
membrane antigen is positive, while S100, CD45, and lam-
inin staining is frequently negative. 

 The pathogenetic role of MCPyV support the association 
with Merkel cell carcinoma, but not with other non- 
melanoma skin cancer types or prostate carcinoma [ 185 –
 187 ]. In the original description, MCPyV-DNA could be 
amplifi ed in eight of ten MCC tumors by using MCPyV- 
specifi c PCR and Southern hybridization. In a control group, 
only 5 of 59 samples were positive, indicating a positive 
association between MCPyV-DNA and MCC [ 188 ]. In 
another recent report, MCPyV was detected by PCR in 54 % 
of 13 MCC, but in only one case of 37 keratoacanthomas, 
and not in any of 85 squamous cell carcinoma, 28 Bowen’s 
disease, and 6 actinic keratosis [ 185 ]. Thus, the association 
of integrated MCPyV is strong, but not all exclusive. The 
identifi cation of truncated LTag fusion transcripts as well as 
small and middle Tag in MCC is in line with activated host 
cell proliferation, inactivation of apoptosis and genomic 
instability as key events transforming an infected Merkel cell 
precursor [ 182 – 184 ]. The predilection of sun-exposed areas 
in chronically immunosuppressed individuals suggests addi-
tional DNA damage and local immunodefi ciency. The need 
for cofactors is also supported by the high seroprevalence 
and the detection of MCPyV in the general a  nd at risk popu-
lation [ 189 ].  

35.7.2     Other PyV-Associated Pathologies 

 Relevant  PyV pathologies   include BKPyV-associated ureteric 
stenosis [ 190 ,  191 ], BKPyV-associated pneumonitis [ 192 ], 
BKPyV-associated CNS disease, some presenting as menin-
goencephalitis, as systemic disease, or PML [ 58 ,  193 – 198 ]. 

More recently, detection of WUPyV has been reported in an 
HIV-1 infected patient with clinical and radiological signs of 
PML [ 199 ]. Oncogenic transformation by HPyVs may result 
from uncoupling of EVGR-driven host cell activation from 
LVGR expression leading typically to host cell lysis and 
release of viral progeny [ 200 ,  201 ]. As discussed previously, 
corresponding genetic accidents involving the noncoding con-
trol region and/or chromosomal integration are more likely in 
chronically immunosuppressed individuals exposed to persist-
ing high-level PyV replication in a genetically unstable host 
cell [ 127 ,  129 ]. These genetic alterations of virus and host cell 
may then lead to BKPyV carcinoma [ 202 – 205 ]; JCPyV-
associated colon cancer after liver transplantation [ 206 ]; or 
after PyVAN in kidney transplants [ 50 ]. In the recent years, a 
number of other intriguing case reports have implicated sev-
eral new HPyVs in human diseases, with a predilection for the 
skin (TSPyV, HPyV7, NJHPyV13) [ 38 ,  207 ,  208 ], or the gas-
trointestinal tract (HPyV10, MXPyV, MWPyV, STLHPyV11) 
[ 37 ], as summarized in Table  35-1 . In the years to come, a 
more detailed understanding of these HPyVs and their poten-
tial pathologic role in transplantation can be expected [ 13 ].   

35.8      Human Papillomavirus (HPV) 
Infection   

 The infectious nature of warts was described in the nineteenth 
century, followed by demonstrating a viral etiology through 
the transmission by cell-free extracts in the early twentieth 
century (Latin:  papilla , “nipple”; Greek: - oma , for tumor). 
Members of the  papillomaviridae  family are widespread 
among higher vertebrates, but are considered to be species-
specifi c. Today, more than 100 HPV genotypes can be distin-
guished by sequencing the major HPV capsid protein L1 [ 8 , 
 10 ]. Clinical concepts largely use the distinction between 
cutaneous, mucous, and anogenital HPV illustrated by their 
most frequent representatives representatives (Figure  35-3 ).

   HPV virions are non-enveloped icosahedral capsids of 
45–55 nm diameter and therefore slightly larger than PyV 
particles, but are similarly resistant to environmental inacti-
vation. The double-stranded viral DNA genome has approxi-
mately 7900 bp. The upstream regulatory region (URR) 
drives the expression of the early viral E genes (E1, E2, E4, 
E5, E6, E7), followed by expression of the late viral L or 
capsid genes (L1, L2) (Figure  35-4 ). The E3 does not code 
for a protein, and some E genes are missing from certain 
HPV types. Overall, HPV E proteins coordinate viral gene 
expression, maintenance and replication within the host cell 
and delay host cell differentiation (acanthosis, koilocytosis, 
parakeratosis, hyperkeratosis). E1 and E2 participate in rep-
lication and maintenance of the episomal HPV genome. E5, 
E6, and E7 have the potential to promote malignant transfor-
mation through a variety of activities including inhibition of 
apoptosis, p53 inactivation and degradation, inhibition of 
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>100 HPV types

“high-risk” “low-risk”

Mucosal
(~40 Types)

Cutaneous
(~60 Types)

• Deep plantar warts
  HPV1; HPV2
• Common warts
  HPV1; HPV2; HPV4
• Flat warts
  HPV3; HPV10
• Fish and poultry warts
  HPV2; HPV7

• Epidermodysplasia 
  veruciformis
  HPV5; HPV8; HPV49; HPV12

• low grade abnormalities
• genital warts
• respiratory papillomas
  HPV6; HPV11; 

  HPV42; HPV43; HPV44
  HPV54; HPV70; HPV89; 
  HPV90

• high grade abnormalities
• cancer precursors 
• anogenital cancers
  HPV16; HPV18;
  
  HPV31; HPV33; HPV35
  HPV45; HPV51; HPV52; 
  HPV58

  FIGURE 35-3.    HPV  types and tropism.         

HPV release

HPV entry

(Micro-)trauma

Epidermis

Basal cells

Dermis

Blood vessel
Draining lymph vessel

Dendritic

Langerhans

  FIGURE 35-4.    HPV infection and pathology in the skin. (Micro-)trauma facilitates access of HPV to basal cell layer. Expression of early E 
genes ( red ) increase proliferation rate to expand the infected cell pool and delay differentiation-driven late L gene ( green ) expression and 
virion assembly in keratinocytes.       
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keratinocyte differentiation, and interfering with pRb 107 
and 130 inhibition of the E2F transcription factor required in 
the S-phase of the cell cycle [ 209 ,  210 ]. Deregulated expres-
sion of E6 and E7 is linked to malignant transformation and 
frequently follows the integration of the HPV DNA genome 
[ 209 ,  210 ]. The HPV virion mainly consists of two structural 
proteins called L1 of 54 kDa being the major capsid protein 
suffi cient to form virus-like particles bearing the type- 
specifi c neutralizing epitopes, and L2 of 63 kDa that binds to 
the viral DNA and facilitates entry into the nucleus.

   HPV infections occur worldwide with little geographic 
 variation  . Most data are available for cervical variants detected 
in women. HPV16 and HPV18 are the most common types in 
the Western world, whereas HPV52 seems to be more com-
mon in Eastern Asia. Cutaneous HPV infections can be 
detected in healthy skin in more than 80 % of the general pop-
ulation. In a US survey of >4000 persons, the seroprevalences 
of HPV types 6, 11, 16, and 18 among female subjects were 
17.0 %, 7.1 %, 15.6 %, and 6.5 %, respectively [ 211 ]. Among 
males, the seroprevalences were lower for each type, i.e., 
6.3 %, 2.0 %, 5.1 %, and 1.5 % for HPV6, 11, 16, and 18, 
respectively [ 211 ]. Comprehensive studies covering 37 HPV 
serotypes in an Australian cohort of 390 individuals and 34 
HPV serotypes in 441 European SOT patients identifi ed sero-
positive response to at least one HPV in more than 80 %, a 
dominance of cutaneous beta- HPV types, and demonstrated 
stability of the antibody response over 48 and 18 months, 
respectively [ 212 ,  213 ]. A systematic review of HPV infection 
in heterosexual men reported detection ranges of 1.3–72.9 % 
with more than half of the studies’ rates >20 % [ 214 ]. For male 
college students, higher rates than those reported for females 
were found [ 215 ].  Risk factors   for detectable HPV were 
younger age at fi rst sexual contact, greater number of lifetime 
and recent sexual partners, higher frequency of sexual inter-
course, consistent condom nonuse. Mucosal HPV types in 
women are most commonly found with sexual activity with an 
average of 25 %, with similar risk factors as outlined above. 
Typically, multiple HPV coexist in about 25 % of women 
including the high-risk types HPV16 and HPV18. Similar data 
exist for men, but generally smaller study populations. 
Cervical infections are frequently cleared within 6 months, but 
persistence is a risk factor for progression to higher grade cer-
vical intraepithelial neoplasia (CIN) and cervical carcinoma. 
The HPV detection rate increases in immunocompromised 
patients including HIV, cancer, chemotherapy, and particu-
larly transplantation [ 216 ,  217 ]. In a long-term study from the 
Netherlands, beta-HPV seropositivity at transplantation in a 
population of mostly kidney and kidney–pancreas recipients 
signifi cantly predicted the development of keratinocyte cancer 
and basal cell carcinoma after 22 years with hazard ratios of 
2.9 (95 % CI 1.3–6.4) and 3.1 (95 % CI 1.2–8.0), respectively, 
and borderline trends for squamous cell carcinoma (hazard 
ratio 2.9, 95 % CI 0.99–8.5) [ 218 ]. The increased risk for 
HPV-related malignancies may actually start during the period 
of the underlying disease, at least for renal transplantation, as 

suggested by an observational cohort study from Denmark. 
Comparing 12,293 patients with end-stage renal disease 
patients with 229,524 controls, the age-, gender-, and comor-
bidity-adjusted risk was 2.41- fold higher (95 % CI 1.83–3.16) 
for any HPV-related cancer [ 219 ]. 

 In immunocompetent individuals, the frequency of clinical 
HPV manifestations is much lower than the molecular detec-
tion rates of the viruses. This indicates that cofactors are 
required for the clinical manifestations which include failure of 
specifi c immune responses, host genetic factors, (micro-)
trauma, sunlight, and other injuries (Figure  35-4 ). In transplant 
patients, a special role has been attributed to calcineurin inhibi-
tors leading to impaired p53-mediated DNA damage responses, 
which together with sun exposure promotes genetic alterations 
in infl amed skin with activated regenerative responses [ 210 , 
 217 ]. Benign common warts affect up to 20 % of school chil-
dren, which then regress, often spontaneously. Risk factors for 
plantar warts are heated swimming pools and lack of protective 
footwear. Flat warts are found in up to 10 % among 10-year-
olds, whereas plantar warts affect mostly adolescents. Recurrent 
respiratory papillomatosis in its juvenile form is linked to vagi-
nal delivery and low-risk HPV6 and HPV11, especially in 
young mothers with condylomata acuminata. The adult form 
has been linked to a higher number of sexual partners and oral 
sex. Examples for host genetic factors are mutations in the loci 
EV1 and EV2 on chromosome 17 and 2, respectively, which 
encode for transmembrane channel proteins EVER1/TMC6 
and EVER2/TMC8 in the endoplasmic reticulum for the pre-
cancerous epidermodysplasia verruciformis [ 220 ]. Progression 
to cancer is observed in 30–50 % of affected individuals after 
40 years of age [ 221 ]. Anogenital warts are frequently caused 
by HPV6 and HPV11. In men, the preputial cavity or the penile 
shaft is more frequently affected when uncircumcised or cir-
cumcised, respectively. In women, the vaginal introitus is 
mostly affected and less frequently the vulva.  Cervical intraepi-
thelial neoplasia (CIN)      and its progression to cervical cancer is 
linked to HPV16 and HPV18 and has defi ned cytological 
(Papanicolaou grades I–V) and histological changes (CIN1, 
mild dysplasia, CIN2, moderate dysplasia; CIN3, severe dys-
plasia and carcinoma in situ; invasive cancer across the basal 
membrane). CIN1 undergoes regression in 90 % of cases, 
whereas persistence of CIN2 and CIN3 is associated with pro-
gression to invasive cervical cancer 60–70 % of cases [ 222 ].  

35.9     HPV Disease in Transplant 
Patients 

35.9.1     Warts, Precancerous Skin Lesions, 
and Non-melanoma Skin Cancers 

  Cutaneous warts and precancerous kin lesions   are quite com-
mon in SOT patients and increase form 15 % at the time of 
transplantation to >80 % after 20 years. Sun-exposed areas in 
the face, neck, forearms, and hands are most commonly seen, 
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and HPV1 and 2 are most frequently detected [ 216 ,  220 ,  223 ]. 
 Actinic keratosis   in sun-exposed areas, mostly in the face, is 
associated with HPV5 and HPV8, and affect up to 40 % by 
5 years post-SOT may be clinically indistinguishable from 
precancerous changes or squamous cell carcinoma [ 220 ]. 
Improved detection combining PCR and histological assess-
ment revealed a high rate of active beta-HPV replication in the 
skin of kidney transplant patients [ 224 ] suggesting that sur-
veillance and treatment strategies can be improved. Despite 
local treatment with liquid nitrogen, electrocoagulation, CO 2  
laser, and interferon-alpha, recurrences are frequent. Surgery 
is commonly avoided for early stages because the role of skin 
lesions for infection and spread of HPV. An interesting case of 
presumably donor-derived HPV-positive plane lesions on the 
hand and forearm of a double hand transplant recipient was 
reported recently, which increased with increasing tacrolimus 
concentrations and responded to topical cidofovir treatment 
[ 225 ]. Similarly, rapid progression of fl at warts and genital 
wart have been described in cases after allogeneic HCT in 
keeping with the contributory role of the allogeneic constella-
tion between host cell and immune effectors [ 226 ,  227 ]. 

  Skin malignancy   was documented in 187 cases (19.2 %; 
mean age 56 years) of a cohort of 976 kidney transplant 
patients from England amounting to 141 events per 1000 
patient years with a mean time to diagnosis of 8 years post-
transplant [ 228 ]. In two-thirds, skin cancer was in highly sun-
exposed areas, with multiple lesions in more than half of the 
patients.    Squamous cell carcinoma was the fi rst and most fre-
quent type in more than half of the affected patients (71.4 
/1000 patients at risk), followed by Bowen’s disease (23.1 %; 
32.5/1000); basal cell carcinoma (15.9 %; 22.4/1000), kera-
tinic actinosis (6.6 %; 9.26/1000); malignant melanoma 
(0.4 %; 0.53/1000). Risk factors identifi ed were increasing 
age at transplantation, total time of exposure to immunosup-
pression, increased creatinine levels at 1 year, and deceased 
donor graft. Higher rates have been observed in Spain and 
Australia [ 220 ,  221 ,  228 ]. In other studies, an association 
with certain HLA-type has been reported, whereby HLA- A11 
decrease, and HLA-B27 and -DR7 increase HPV susceptibil-
ity [ 220 ,  221 ]. The HPV types associated with squamous cell 
cancer are mostly HPV2, HPV5, HPV8, and, interestingly, 
even HPV16 and HPV18, which are not found in the epider-
mis of immunocompetent individuals. Lymph node metasta-
sis can occur in about 10 % patients providing an important 
argument for regular clinical screening and early treatment of 
precancerous lesions to avoid late presentation (Figure  35-5 ). 
Treatment is directed at the physical local destruction of 
lesions by keratinolytic therapies (salicylic acid), chemical 
(podophyllotoxin, trichloroacetic acid) or physical means 
(cryotherapy, laser, surgery). Through this local tissue 
destruction, opportunities for new HPV infections may be 
generated, but at the same time, activation of professional 
antigen-presenting cells (Langerhans, dendritic cells) may 
actually be the fi rst step of immune activation. Local imiqui-
mod, a toll-like receptor activator and local interferon-alpha 
therapy may also act along this rationale. Local cidofovir 

cream may be an adjunct therapy. Therefore, as HPV pathol-
ogy is largely governed by exposure to immunosuppression, 
reducing immunosuppression to the lower limits should be 
considered, or, in case of life-threatening progression of 
infections, immunosuppression should be discontinued.

35.9.2         Mucosal Epithelial Cancer   

 The incidence of invasive cervical  cancer also increased 
after transplantation by three- to fi vefold. In kidney trans-
plant patients, however, an excess of cervical cancer inci-
dence was already noted during renal replacement therapy 
prior to transplantation, as compared to patients before renal 
replacement therapy [ 219 ,  229 ]. In a large US-based study, 
the standardized incidence ratios in SOT patients were com-
pared to the general population and a 3.3- to 20.3-fold 
increased risk of in situ HPV malignancies was identifi ed. 
This rate increased further with time posttransplant, and 
implicated the HLA-B44 for susceptibility, whereas the 
HLA-DRB1:13 was linked to resistance [ 230 ]. Higher 
tacrolimus levels were associated with a higher risk of oro-
pharyngeal cancers, but a lower risk of anogenital cancers, 
whereas no association with cervical cancers was found. 
After allogeneic HCT, however, an increased risk of cervi-
cal dysplasia has been found in women surviving more than 
3 years after allogeneic HCT. Two-thirds of women with 
normal gynecological fi ndings prior to transplant developed 
cervical abnormalities, and 25–33 % developed high-grade 
intraepithelial lesions posttransplant. Importantly, vulvo-
vaginal chronic GVHD was consistently the most signifi -
cant risk factor in several studies [ 231 ,  232 ]. Although the 
effi cacy of vaccination after allogeneic HCT is known to be 
limited, HPV vaccination is recommended at 6 and 12 
months posttransplant for girls aged 12–17 years of age, and 

  FIGURE 35-5.     Squamous   cell carcinoma due to HPV in a kidney 
transplant recipient (courtesy of Peter Itin, MD, University Hospital 
Basel, Switzerland).       
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may be extended to female and male adults [ 233 ]. In SOT, 
suboptimal immunogenicity of the quadrivalent HPV6, 11, 
16, and 18 vaccine was observed, when given early post-
transplant to lung transplant patients and those with higher 
tacrolimus levels [ 234 ]. 

 In deterministic Markov models, costs and health out-
comes of cytology screening and HPV vaccination after kid-
ney transplantation were investigated. Annual screening for 
cervical cancer by Papanicolaou cytology was considered 
cost-effective. The role of HPV vaccination in transplanta-
tion could not be well evaluated due to lack of data on vac-
cine effi cacy in this setting [ 222 ,  235 ]. After allogeneic HCT, 
patients requiring continued immunosuppressive therapy for 
chronic graft-versus-host disease had the highest risk of 
HPV-related malignancies (odds ratio 4.6  P  = 0.019) under-
scoring the importance of regular gynecologic assessment 
before and after transplantation for early treatment [ 236 , 
 237 ]. More extensive lesions require surgical resection (con-
ization) and for invasive cancer appropriate staging and che-
motherapy together with improved immune functions. The 
role of therapeutic vaccines in early and late stage is an area 
of considerable research [ 222 ]. Patients after allogeneic 
HCT are also at risk for oral cavity malignancies. In a sys-
tematic review, 64 cases of oral malignancy were identifi ed 
which were diagnosed 5–9 years posttransplant and primar-
ily affected the tongue, the salivary gland, the lip, and the 
buccal musosa [ 238 ]. Although in most cases, specifi cs of 
HCT were lacking, total body irradiation and chronic graft- 
versus- host disease implying corresponding immunosup-
pressive treatment appeared as notable risk factors. Since 
chronic graft-versus-host-disease affects approximately 
40 % of allogeneic HCT patients and in practically all cases 
the oral mucosa, precancerous and cancerous changes may 
be diffi cult to diagnose [ 239 ] and a classifi cation for HCT 
patients has been recently proposed (Grade 0: No involve-
ment; Grade I: erythema and/or hyposalivation; Grade 2: 
lichenoid changes; Grade 3: ulceration, tumor) [ 238 ]. Given 
the potential role of HPV in this setting, systematic studies 
are clearly ne eded to evaluate their contribution.   

35.10     Conclusion 

 HPV and PyV are long established viral companions of 
human populations, but represent a signifi cantly emerging 
clinical problem in a world of rapidly changing epidemiol-
ogy among immunocompetent individuals. The increasing 
number of severely immunocompromised patients, particu-
larly those after successful SOT and HCT, exacerbates their 
pathogenic potential. Awareness of the pathogenesis, risk 
factors, and diagnostic tests may hopefully enable the devel-
opment and better use of appropriate preventive and thera-
peutic measures.     
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36.1           Introduction 

 The frequency as well as severity of hepatobiliary infections 
has declined in transplant recipients, due to molecular diag-
nostic methods, antimicrobial prophylaxis, and preemptive 
therapies for viral infections [ 1 ,  2 ]. Current drugs in develop-
ment aimed at viral liver infection have the potential to make 
these infections rare events after transplantation [ 3 – 5 ].  

36.2     Hepatobiliary Infections After 
Solid Organ Transplantation 

   Lifelong immune suppression  places      SOT recipients at risk 
of infection due to bacterial, viral, and fungal pathogens [ 1 , 
 6 ,  7 ]. Most SOT-related hepatic and gastrointestinal issues 
relate to graft dysfunction, adverse effects of medications, 
infections, or malignancy [ 8 – 10 ]. Infectious complications 
cause signifi cant morbidity and mortality in the 6 months 
following SOT [ 11 ,  12 ]. Up to 16% of SOT recipients will 
develop infections after 6 months posttransplant [ 12 ,  13 ]. 
Anti-infective prophylaxis, more intense surveillance, and 
preemptive treatment reduces the frequency of these infec-
tions [ 14 ]. If untreatable life-threatening infection should 
develop after kidney transplant, immunosuppressive drugs 
can be discontinued and the patient maintained on dialysis. 
This option is unavailable to recipients of other organs. Liver 
infections can develop following any SOT, either isolated to 
the liver or as part of a systemic infectious process. The 
transplanted liver presents unique infectious complications 
related to the liver transplant surgery itself [ 15 ].   

36.2.1     Viral Infections 

    Viral hepatitis B (HBV) or C (HCV) infection that  is         pres-
ent prior to  orthotopic liver transplantation (OLT)   can rein-
fect the new graft with varying long-term consequences. 

Opportunistic viral infections are more likely to develop 
after the fi rst month, with herpesvirus infections 
 predominating [ 11 ].    

36.2.1.1     Hepatitis Viruses A, B, C, D, E 

        The most common  causes                     of liver injury after SOT are 
chronic HBV or HCV. Chronic HEV infection, however, is 
now being identifi ed as a source of posttransplant liver injury 
and chronic hepatitis (4–6% in Europe) [ 16 ,  17 ]. The preva-
lence of HCV or HBV infection ranges from 5% to 66% of 
kidney transplant (KT) and kidney-pancreas transplant 
(KPT) recipients, depending on country of origin [ 18 ]. The 
effect of HCV on patient and graft outcomes remains some-
what controversial [ 19 ,  20 ], with studies showing inferior 
outcomes in KT patients who are HCV or HBV-infected 
[ 21 – 24 ]. A meta-analysis showed that the presence of anti- 
HCV antibody carried a relative risk of 1.79–1.85 for death 
and 1.56 for graft failure [ 23 ,  25 ,  26 ]. HCV-infected patients 
are at greater risk for developing chronic rejection of the kid-
ney, proteinuria, other infections, glomerulonephritis, and 
new-onset diabetes, all of which contribute to inferior patient 
and graft survival [ 18 ]. Cirrhotic patients who undergo KT 
have a signifi cantly worse 10-year survival than those with-
out cirrhosis. 

 HCV  antiviral therapy   with interferon-alpha and ribavirin 
was not possible after KT due to increased risk of allograft 
rejection, but improved outcomes are expected with direct- 
acting antiviral drugs for HCV infection. HBV antiviral ther-
apy has signifi cantly improved clinical outcomes following 
KT and KPT [ 27 ,  28 ]. Antiviral medications should be con-
sidered in HBsAg-positive KT patients. Without this protec-
tion, acute HBV exacerbation frequently occurs and is often 
severe [ 29 ]. The duration of HBV antiviral prophylaxis fol-
lowing renal transplantation remains unclear [ 28 ]. 

 Recurrence of HCV and HBV infections  following   OLT is 
common [ 30 – 33 ]. HCV replication in the liver allograft 
begins within the fi rst postoperative week [ 34 ], followed by 
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ALT elevation within the fi rst 6 months, then by accelerated 
fi brosis progression with decreased 5- and 10-year survival 
compared to OLT recipients without HCV [ 35 ,  36 ]. 
Approximately 2–6% of HCV-infected recipients develop a 
rapidly fatal form of recurrence—fi brosing cholestatic hepa-
titis C [ 37 ,  38 ]; up to 75% develop signs of liver damage; and 
30–40% will progress to cirrhosis within 5 years with accel-
erated graft loss [ 35 ,  36 ,  39 – 42 ]. Risk factors for worse out-
comes from recurrent HCV include donors >50 years, 
coinfection with CMV or HIV, and possibly other factors 
(donor steatosis, presence of ischemia–reperfusion injury or 
cold ischemia time) [ 34 ]. Eradication of HCV would be 
ideal, preferably before OLT, to prevent infection in the 
allograft. Interferon alfa-based therapies were poorly toler-
ated by patients with end-stage liver disease—only 40% of 
OLT candidates were able to receive therapy and the cure 
rates were 20–30% [ 34 ,  43 ]. In 2011, the protease inhibitors 
telaprevir and boceprevir plus interferon–ribavirin were 
found to improve the cure rate in advanced HCV infection to 
50–60% overall; many cirrhotic patients did not tolerate this 
therapy [ 34 ]. Boceprevir and telaprevir increased the 
AUC cyclosporine  by 2.7-fold and AUC tacrolimus  by 17-fold, neces-
sitating careful management of immunosuppression [ 43 ,  44 ]. 
Newer DAAs have now been developed, with cure rates over 
90%, and these will revolutionize the treatment of HCV 
infection in the OLT setting [ 4 ,  45 – 50 ]. At the time of this 
writing, the fi eld is rapidly evolving and multiple DAAs are 
being FDA- and EMEA-approved. We recommend this web-
site for continuously updated information:   http://www.
hcvguidelines.org    . 

 In the past, patients transplanted for chronic HBV infec-
tion developed rapid reinfection of the liver graft, with sig-
nifi cant morbidity from fi brosing cholestatic hepatitis B, 
even in the setting of grafts from HBcAb-positive donors 
[ 51 ]. If antiviral prophylaxis is not given, de novo hepatitis B 
develops in as many as 58% of recipients receiving an 
HBcAb-positive graft [ 51 ]. HBV recurrence is prevented in 
>90% of OLT recipients with Hepatitis B immune globulin 
(HBIG) and antiviral medications. Prophylactic antiviral 
therapy needs to be continued indefi nitely; oral antiviral 
medications with a high barrier to resistance are used (ente-
cavir, tenofovir) [ 52 ,  53 ]. 

 Although acute hepatitis E virus (HEV) infection is gener-
ally self-limited in immunocompromised patients, chronic 
HEV infection can lead to signifi cant liver injury, advanced 
fi brosis and cirrhosis [ 54 ,  55 ]. Graft loss after OLT has been 
reported. Ribavirin monotherapy (600 mg daily) for 3 months 
is effective for chronic HEV infection [ 56 ,  57 ], and responses 
have been seen with acute HEV infection [ 58 ]. Hepatitis E 
virus infection has been identifi ed following LT in about 2% 
of recipients [ 57 ]. 

 There are limited data regarding outcomes of HCV- and 
HBV-infected patients in the setting of heart transplant (HT), 
lung transplant (LT), and heart–lung transplant (HLT). 
Reports are confl icting, with some suggesting no difference 

in mortality, signifi cantly increased all-cause mortality, or 
increased liver related deaths after HT in HCV-infected 
patients [ 59 – 64 ]. Data are even more limited in the setting of 
LT and HLT. Chronic HCV infection remains a contraindica-
tion to LT in most centers, although 2–3% of patients trans-
planted are listed as being seropositive for HCV [ 60 ,  65 ]. 
Newer DAAs will change the approach to these patients, but 
have not been tested in these patients as of this writing. The 
presence of HBV following HT, LT, and HLT does not appear 
to affect posttransplant survival to 5 years [ 64 ,  66 ]. Antiviral 
management is the same as that for other recipients with 
HBV infection.         

36.2.1.2     Herpesviruses—HSV, VZV, CMV, 
EBV, HHV 

   Cytomegalovirus (CMV) 

      The seroprevalence  of               cytomegalovirus in US adults is about 
50% (range 30–97%) [ 67 ,  68 ]. CMV is the dominant viral 
pathogen occurring within the fi rst year after SOT [ 69 – 71 ]. 
CMV infection is defi ned as the presence of viral replication 
(detection of viral proteins or virus in any body fl uid or tissue 
specimen), while CMV disease is defi ned as infection 
accompanied by clinical signs and symptoms [ 72 – 74 ]. CMV 
disease is further classifi ed as CMV syndrome (fever, mal-
aise, neutropenia or thrombocytopenia, and detection of 
CMV in the bloodstream) or tissue-invasive CMV disease. 

 CMV tends to invade the grafted organs and thus, presents 
differently with each organ type [ 75 ]. Several factors predis-
pose to CMV infection [ 69 ,  70 ]: (1) Increased immunosup-
pression (e.g., antilymphocyte antibody or high-dose 
mycophenolate mofetil therapy) [ 11 ]; (2) CMV-negative 
recipients who receive a CMV-positive graft [ 69 ,  70 ,  76 ]; 
and (3) graft rejection with intensifi ed immunosuppression 
or coinfection with immunomodulating viruses (i.e., HHV-6, 
HHV-7), bacteria or fungi [ 11 ,  77 ,  78 ]. In the absence of pro-
phylaxis, symptomatic CMV disease occurs in up to 60% of 
SOT recipients, with a peak incidence 4–6 months after 
transplantation—once antiviral prophylaxis has been discon-
tinued [ 67 ,  79 ]. About 80% of CMV disease in SOT recipi-
ents is gastrointestinal [ 80 ]. 

 CMV disease prevention is with either antiviral prophy-
laxis (ganciclovir or valganciclovir) or preemptive therapy 
(treating if CMV viremia develops) [ 70 ,  81 ]. CMV antiviral 
prophylaxis delays the onset of infection—many recipients 
will develop infection after prophylaxis is discontinued [ 12 ]. 
CMV drug resistance has been reported with both strategies. 
CMV disease is generally treated with valganciclovir, ganci-
clovir, foscarnet, or cidofovir [ 73 ,  82 ]. 

 Renal recipients are at less risk for CMV than other SOT 
recipients, with an incidence of infection between 8% and 
32% [ 83 – 86 ]. Gastrointestinal and liver CMV disease can be 
seen. The development of CMV replication is associated 
with renal graft rejection with a hazard ratio of 1.58 
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(95% CI, 1.16–2.16,  p  = 0.02) [ 87 ,  88 ]. In high-risk candi-
dates, antiviral prophylaxis for 3–6 months is preferred to the 
preemptive approach [ 73 ]. 

 The risk of CMV infection or disease following OLT 
depends on the serologic status of the donor/recipient pair—
highest in a seronegative recipient receiving a seropositive 
donor (D+/R-) [ 69 ,  89 ]. Recipients can also develop reacti-
vation of endogenous CMV, become superinfected by the 
donor’s CMV (D+/R+), or develop CMV from another 
source [ 90 ]. In high risk OLT recipients, level I evidence 
supports the use of antiviral prophylaxis for 3–6 months 
[ 73 ]. After OLT, hepatitis is the most common manifestation 
of CMV, generally occurs beyond the fi rst month, and can be 
more severe than in recipients of other organs [ 91 – 94 ]. 
Chronic graft dysfunction is an independent risk factor for 
late CMV disease (HR 6.5, 95% CI 1.7–24.6) [ 13 ]. CMV- 
infected OLT patients are seldom jaundiced but often have 
elevations in serum aminotransferases (usually <5-times 
normal), which can be confused with rejection. The diagno-
sis can usually be confi rmed by detection of CMV DNA in 
the bloodstream but a liver biopsy may be needed. The histo-
logic picture is of an acute hepatitis, with lobular microab-
scesses (neutrophils), microgranulomas, and rarely cells 
containing intranuclear or cytoplasmic inclusions, and posi-
tive IHC. Asymptomatic low-level CMV viremia usually 
does not require antiviral therapy but the exact threshold that 
would trigger therapy is not known [ 95 ]. CMV has been 
associated with an increased risk of acute or chronic graft 
rejection [ 87 ,  96 ]. The proposed mechanism is that CMV 
causes hepatic infl ammation leading to T-cell activation, 
altering the state of graft tolerance and triggering rejection 
[ 97 ,  98 ]. The hazard ratio for development of acute graft 
rejection within 4 weeks of detection of CMV replication is 
2.21 (95% CI, 1.54–3.17,  p  < 0.001) in OLT recipients [ 87 ]. 
Residual viral DNA persists in the hepatocyte and biliary 
epithelium following antiviral therapy, contributing to 
chronic allograft rejection [ 99 ]. CMV is also a risk factor for 
invasive fungal and bacterial infections, leads to activation of 
HHV-6 and EBV, and may accelerate hepatitis C virus patho-
genesis [ 96 ,  100 ,  101 ]. 

 Recipients of LT and HT can develop CMV infection (15–
25%), usually presenting as pneumonitis, but hepatic CMV 
infection remains a cause of morbidity [ 76 ]. Within 4 weeks 
of detection of CMV replication, there is an increased risk of 
graft rejection in HT (hazard ratio 2.6, 95% CI, 1.34–4.94, 
 p  < 0.001) (HR 5.83, 95% CI, 3.12–10.9,  p  < 0.001) [ 87 ]. 
Antiviral prophylaxis is recommended for 3–6 months after 
HT and 6–12 months after LT and HLT. 

 Intestinal transplant are at highest risk of CMV infections, 
perhaps because of the amount of lymphoid tissue in the 
transplanted organ and the intensity of immunosuppression 
needed [ 73 ]. Hepatobiliary disease is not common in this set-
ting, but can occur. Antiviral prophylaxis is indicated for the 
fi rst 3–6 months following transplantation.       

   Herpes Simplex Viruses 

      The Herpes simplex viruses (HSV1 and HSV2)  characteristi-
cally               represent reactivation of latent virus within the recipi-
ent. The seroprevalence in the USA for HSV1 is 44–80% and 
2–26% for HSV2 [ 102 ]; seroprevalence rates are higher in 
other regions. Manifestations of HSV or VZV infection can 
develop in ~70% of SOT recipients if antiviral prophylaxis is 
not used [ 103 ]. HSV has tropism for squamous epithelium 
(nose, mouth, esophagus, genital mucosa), but can involve 
the intestinal epithelium and liver. Primary HSV infection 
can be more severe and prolonged in the SOT recipient. HSV 
reactivation is often asymptomatic; symptomatic lesions may 
be more invasive or take longer to heal after SOT. Rarely, dis-
seminated HSV can occur, presenting with fever, leucopenia 
and hepatitis [ 103 ,  104 ]. Severe HSV hepatitis presents with 
serum ALT levels >5 times normal and may rapidly progress 
to acute liver failure and death. Histologically, there is sig-
nifi cant coagulative necrosis and intranuclear inclusions 
within the hepatocytes; the diagnosis is readily made by PCR 
of blood samples and by biopsy PCR or immunohistochem-
istry. Disseminated disease (including HSV hepatitis) should 
be treated with intravenous acyclovir. Viral resistance to 
 acyclovir is ranges from 3.6% to 6.3% [ 104 ]. 

 The incidence of HSV-related infection in the year follow-
ing KT/KPT transplant is ~6% [ 105 ] and is generally asymp-
tomatic and self-limited, presenting as stomatitis, hepatitis, 
or pneumonia, and rarely, disseminated disease with severe 
hepatitis, which is often fatal [ 106 ,  107 ]. Primary infection 
from the renal graft is rare, especially in an era of acyclovir 
prophylaxis [ 107 – 109 ]. HSV disease in HT, LT, and HLT 
recipients presents in similar fashion to KT recipients, with 
mucocutaneous lesions and only rare instances of aggressive 
disseminated disease or acute liver failure. HSV1 and HSV2 
infections are relatively rare after OLT, but can lead to organ 
specifi c disease with hepatic involvement, sometimes culmi-
nating in acute liver failure and death; the onset can be very 
early in the postoperative period (20 ± 12 days) [ 12 ,  110 , 
 111 ]. Given the rapidity of its onset, HSV hepatitis after OLT 
is most likely a reactivation of the virus; patients present 
with fever, elevated serum ALT (without jaundice), right 
upper quadrant pain, leukopenia, and possibly mucocutane-
ous lesions (31%) [ 111 ]. Liver biopsy may need to be per-
formed to exclude acute cellular rejection. Early therapy 
with intravenous acyclovir signifi cantly improves sur-
vival—62% survival in treated patients compared with no 
survival if untreated [ 104 ,  107 ,  111 ,  112 ].       

   Varicella Zoster Virus (VSV) 

      VZV may  cause               hepatitis, with onset between 4 and 12 
months after SOT [ 113 ]. Primary VZV infection may lead to 
severe end-organ damage, but few adult SOT recipients are 
at risk for primary infection because of high seroprevalence 
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[ 114 ]. Reactivated disease generally presents as localized 
shingles (cutaneous herpes zoster), usually during the fi rst 5 
years following transplantation. More rarely, a disseminated, 
non-dermatomal rash can be seen. Severe, often fatal, dis-
seminated VZV can lead to hepatitis (~50%), pneumonitis 
(29%), and disseminated intravascular coagulation [ 114 ]. LT 
and HLT recipients have the greatest risk of VZV disease 
followed by HT, KT, and OLT [ 115 – 117 ]. Prophylaxis with 
acyclovir, valacyclovir, valganciclovir, or famciclovir 
reduces early recurrence of VZV following SOT [ 118 ]. VZV 
hepatitis presents with elevated serum ALT (often markedly 
elevated), fever and abdominal pain in a patient with cutane-
ous zoster, but an abdominal prodrome without skin lesions 
can occur. Diagnosis is made by PCR of blood samples or 
lesions. Histologically, liver biopsies show coagulative 
necrosis and infl ammation [ 119 ].       

   Epstein-Barr Virus (EBV) 

      EBV infection can be  either               primary or secondary, with pre-
sentations ranging from asymptomatic viremia to infectious 
mononucleosis and  posttransplant lymphoproliferative dis-
order (PTLD)   (see also Chap.   26    ) [ 120 ]. The majority of 
infections in adults are secondary to viral reactivation and 
are generally self-limited, resolving with supportive care 
[ 121 ]. Primary infection is often symptomatic and associated 
with more severe disease, particularly hepatitis (antiviral 
therapy may be required) [ 122 – 124 ]. EBV infection can also 
lead to EBV-associated posttransplant  lymphoproliferative 
  disorder (PTLD), with an incidence that varies from 0.6% to 
16% depending on the organ transplanted and whether the 
recipient is an adult or a child [ 125 ]. PTLD is more likely in 
those with greater immune suppression [ 126 ,  127 ]. If PTLD 
involves the liver or the biliary tract, then symptoms of liver 
injury or obstruction can be seen [ 128 ].       

   Human Herpesviruses 6, 7, and 8 

      Infection by HHV-6, -7, and -8 are common,                but clinical dis-
ease is rare after SOT (e.g., <1% of SOT recipients) [ 129 –
 131 ]. HHV-6 infects >95% of the general population; variant 
B is the most common in SOT recipients, with reactivation 
developing about 2–8 weeks after SOT. The majority of 
infections are asymptomatic and short-lived infection, but 
presentations can include fever, rash, bone marrow suppres-
sion or tissue invasive disease (hepatitis, encephalitis, pneu-
monitis, and colitis). HHV-6 may cause a hepatitis-like 
picture, with elevated ALT, fever, and lymphocytic infi ltra-
tion and, in liver recipients, graft dysfunction [ 130 ,  132 –
 134 ]. Reports of acute liver failure have been described. 
Some have shown increased mortality in OLT recipients with 
HHV-6 reactivation compared to those without [ 135 ]. HHV-6 
has also been associated with opportunistic fungal infec-
tions, earlier and more severe recurrence of HCV, CMV 

infection, and graft rejection [ 136 ]. Diagnosis is by PCR in 
serum or tissue; serologic testing is of limited use [ 130 ,  137 ]. 
HHV-6 can be chromosomally integrated, potentially com-
plicating a diagnosis. Prophylactic and antiviral therapy is 
similar to that in CMV—ganciclovir, foscarnet, or cidofovir, 
based predominantly on in vitro data [ 138 ]. Monitoring for 
reactivation of HHV-6 and HHV-7 after OLT has not been 
shown to be benefi cial [ 139 ]. 

 HHV-8 (Kaposi’s sarcoma-associated herpesvirus) is 
oncogenic [ 12 ,  140 ]. HHV-8 can also lead to Castleman’s 
disease, lymphoproliferative disorders, and primary effu-
sion lymphomas (a form of non-Hodgkin’s lymphoma) 
[ 141 ,  142 ]. Primary HHV-8 infection may also cause fever, 
bone marrow suppression (leukopenia), and rash, which 
generally lasts about 10 days [ 131 ]. HHV-8 can rarely cause 
hemophagocytosis, myelosuppression, and multiorgan fail-
ure in the SOT recipient [ 143 ,  144 ]. A fourth of Kaposi’s 
sarcoma cases involve the lungs, gastrointestinal tract, and 
the liver [ 131 ].        

36.2.1.3     Adenovirus 

     Adenovirus liver infection  after   SOT is more common  in 
        children than adults, can result from primary infection or 
reactivation, and may be disseminated or localized [ 145 –
 148 ]. OLT patients on high dose immunosuppression are at 
greatest risk of infection. Adenovirus hepatitis can be severe 
and acute liver failure may result. PCR for adenovirus DNA 
in blood, plus a consistent clinical picture, usually suffi ces 
for diagnosis. Liver histology shows microabscesses and 
poorly formed macrophage granulomas in addition to coagu-
lative necrosis [ 149 ]. Adenovirus infection after SOT has 
been successfully treated with cidofovir (the current stan-
dard of care) and with ribavirin and intravenous immuno-
globulin [ 145 ,  150 ,  151 ].       

36.2.2     Bacterial Infections 

36.2.2.1     Common Bacteria 

    The risk of  hepatobiliary         bacterial infection (cholangitis or 
liver abscess) depends on the organ transplanted, with OLT 
recipients more susceptible because of biliary duct manipu-
lation and potential for biliary tract contamination [ 152 , 
 153 ]. The infectious complication rate between deceased 
donor and living donor OLT is similar at about 67%; how-
ever, those receiving a deceased donor liver are more likely 
to have intra-abdominal infections, usually developing 
within the fi rst 2–3 months following transplantation [ 12 , 
 152 ,  154 ,  155 ]. Over time, the pattern of bacterial infection 
changes [ 1 ,  153 ]. The most common infectious agents in the 
fi rst 3 months following OLT are gram-negative rods (~50%), 
gram-positive cocci (44%), and  Candida  species (6%) [ 156 ]. 
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Two to six months after OLT, viral infections predominate 
and opportunistic infections may occur [ 1 ,  152 ]. During this 
period, less common bacterial infections ( Listeria monocyto-
genes ,  Norcardia  species, and reactivation of latent infec-
tion, including  Mycobacterium  species) can be seen [ 152 ]. 
Six months or more following OLT, bacterial infections are 
generally related to environmental exposure, late biliary 
complications, and allograft dysfunction [ 13 ,  152 ]. 

 Risk factors for infection after OLT include preoperative 
use of antibiotics, surgical-technical issues, steatosis, isch-
emia–reperfusion injury, and volume of intraoperative blood 
transfused [ 12 ,  152 ,  157 ]. The presence of serum endotoxin 
pretransplant is predictive of risk of bacterial infections 
post- OLT [ 158 ]. The use of antibiotics prior to transplanta-
tion in these patients has led to multi-drug resistant organ-
isms, particularly enterococci,  Staphylococcus aureus , and 
non- albicans  Candida  species [ 159 ,  160 ]. Hepatobiliary 
infections after OLT range in frequency from 18% to 37%; 
are frequently related to complications of the surgical pro-
cedure; and surgical site infections are closely related to 
intraoperative conditions and postoperative events [ 161 ]. 
Surgical site infections after OLT are associated with graft 
loss and death [ 152 ,  153 ,  162 ,  163 ]. The biliary tract is 
responsible for up to 34% of bacteremias seen following 
OLT. Biliary leakage and stricture formation, generally at 
the anastomotic site, are the most common of the biliary 
abnormalities [ 164 ,  165 ]. Reconstruction of the biliary tree 
with anastomoses either directly duct-to-duct or via Roux-
en-Y can lead to both anastomotic and non-anastomotic 
strictures, risk factors for cholangitis, especially after Roux-
en-Y anastomosis [ 12 ,  152 ,  153 ,  166 ]. Both bacteriobilia 
and fungibilia in OLT recipients undergoing endoscopic ret-
rograde cholangiography for biliary complications are asso-
ciated with worse survival, even with successful endoscopic 
treatment [ 167 ]. 

 Following OLT, the biliary tree is exclusively dependent 
upon the hepatic artery for its blood supply. Loss of arterial 
fl ow results in bile duct necrosis with leakage and develop-
ment of intrahepatic bilomas, abscesses, and perihepatic 
fl uid collections. Hepatic artery thrombosis leads to ischemic 
bile duct injury in 5–8% of OLT recipients presenting with 
either mildly elevated liver enzymes or bacterial cholangitis 
or acute liver failure necessitating urgent retransplantation 
[ 168 – 171 ]. Portal vein thrombosis can also lead to hepatic 
ischemia and severe hepatic dysfunction if it occurs early in 
the posttransplant course; later, signs of portal hypertension 
develop, also a predisposing factor for infection. 

 Immunosuppression increases the risk of cholelithiasis 
and cholangitis in non-liver SOT recipients, especially 
among diabetic patients [ 172 ,  173 ]. The development of 
cholangitis in this setting carries an increased risk of mortal-
ity. Some have advocated for cholecystectomy in these 
patients regardless of symptoms to minimize further biliary 
complications in HT and HLT recipients [ 173 ,  174 ]. Bacterial 

infections following intestinal transplantation are common, 
often associated with mucosal disruption and bacterial trans-
location; approximately 17% are from an intraabdominal 
source and cholangitis has been reported [ 175 ].     

36.2.2.2     Mycobacteria 

      The   incidence of   M. tuberculosis  infection            following SOT 
(especially KT) is higher than the incidence in the normal 
population, especially in areas where the prevalence is high 
[ 176 – 178 ]. Tuberculosis has been reported as early as 2 
weeks to as late as 2 years after SOT, usually secondary to 
reactivation of latent infection. Isoniazid prophylaxis prior 
to, during and after transplantation can be used with minimal 
hepatotoxicity [ 179 ]. Although the majority of patients 
develop pulmonary disease (51–73%), disseminated disease, 
including intra-abdominal infection, is seen in 38% [ 12 ,  176 , 
 178 ,  180 ,  181 ]. Hepatic tuberculosis presents with fevers, 
night sweats, weight loss, and cholestatic liver tests. Non- 
tuberculous mycobacterial infections (e.g.,  Mycobacterium 
avium  intracellulare,  M. chleonae ,  M. mucogenicum ,  M. tri-
plex , and  M. xenopi ) are rarer and less likely to affect the 
hepatobiliary system after SOT [ 12 ,  182 ]. LT recipients are 
at higher risk of non-tuberculous mycobacterial infection 
than other SOT patients [ 183 ]. Treatment of tuberculosis is 
complicated by interactions between rifampin and the calci-
neurin inhibitors (cyclosporine, tacrolimus), whose doses 
must be increased by two- to fi vefold according to blood lev-
els [ 12 ,  184 ]. The use of rifabutin as an alternative to rifampin 
has shown promise [ 176 ].       

36.2.3     Fungal Infections 

     Fungal infections usually         develop after the fi rst month after 
SOT, particularly after discontinuation of fungal prophylaxis, 
which has decreased the incidence of early fungal infections 
and subsequent mortality [ 185 ]. OLT recipients have the 
highest incidence (7–42%), followed by pancreas (18–38%), 
HT and HLT (15–35%), and then KT (0–14%) [ 186 ]. Liver 
involvement is generally secondary to disseminated infection 
or cholangitis, especially after OLT, where fungal abscesses 
may develop from  Candidal  species ( C. albicans, C. tropica-
lis ), with a 12-month cumulative incidence after SOT of 
1.9% [ 187 ]. Molds such as Aspergillus and zygomycetes are 
increasing in incidence [ 100 ,  187 – 190 ].    

36.2.3.1     Candida Species 

     Candidal infections  after SOT            are most frequently seen in the 
blood, urinary tract, and in the abdomen; blood cultures do 
not reliably confi rm the presence of invasive disease [ 191 ]. 
Risk factors for invasive candidiasis include prophylactic 
antibiotics, KT, lengthy operative procedures, ≥40 units of 
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blood products, prolonged ICU stays, Candida colonization, 
Roux-en-Y anastomosis, early surgical reexploration, and 
CMV infection [ 192 ,  193 ]. In the absence of prophylaxis, 
invasive infections occur in up to 42% of OLT recipients, and 
 Candida  species account for 60% to >80% [ 100 ,  188 ,  194 , 
 195 ]. The route by which candidal organisms reach the liver, 
spleen, and kidneys is via gastrointestinal “persorption,” 
where yeast forms pass through tight junctions into the portal 
circulation [ 196 ]. OLT recipients have signifi cant  Candida  
gastrointestinal colonization; antifungal prophylaxis should 
be given to all adult OLT recipients to prevent invasive dis-
ease [ 197 ]. About 4% of KT or KPT recipients develop intes-
tinal fungal infections, most often candidal. Pancreas 
recipients with enteric drainage are at greater risk of fungal 
infection compared to those with bladder drainage. Small 
intestine graft recipients develop invasive  Candida  infection 
at rates as high as 28% [ 198 ]. Risk factors include graft 
rejection, high immunosuppression, anastomotic disruption, 
abdominal reoperation, and multivisceral transplantation 
[ 191 ]. Prophylaxis is generally administered for at least 
4 weeks until the small bowel anastomosis has healed. 

 Anti-fungal therapy in SOT recipients is similar to that in 
non-SOT patients [ 199 ]. Therapy is generally continued for 
at least 4 weeks. Invasive lines and catheters should be 
removed if at all possible when candidemia is present. Azole 
antifungal medications can have drug–drug interactions with 
calcineurin inhibitors. Antifungal prophylaxis has reduced 
the risk of invasive disease and mortality but has led to infec-
tions with non- Candida albicans  species, including  C. gla-
brata  and  C. krusei  [ 200 – 202 ].      

36.2.3.2     Molds and Other Fungi 

    Invasive aspergillosis (usually  Aspergillus fumigatus )  can 
        develop in SOT recipients, most commonly in LT recipients 
followed by KT, OLT, and HT recipients, generally in the 
lungs, secondary to inhalation of spores [ 203 ]. Hepatic 
involvement is not common and isolated hepatic aspergillo-
sis is even rarer, presenting as multiple abscesses within the 
liver parenchyma, although single abscesses may form [ 204 , 
 205 ]. Invasive aspergillosis after KT occurs later than after 
OLT, associated with the presence of chronic lung disease 
and chronic heart failure [ 206 ]. After OLT,  Aspergillus  
accounts for about 25% of invasive fungal disease, espe-
cially following biliary tract infection [ 200 ,  207 ,  208 ]. 
Hepatic artery mycotic aneurysms have been described. LT 
and HLT recipients have the highest incidence of fungal 
infection in the SOT setting and non-candidal species pre-
dominate as a major source of mortality [ 209 – 211 ]. These 
infections generally involve the transplanted organ and not 
the hepatobiliary system. Mortality is lower in SOT recipi-
ents with invasive Aspergillosis (34.4%) compared to HCT 
recipients (57.5%) [ 203 ].   Cryptococcus neoformans    is the 
third most common fungal infection seen following OLT 

and can infect any SOT recipient, usually presenting as 
pneumonia (46%) and meningitis (36%) [ 12 ]. Hepatobiliary 
involvement is infrequent, although disseminated disease, 
including peritonitis, can occur.   Histoplasma capsulatum   , a 
rare cause of granulomatous liver disease when dissemi-
nated, is generally asymptomatic in the immunocompetent 
host. Clinical infection in SOT recipients is uncommon 
(<0.5%) [ 212 ]. Infection can be primary or due to reactiva-
tion, and can progress to disseminated disease with multior-
gan involvement and death in ~10% of infected SOT 
recipients [ 212 – 214 ]. A urinary histoplasma antigen test is 
the most sensitive  diagnostic study. Coccidioides species 
can also disseminate in immunocompromised hosts [ 215 ]. 

   Mucormycosis    is more common after HCT than SOT; 
OLT recipients have an incidence of 0–1.6% [ 216 ]. Rarely, 
mucormycosis can involve the liver, sometimes presenting 
with Budd–Chiari syndrome [ 217 ]. Patients with iron over-
load syndromes, prior triazole antifungal use, renal failure or 
diabetes are risk factors; SOT recipients with mucor infec-
tions face 49–71% mortality [ 218 ]. 

   Pneumocystis jiroveci    causes pulmonary disease in SOT 
and generally develops after prophylactic medications have 
been discontinued [ 219 ]. Hepatobiliary involvement has not 
been reported.      

36.2.4     Differential Diagnosis 
of Hepatobiliary Problems 
in SOT Patients 

   Hepatobiliary  problems      after SOT can be due to infections or 
noninfectious problems (especially after OLT), or to a com-
bination. The approach to diagnosis and treatment is based 
on imaging, molecular diagnostics, and clinical experience 
(“  Man sieht nur, was man weiß. Eigentlich: Man erblickt 
nur, was man schon weiß und versteht    ,”   Johann Wolfgang 
von Goethe     1 ). Table  36-1  displays the major causes of hepa-
tobiliary disease after SOT.  

36.3         Hepatobiliary Infections 
After Hematopoietic Cell 
Transplantation 

36.3.1     Viral Infections 

    The clinical and histologic  manifestations         of hepatic viral 
infection after HCT are not uniform, but range from fulmi-
nant hepatic failure (HSV, VZV, adenovirus, HBV) to more 
indolent, chronic infl ammation (HCV, HBV) to a cholestatic 

1   “ You only see what you know. Actually: One sees only what one already 
knows and understands .” 
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picture (HCV, as fi brosing cholestatic hepatitis, or CMV bili-
ary disease). Liver biopsy is rarely performed for viral diag-
nosis, as most hepatic viral infections can be identifi ed by 
tests for viruses in blood samples. Antiviral treatment is 
available for almost all common viruses that infect the liver 
after HCT.    

36.3.1.1     Hepatitis Virus Infections 
Before Transplant 

   Hepatitis Viruses in Potential Transplant Recipients 

       Hepatitis C virus . HCV  RNA               testing might be needed for 
HCT candidates with negative anti-HCV test results whose 
history indicates increased risk for HCV infection (e.g., 
intravenous drug abuse) or whose B cells cannot mount an 
antibody response [ 238 ]. HCV-infected HCT candidates 
requiring HCT can proceed with HCT with an HCV-infected 
donor, provided that recipient has full understanding of the 
risk that long-term consequences of HCV infection after 
HCT. However, such an approach may be associated with a 
higher rate of virologic failure (e.g., genotype 3 infection, 
Q80K NS3 polymorphism) [ 239 ]. Data are lacking regarding 
pre-HCT treatment of HCV-infected HCT candidates [ 5 , 
 240 ].  Direct-acting antiviral (DAA) therapy      before HCT 
might be considered for (1) patients with chronic HCV infec-
tion; (2) patients with HCV-related cirrhosis and/or portal 
hypertension; and (3) patients with an HCV-related lympho-
proliferative disease [ 240 ,  241 ]. It is not known whether the 
effi cacy of DAA therapy is affected by dysfunctional immu-
nity (following chemotherapy or biologic therapy for cancer) 
or whether eliminating HCV before HCT improves the out-
come of transplant by reducing the risks of post-HCT fatal 

sinusoidal obstruction syndrome, liver decompensation, 
fi brosing cholestatic hepatitis, or recurrent lymphoma. 

  Hepatitis B virus . The major risks faced by HBV-infected 
patients include fatal sinusoidal obstruction syndrome fol-
lowing some myeloablative regimens if hepatic infl amma-
tion or fi brosis is present; liver decompensation if cirrhosis is 
present at baseline; and fulminant hepatitis B or fi brosing 
cholestatic hepatitis B (seen only when antiviral prophylaxis 
has been forgotten or HBV is activated in a patient with 
occult HBV) [ 242 ,  243 ]. 

  Staging of liver disease in candidates with chronic    viral 
hepatitis   .    The presence of advanced fi brosis or cirrhosis 
may have a signifi cant impact on HCT eligibility, risk of 
hepatocellular carcinoma, and the choice of conditioning 
regimen [ 244 ,  245 ]. Screening for hepatocellular 
 carcinoma should be carried out before referral for 
HCT. Detection of advanced fi brosis and cirrhosis may 
require liver biopsy if transplant decisions would be 
affected by such fi ndings. Two alternatives to biopsy have 
not been well-studied in HCT candidates: (1) Analysis of 
blood test panels (aminotransferases, platelet count, 
 coagulation parameters, gamma-glutamyl transpeptidase, 
total serum bilirubin, haptoglobin, and gamma globulins) 
is not recommended in HCT candidates [ 5 ]; (2) Vibration-
controlled transient elastography may be useful. In patients 
with chronic HCV infection, elastography has an estimated 
sensitivity of 70% and specifi city of 84% for a diagnosis of 
signifi cant fi brosis and an estimated sensitivity of 87% and 
specifi city of 91% for a diagnosis of cirrhosis [ 246 ]. 
Elastography data in HCT candidates, particularly those 
with malignant infi ltration or extramedullary hematopoiesis, 
are limited [ 247 ,  248 ].       

   TABLE 36-1.    Hepatobiliary diseases  after      solid organ transplant, by clinical presentation and by cause [ 15 ,  23 ,  39 ,  91 ,  103 ,  106 ,  164 ,  165 , 
 168 ,  169 ,  172 – 174 ,  217 ,  220 – 237 ]   

 Hyperbilirubinemia  Abdominal pain 
 Elevated liver enzymes 
 (ALT, AP)  Liver failure  Ascites 

 Infectious 
causes 

 HBV, HCV, HEV infection 
 Fibrosing cholestatic hepatitis 

B or C 
 Herpesvirus, adenovirus 

hepatitis 
 Bacterial cholangitis 
 Infection-related 

hyperbilirubinemia 
(cholangitis lenta) 

 Cholecystitis 
 Biliary obstruction with 

cholangitis 
 Fungal, bacterial 

abscess 
 Acute viral hepatitis 
 Peritonitis after bile leak 

(OLT) 

 Viral hepatitis 
 Fungal, bacterial abscess 
 EBV lymphoproliferative 

disease 

 Decompensation of 
cirrhosis 

 Fibrosing cholestatic 
hepatitis B or C 

 Fulminant viral 
hepatitis (HSV, 
VZV, adenovirus) 

 Budd–Chiari 
syndrome 
caused by 
mold infection 

 Fulminant viral 
hepatitis 

 Noninfectious
 causes 

 OLT rejection 
 DILI 
 Vascular injury (OLT) 
 Biliary tract obstruction 
 Recurrent hepatocellular 

carcinoma (OLT) 
 Hemolysis, RBC transfusions, 

Gilbert syndrome, renal 
insuffi ciency 

 Biliary obstruction 
(stone, stricture, 
tumor) 

 Cystic duct obstruction 
 Acute pancreatitis 
 Budd–Chiari syndrome 
 Sinusoidal obstruction 

syndrome 

 DILI (azathioprine, 
sirolimus, CNI) 

 Biliary obstruction 
 Rejection (OLT) 

 Hypoxic hepatitis 
 Hepatic vascular injury 

(OLT) 
 Sinusoidal obstruction 

syndrome 
 Budd–Chiari syndrome 

 Cirrhosis 
 Fulminant 

hepatic failure, 
nonviral 

 Nodular 
regenerative 
hyperplasia 

   HBV  hepatitis B virus,  HCV  hepatitis C virus,  HEV  hepatitis E virus,  OLT  orthotopic liver transplant,  DILI  druginduced liver injury, 
 RBC  red blood cell,  EBV  Epstein-Barr Virus,  CNI  calcineurin inhibitor,  HSV  herpes simplex virus,  VZV  varicella zoster virus.  
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   Preventing Passage of Hepatitis Viruses 
from Infected Donors 

      The risk of viral passage from donors infected by HBV  dif-
fers            from that of HCV-infected donors,    as the former can 
have HBV confi ned to the liver, whereas HCV-infected 
donors are always viremic and invariably transmit HCV to 
uninfected recipients [ 249 ]. Prevention of passage of HCV 
from an HCV-infected donor to the HCT recipient does not 
require a sustained virologic response in the donor, just the 
disappearance of HCV from extrahepatic reservoirs (periph-
eral blood stem cells and marrow cells) [ 250 – 253 ]. When 
there are oncologic imperatives for moving quickly to trans-
plant, DAAs can clear extrahepatic HCV from donors more 
quickly than interferon and ribavirin without signifi cant 
toxic effects on the donor marrow [ 252 ]. If time does not 
permit treatment of an HCV-infected donor, the use of HCV- 
infected hematopoietic cells for an HCV-uninfected recipient 
is not absolutely contraindicated because new DAAs can 
provide a virologic cure in the majority of transplant survi-
vors after recovery and immune reconstitution. 

 HBV-infected donors who are viremic (serum HBV 
DNA+) will transmit virus to their recipients [ 240 ,  242 ]. 
When equally HLA-matched donors are available, an unin-
fected donor is preferred. If the most suitable donor has 
chronic hepatitis B, treating that donor with entecavir or 
tenofovir may prevent passage of virus [ 254 ,  255 ]. HBV per-
sisting in donor peripheral blood stem cells may have to be 
eliminated to prevent passage [ 255 ,  256 ]. HB s Ag negative, 
anti-HB c -positive donors can be used if their serum and 
peripheral blood stem cells are HBV DNA-negative. HBV- 
naïve recipients of cells from an HBsAg positive, serum 
HBV DNA-negative donor should be monitored for HBV 
DNA after transplant. Hepatitis B vaccination of HBsAg- 
negative recipients prior to the start of conditioning therapy, 
using double doses of HBV vaccine, may also be benefi cial 
if there is a risk of passage from an infected donor [ 257 ]. 
When both donor and recipient are infected by HBV, the 
recipient should be treated with antiviral drug prior to condi-
tioning therapy. Donors with occult hepatitis B (undetectable 
serum HBV DNA, HBsAg-negative but anti-HBc positive) 
can also be used; however, in HBV-endemic countries, 
6–15% rates of viremia in such patients have been reported 
[ 258 ]. An entity termed “false occult HBV” has been 
described in Europe in patients with isolated anti-HBc but 
HBV DNA+ in 2.8% of cases; in some viremic patients, 
HBsAg mutants, missed by standard multivalent assays, 
were found [ 259 ]. If time permits, both donor and recipient 
should receive entecavir therapy and be vaccinated prior to 
conditioning therapy and the recipient should be given ente-
cavir prophylaxis for up to a year after transplant [ 254 ,  260 ]. 
A donor who is naturally anti-HBc positive may be the pre-
ferred donor if the recipient is HBsAg positive or anti-HBc 
positive, as adoptive transfer of immunity can effect clear-
ance of virus [ 261 ]. A similar result may be obtained by 

immunizing donors before cell harvest and infusion into 
HBV-infected recipients [ 261 ,  262 ]. 

 Hepatitis D virus, which infects only patients with HBV 
infection, has not emerged as a signifi cant cause of post- HCT 
liver disease, perhaps because pharmacologic control of HBV 
addresses HDV coinfection. Current recommendations are to 
exclude HDV-infected donors [ 240 ]. Recent recognition 
of the prevalence of hepatitis E virus in both endemic and 
non-endemic areas has led to awareness that this virus can be 
transmitted from infected donors and from blood product 
transfusions to recipients [ 263 ,  264 ]. Treatment of infected 
donors with ribavirin should be a feasible method of prevent-
ing transmission of HEV [ 58 ]. Donors infected by hepatitis A 
virus should not be harvested until they reach a non-viremic 
state. Screening of donors by serum ALT and anti-HAV IgM 
tests will detect HAV infection [ 265 ].        

36.3.1.2     Viral Liver Infections Through the First 
Year After Transplant 

    A sudden rise in serum  ALT         following HCT is usually due to 
a noninfective cause such as zone 3 hepatocyte necrosis in 
SOS (peaking around day 20), hypoxic liver injury (as in 
septic or cardiac shock or respiratory failure), acute biliary 
obstruction (choledocholithiasis), drug-induced liver injury, 
or the acute hepatitic presentation of GVHD [ 242 ,  266 ]. If a 
likely cause is not apparent, acute viral hepatitis should be 
suspected; HSV, VZV, adenovirus, and HBV can lead to fatal 
fulminant hepatic failure after HCT whereas hepatic infec-
tions caused by CMV and HCV are seldom severe, with the 
exception of fi brosing cholestatic hepatitis C [ 242 ,  267 ]. 
With routine use of prophylactic acyclovir/valacyclovir, 
acute hepatitis due to HSV and VZV is now rare; however, 
HHV-6 and HHV-8 reactivation and HEV as causes of hepa-
titis have been reported after HCT [ 268 ,  269 ]. When there is 
uncertainty about the cause of rising serum ALT levels, 
serum PCR tests for herpesviruses, adenovirus, HCV, HBV, 
and, in some circumstances, HEV should be performed [ 263 , 
 264 ]. If acyclovir is not being given to a patient with rapidly 
rising serum ALT, it should be started empirically, particu-
larly if the patient presents with abdominal complaints typi-
cal of VZV infection [ 270 ]. 

   Adenovirus   . Adenovirus hepatitis should be suspected if 
the patient has concomitant pulmonary, renal, bladder or 
intestinal symptoms but may present with just fever, raised 
serum ALT, and hypodense regions in the liver on  abdominal 
CT scan along with features of bone marrow suppression 
[ 271 ]; the most effective treatment is cidofovir when given 
early in the course of infection but many cases of adenovi-
rus hepatitis are rapidly fatal [ 272 – 275 ]. However, not all 
patients who are excreting adenovirus and not all viremic 
patients progress to liver and multiorgan involvement 
[ 276 ]. New agents  for   prevention and treatment are in 
development [ 3 ,  275 ]. 
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   Herpes simplex virus   . Before effective antiviral prophylaxis, 
HSV activated from latency caused infections far beyond its 
tropism for squamous epithelium, affecting the lungs, liver, 
and gastrointestinal mucosa. Hepatic presentation was that 
of rapidly rising serum ALT, followed by jaundice and liver 
failure. In a 15-year study of over 6000 patients undergoing 
HCT during 1992–2007, no cases of severe  HSV   hepatitis 
were seen [ 266 ]. 

  Varicella zoster virus .  In   visceral VZV infection, abdominal 
distention, severe pain, fever, and rising serum ALT levels 
may precede cutaneous manifestations by up to 10 days 
[ 270 ,  277 ]. High-dose empiric acyclovir should be started on 
clinical suspicion while serum is analyzed by PCR for VZV 
DNA. A common presentation of disseminated VZV is that 
of enigmatic abdominal pain 2–6 months after HCT, after 
discontinuation of acyclovir—an indication for intravenous 
high-dose acyclovir while a defi nitive diagnosis is sought 
(VZV DNA in serum). In the fi rst 100 days after HCT, severe 
VZV hepatitis occurred in 4 of ~ 2500   patients, all during the 
1990s, and none since 1998 [ 266 ]. 

  Cytomegalovirus . Liver and  biliary   CMV infections are now 
extremely rare after HCT [ 266 ,  278 ]. Even during an era 
when CMV disease was common, liver CMV infection was 
almost never a serious medical problem. An autopsy study of 
50 patients from the 1980s examined liver tissue by viral cul-
ture, immunohistochemistry, and in situ DNA hybridization. 
Among patients who were seropositive at baseline, viremic 
during life, with CMV pneumonia and positive CMV cul-
tures of the liver at autopsy, all had CMV-infected liver cells, 
including hepatocytes, endothelial cells, Kupffer cells, and 
bile duct epithelium, along with multifocal lobular granulo-
mas [ 279 ]. In contrast, CMV infected liver cells were rarely 
found in the absence of disseminated CMV disease [ 279 ]. 
Patients with CMV in the liver cells did not have a typical 
clinical picture or laboratory results that were different from 
HCT patients without liver CMV at autopsy [ 279 ]. CMV 
infection of the gall bladder mucosa and the ampulla of Vater 
can lead  to   clinical problems (cholecystitis and biliary 
obstruction, respectively) [ 280 ]. 

  Hepatitis B virus .  Fulminant   hepatitis and fi brosing choles-
tatic hepatitis B may develop during immune reconstitution 
in patients at risk, but can be prevented with prophylactic 
antiviral agents [ 281 ]. Entecavir is currently the drug of 
choice for this indication because of superior effi cacy and 
fewer mutations [ 282 ]. If severe hepatitis from HBV reacti-
vation does occur, usually because a diagnosis of HBV was 
not made prior to HCT, antiviral therapy with the most 
potent antiviral drug available (entecavir or tenofovir or both 
drugs simultaneously [ 283 ]) should be initiated immedi-
ately; however, progression to fatal liver failure is not 
uncommon [ 284 ]. Fulminant hepatitis B has also been 

reported following discontinuation of prophylactic antiviral 
therapy, and all patients, particularly those with high pre-
transplant HBV DNA levels, should be monitored following 
antiviral drug withdrawal [ 285 ,  286 ]. In patients who 
acquired HBV as infants, the infection may be completely 
occult during  transplant   screening (negative serum tests for 
HBV antibodies, antigen, and DNA); after transplant, viral 
activation and clinical hepatitis during immune suppression 
can occur [ 243 ]. 

  Hepatitis C virus . Hepatic  manifestations   include (1) an 
increased risk of fatal sinusoidal obstruction syndrome 
among patients with chronic HCV infection who receive 
sinusoidal endothelial cell toxins [ 242 ] as part of condition-
ing therapy [ 239 ]; (2) hepatic infl ammation occurring at 3–6 
months after HCT, coincident with immune reconstitution 
and discontinuation of immunosuppressive drugs [ 239 ]; (3) 
liver decompensation among patients who had cirrhosis at 
the time of transplant [ 287 – 289 ]; and (4) rarely, fatal fi bros-
ing cholestatic hepatitis C in patients receiving mycopheno-
late mofetil [ 267 ]. Extrahepatic manifestations of HCV 
infection after HCT have been suggested by epidemiologic 
studies, including an excess of deaths related to bacterial 
infections and to liver disease [ 288 ,  289 ]. It is not clear 
whether excess mortality in these reports is due to HCV per 
se, the presence of undetected hepatic fi brosis and portal 
hypertension at HCT, or both. Other studies fi nd no increased 
mortality in follow-up of HCV-infected survivors of HCT, to 
10 years [ 239 ,  290 ]. 

 Increases in titers of  HCV   RNA occur in both cancer 
patients receiving chemotherapy [ 240 ,  291 ,  292 ] and in 
HCV-infected HCT patients, but with the exception of fi bros-
ing cholestatic hepatitis C [ 267 ], this viremia is not com-
monly manifest as a clinical illness. Upon immune 
reconstitution, there may be increases in serum ALT in ~30% 
of infected HCT patients [ 239 ,  290 ]. There is little utility in 
measuring titers of HCV RNA after HCT in patients already 
known to be infected. 

 The alternative to pre-HCT therapy for HCV is to treat after 
HCT, following immune reconstitution if feasible, using DAAs 
[ 5 ]. Sustained virologic response rates of 70–96% have been 
observed in patients who received DAAs during immunosup-
pressive therapy after liver transplant, suggesting that similar 
results would be seen in HCT survivors [ 46 ]. DAA therapy 
after HCT can be deferred, as the natural history of HCV infec-
tion in this setting is usually benign, with three exceptions: 
patients with fi brosing cholestatic hepatitis C [ 267 ]; patients 
with cirrhosis whose condition is deteriorating [ 287 ]; and 
patients who underwent HCT for HCV-related lymphoprolif-
erative disorders [ 5 ,  240 ,  241 ]. Therapeutics for HCV treat-
ment are  rapidly   evolving; we recommend this website for 
continuously updated information: [  http://www.hcvguidelines.
org    ]. Monotherapy with a DAA is not recommended regardless 
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of HCV genotype. Telaprevir-based and boceprevir-based 
 regimens are not recommended for treatment of any patient 
with HCV infection. HCT recipients are characteristically 
receiving multiple drugs that have pharmacologic interactions 
with DAAs or toxic effects that overlap with those of DAAs. 
Such interactions have not been extensively studied in HCT 
recipients; what is known is summarized in a recent ASBMT 
review [ 5 ]. Metabolism by CYP450 enzyme, specifi cally the 
CYP3A4 isoform, is the major metabolic pathway of approved 
DAA HCV therapies [ 293 – 295 ]. When a calcineurin inhibi-
tor or sirolimus is used with a protease inhibitor, it is reason-
able to empirically reduce the dose of the immunosuppressive 
agents and monitor their levels more frequently because of 
major CYP3A4 and P-glycoprotein drug–drug interactions. 
The fi eld of DAA therapy for HCV infection is rapidly evolv-
ing, and attention must be paid to drug–drug interactions in 
HCT recipients [ 5 ]. 

   Hepatitis E virus . HEV   may result in chronic infection in 
immunosuppressed individuals including HCT recipients 
[ 17 ,  269 ,  296 ]. In contrast to water-borne HEV due to geno-
type 1 and 2 found in the developing world, HEV genotype 3 
(HEV3) is found in mammalian reservoirs including domes-
tic pigs, wild boar and deer in Europe, North America, and 
China [ 268 ]. Diagnosis is by detection of anti-HEV antibod-
ies and HEV RNA. Oral ribavirin has been shown to be 
effective therapy [ 58 ].     

36.3.1.3     Hepatitis Virus Infections in Long-Term 
Transplant Survivors 

      Sporadic liver infection  by               herpesviruses can be seen in 
long-term survivors whose antiviral prophylaxis has been 
discontinued, especially those who remain on immune sup-
pressive therapy for chronic GVHD. The more common 
infections are with hepatitis viruses. 

   Hepatitis C virus   . Between 5 and 10 years after HCT, 
serum aminotransferase elevations were seen in 57% of 
HCV-infected patients, without excess mortality [ 239 , 
 297 ,  298 ]. In some patients, however, the duration of 
HCV infection before HCT can only be estimated, and the 
extent of fi brosis at the time of HCT unknown; this cir-
cumstance can lead to progressive liver disease that 
becomes apparent following HCT [ 288 ,  289 ,  299 ]. In the 
time period from 10 to 40 years after HCT, HCV is the 
leading cause of cirrhosis, and the time to cirrhosis is 
shorter in HCT survivors than in other patients with 
chronic HCV infection [ 299 ,  300 ]. About one-third of 
HCV-infected 40-year survivors of HCT develop end-
stage liver disease (cirrhosis, hepatocellular carcinoma, or 
liver transplant). Compared with the general population, 

patients who survive over 10 years post-HCT have an 
eightfold risk of developing a new solid malignancy; the 
risk of HCV-related hepatocellular carcinoma is particu-
larly elevated in this cohort. Transplant survivors with 
risk factors for hepatocellular carcinoma should undergo 
surveillance with 6 monthly liver ultrasound scans accord-
ing to international guidelines [ 301 ,  302 ]. Partial liver 
transplant from the original hematopoietic cell donor has 
been described [ 303 ,  304 ]. All HCV-infected long-term 
survivors should be offered DAA therapy to delay the 
development of cirrhosis and prevent long- term   conse-
quences of chronic HCV infection (lymphoma and other 
lymphoproliferative disorders) [ 240 ,  305 ,  306 ]. 

  Hepatitis B virus . The serologic  pattern   of HBV infection 
may be atypical in HCT survivors as a consequence of immu-
nosuppression. Clearance of HBsAg may be observed, and is 
particularly likely if the donor was anti-HBs positive because 
of prior HBV infection [ 261 ]. Patients who remain HBsAg- 
positive after HCT are at risk of fl ares of hepatitis activity, 
particularly at times of reduction of immunosuppression; 
these patients should be taking oral antiviral agents such as 
tenofovir or entecavir. All long-term survivors with chronic 
hepatitis B should be regularly monitored to assess virologic 
and disease status, and the need for antiviral therapy [ 307 –
 309 ]. Long-term survivors with chronic hepatitis B do not 
seem to have an increased rate of progression to cirrhosis 
compared with non-HCT patients, and effective antiviral 
treatment should essentially prevent any disease progression. 
However, HBV viral status should be reassessed prior to rein-
troduction of chemotherapy [ 240 ,  310 ,  311 ]. Biologic agents, 
such as rituximab used in the treatment of B-cell  malignancy, 
have a particularly high risk of reactivation of occult hepatitis 
B (HBsAg negative and anti-HBc  positive), and prophylactic 
antiviral therapy is recommended [ 240 ]. 

  Hepatitis E virus . Hepatitis E virus (HEV) is  one   possible 
explanation for enigmatic elevations of serum ALT in long- 
term survivors, but has been little studied. HEV can cause 
chronic infection in HCT survivors who remain on immune 
suppressive drugs because of chronic GVHD [ 17 ,  269 ,  296 ]. 
Oral ribavirin has been shown to be effective therapy in other 
situations [ 58 ].        

36.3.2     Bacterial Infections 

    Pyogenic liver abscesses  and          granulomatous hepatitis   caused 
by  mycobacteria   are rare after HCT. In contrast, bacterial 
infections of the biliary tree are not rare, owing to a high 
prevalence of gallbladder microlith and stone formation, 
leading to bactibilia and the potential for cholecystitis and 
cholangitis [ 280 ,  312 ].    
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36.3.2.1     Bacterial Infections Before Transplant 

    Liver disease is  a         common complication of oncology prac-
tice [ 310 ]. The most common liver presentation of bacterial 
infection is not liver infection per se, but the effect of 
infl ammatory mediators (interleukin-6, TNF-alpha) on 
hepatocyte transporters of conjugated bilirubin (cholangitis 
lenta, also known as hyperbilirubinemia related to infec-
tion) [ 221 ]. Liver abscesses and biliary infections are 
almost always overt illnesses; more subtle presentations 
can be seen with granulomatous liver disease caused by 
mycobacteria, nocardia, and a long list of rarer organisms. 
Cholecystitis and cholangitis, usually related to stones, 
sludge, and bactibilia, must be dealt with before the start of 
conditioning therapy.     

36.3.2.2     Bacterial Infections Through 
the First Year 

    Bacterial liver  abscesses         are rare in HCT recipients; however, 
latent mycobacterial infection (including bacille Calmette-
Guerin) may reactivate within the liver with prolonged 
immunosuppressive therapy [ 313 ,  314 ]. Disseminated clos-
tridial infection and gall bladder infection with gas- producing 
organisms may lead to air in the liver and biliary system. 
Biliary sludge (calcium bilirubinate and crystals of calcineu-
rin inhibitors) is very common in the weeks following HCT 
[ 315 ]. Passage of sludge down the bile duct may cause epi-
gastric pain, nausea, abnormal serum liver enzymes, “acalcu-
lous” cholecystitis, acute pancreatitis, and bacterial 
cholangitis [ 280 ,  316 ]. Acute cholecystitis is frequently with-
out larger gallstones [ 317 ]. Cholecystitis in this setting may 
also be due to leukemic relapse with gall bladder involve-
ment or infection by CMV, fungi, rarely by other organisms 
such as Hemophilus infl uenza, and occasionally by mucosal 
edema caused by acute GVHD.  Biliary obstruction   is a rare 
event, caused by a variety of disorders (common bile duct 
calculi or inspissated biliary sludge; GVHD of the ampullary 
mucosa; lymphoblastic infi ltration of the common bile duct, 
gall bladder, and ampulla of Vater in EBV lymphoprolifera-
tive disease; CMV-related biliary disease; dissecting duode-
nal hematoma complicating endoscopic biopsy; and leukemic 
relapse [chloroma] in the head of the pancreas) [ 280 ,  317 ]. In 
patients undergoing autologous HCT, biliary strictures are 
commonly due to recurrent malignancy [ 318 ].  Endoscopic 
retrograde cholangiopancreatography   is indicated in patients 
with clinical evidence of bacterial cholangitis and radiologic 
evidence of biliary obstruction and allows for biliary stenting 
or dilatation with acceptable risk [ 317 ,  318 ].     

36.3.2.3     Bacterial Infections 
in Long-Term Transplant 
Survivors 

    Long-term survivors have  an         increased incidence of gall-
stones related to the formation of calcium bilirubinate 
microliths (biliary sludge) following myeloablative condi-
tioning therapy [ 312 ,  315 ]. Biliary sludge, gallstones, and 
crystals of calcineurin inhibitor medications may cause cys-
tic duct obstruction, common bile duct obstruction, acute 
pancreatitis, and their associated bacterial cholangitis and 
biliary sepsis [ 280 ].      

36.3.3     Fungal Infections 

    Fungal liver  abscesses         were formerly very common, diffi cult 
to prevent, and treatable only with an amphotericin B–bile 
salt formulation that made patients ill and caused renal fail-
ure [ 319 ]. Now, pretransplant screening and antifungal pro-
phylaxis throughout the HCT process has almost eliminated 
fungal liver abscesses and biliary fungal infections as major 
problems [ 320 ]. Use of toxic amphotericin formulations 
have been largely abandoned in favor of far less toxic azole, 
echinocandin, and liposomal amphotericin drugs. Fungal 
liver abscesses present with fever, tender hepatomegaly, and 
increased serum alkaline phosphatase levels; resistant 
 Candida  species or molds should be suspected if abscesses 
occur despite prophylaxis [ 320 ]. High-resolution CT scan or 
MRI may demonstrate multiple fungal abscesses, and sero-
logic tests for fungal antigens may be useful for diagnosis 
[ 321 ]. However, the sensitivity of imaging tests for military 
fungal lesions is poor [ 322 ]. Return of neutrophil function 
after HCT can effect resolution of previously treatment- 
refractory Aspergillus infection [ 323 ]. Non-sterile herbal 
remedies contaminated by molds and ingested may lead to 
liver abscesses in survivors [ 324 ].     

36.3.4     Differential Diagnosis 
of Hepatobiliary Problems 
in HCT Patients 

   After transplant, patients  with      liver abnormalities have infec-
tion as the cause far less commonly than noninfectious 
causes. Occam’s Razor is frequently disposable in the trans-
plant setting, as there are often multiple simultaneous causes 
of liver abnormalities. Table  36-2  provides an overview of 
hepatobiliary problems after HCT.  
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37.1	 �Introduction

Invasive fungal disease (IFD) caused by yeasts and yeast-like 
pathogens complicates both autologous haematopoietic stem 
cell transplantation (auto-HSCT) and allogeneic haemato-
poietic stem cell transplantation (allo-HSCT). The most 
commonly isolated yeasts vary according to both geographic 
location and prophylaxis practices. Nonetheless, invasive 
candidiasis (IC), which includes bloodstream infection (can-
didemia) and deep-seated tissue infection, continues to be 
the most common yeast infection after HSCT [1]. The aetiol-
ogy, risk factors, diagnostic approaches and treatments for 
IC, cryptococcosis and infectious due to other yeasts will be 
described.

37.2	 �Epidemiology, Risk Factors, 
and Clinical Features of Yeast 
Infections in HSCT

37.2.1  �Candida Infections in HSCT

IC in haematology and HSCT patients is associated with sig-
nificant morbidity, mortality and hospital/patient centred 
costs [2–6]. Historically IC has occurred in up to 17 % of 
allogeneic HSCT patients, with 11 % of infections being dis-
seminated, but the latter has been reduced by widespread use 
of azole prophylaxis and changes in conditioning and trans-
plant regimens [7]. A recent report of the incidence of IC in 
patients with a haematological malignancy was 1.4 
cases/1000 admissions [8]. After HSCT, the incidence of IC 
was 1 % and 1.1 % at 6 and 12 months, respectively, from the 
Transplant Associated Infections Surveillance Network 
(TRANSNET) database from multiple US centres [6]. A 
similar incidence in HSCT recipients was described by The 
European Organization for Research and Treatment of 
Cancer (EORTC) with a fungaemia incidence of 1.55 % of 

which 90 % of infections were due to Candida spp. [9]. 
Nonetheless, in some stem-cell transplant centres low rates 
of IC have been demonstrated, even in absence of flucon-
azole prophylaxis [10]. The higher rates of IC seen in some 
HSCT antifungal prophylaxis studies may be attributable to 
differences in conditioning regimens and other local prac-
tices [11, 12].

The traditional candidemia risk factors are neutropenia, 
intra-abdominal source, older age, corticosteroid use, hypo-
gammaglobulinemia, APACHE II score, total parenteral 
nutrition (TPN), intensive-care-unit (ICU) admission, recent 
HSCT (<6 months), recent abdominal surgery and antibacte-
rial therapy [13–16]. Candidemia may result from gastroin-
testinal colonisation and translocation or in some cases 
central venous catheter (CVC) colonisation [17]. Colonisation 
with Candida species, primarily Candida albicans, Candida 
krusei and Candida glabrata occurs in approximately 
8–44 % HSCT recipients and is higher in allo-HSCT than 
auto-HSCT but colonisation rates do not appear to reflect 
rates of IC [18–20]. A shift in the epidemiology of IC has 
been observed with non-albicans Candida species, espe-
cially Candida parapsilosis, C. krusei and C. glabrata, col-
lectively responsible for 54–87.4 % of candidemia cases [8, 
9, 14, 15, 21–25]. Specifically, C. glabrata and other non-
albicans Candida spp. are more commonly found in HSCT 
compared to solid organ transplant (SOT) recipients [26]. In 
haematology patients, including HSCT recipients, C. glabrata 
is an increasingly important pathogen associated not only 
with the traditional candidemia risk factors but also with 
prior azole exposure [24, 27].

Breakthrough candidemia, defined as a positive blood cul-
ture for Candida species after ≥3 days of antifungal therapy 
[28], accounts for up to 50 % of IFD in HSCT patients. In 
HSCT patients, candidemia is more likely to be associated 
with fluconazole, echinocandin or multidrug resistance 
depending on prior exposure to antifungals [14, 15, 28–30]. 
Multidrug resistant Candida species are currently uncom-
mon but associated with increased mortality [28, 29]. 
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However, overall despite shifts in the epidemiology and 
resistance patterns of Candida spp., morbidity and mortality 
outcome measures in candidemia have not dramatically 
changed [2, 9, 13, 14, 21, 23]. IC remains an independent 
predictor of mortality in HSCT recipients with recent mor-
tality rates of IC estimated at 30–70 % [1, 15, 22, 31–33]. 
The clinical syndromes of IC in HSCT recipients are shown 
in Table 37-1.

Disseminated IC is rare, likely due to more widespread 
use of antifungal prophylaxis [34]. It is a distinct clinical 
syndrome of persistent fever after neutrophil recovery, raised 
ALP and target lesions, abscesses or nodules seen on imag-
ing of liver, spleen, kidneys or lungs. Notably, biopsy culture 
is often negative although yeasts and granulomata may be 
seen on histology [35].

37.2.2  �Cryptococcosis in HSCT

Yeast-like fungi of the Cryptococcus neoformans complex 
are ubiquitous encapsulated fungi that primarily enter hosts 
via the respiratory tract, with potential for dissemination 
especially in immunocompromised hosts. Cryptococcosis is 
primarily caused by C. neoformans and Cryptococcus gattii, 
both of which have been reported to cause infection in hae-
matology patients. Invasive disease due to non-neoformans 
Cryptococcus spp. is rare [36, 37].

Cryptococcosis is less frequent in HSCT compared with 
SOT recipients [38]. In HSCT recipients it accounts for <1 % 
of all IFD, possibly due to use of antifungal prophylaxis [6, 
11, 39–42]. In those few cases reported in HSCT, incidence 
appears higher in auto-HSCT than allo-HSCT [11, 37, 38, 
41, 43]. Whilst pulmonary and central nervous system (CNS) 

disease remain the most common sites of infection, unusual 
presentations including panniculitis have been reported [42] 
(see Table 37-1).

37.2.3  �Uncommon and Endemic Pathogens 
in HSCT

Yeasts that are infrequently encountered in HSCT recipients 
include Malassezia spp., Rhodotorula spp., Saccharomyces 
spp. and Trichosporon spp. [44]. However, some previously 
uncommon and more intrinsically antifungal resistant yeasts 
such as Trichosporon spp. are emerging related to patterns of 
prophylaxis use and may present as breakthrough infections 
[45–47]. They may be associated with central venous or arte-
rial line use, particularly Rhodotorula spp, and occur more 
frequently in warm moist climates leading to geographic 
variations in incidence [46, 48]. The crude mortality of these 
emerging pathogens can be upward of 70 % [39]. Malassezia 
spp. classically causes tinea versicolor and skin colonisation. 
Malassezia spp. IFD typically occurs at 30–50 days post 
HSCT, resulting in pulmonary, catheter-related fungaemia 
and cutaneous disease [49–51]. Malassezia species require 
long-chain fatty acids for growth and therefore have a predi-
lection for individuals receiving lipid containing intravenous 
parenteral nutrition and are usually susceptible to amphoteri-
cin B.  Lipid enriched media may improve isolation from 
patient samples [52, 53]. The mortality associated with 
Malassezia infections in this population remains low [50]. 
Geotrichum spp. rarely causes invasive disease in HSCT, the 
reported clinical syndrome predominately fungaemia [54–
57]. Saccharomyces spp. whilst a known gastrointestinal 
tract coloniser of HSCT recipients also remains an infre-

Table 37-1.  Yeasts causing invasive fungal disease in HSCT recipients

Yeast

Clinical syndromes

Fungaemia Pulmonary infiltrate Abdominal diseasea

Skin and soft 
tissue infection

CNS 
diseaseb Ophthalmicc Cardiacd Hepatosplenic

Candida spp. +++ + +++ + + ++ + +++

Cryptococcus spp. + +++ + + +++ + + +

Geotrichum spp. ++ + + + + + + +

Malassezia spp. ++ + − ++ − − − +

Rhodotorula spp. ++ + + + + + + −

Trichosporon spp. +++ + + + − − − +

Saccharomyces spp. + + + + − − − −

References [39, 49–51, 54, 57, 58, 61, 65, 68, 70, 73, 166–174].
Legend: The proportion of reports for each pathogen.
    −: Not reported.
    +: Infrequently reported.
    ++: Commonly reported.
    +++: Very commonly reported.
aIncluding abdominal collections.
bCNS, Central Nervous System—Meningeal, epidural or cerebral disease.
cIncludes any ocular and retinal disease.
dIncludes myocarditis, pericarditis and valvular disease.
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quent cause of IFD [18, 58–61]. When Saccharomyces spp. 
IFD occurs, it is often at 43–180 days infection post HSCT 
[61]. Whilst many clinical isolates remain susceptible to the 
azoles and the echinocandins, resistance to fluconazole has 
been reported [62, 63].

Rhodotorula spp. infections have been reported in HSCT 
with increased frequency in the Asia-Pacific region, typi-
cally associated with line-related fungaemia and low mortal-
ity (9–13 %). Rhodotorula mucilaginosa (Rhodotorula 
rubra) is the most commonly isolated species, followed by 
Rhodotorula glutinis and Rhodotorula minuta [64]. 
Rhodotorula spp. are intrinsically resistant to fluconazole, 
echinocandins and amphotericin B [65]. Rhodotorula spp. 
invasive disease is typically associated with neutropenia, 
CVC and auto-HSCT and treatment includes central line 
removal [66–68].

Trichosporon spp. colonises the skin and gut of humans, 
and in HSCT most often causes fungaemia. Invasive disease 
in HSCT was first described in 1977, and since then has been 
increasingly reported. The most frequently encountered spe-
cies are T. asahii and T. beiglii [69]. Trichosporon spp. are 
usually resistant to echinocandins and less susceptible to 
amphotericin B than to azoles. It has a high mortality (42–
76 %), improved however by azole therapy and neutrophil 
recovery [39, 70]. Whilst fungaemia is the most common 
presentation for invasive trichosporonosis, other clinical fea-
tures can include skin or hepatosplenic lesions and pulmo-
nary infiltrates [39].

Dimorphic fungal pathogens are also important pathogens 
to consider in HSCT recipients who have lived in or visited 
endemic areas. The TRANSNET endemic fungal pathogen 
surveillance study identified only two cases of coccidioido-
mycosis and four cases of histoplasmosis in HSCT recipients 
[71]. In this study only 9 % of endemic pathogens were from 
HSCT recipients, with the remainder occurring in SOT 
recipients [71]. Importantly infections can occur many years 
after HSCT and are also associated with the use of tumour 
necrosis factor alpha inhibitors [72]. For blastomycosis, coc-
cidioidomycosis and histoplasmosis, isolated pulmonary dis-
ease is reported in 36 % of patients and disseminated disease 
in the remainder [71]. In allo-HSCT the incidence of 
Coccidiodes, in Arizona, an endemic area, was estimated at 
2.6 %, associated with pulmonary involvement in 80 % and 
45 % mortality [73]. In four other cases of Coccidioidomycosis 
in allo-HSCT the mortality was 75 % [74, 75]. Disseminated 
disease sites include bone marrow, liver, gastrointestinal 
tract, kidney, spleen, skin and nodal disease. The median 
time from transplantation to infection with an endemic 
pathogen in HSCT is estimated at 274 days. Frequent testing 
for infection in higher risk patients should be performed with 
appropriate serology and PCR and antifungal prophylaxis 
considered [71, 73].

Histoplasmosis has been reported in immunocompro-
mised hosts including solid organ transplant recipients and 
HIV infected, but reported in only a small number of HSCT 

recipients, primarily allo-HSCT [71, 76–79]. It is even less 
reported than coccidioidomycosis [73, 75]. It is also impor-
tant to note that cases have also been reported in patients 
who reside outside endemic areas [76]. Blastomycosis and 
paracoccidioidomycosis have been reported in haematology 
cohorts but not HSCT recipients [80].

37.3	 �Diagnostics

Routine culture-based diagnostics including cultures of blood, 
cerebrospinal fluid (CSF) and tissue biopsy where applicable 
are recommended for diagnosis of suspected IC and cryptococ-
cosis, and all yeast infections. A fungal culture allows antifun-
gal sensitivity testing to be performed. Blood cultures, although 
specific for invasive IC, lack sensitivity (50–83 %) overall and 
are limited by relatively delayed time to positivity (2–3 days) 
[1, 81, 82]. The time to positivity (TTP) can be a clue to 
Candida species, a TTP less than 56.5 h had a negative predic-
tive value (NPV) of 92 % for C. glabrata [83]. In a single centre 
retrospective review the mean time to detection from blood cul-
tures of C. albicans was 35.3 h and for C. glabrata 154 h [84]. 
It is important to note that whilst the isolation of Candida spp. 
from a sterile site is significant, isolation from non-sterile sites 
(including bronchoalveolar lavage) may reflect colonisation 
rather than invasive disease. The isolation of Cryptococcus 
however from any culture, even from a non-sterile site, should 
be considered reflective of invasive disease unless proven 
otherwise.

37.3.1  �Non-culture-Based Diagnostics

37.3.1.1	 �1,3-β-d-Glucan (BDG)

BDG is a cell wall component of several fungal pathogens, 
including Candida. It however is not present in Cryptococcus 
species. BDG could be a useful test for diagnosis of IFD in 
HSCT recipients when combined with adjunctive clinical, 
radiological and microbiological findings. The majority of 
BDG studies use one of the four commercially available 
assays, based upon two-three times per week surveillance 
testing. BDG is now recommended by several guideline 
groups for the diagnosis of IC [85–95], however the utility of 
BDG has not been extensively studied in HSCT cohorts. A 
review of BDG by European Congress for Infections in 
Leukemia (ECIL) examined a heterogeneous group of 10 
studies utilising BDG in haematology cohorts, demonstrat-
ing no clear difference between assays and variable sensitiv-
ity (50–100 %), specificity (45–100 %) and NPV (73–100 %) 
[87, 88]. Improvement in specificity (100 %) is demonstrated 
by obtaining two consecutive positive BDG results, at the 
expense of sensitivity (45–65 %) [89, 91, 95]. In a recent 
study of haematology patients including HSCT, BDG had 
insufficient sensitivity to detect breakthrough candidemia 
[96]. In a small number of case reports BDG has remained 
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positive after clinical resolution of IC [97, 98]. Moreover, in 
HSCT patients receiving concurrent immunoglobulin 
replacement, false positive BDG tests have been reported 
[99, 100]. In cases of rare invasive yeast infection, such as 
trichosporosis, BDG is often falsely negative [70]. We there-
fore suggest that BDG be used only in settings where serial 
testing is available and interpreted in conjunction with clini-
cal, microbiological and radiological evidence of IFD.

37.3.1.2	 �T2 Diagnostics

T2 magnetic resonance (T2MR) technology is being increas-
ingly used for the diagnosis of IC [101]. T2MR is a self-
contained instrument that detects and amplifies Candida 
DNA from whole blood [102]. A recent multicentre study of 
over 1800 patient blood cultures, 250 of which were spiked 
with Candida spp., including HSCT recipients (43 % cohort), 
demonstrated a sensitivity of 91 %, specificity of over 98 % 
and NPV of 99 % for Candida spp. [102]. The median time 
to a negative result in this study was 4.4 h compared with 2–5 
days for routine blood cultures [102]. Whilst T2MR remains 
promising, its role in HSCT centres is currently ill defined.

37.3.1.3	 �Candida PCR

Candida specific and panfungal PCR have been employed 
for the diagnosis of IC, however methodologies are yet to be 
standardised and validated. Candida PCR has been demon-
strated to detect IC prior to standard culture methods, how-
ever the evidence for routine use of this diagnostic modality 
in HSCT and its performance in the presence of antifungal 
prophylaxis is absent [103, 104]. Using data extrapolated 
from mixed patient population studies Avni et  al. demon-
strated in a meta-analysis that the sensitivity and specificity 
of Candida PCR in cases of candidemia was 100 %, whilst in 
suspected IC the sensitivity was 91 % and specificity 95 % 
[104]. Others have shown that PCR is more sensitive than 
blood cultures for diagnosis of intra-abdominal infection, 
although HSCT recipients were not included in this study 
[105]. Greater validation is required in at risk groups such as 
HSCT recipients before widespread clinical use.

37.3.1.4	 �Cryptococcal Diagnostics

The presence of the polysaccharide capsule surrounding C. 
neoformans has led to the development of the cryptococcal 
antigen assays (CrAg) that detect the antigen in serum and 
CSF. CrAg detection is included in the EORTC/MSG crite-
ria for diagnosis of IFD [87]. Whilst the test specificity 
when performed on serum or CSF is excellent (92–100 %) 
[106, 107], the sensitivity of CrAg whilst higher than blood 
cultures is lower (77–95 %) in the relatively small number 
of studies in haematology/HSCT patients [107–111]. Due to 
paucity of data regarding serum CrAg use in HSCT, it 

cannot be used as a stand-alone test to exclude cryptococcal 
disease or monitor response to therapy. Interestingly a false 
positive cryptococcal antigen has been reported in case of 
invasive trichosporonosis due to the cross-reactive capsular 
antigen [112].

The Cryptococcal lateral flow assay (LFA) has 97 % con-
cordance with enzyme immunoassay antigen detection and 
an overall sensitivity and specificity for cryptococcosis of 
97–100 % and 99.6 %, respectively [113–116]. Its rapid 
nature, low cost and “point-of-care” deliverability in con-
junction with subsequent validation on sera and CSF speci-
mens make it an attractive diagnostic for cryptococcal 
disease. Potential use of the assay on urine samples has 
been demonstrated primarily in HIV cohorts, allowing for 
earlier detection of invasive disease in the future [114, 
117–119].

37.3.1.5	 �Matrix-Assisted Laser Desorption/
Ionisation-Time of Flight Mass 
Spectrometry (MALDI-TOF MS) 
for Yeast Identification

The use of MALDI-TOF MS has been increasingly 
reported for rapid identification of yeast species including 
directly from blood cultures [120, 121]. It detects mass pat-
terns of organisms from clinical isolates, comparing against 
reference strains, allowing species identification within min-
utes [120]. In a small number of studies MALDI-TOF MS 
has been used to simultaneously identify Candida spp. and 
to determine susceptibility to triazole antifungals and the 
echinocandins [122, 123]. In candidemia MALDI-TOF has 
been successfully employed to detect fungaemia, more rap-
idly than methods based on culture and molecular diagnostic 
methods [124]. Correct identification of Candida spp. by 
MALDI-TOF has been referenced at 95–98 % [120, 121, 
125]. The utility of MALDI-TOF MS in routine diagnostics 
in haematology patients has not been extensively validated, 
although remains promising.

37.4	 �Antifungal Resistance

Laboratory testing for susceptibility to antifungal drugs is a 
vital component of the diagnostic approach to invasive yeast 
infection. Patterns of resistance may vary between centres. 
Whilst C. albicans almost exclusively remains fluconazole 
sensitive, increasing resistance in non-albicans Candida 
spp. has been observed. Prior fluconazole therapy and echi-
nocandin use correlated with fluconazole and caspofungin 
resistance, respectively [126]. The risk factors for flucon-
azole resistant Candida spp. in HSCT were identified to be 
prior fluconazole use, C. glabrata isolation, prior ampho-
tericin B therapy, diabetes, CMV antigenemia and non-

J.A. Trubiano et al.



681

Hodgkin’s lymphoma on multivariate analysis of the 
TRANSNET study [26]. In cancer patients including HSCT 
and gastrointestinal surgery, triazole therapy and advanced 
age (age > 65) are associated with fluconazole resistant 
Candida spp. [7].

Fluconazole resistance has been increasingly noted in C. 
glabrata [1, 8, 14, 22, 26, 127, 128]. This is compounded by 
concomitant echinocandin resistance associated with flucon-
azole resistance phenotypes in some countries, independent 
of prior azole exposure [28, 129]. The emergence of multi-
drug resistant C. glabrata, involving azoles and echinocan-
dins is cause for concern, associated with increased all-cause 
mortality [29, 129, 130]. Fluconazole susceptible dose-
dependent (SDD) C. glabrata isolates have been success-
fully treated with fluconazole therapy in HSCT recipients 
[24, 131]. The resistance patterns of uncommon yeasts are 
outlined in Table 37-2.

There are no standardised antifungal susceptibility break-
points for Cryptococcus spp. In many centres routine suscep-
tibility testing is not performed considering resistance to first 
line therapies (amphotericin B and 5 flucytosine/fluconazole) 
is infrequently reported [1, 132].

37.5	 �Impact of Antifungal Prophylaxis 
on Invasive Yeast Infections 
Post HSCT

The widespread use of azole prophylaxis in HSCT patients 
has significantly reduced the incidence of IC and patient 
mortality (Figure  37-1) [7, 9, 133, 134]. Fluconazole pro-
phylaxis to day 75 after HSCT has reduced candidemia and 
improved overall survival in HSCT recipients, even if colo-
nised [7, 20]. When triazole or echinocandin antifungal pro-
phylaxis is employed, the incidence of Candida spp. 
colonisation is decreased significantly [135]. There have 
been few head-to-head studies demonstrating efficacy of one 
agent over the other, with minor differences in occurrence of 
IC noted in a systematic review and meta-analysis [136]. 
Prophylaxis strategies are risk stratified in regard to known 
host factors, corresponding with either Candida directed pro-
phylaxis (fluconazole) or mould active therapy (i.e. itracon-
azole, voriconazole, posaconazole).

Although 400  mg/day fluconazole was used in the ran-
domised placebo controlled trials of prophylaxis [7], in one 
observational study low dose fluconazole therapy (200 mg) 
prevented C. glabrata or C. krusei infection in allo-HSCT 
but not autologous HSCT patients [25]. However, 200 mg or 
even 400 mg daily may not achieve adequate pharmacoki-
netic targets to treat invasive infection with less susceptible 
isolates [137]. Risk factors for acquisition of fluconazole 
resistant candidemia not surprisingly include recent gastro-
intestinal surgery and fluconazole/triazole exposure [14]. 
However, one study found no increase in the proportion of C. 

glabrata positive cultures in patients receiving fluconazole 
prophylaxis [135]. C. krusei is inherently resistant to flucon-
azole and is isolated twice as frequently in subjects receiving 
fluconazole compared to those receiving posaconazole or 
itraconazole [135]. Prolonged fluconazole prophylaxis in 
HSCT patients with GVHD is also associated with increased 
risk of C. albicans resistance [135].

Voriconazole prophylaxis was better tolerated but equally 
effective at reducing IFD, including IC, when compared with 
itraconazole (1.3 % vs. 2.1 %) in allo-HSCT [138]. C. gla-
brata and C. krusei breakthroughs have been noted in HSCT 
recipients receiving primary or secondary voriconazole pro-
phylaxis [27, 139–141]. In myeloablative HSCT recipients at 
standard risk for early death or relapse, one randomised, 
double-blind study of voriconazole and fluconazole con-
cluded that fungal-free survival rates (the primary endpoint) 
were similar at 180 days [142]. Notably, fluconazole and 
voriconazole were similarly tolerated with the same propor-
tion of withdrawals due to adverse events (AEs) at a similar 
median time. Candida infections occurred in 1 % of patients 
on each arm [142].

Breakthrough IC, in particular that due to C. glabrata has 
also been noted in allo-HSCT recipients receiving posacon-
azole prophylaxis [135, 143, 144]. In some centres Candida 
spp. was the most common breakthrough IFD seen in HSCT 
recipients [135, 144].

Echinocandin prophylaxis in HSCT is not reported to be 
associated with high rates of breakthrough yeast infections 
[45]. Nonetheless breakthrough infections due to Candida 
spp., including C. parapsilosis, C. tropicalis and C. glabrata 
have been reported, even after short periods of echinocandin 
exposure [12, 19, 128, 145, 146].

37.6	 �Treatment

The treatment principles for IFD in HSCT are similar to 
those guidelines provided for general haematology and 
oncology populations [1]. Practical points and empirical 
treatment for IC in HSCT are outlined in Figure 37-2 and 
doses of antifungals commonly used to treat IC are shown in 
Table  37-3. Early initiation of empirical therapy, usually 
with an echinocandin followed by targeted step-down anti-
fungal therapy is vital, as delayed therapy is associated with 
inferior outcomes [147–149]. In addition, delay in catheter 
removal in Candida blood stream infections is associated 
with increased mortality [150–152]. However, in neutrope-
nia the gastrointestinal tract is a potential source of Candida 
infection and line removal may not always be required in 
such cases [17]. The incidence of ocular candidiasis in 
patients with candidemia (12.5–26 %) necessitates ophthal-
mologist review in all cases of candidemia [153–155]. The 
role of echocardiography to examine for Candida spp. endo-
carditis has long been debated. A recent prospective cohort 
study demonstrated an overall Candida spp. endocarditis 

37. Yeast Infections After Haematopoietic Stem Cell Transplantation



682

Table 37-2.  Summary of suggested antifungals for invasive yeast infections in HSCT

Yeast Primary clinical syndromes First line Second line Minimum duration Comments

Candida spp. Candidemia (see Figure 2)
CNS (meningitis/abscess)
Retinitis
Endocarditis
Intra-abdo collection
Hepatosplenice

Cystitis/pyelonephritis
Osteomyelitis
Septic Arthritis

Echinoa

5FC + L-AMB
AMB or Azolec

5FC + L-AMB
Azoleb

Azoleb

Azoleb

Azoleb or L-AMBa

Azoleb or L-AMBa

Azolea,b

  Azolec

  L-AMB or Azoled

Echino + L-AMB
Echinoa

L-AMB/Echino
L-AMB +/− 5FC
Echinoa

2W
4–6W
4–6W
6W
2–4W
16–26W
2W
26–52W
6W

1.	Echinocandins not 
recommended for urinary 
or ocular candidiasis

2.	If no surgical 
intervention for 
endocarditis, then 
lifelong suppressive 
fluconazole

C. neoformans CNS
Pulmonary (mild)
Pulmonary (severe)

I: L-AMB +5FC
C: Azolec

M: Azole
Azoleb

Same as “CNS”

High dose L-AMBf

–
–
–

2W
8W
26–52W
26–52W
26–52W

1.	L-AMB preferred over 
AMB

2.	Voriconazole can be 
considered for salvage 
therapy

C. gattii CNS
Pulmonary

I: L-AMB +5FC
C: Azoleb

I: L-AMB +5FC
C: Azoleb

– 6 W
52–78W
2W
26–52W

1.	Azole induction not 
recommended

2.	For mild lung disease 
may consider azole for 
6–12 months

Histoplasma spp. Pulmonary or disseminated L-AMB AMB OR
Azoleb,d

4–6W (induction)
52W (consolidation)

1.	Step down from L-AMB 
to itraconazole 200 mg 
bd-tds.

2.	For non-CNS/non-
disseminated disease can 
consider itraconazole 
first line

Coccidioidomycosis Pulmonary or disseminated L-AMB AMB
Azoleg

1.	For mild disease can 
consider fluconazole or 
itraconazole

Geotrichum spp. Fugaemia and disseminated Azoled L-AMB 2W 1.	Variable susceptibility to 
fluconazole

Malassezia spp. Cutaneous disease Azoled Azoleb 1–2W 1.	Variable AMB 
susceptibility

2.	No echinocandin 
susceptibility data

3.	Intraconazole susceptible

Rhodotorula spp. Fungaemia, pneumonia or 
invasive disease

L-AMB Azoled 2W 1.	Intrinsic resistance to 
fluconazole and 
echinocandins

Saccharomyces spp. Fungaemia Azoled L-AMB/Azoleb 1.	Variable fluconazole 
susceptibility

2.	No echinocandins data

Trichosporon spp. Fungaemia, pneumonia or 
invasive disease

Azoled Azoleb 2W 1.	Increasing rates of 
fluconazole and AMB 
resistance.

2.	Limited evidence for 
combination therapy

3.	Echinocandins have poor 
activity.

Adapted from references [1, 39, 51, 54, 56, 65, 68, 70, 71, 73, 161, 164, 166, 167, 176–180].
Abbreviations: L-AMB liposomal amphotericin B, AMB Amphotericin B, Min duration minimum treatment duration, W weeks, Echino echinocandin, 5FC 
5-Flucytosine, CNS central nervous system, I induction, C consolidation, M maintenance.
aIf echinocandin started, follow with azole if susceptible (fluconazole > voriconazole).
bFluconazole preferred if susceptible.
cFluconazole 800 mg OR 12 mg/kg daily.
dVoriconazole preferred if susceptible.
eDisseminated disease.
fLiposomal Amphotericin 6 mg/kg daily.
gFluconazole or voriconazole preferred.
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incidence of 4.2 % [156]. When transoesophageal echocar-
diogram (TOE) is performed routinely in most centres, the 
incidence has been reported at upwards of 17 % [157]. 
Echocardiography should be strongly considered, especially 
in the setting of prosthetic valves.

Hepatosplenic or disseminated candidiasis may require 
prolonged treatment and be complicated by prolonged fever. 
It has been suggested that this entity may represent an 
immune reconstitution inflammatory syndrome (IRIS) and 
some authors have suggested use of corticosteroid treatment 
[34]. IC is not a contraindication to HSCT [158]. Where neu-
tropenia is expected to resolve granulocyte infusions have 
been used in conjunction with antifungal therapy to bridge a 
period of profound neutropenia but in the absence of a ran-
domised trial efficacy is uncertain [159, 160].

The initial antifungal treatment choice is dependent on 
the causative species, site of infection, presence/absence of 
candidemia, host factors, prior azole exposure, and local 
hospital epidemiology. It is imperative to differentiate 
Candida spp. colonisation from IC, in particular isolation of 
Candida spp. from urinary and upper respiratory tract 
sources in the absence of clinical or radiological evidence of 

disease. Although Candida spp. colonisation, especially 
from multiple sites, may suggest candidemia, alone it does 
not warrant therapy.

The treatment of cryptococcosis in HSCT is outlined in the 
2010 IDSA guidelines and is summarised in Table 37-2 [161]. 
The treatment in HSCT should not differ from recommended 
guidelines, although the data primarily stem from HIV/AIDS 
patients [1, 161, 162]. In all patients with cryptococcosis, a 
CSF opening pressure should be measured and a CSF speci-
men obtained for CrAg testing and culture. There is however 
limited evidence regarding the approach to patients who have 
recently completed treatment for cryptococcosis and about to 
undergo HSCT.  From a small retrospective study, Zuniga 
et al. demonstrated that adequately treated cryptococcal dis-
ease was not a contraindication to transplantation [163]. For 
C. gattii infections a longer induction therapy is recom-
mended due to risk of treatment failure [164]. In treatment of 
cryptococcal infections after HSCT, the possibility of IRIS 
with rapid reduction of immune suppression should be con-
sidered [165]. The treatment of other rare and emerging yeast 
infections is summarised in Table  37-2. The recommended 
antifungal dosing schedules are summarised in Table 37-3.

Winston 2003
(n =138)

Marr 2004
(n = 299)

Ullmann 2007a
(n = 600)

Wingard 2010
(n = 600)

Marks 2011
(n = 465)

Fluconazole 400mg/d (n=67)

Itraconazole 200mg/bd (n=71)

RCT Trial Agents IC Incidence

Fluconazole 400mg/d (n=148)

Itraconazole 2.5mg/kg3(n=151)

Fluconazole 400mg/d(n=299)

Posaconazole200mg/tds(n=301)

Fluconazole 400mg/d (n=295)

Voriconazole 200mg/d (n=305)

Itraconazole 200mg/bd (n=241)

Voriconazole200mg/d (n=224)

12%

3%

1%

1%

0%

3%

3%

1%

2%

1%

C. albicans
N (%)

non-C. albicans
N (%)

0 (0%) 8 (12%)

0 (0%) 2 (3%)

0 (0%)

0 (0%)

1 (0.4%)

0 (0%)

3 (1%)b

6 (2%)b

0%

0%

4 (3%)

3 (2%)

3 (1%)

3 (1%)

0 (0%)

2 (1%)

Van Burik 2003
(n = 882)

Micafungin 50mg/d (n=425)

Fluconazole 400mg/d (n=457)

1%

0.5%

1 (0.2%)

0 (0%)

3 (0.7%)

2 (0.4%)

Koh 2002
(n = 882)

AMB 0.2mg/kg/d (n=86)

Fluconazole 200mg/d (n=100)

7%

10%

2 (0%)

0 (0%)

4 (0%)

10 (0.4%)

Figure 37-1.  The incidence of IC in seven contemporary randomised control trials of antifungal prophylaxis in allo-HSCT recipients. 
Abbreviations: RCT randomised control trial, N study number, IC invasive candidiasis, AMB amphotericin B, d daily, bd twice-daily, tds 
three-times-daily. Maintenance dosing for agents listed. aUllman et al. included only allo-HSCT with severe GVHD. bMissing information 
regarding Candida spp. References [133, 134, 138, 142, 175].
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Invasive candidiasis general principles

1. Remove implicated central venous catheter in cases of candidemia

a. If catheter or device CANNOT been removed consider echinocandin (biofilm activity)

2. Avoid delays in empirical antifungal therapy - Delays associated with increased mortality

3. Avoid using an echinocandin alone in patients with evidence of retinal candidiasisa

4. Renally excreted agents more effective in patients with Candidapyelonephritis, cystitis or fungal ballb

5. Strongly consider ophthalmic examination and echocardiography in all candidemia patients

6. Repeat blood cultures to ensure fungaemia clearance on therapy and determine duration of therapy

Considerations when choosing Empirical treatment for candidemia 

1. Tailor empirical therapy to local epidemiology

2. Consider patient clinical status and prior antifungal exposure and colonisation:

a. If patient haemodynamically stable &  non-neutropenic, treatment choices include:

i. Echinocandin (micafungin, caspofungin or anidulafungin)

ii. Voriconazole 

iii. L-AMB

iv. Fluconazolec

b. If haemodynamically unstable OR neutropenic, or recent azole exposure or prophylaxis treatment choices include:

i. Echinocandin (micafungin, caspofungin or anidulafungin)  -

ii. L-AMB

iii. Voriconazole 

c. If recently colonised with Candida spp. consider its known susceptibility when employing empirical therapy for 

presumed invasive candidiasis.

d. If recent echinocandin exposure or concerns with echinocandin resistance

i. L-AMB 

ii. Voriconazole 

Abbreviations: L-AMB, liposomal amphotericin B
aAn azole such as fluconazole or voriconazole achieves levels in vitreous fluid but echinocandins do not
bFluconazole & 5-flucyotsine are renally excreted whilst echinocandins are not
c 12mg/kg loading then 6mg/kg ongoing 

Figure 37-2.  Practice points and empirical therapy for invasive candidiasis and candidemia in HSCT. Abbreviations: L-AMB liposomal 
amphotericin B. aAn azole such as fluconazole or voriconazole achieves levels in vitreous fluid but echinocandins do not. bFluconazole & 
5-flucyotsine are renally excreted whilst echinocandins are not. c12 mg/kg loading then 6 mg/kg ongoing.
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38.1           Candida 

38.1.1     Epidemiology 

   Candida  is a genus  of   yeast found in abundance worldwide. 
There is a wide variety of species found throughout the envi-
ronment, however only about 15 of these are commonly 
pathogenic in humans. In addition to causing disease, the 
yeast can be found throughout the body as a part of the nor-
mal human microbial environment. 

 The  Transplant-Associated Infection Surveillance 
Network (TRANSNET) study   reported in 2010 that  Candida  
comprised more than half of all documented invasive fungal 
infections in SOT recipients [ 1 ].   Candida albicans    was the 
predominant species, however was the etiologic pathogen in 
approximately 50% of  Candida  cases.  C. glabrata  com-
prised a quarter while the remaining cases were primarily 
caused by  C. parapsilosis ,  C. tropicalis,  and  C. krusei . 
Polymicrobial infection occurred in almost 10%. The 
Prospective Antifungal Therapy (PATH) registry followed a 
broader group of patients and saw a similar distribution of 
species overall, however when looking at solely solid organ 
transplant recipients, observed  C. glabrata  to be the most 
common species at nearly 40% [ 2 ]. They also demonstrated 
similar fi ndings of  Candida  being the most common cause 
of fungal infection in  solid organ transplant (SOT) recipi-
ents   [ 3 ]. A follow-up study from the PATH registry looking 
solely at non-albicans species observed  C. glabrata  to cause 
over 60% of non-albicans candidiaisis (Table  38-1 ) [ 4 ]. A 
similar population-based monitoring program, the SENTRY 
Antimicrobial Surveillance Program, demonstrated  C. albi-
cans  as the most common with  C. glabrata  second, however 
at a lower frequency (less than 20%) compared to 
TRANSNET and PATH Alliance [ 5 ]. One key difference 
between the studies, however, is that while TRANSNET 
and PATH were confi ned to North America, SENTRY was a 
worldwide study. The SENTRY breakdown by region shows 
their North America rates by species to be similar to the 

other studies, with much lower rates of  C. glabrata  in the 
other parts of the world [ 6 ].  C. parapsilosis  supplants 
 C. glabrata  as the second most common species in their 
Latin America isolates. 

38.1.2        Pathogenesis 

  As  the   most common species, the majority of work looking 
at pathogenesis and virulence has focused on  C. albicans. C. 
albicans  has an ability to exist along a spectrum from bud-
ding yeast to a walled hyphal structure [ 7 ]. One primary 
mode of virulence is the ability of the yeast to adhere to sur-
faces, including human cells, and convert to the hyphal form 
for the purposes of invading tissue [ 7 ]. Indeed, altering 
genetics to prevent the transition from yeast to hyphal phase 
has been shown to decrease pathogenicity [ 8 ]. The ability to 
adhere to surfaces is also an important contributor to human 
disease with the ability to form biofi lms on prosthetic sur-
faces, including a concurrent upregulation of resistance 
mechanisms [ 9 ]. The adherence of fungal cells to a surface 
and formation of a biofi lm prompt the development of “per-
sister cells” that are highly resistant to antifungals [ 10 ].   

38.1.3     Clinical Manifestations 

38.1.3.1     Superfi cial Infections 

  As SOT recipients have their immune  system   infl uenced by 
pharmacologic immunosuppression, in particular glucocorti-
costeroids,  Candida  is presented with the opportunity to trans-
form from commensal to pathogen. The spectrum of 
superfi cial disease ranges from cutaneous to mucous mem-
brane and can occur in a variety of sites. Additional  co- morbid 
conditions can contribute to the development of oropharyn-
geal thrush or vaginitis, such as concurrent antibiotic use (e.g., 
prophylaxis) and diabetes. Oropharyngeal thrush can progress 
to a more invasive form of mucosal disease, specifi cally, 
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 Candida  esophagitis. A more severe infection such as this 
must be dealt with promptly as potential complications rang-
ing from stricture to perforation and death have been reported 
[ 11 ,  12 ].   

38.1.3.2     Candidemia 

    Candidemia      is the most common manifestation of invasive 
candidiasis amongst transplant recipients based on data from 
the TRANSNET cohort [ 1 ,  13 ]. The following risk factors 
are well understood to place patients at risk for invasive can-
didiasis: neutropenia, chemotherapy, colonization with 
 Candida , broad-spectrum antibiotics, central venous cathe-
ter, hemodialysis or renal failure, critical illness, parenteral 
nutrition, mechanical ventilation, surgery, and advanced age 
[ 14 ]. It is not uncommon for the SOT recipient to meet one 
or more of these factors. 

 Liver transplant recipients are at particularly increased 
risk of candidemia with a variety of potential factors taking 
into account pre- and post-transplant variables. Using a 
focused algorithm of creatinine greater than 3 mg/dL, trans-
plant operative time greater than or equal to 11 h, retrans-
plantation, receipt of more than 40 units of blood products, 
or early fungal colonization, the presence of two or more 
factors identifi ed a group of patients in whom 67% devel-
oped an invasive fungal infection with  Candida  being the 
most common genus [ 15 ]. Since the establishment of the 
 Model for End-stage Liver Disease (MELD)  , this has now 
been evaluated for its contribution to predicting infectious 
complications [ 16 ,  17 ]. In multivariate analysis including 
other known risk factors for invasive fungal infections (IFIs), 
an elevated MELD score has been shown to have increased 
odds for developing all types of IFIs including invasive can-
didiasis and candidemia [ 17 ].    

38.1.3.3     Urinary Tract Infection 

    Candida  is an  uncommon      pathogen in the urinary tract; how-
ever, it is a frequent colonizer in certain patients. Patients 
with urinary catheters, diabetes, on broad-spectrum antibiot-
ics, or prolonged hospitalization are all prone to  Candida  
isolation from urine culture specimens. Renal transplant 
recipients, in particular, pose a dilemma over what to do with 
positive culture results in the setting of manipulation of the 

urinary tract and possibly the placement of a ureteral stent. 
Prosthetic materials are one of the situations where  Candida  
can evolve from colonizer to pathogen. Studies to determine 
the true incidence of candiduria in renal transplant recipients 
are inconclusive, however it probably approximates 10%, 
not dissimilar to the hospitalized population as a whole [ 18 , 
 19 ]. These studies have failed to show a substantial benefi t to 
treating a positive  Candida  urine culture in the absence of 
symptomatic probable or proven disease. Infection can be 
severe with pyelonephritis having been reported [ 20 ,  21 ].    

38.1.3.4     Intra-Abdominal 

   Candida  has long been known to be a colonizer  of   the gastro-
intestinal tract, and therefore controversy has persisted over 
whether its presence in peritoneal culture represents coloni-
zation versus invasive infection [ 22 ]. In particular, compli-
cated nosocomial peritonitis appears to be an instance of true 
infection [ 23 ]. Liver, small bowel, and pancreas transplant 
recipients can be of increased risk and, if certain criteria are 
met, may warrant fl uconazole prophylaxis to prevent inva-
sive candidiasis. This will be discussed in more detail below.   

38.1.3.5     Pulmonary 

   Candida  as a cause of primary pneumonia is exceptionally 
rare.  While   pulmonary disease does occur, it is generally in 
the form of hematogenous spread from other sources. This 
generally appears radiographically as septic emboli.  Candida  
frequently occurs as a colonizer either of the respiratory tract 
or, in the mechanically ventilated, the endotracheal tube given 
the organism’s propensity to adhere to surfaces. Studies have 
failed to fi nd an association between microbiologic growth of 
 Candida  from bronchoscopic specimens and an impact mor-
tality or other outcomes [ 24 ,  25 ]. An exception to this state-
ment is limited to anastomotic tracheobronchitis in lung 
transplant recipients. This is a well-described entity and can 
be caused by a wide variety of organisms, including  Candida  
[ 26 ]. A single center study looking at the causes of tracheo-
bronchitis in 272 heart–lung or lung recipients found 15 anas-
tomotic infections, of which  Candida  was the most common 
pathogen, having been diagnosed in eight of the patients [ 27 ].   

38.1.3.6     Ocular 

  Involvement of  the   eye is an uncommon but well-recognized 
complication of disseminated invasive candidiasis. Clinical 
manifestations range from chorioretinitis to full-blown endo-
phthalmitis. Rates as high as 26% for ocular spread associ-
ated with candidemia have been reported. Historically  C. 
albicans  is more likely than other species to cause ocular 
involvement based on its innate invasive potential, while  C. 
parapsilosis  is the least likely compared to other species [ 28 , 
 29 ]. There are no prospective studies looking at rates of ocu-

   TABLE 38-1.    Species distribution in candidemia among patients 
with solid organ transplants   

 TRANSNET    PATH alliance 

 Species   N  = 264   N  = 292 

  C. albicans   131 (50%)  97 (33%) 

  C. glabrata   78 (30%)  112 (38%) 

  C. parapsilosis   23 (9%)  33 (11%) 

  C. tropicalis   12 (5%)  16 (5%) 

  C. krusei   14 (5%)  8 (3%) 
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lar candidiasis in solid organ transplant recipients; however, 
it has been reported in the SOT population [ 26 ,  30 ,  31 ]. It 
does appear to be an uncommon complication, as one series 
reporting all ocular infections from a cohort of heart trans-
plant recipients had no cases caused by  Candida  [ 32 ].   

38.1.3.7     Donor-Derived 

  Presence of  Candida  in the gastrointestinal  tract   raises the 
potential for transmission in the process of the intra- peritoneal 
organs [ 33 ]. Additionally, the presence of candidemia prior 
to or at the time of death of the donor would raise the poten-
tial for transmission. While not strictly a donor- derived com-
plication, there are numerous case reports of  Candida  
contaminating the preservation fl uid in transport from donor 
to recipient [ 34 – 39 ]. A study of graft-site candidiasis deriv-
ing from organ recovery in renal transplant recipients found 
renal arteritis to be the most common complication [ 40 ].    

38.1.4     Diagnosis 

  Culture is currently the gold standard of diagnosis. While it 
is diffi cult to interpret  a   culture positive for  Candida  species 
from a non-sterile site, sterile cultures are indicative of an 
invasive process and should be treated with the utmost 
urgency. Given the benefi ts of early and effective treatment 
and the variation of anti-fungal sensitivities based on spe-
cies, efforts are underway to develop more reliable means of 
rapid diagnosis and species identifi cation. 

  Matrix-Assisted Laser Desorption/Ionization Time-of- 
Flight (MALDI-TOF)   is one means of rapid identifi cation 
that can lead to faster adjustment of antifungal treatment. 
MALDI-TOF has been shown to identify  Candida  species 
with accuracy equal to or greater than conventional methods 
[ 41 ]. Additionally, the technology has been shown to drasti-
cally decrease time to identifi cation, in particular for the 
non-albicans  Candida  species [ 42 ]. To run the assay, a pure 
culture specimen must undergo preparation specifi c to the 
brand of MALDI-TOF in use. While this earlier identifi ca-
tion can be benefi cial in making empiric adjustments in treat-
ment, it does not impact the time to diagnosis of invasive 
candidiasis since it still requires a positive culture. 

  Peptide nucleic acid fl uorescent in situ hybridization 
(PNA-FISH)   can be performed directly from a positive blood 
culture bottle prior to being plated for isolation of pure colo-
nies with a very high level of sensitivity and specifi city for  C. 
albicans  [ 43 ]. Commercially available multi-species kits 
now exist but have some limitations in their ability to distin-
guish completely to the species level with pairing of species 
to a single color fl uorescence [ 44 ]. The test can be run 
directly from positive blood culture bottles or from sub- 
cultured colonies. While this has the potential to provide 
some identifi cation data even faster than MALDI-TOF, it is 
still reliant on  Candida  growing in culture. 

 The most recent technology to become available is the 
T2Candida ®  assay. Based on magnetic resonance technol-
ogy, the assay is able to identify to a paired species level 
( C. albicans/C. tropicalis ,  C. krusei/C. glabrata , and 
 C. parapsilosis ) from a whole blood specimen without wait-
ing for a positive culture [ 45 ]. The technology can identify a 
positive signal within hours of the obtaining the whole blood 
specimen, thus having the potential to identify candidemia 
much sooner and lead to earlier initiation of appropriate ther-
apy. Additionally it has an excellent negative predictive value 
for candidemia which could be used to de-escalate or stop 
unnecessary anti-fungal therapy very quickly (Table  38-2 ).

   Non-fungemic invasive candidiasis remains a challenge to 
diagnose [ 46 ]. An assay to detect (1 → 3)-β- D -glucan (BDG), 
a component of the  Candida  cell wall, in serum or plasma 
has been shown in a meta-analysis to have a sensitivity of 
76.8% and specifi city of 85.3% for proven or probable inva-
sive fungal infections from any organism [ 47 ]. Studies 
restricted to candidiasis have sensitivities ranging from 57% 
to 97% while the specifi city was 44% to 93% [ 48 ]. Part of 
the variation in specifi city is due to the presence of the pro-
tein in the cell wall of most fungi, not solely  Candida . Thus, 
the assay is less specifi c than some other assays and is con-
sidered to be “pan-fungal” by many experts. One study 
restricted to liver transplant recipients showed improved per-
formance with a sensitivity of 83% and specifi city of 89% 
[ 49 ]. Conversely, the test performs poorly in lung transplant 
recipients with one study having a sensitivity of 71 and 59%, 
noting mold colonization of the lungs and hemodialysis 
raised levels of BDG [ 50 ]. A meta-analysis of  polymerase 
chain reaction (PCR)   for the diagnosis of candidiasis has 
shown good performance characteristics in the blood culture 
negative population with sensitivity ranging from 73% for 
culture negative candidiasis to 93% for proven/probable can-
didiasis [ 51 ]. Specifi city for both groups was over 90%.   

38.1.5     Treatment 

  Multiple guidelines exist to assist the clinician with  ens  uring 
appropriate treatment across the spectrum of invasive candi-
diasis [ 52 – 55 ]. Overall, treatment of the solid organ transplant 
is the same as treatment for the non-transplant patient. As 
such, the focus here will be on selected types of infection. 

 Candidemia initial regimen should be based on both sever-
ity of illness and the potential for a resistant isolate, in par-
ticular  C. glabrata  and  C. krusei , but most experts agree that 

   TABLE 38-2.    Performance of non-culture based diagnostic assays 
for candidemia and/or invasive candidiaisis   

 Assay  Sensitivity  Specifi city 

 (1 → 3)-β- D -glucan  57–97%  44–93% 

 PCR  73–93%  90–96% 

 T2Candida ®   88–94%  98.9–99.9% 
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echinocandins are preferred as initial therapy for most 
patients with candidemia [ 55 ]. For empiric therapy, echino-
candins are generally preferred in the critically ill, those with 
a recent history of or present fl uconazole use, or colonization 
with a resistant isolate. The TRANSNET study, performed 
between 2000 and 2006, documented an overall fl uconazole 
resistance rate at that time of 16%, with  C. glabrata  and 
 C. krusei  comprising 30% of all isolates [ 13 ]. Lacking those 
risk factors, fl uconazole is a reasonable option for empiric 
therapy in the non-acutely ill person. Once the species and 
susceptibilities are determined, targeted therapy can be cho-
sen. Treatment should continue for at least 14 days from the 
fi rst negative culture with an attempt to infl uence source con-
trol, in particular the removal of intravascular catheters [ 55 ]. 

 For candiduria, the decision to treat should be on the basis 
of symptoms and/or fi ndings consistent with a urinary tract 
infection. If the patient is asymptomatic but neutropenic or 
undergoing a urologic procedure, then treatment is war-
ranted. The kidney(s) should be assessed for the presence of 
a fungal ball and surgical removal of the obstruction pursued 
if found. Echinocandins are poorly excreted into the urine, 
therefore fl uconazole is the treatment of choice for most 
 Candida  urinary tract infections. If a fl uconazole-resistant 
isolate is isolated, then a lipid amphotericin-B preparation 
can be used, with or without fl ucytosine [ 55 ]. 

 Ocular candidiasis is another circumstance where echino-
candins fall short in their ability to penetrate a particular tis-
sue. Again, lipid amphotericin-B products and fl uconazole 
are the agents of choice. Consultation with ophthalmology 
should be obtained early to assess the need for aggressive 
surgical intervention with vitrectomy [ 55 ]. 

 Treatment of end-organ infection, such as pulmonary, 
intra-peritoneal, or cardiovascular candidiasis should be 
driven by species identifi cation and susceptibilities. Duration 
of therapy will need to be tailored to the individual patient on 
the basis of ability to drain the infected material and reverse 
the source of contamination. 

 There is emerging evidence of the development of resis-
tance to echinocandins, in particular in  C. glabrata. C. 
parapsilosis  has been noted to have, on average, higher mini-
mum inhibitory concentrations against the echinocandins, 
but there is little correlation to these values and clinical 
response to therapy with echinocandins [ 56 – 60 ]. Rates of 
resistance appear to vary signifi cantly across centers. The 
presence of azole and/or echinocandin resistance should be 
explored among patients failing to respond as expected to 
either of these therapies. 

 The other aspect of treatment is monitoring for  drug–
drug interactions (DDIs)  . While the echinocandins have 
minimal DDIs, fl uconazole and other azole agents are well 
documented to have many potential DDIs, and care should 
be taken to adjust immunosuppressant dosing, especially 
with use of the calcineurin inhibitors, cyclosporine and 
tacrolimus, and the mTOR inhibitors, everlimus and 
 sirolimus [ 61 ,  62 ].   

38.1.6     Prophylaxis 

  There  is   a subset of intra-abdominal transplant patients who 
are high risk for invasive candidiasis. Criteria to determine 
high-risk is best established in liver transplant recipients; 
defi ned as  Candida  colonization, 40 or more units of cellular 
blood products transfused, retransplantation, choledochoje-
junostomy, and prolonged operation, having two or more of 
these factors warrants prophylaxis [ 54 ]. Additionally, a 
MELD score >30 has been shown to increase the odds of a 
post-transplant infection of any type [ 63 ]. There were few 
documented fungal infections in this study; however, the 
broader use of MELD has overlapped with the growing use 
of anti-fungal prophylaxis. This confounds the assessment of 
the value of MELD as a predictor of invasive fungal infection 
(IFI), but nevertheless, a high MELD score should be consid-
ered a risk factor for IFI and taken into consideration when 
deciding to give anti-fungal prophylaxis in the early post- 
transplant period. 

 A meta-analysis of antifungal prophylaxis of any sort 
demonstrated a decrease in all types of candidiasis and 
improvement of mortality attributable to fungal infections, 
but without an impact on overall mortality [ 64 ].  Fluconazole   
has been shown to be superior to both nystatin and placebo in 
preventing infections caused by  Candida  and is well toler-
ated [ 65 ,  66 ]. Caspofungin has demonstrated effi cacy but has 
not been studied in a randomized, comparative trial [ 67 ]. 
Anidulafungin has been shown to be equally effective for 
antifungal prophylaxis when compared to fl uconazole in a 
randomized, controlled trial of 200 liver transplant recipients 
that met the criteria for needing prophylaxis [ 68 ]. A 2008 
survey of liver transplant centers in North America showed 
three quarters of programs used targeted prophylaxis among 
high-risk recipients, and fl uconazole was the most com-
monly used agent [ 69 ]. Prophylaxis should be discontinued 
no more than 4 weeks after transplant unless there are ongo-
ing concerns for invasive candidiasis. 

 There are no clinical trials to assess the role of antifungal 
prophylaxis in small bowel transplants; however given its 
presence as a colonizer in the gastrointestinal tract and high 
rate of infection, fl uconazole is commonly used for this pur-
pose [ 70 ]. Pancreatic transplantation also carries a high rate 
of fungal infection with one study showing the benefi t of fl u-
conazole prophylaxis on decreased candidiasis and infection 
free survival [ 71 ].    

38.2     Cryptococcus 

38.2.1     Epidemiology 

   Cryptococcus  is an  encaps  ulated budding yeast capable 
of causing a disease with a variety of manifestations. 
 Cryptococcus neoformans  has long been the predominant dis-
ease causing species, but the emergence of  Cryptococcus gat-
tii  throughout the world is becoming a formidable challenge. 
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Originally recognized in Australia and Papua New Guinea,  C. 
gattii  has now been reported across the globe [ 72 ]. 

 Comprising 8% of all IFIs in the TRANSNET dataset, the 
146 cases of cryptococcosis were the third most common 
fungal pathogen in  solid organ transplant (SOT) recipients   
[ 1 ]. The incidence of cryptococcosis in that study was 
approximately 0.2% of all solid organ transplant patients. 
Literature reviews of reported cases have shown a much 
higher incidence in SOT recipients, ranging from 1.56 to 2.8, 
but these represent cumulative estimates, whereas the 
TRANSNET data are based on calculated annual incidence 
[ 73 ,  74 ]. Cryptococcosis is rare in stem cell transplant recipi-
ents. The TRANSNET study identifi ed only 6 cases among 
16,200 enrolled stem cell transplant recipients [ 75 ]. While 
infection can occur any time after transplant, multiple stud-
ies show a median time to infection of 19–21 months post- 
transplantation [ 1 ,  74 ,  76 ]. Infection in the fi rst month raises 
the possibility of pre-existing infection in the recipient or 
donor-derived infection [ 77 ,  78 ].   

38.2.2     Pathogenesis 

  Primary  infection   in humans occurs through inhalation of 
infectious particles, though uncertainty remains over just 
what type of particle begins the cascade that ultimately leads 
to active disease. Current data suggests humans are exposed 
at a high rate at a young age with the organism remaining 
dormant for a prolonged period of time before later causing 
disease [ 79 – 81 ]. This is not uniform worldwide, however, as 
a study of exposure rates in children from the Philippines and 
two regions of New York demonstrated high variability in 
serologic positivity among children from the Bronx, NY, 
Dutchess County, NY and the Philippines [ 82 ]. A study to 
determine pre-transplant exposure to  Cryptococcus  in SOT 
recipients who were diagnosed with disease exhibited evi-
dence of antibody responses in 52% [ 83 ]. That group also 
developed cryptococcosis much earlier in the post-transplant 
period, 5.6 months from the time of transplant rather than 
40.6 months in the group that did not have evidence of pre- 
transplant antibodies against  Cryptococcus . These data sug-
gest that most cases of post-transplantation cryptococcosis 
are due to a reactivation event. 

 The polysaccharide capsule plays a key role in its ability 
to cause disease and evade the host immune system. It has 
been shown to inhibit phagocytosis and reduce the produc-
tion and effectiveness of the innate immune response, includ-
ing cytokines and the complement pathway [ 84 ]. Once 
phagocytosed and intracellular, the capsule enhances the 
ability of the yeast to survive oxidative stress [ 85 ]. Inoculation 
of a mouse with a capsule defi cient strain of  Cryptococcus  
leads to an increased infl ammatory response and minimal 
production of invasive disease compared to a capsular 
 Cryptococcus  strain [ 86 ]. Further evidence of the importance 
of the capsule in the virulence of  C. neoformans  is found in 

the animal model. When one deletes the  CAP59  gene respon-
sible for capsule formation, this causes a loss of virulence in 
a mouse model of cryptococcal meningitis; the transforma-
tion of the avirulent strain with a plasmid containing the 
 CAP59  gene restores its virulence in this model [ 87 ].   

38.2.3     Clinical Manifestations 

   Cryptococcus  causes a variety of clinical syndromes. In  the 
  solid organ transplant population, there is a higher frequency 
of isolated pulmonary disease when compared to the human 
immunodefi ciency virus (HIV) population [ 88 ]. Disseminated 
disease remains a frequent occurrence with the bloodstream, 
central nervous system (CNS), skin and soft tissue, and uri-
nary tract as potential sites of disease.  

38.2.3.1     Pulmonary 

  As  the   primary site of most infections, the lungs are the most 
common site of disease, and patients can present either with 
primary or reactivation disease. Pulmonary disease in the 
SOT population can range from an asymptomatic nodular 
infi ltrate to lobar consolidation, a mass-like infi ltrate, cavi-
tary disease, or diffuse nodular infi ltrates [ 89 ,  90 ]. Studies of 
cryptococcosis in SOT recipients have found that 25–39% of 
cases will have disease limited to the lungs [ 1 ,  88 ,  89 ]. 
Higher doses of steroids have been associated with a higher 
rate of symptomatic and disseminated diseases [ 89 ,  91 ]. 
Duration of symptoms prior to diagnosis spans a wide range, 
with one study of solid organ transplant recipients reporting 
the presence of symptoms from 1 to 97 days [ 92 ]. Severity of 
illness can range from asymptomatic disease to fulminant 
respiratory failure [ 93 ]. Compared to HIV patients, SOT 
recipients have a higher rate of pulmonary disease with less 
CNS involvement [ 88 ]. However, the diagnosis of pulmo-
nary disease should prompt a search for infection elsewhere, 
in particular a lumbar puncture to assess for involvement of 
the CNS [ 94 ].   

38.2.3.2     Central Nervous System 

   As noted above,  central nervous system      involvement occurs 
at a lower frequency in SOT patients compared to HIV 
patients, but it remains the most common site of extrapul-
monary involvement among SOT patients with cryptococ-
cosis, occurring in 44–62% of these patients [ 1 ,  88 ,  95 ,  96 ]. 
While presenting symptoms vary, asymptomatic meningeal 
disease likely occurs rarely, patients can present acutely 
with symptoms occurring for only 2 days to several 
weeks [ 97 ]. Abnormal mental status, fungemia, late-onset 
disease (defi ned as more than 24 months post-transplant), 
and a serum cryptococcal antigen titer >1:64 have been 
found to be associated with an increased risk of CNS 
involvement [ 95 ]. 
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 Focal parenchymal lesions with or without evidence of 
meningitis may occur in SOT recipients [ 98 ]. Focal paren-
chymal lesions without meningitis are an uncommon mani-
festation of disease in this population. In one study, 10% of 
patients had focal parenchymal lesions while 13% had men-
ingeal enhancement. Additionally, the presence of a focal 
meningeal lesion was associated with higher CSF cryptococ-
cal antigen titers compared to parenchymal lesions [ 98 ]. 
Finally, among those with CNS infections, the presence of 
abnormal neuroimaging fi ndings at diagnosis was more likely 
to meet the diagnostic criteria for immune reconstitution 
infl ammatory syndrome later in their treatment course [ 99 ].    

38.2.3.3     Bloodstream Infection 

    Rates      of blood culture positivity indicating disseminated dis-
ease vary, in part due to a lack of consistent collection of the 
blood cultures. One study of 178 cases had 38% of blood cul-
tures grow  Cryptococcus , however cultures were only col-
lected on 39 patients [ 74 ]. Other studies have shown lower 
rates of bloodstream infection, with the Cryptococcal 
Collaborative Transplant Study Group showing 21% overall 
but signifi cantly more common in CNS disease with 36% of 
patients who were fungemic [ 76 ,  98 ]. Positive blood cultures 
were also associated with increased 90-day mortality [ 76 ]. A 
separate single-center study of cryptococcal meningitis in SOT 
recipients demonstrated similar observations with 39% of 
patients with CNS disease having positive blood cultures [ 97 ].    

38.2.3.4     Skin and Soft Tissue 

  Cutaneous and subcutaneous infection is the third  most   com-
mon form of cryptococcosis in the SOT population, compris-
ing 10–18% of cases [ 88 ,  100 ]. Appearance varies greatly, 
from cellulitis to abscess and ulcer formation to deep nodular 
and panniculitis lesions having been reported in a variety of 
anatomic locations [ 100 ]. Clues that should make the clini-
cian suspect cryptococcosis rather than a bacterial etiology 
should include the following: bilateral or disseminated 
lesions, a nodular component to palpation or appearance, 
atypical anatomic location, tissue necrosis, and failure to 
respond to conventional anti-bacterial agents.   

38.2.3.5     Urinary Tract 

  The  prostate   and urinary tract are known reservoirs for fun-
gal infections, however reports of cryptococcal infection 
there in SOT patients are rare. Involvement of the prostate 
and the kidney have both been reported [ 101 ,  102 ].    

38.2.4     Diagnosis 

  Multiple reliable means of establishing a  diagnosis of   cryp-
tococcosis exist: cryptococcal antigen assay of bodily fl uid 
(primarily serum and cerebral spinal fl uid), routine and 

 fungal culture, and characteristic fi ndings on histopathology 
and/or cytology of pathologic samples.  

38.2.4.1     Cryptococcal Antigen 

    A      variety of types of antigen assays to detect the capsular 
polysaccharide antigen exist. The most experience has been 
developed with latex agglutination and enzyme immunoas-
says, although more recently a lateral fl ow assay with poten-
tial utility as a point-of-care test has been developed 
[ 103 – 105 ]. All methods display a high degree of sensitivity 
and specifi city, approaching 100% depending on the sample 
type and clinical syndrome. One group in whom the assay 
performs less well is the lung transplant population, where 
the serum assay may have decreased sensitivity [ 89 ,  106 ].    

38.2.4.2     Culture 

   Cryptococcus  species do not require specialized  media   for 
reliable culture, growing readily on standard bacterial media 
such as blood agar as well as standard fungal media such as 
Sabouraud’s dextrose agar [ 107 ]. Certain types of media can 
be used to increase the sensitivity of culture, with brain heart 
infusion agar potentially improving the yield [ 108 ]. The 
organism can be cultured from tissue or bodily fl uid col-
lected at the site of disease, whether it be a tissue biopsy, 
blood culture, pulmonary specimen, cerebral spine fl uid, or 
urine. The time to positive culture result for  Cryptococcus  
tends to be slower than for bacterial or other yeast organisms, 
usually 3–5 days before growth is evident [ 107 ].   

38.2.4.3     Histopathology 

  Microscopic examination of specimens, either of tissue or 
fl uid, can be an important  addition   to prompt diagnosis and 
determining sites of involvement. Several stains can be help-
ful to distinguish  Cryptococcus  from other fungal infections. 
India ink has classically been used to highlight the capsule of 
these yeasts in cerebrospinal fl uid. The potential diffi culty 
with this simple test is in successfully identifying the yeast 
from CSF lymphocytes [ 107 ]. With increasing use of easier 
to perform and interpret antigen tests, however, the India ink 
is being used less frequently. Gomori methanamine silver 
(GMS) stain is positive but non-specifi c for most fungal 
organisms, and mucicarmine stain of tissue is useful in high-
lighting the capsule and distinguishing  Cryptococcus  from 
 Histoplasma, Blastomyces , and  Candida .   

38.2.4.4     Species Identifi cation 

  With the increasing recognition  of    C. gattii  as a cause of 
human disease and the comparative diffi culties in treating 
this organism, attention must also be placed on proper spe-
cies identifi cation with the diagnosis of cryptococcosis. The 
two main species can be differentiated when grown on agar 
that is supplemented with  L -canavanine, glycine, and 
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bromthymol blue (CGB agar).  C. gattii  isolates turning the 
agar blue, while the agar remains yellow with  C. neoformans  
isolates [ 109 ]. Genetic typing to determine  C. neoformans  or 
 C. gattii  is generally used with more specialized labs being 
able to determine the specifi c subtype of  C. gattii  for epide-
miologic purposes and potentially tracing acquisition to a 
particular exposure [ 108 ].    

38.2.5     Management 

  The management of cryptococcosis in SOT recipients is 
largely based on more  recent   data generated from the HIV 
epidemic which has been extrapolated to the SOT popula-
tion, and abundant retrospective studies specifi c to post- 
organ transplantation. Once the diagnosis of cryptococcosis 
is established, the extent of the infection should be estab-
lished, in particular to discern whether there is CNS involve-
ment. A lumbar puncture to measure opening pressure and 
collect cerebrospinal fl uid for microbiologic diagnosis is 
essential in all patients with proven or suspected cryptococ-
cosis. Elevated opening pressure is frequent but not univer-
sal. As discussed above, cerebrospinal fl uid can be tested for 
the presence of cryptococcal antigen, stained and microscop-
ically examined for the presence of yeast, and cultured. The 
presence or absence of involvement in the CNS guides the 
type and duration of antifungal therapy. 

 Early studies in HIV patients suggested that amphotericin-
 B and fl uconazole as monotherapy were similar in treating 
cryptococcal meningitis, however later studies have shown 
that the combination of amphotericin-B with fl ucytosine 
shortens time to sterilization of the CSF and improves out-
comes when compared to other interventions [ 110 – 112 ]. 
Additionally, a prospective study in solid organ transplant 
recipients noted improved mortality in transplant recipients 
with cryptococcal meningitis when a lipid formulation of 
amphotericin was used rather than  amphotericin-B deoxy-
cholate   [ 113 ]. Disseminated disease and fungemic patients 
also benefi t from initial therapy with amphotericin-B, how-
ever no specifi c trials have investigated this. Treatment of 
isolated, extra-neural disease can be monotherapy with fl u-
conazole, depending on disease severity, with an avoidance 
of the potential nephrotoxic consequences of amphotericin-
 B. Similarly, duration of therapy depends on disease location 
and severity. When amphotericin-B products are being used 
for induction of disseminated, CNS, or severe disease it 
should be in conjunction with fl ucytosine for a minimum of 
2 weeks if this regimen can be tolerated [ 94 ,  114 ]. This could 
potentially be extended if the patient is slow to respond and 
still with signifi cant symptoms or evidence of disease at 2 
weeks. If amphotericin is given without fl ucytosine, induc-
tion should continue for at least 4 weeks [ 94 ,  114 ]. Following 
the completion of induction therapy, the patient can be 
 transitioned to a fl uconazole consolidation phase for 8–10 
weeks dosed at 6–12 mg/kg (generally 400–800 mg) daily 
though dose adjusted, if needed, for renal function [ 94 ,  114 ]. 

Finally, therapy can be completed with a further 6–12 months 
of fl uconazole maintenance at a lower dose of 200–400 mg 
daily. For mild to moderate, localized, extra-neural disease 
that does not require amphotericin-B induction, fl uconazole 
should be given for 6–12 months at 400 mg daily [ 94 ,  114 ]. 

 Other potential options for treatment that have been stud-
ied in some fashion are the extended-spectrum triazoles 
including voriconazole, posaconazole, and isavuconazole, 
however there are insuffi cient clinical data to support their 
use in this setting. 

  Calcineurin pathways   exist in  Cryptococcus  as a means for 
governing growth and are key in allowing the fungus to grow 
at higher temperatures, such as that of the human body [ 115 ]. 
Blocking this pathway via the addition of the calcineurin- 
inhibitors cyclosporine and tacrolimus has been shown to 
eliminate the ability of  Cryptococcus  to grow at higher tem-
peratures [ 116 ]. Indeed, these calcineurin- inhibitors have 
been shown to act in a synergistic manner with anti-fungal 
agents against  Cryptococcus  isolates obtained from clinical 
cases [ 117 ]. Additionally, SOT patients with a calcineurin-
inhibitor as part of their immunosuppressive regimen appear 
to have a lower risk of mortality and possibly less CNS 
involvement in the setting of cryptococcosis compared to 
those not receiving one of those agents [ 76 ]. 

 Another aspect of treatment that should be considered is 
the potential for drug–drug interactions, in particular with 
the azole agents. Calcineurin inhibitors require their doses to 
be decreased when co-administered with azoles [ 62 ]. 
Similarly, mTOR inhibitors also require dose decreases how-
ever in an even greater magnitude that can completely restrict 
their concurrent use [ 61 ]. The presence of a an opportunistic 
infection such as cryptococcosis generally leads to a reduc-
tion of the overall immunosuppression as allowed and these 
interactions require careful monitoring to ensure that goal is 
met safely. 

 The European Society for Clinical Microbiology and 
Infectious Diseases, the Infectious Diseases Society of 
America, and the American Society for Transplantation have 
developed recommendations to guide treatment each with 
specifi c guidance for SOT patients. These recommendations 
vary based on the extent of the infection [ 52 ,  94 ,  114 ].   

38.2.6     Complications 

  One of the hallmarks of CNS cryptococcosis is  elevated   intra-
cranial pressure. This problem is generally relieved by drain-
age of fl uid via lumbar puncture. If increased pressure persists 
in spite of drainage, this can lead to a need for more continu-
ous diversion of cerebrospinal fl uid. In particular, ventriculo-
peritoneal shunting has been shown to be safe and effective in 
managing this issue [ 118 ,  119 ]. A trial to assess the potential 
of acetazolamide in HIV patients with CNS cryptococcosis to 
reduce intracranial pressure was terminated early due to seri-
ous adverse events and a lack of benefi t [ 120 ]. There are no 
studies designed to examine a benefi t to steroids for the con-
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trol of increased intracranial pressure in the setting of crypto-
coccal meningitis. One HIV treatment trial did track high 
dose steroid usage and showed worse mortality and clinical 
response in those that received steroids compared to those 
that did not [ 121 ]. The Infectious Diseases Society of America 
guidelines for  Cryptococcus  has specifi cally recommend 
against the use of steroids in this setting [ 114 ]. 

 With reductions in total immunosuppression in the face of 
an opportunistic infection, the potential exists to develop 
immune reconstitution infl ammatory syndrome (IRIS). This 
has been reported in the SOT population [ 122 ,  123 ]. The 
occurrence of IRIS has been associated with an increased 
risk of allograft loss in renal transplant recipients [ 124 ]. A 
lack of infl ammation in the CSF (fewer than 20 WBCs) at the 
time of diagnosis has been shown to be a risk factor for the 
development of IRIS in the HIV population [ 125 ]. In the 
SOT population, discontinuation of calcineurin inhibitors 
and CNS disease were associated with an increased risk of 
IRIS, however it did not appear to increase the risk of death 
[ 99 ]. There are no trials to assess potential benefi t of steroids 
or other therapy for IRIS. Anecdotal evidence to support the 
use of steroids exists and guidelines suggest their use as a 
component of the treatment of severe IRIS with complica-
tions [ 94 ,  114 ,  122 ].   

38.2.7     Mortality 

  Estimates of mortality at 90 days range from 14% to 21% 
amongst all SOT patients with  cryptococ  cosis of any type 
[ 76 ,  88 ,  96 ]. The TRANSNET study found a 27% mortality 
at 1 year following infection [ 1 ]. Mortality rates appear simi-
lar when compared to HIV patients [ 88 ,  96 ].   

38.2.8     Prophylaxis 

  While secondary  prophylaxis   following cryptococcosis can 
be considered, there have been no trials to assess for a benefi t 
related to this. Relapse has been reported as rare when 
patients are appropriately treated [ 126 ]. There have been no 
trials to assess for the potential benefi t of primarily prophy-
laxis in the SOT population.    

38.3     Other Yeasts 

38.3.1     Trichosporon 

    Trichosporon    is a basidiomycetous yeast found worldwide 
and in the same family as  Cryptococcus  [ 127 ]. The most 
common species in clinical disease are  T. asahii ,  T. mucoi-
des , and  T. asteroides  [ 127 ]. It has generally been associated 
with hematologic malignancies, but is reported in a variety 
of forms in solid organ transplant recipients [ 128 ,  129 ]. 

Similar to other yeasts as well as bacteria, it can form bio-
fi lms on prosthetic surfaces and broadly increase its resis-
tance to anti-fungal agents [ 130 ]. The most common forms 
of invasive disease are fungemia, urinary tract infections, 
peritonitis, and endocarditis [ 127 ].  Trichosporon  is notable 
in particular for the poor treatment activity of the echinocan-
din class of anti-fungal agents [ 131 ]. This should be kept in 
mind in cases of breakthrough yeast infection while patients 
are being treated with an echinocandin [ 132 ]. The activity of 
the triazoles and amphotericin-B vary according to species, 
indicating a need to ensure full identifi cation of the organism 
to allow for optimal treatment [ 133 ].   

38.3.2     Rhodotorula 

    Rhodotorula    is also a basidiomycetous yeast with a pre-
dominance for Asia and the regions of the Pacifi c [ 134 ]. The 
yeast produces carotenoid pigments and colonies can appear 
salmon to pink depending on the species isolated [ 135 ]. The 
most common species causing pathogenic disease in humans 
are  R. mucilaginosa  and  R. glutinis  [ 136 ,  137 ]. The most 
common form of invasive disease is fungemia, however 
reports of endocarditis, endophthalmitis, and peritonitis 
also exist [ 134 ,  136 ,  138 ]. Reports indicate an association 
with hematologic malignancies and the presence of a cen-
tral venous catheter, however it has also been reported in 
SOT recipients [ 137 – 139 ]. The triazoles have generally 
poor in vitro activity versus  Rhodotorula  species, but 
amphotericin- B MICs are generally acceptable [ 140 ]. 
 Rhodotorula  species demonstrate in vitro resistance to the 
echinocandins, and these agents should be avoided to treat 
these organisms [ 138 ].    

38.4     Other Considerations 

  Dimorphic fungi   can appear as yeast forms in tissue speci-
mens and blood cultures. This includes  Histoplasma , 
 Blastomyces ,  Coccidioides , and  Paracoccidioides  as the 
most common agents. Similarly, patients with fungemia due 
to one of these organisms are usually initially identifi ed sim-
ply as “yeasts,” and very often patients are begun on an echi-
nocandin therapy based on an assumption that the organism 
is a  Candida  species. Echinocandins have little in vitro activ-
ity versus the endemic mycoses and  Cryptococcus  species, 
and should be avoided in these circumstances. Rather, in the 
proper clinical setting, these organisms should be suspected 
and thoroughly evaluated through a thoughtful diagnostic 
work-up and treatment adjusted appropriately. Another 
potential confounding organism is   Fusarium   , which in spite 
of being a mold may initially appear as a yeast on blood cul-
ture broth, leading to the mistaken impression of a diagnosis 
of candidemia [ 141 ].     
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 Mold Infections After Hematopoietic Stem Cell 
Transplantation                     
     Kieren     A.     Marr     

39.1           Microbiology and Pathogenesis: 
An Overview 

  Pathogenic fungi   are typically classifi ed into yeasts, molds, 
and dimorphics, based on the cellular morphology of the 
organism that exists outside and inside the body. The most 
common pathogenic yeasts are within the  Basidiomycetes 
phylum  , and these include  Candida  species and  Cryptococcus  
species. These organisms exist as unicellular forms in the 
host and the environment. Some pathogenic fungi switch 
between a multicellular hyphal and unicellular yeast form, 
which is a process called  dimorphic switching  . This switch 
allows the organism to adapt to different stresses in each 
environment, with the in vivo switch to yeast typically asso-
ciated with pathogenicity. This group of phylogenetically 
diverse organisms within the Ascomycetes phylum includes 
 Talaromyces marneffei  (previously called  Penicillium 
marneffei ),  Blastomyces dermatitidis ,  Coccidioides  species 
( C. immitis  and  C. posadasii ),  Histoplasma capsulatum , 
 Paracoccidioides  species ( P. brasiliensis  and  P. lutzii ), and 
 Sporothrix schenckii . They typically cause disease in both 
immune-competent and immune-compromised hosts, espe-
cially in people who have defects in Th1 cellular immunity, 
which allows latent organisms to escape host control. 

 This chapter focuses exclusively on infections caused by 
molds, which are fungi that exist as multicellular hyphal (or 
fi lamentous) organisms in both the environment and the 
host. The most common pathogenic molds fall within the 
 Ascomycetes phylum  , with prominent examples including 
 Aspergillus  species,  Fusarium  species, and  Scedosporium  
species. Organisms that are classifi ed within the 
 Mucormycetes phylum   have also become more common 
causes of disease in immune-compromised people; this 
includes organisms within the genus  Rhizopus ,  Mucor , 
 Rhizomucor ,  Absidia , and  Cunninghamella . This chapter 
will focus discussion on three large groups of infections: (1) 
Aspergillosis, with the term encompassing infections caused 
by numerous  Aspergillus  species; (2) Mucormycosis, with 

the term encompassing infections caused by any of the 
organisms within Mucormycetes; and (3) Other molds, with 
a focus on the most common “other” infections caused by 
 Fusarium  and  Scedosporium  species. 

 This chapter is not meant to serve as microbiology refer-
ence, but some understanding of the organisms is necessary in 
order to have a functional grasp of their diseases, diagnosis, 
and treatments. Understanding the microbiology of fungi has 
become complex, in part because identifi cation of these organ-
isms has evolved as scientists have discovered new ways to 
identify genetic relatedness. As a result, the morphologic iden-
tifi cation of key organisms is now known to yield only a rudi-
mentary classifi cation schema. Genetic and multiphasic 
taxonomy have identifi ed “new” species, or “cryptic” species 
within many common pathogens. Following the microbiologic 
classifi cation of pathogenic fungi has become quite complex. 
For instance, we now know that there are >100 species within 
the  Fusarium  genus, sometimes with quite a lot of phenotypic 
variability even within clustered species complexes that are 
common medical pathogens [ 1 ,  2 ]. Similarly, many of the mor-
phologically identifi ed species within the genus   Aspergillus    are 
now known to encompass numerous genetically disparate spe-
cies, some of which have important differences with regard to 
pathogenicity, growth environments, and susceptibilities to 
antifungals [ 3 – 7 ]. Clinicians should understand how their clin-
ical microbiology laboratory identifi es and reports organisms, 
as methods vary from conventional morphologic descriptions 
to DNA sequencing. In this chapter, species names can be 
assumed to encompass multiple cryptic species, except where 
clinically relevant differences warrant more discussion.  

39.2     Pathogenicity and Clinical 
Diseases 

    Aspergillus fumigatus       is the most common cause of human 
disease, and the best studied organism. This organism grows 
as a mold in the environment, with asexual production of 
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tiny, hydrophobic conidia (spores) that serve as the primary 
infective cells into the respiratory tract. In the host, conidia 
are cleared from the airway, or germinate into fi lamentous 
cells, which can trigger destructive infl ammatory responses, 
and/or invade into lung. When secondary immune defenses 
are defi cient—as with neutropenia—these organisms can 
invade into the blood stream and travel to distant sites, such 
as skin, brain, and liver. Occasionally, these organisms cause 
only cutaneous disease, especially after local inoculation 
into necrotic tissue. More recently, increased awareness has 
been focused on the potential of  Aspergillus  species, like 
other molds (e.g., Mucormycetes) to cause local invasive dis-
ease in the gastrointestinal tract. This most frequently pres-
ents as a complication coincident with multi-organism 
neutropenic enterocolitis, as focal masses or lesions that 
cause bleeding, as a source of disseminated infection, or as 
hepatic abscesses after breach in gut integrity [ 8 – 12 ]. 

 In general,  molds   are most frequently present with sinus 
or pulmonary disease. The classic pulmonary presentation is 
of pulmonary nodules that develop during neutropenia, with 
symptoms of fever, cough, or pleuritic pain. Radiography 
can show nodules with a corresponding “halo” that repre-

sents focal hemorrhage. These lesions typically increase in 
size during neutropenia, before ultimately becoming necrotic 
after neutrophil recovery, seen as a cavity on chest X-ray or 
CT scan. However, other presentations are more common in 
non-neutropenic hosts, with development of multifocal infi l-
trates, tree-in-bud nodules suggestive of tracheobronchial 
involvement, and even frank airway disease (Figure  39-1 ).

   Other molds typically cause similar syndromes, with a 
propensity to cause invasive sinus or lung disease. However, 
there are subtle features that are characteristic of different 
types of molds.  Mucormycetes   are typically adept at living 
within necrotic environments, and pulmonary lesions can 
sometimes demonstrate a “reverse halo”  sign  , whereby an 
inner zone corresponding to tissue necrosis can appear early 
in the course of pulmonary disease. However, this has been 
noted with multiple pulmonary diseases other than mucor-
mycoses [ 13 – 17 ]. In addition, these infections may present 
as large bulky lesions can that progress through tissue planes, 
boring through pleura, soft tissues, and bone (Figure  39-1 ). 

 Some of the other common molds, especially  Fusarium  and 
 Scedosporium  species, can replicate asexually directly from 
the fi lamentous cells in vivo. These molds more frequently 

  FIGURE 39-1.    Radiographic presentations of  pulmonary diseases caused by molds  . Panels ( a – c ) demonstrate progression from a typical 
nodular infi ltrate with halo sign to cavitation within a neutropenic patient during cellular recovery. Panel ( d ) shows a less typical presenta-
tion of progressive pulmonary disease in setting of aspergillosis post- engraftment in an allogeneic HSCT recipient. Panel ( e ) shows a bulky 
infi ltrate adjacent to pleura caused by  Rhizopus  spp., which progressed with necrotic infl ammation through chest wall.       
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grow within the blood stream, and cause disease with higher 
fungal-burden. Clinically, they may be recognized by growth 
in blood cultures, and/or with disease that features multiple 
skin lesions, sometimes in different stages of development. 
As opposed to  Fusarium  and  Scedosporium ,  Aspergillus  spe-
cies and  Mucormycetes   rarely grow from blood cultures, even 
with documented invasive disease.   

39.3     Epidemiology of Invasive Mold 
Infections 

  Risks for  invasive mold infections (IMI)   are summarized 
schematically in Figure  39-2 . Variables that affect exposure 
to fungi, through both respiratory and gastrointestinal routes, 
and host susceptibility to invasive disease shape individual 
susceptibility for these infections. In the sections below, epi-
demiology will be discussed within the hematopoietic stem 
cell transplant (HSCT) population specifi cally.

    Invasive pulmonary aspergillosis (IPA)   has been known to 
be a devastating complication of protracted neutropenia for 
many years. In the 1990s, attention was drawn to high rates 
of IPA occurring later after HSCT, with multiple single- 
center studies reporting incidence fi gures exceeding 10%, 
with high mortality rates (60–80%) [ 18 ,  19 ]. Today, changes 
in transplant types (e.g., stem cells and conditioning regi-

mens), diagnostic monitoring, and prevention strategies have 
largely resulted in stabilization of rates of IPA, as well as 
improved outcomes after diagnosis [ 20 – 26 ]. Caution is 
advised in drawing conclusions from different cohort data 
sets, as these numbers are largely infl uenced by ascertain-
ment bias given tremendous variability in diagnostic strate-
gies and duration of follow-up across centers. However, one 
can estimate the incidence of IPA in the range of 5–12% in 
the highest risk allogeneic HSCT population, and outcomes 
have improved substantially over time [ 20 – 26 ]. 

 As opposed to IPA, the incidence of infection caused by 
“other” molds, especially Mucormycetes,  Fusarium  species, 
and  Scedosporium  species, has increased in the last two 
decades [ 27 – 31 ]. This may be the result of numerous factors, 
including diagnostic or reporting bias, given an increased 
tendency to perform invasive procedures resulting in micro-
bial diagnoses (bronchoscopy), and pressure exerted by use 
of azoles that have differential activity (e.g., voriconazole). 
Changes in hosts may lead to increased risks for specifi c 
types of infections. For instance, some of the underlying 
metabolic changes that can occur late after allogeneic HSCT 
with graft vs. host disease (GVHD)—such as diabetes and 
iron overload—may specifi cally predispose to infection with 
Mucormycetes [ 32 ,  33 ]. In one recent study that utilized data 
derived from the CIBMTR database, risks for non-  Aspergillus  
mold infections (NAMI) amongst a large contemporary 

  FIGURE 39-2.    Schematic diagram of risks that infl uence probability of developing an invasive mold infection. Multiple variables infl uence 
exposure through respiratory and gastrointestinal routes, and host susceptibility to invasive infection [ 35 ,  102 – 108 ].       
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cohort of allogeneic HSCT recipients were assessed [ 34 ]. 
Results suggested that patients with NAMI had more 
advanced underlying disease and poor Karnofsky perfor-
mance status at HSCT, with very poor outcomes after 
 infection. Risk factors for mucormycosis include acute 
GVHD, prior  Aspergillus  infection, and older age. Risks for 
fusariosis included receipt of cord blood, prior CMV infec-
tion, and transplant before May 2002. In this study, infections 
caused by non- Aspergillus  molds were diagnosed relatively 
infrequently, and with similar frequencies in the contempo-
rary antifungal era compared. Risks for infection were 
largely associated with the severity of illness in the host, and 
specifi c factors that predict unusual molds; for example, 
long-term steroid exposure (even in the HSCT context) is a 
strong predictor of mucormycosis, while long-term neutro-
penia is a strong predictor for fusariosis. 

 When understanding the epidemiology of mold infec-
tions, it is always important to consider these organisms as 
having unique, characteristic environmental growth prefer-
ences. For instance, infections caused by   Fusarium    and 
  Scedosporium    species are most common in the southern 
USA, Spain, France, and Australia. Weather characteristics 
can infl uence risks for aspergillosis and other mold infec-
tions, appearing to suggest “outbreak” conditions, but unre-
lated to single-sources or anthropogenic events (e.g., 
construction). Examples include increased rates of IPA 
associated with high ambient spore counts in dry summers 
in the northwest USA [ 35 ] and real outbreaks of specifi c 
infections associated with weather disruptions. A recent 
example of the latter is the development of multiple cutane-
ous mucormycosis cases that occurred after a destructive 
tornado in the USA [ 36 ]. Understanding the characteristics 
of these organisms and the underlying endemic natures of 
exposures assists in developing prevention strategies.   

39.4     Diagnostics 

  Radiology serves as a foundation for early  diagnosis of IMI   
in the setting of suspected disease. As mentioned above, CT 
scans are especially valuable in providing characteristics of 
pulmonary disease, and they increase sensitivity of detecting 
abnormalities compared to conventional chest X-rays. 
Nodular lesions, halo signs, cavitary lesions, tree-in-bud 
nodules, focal or multifocal consolidations, and wedge- 
shaped peripheral lesions are all common presentations of 
mold complications in the lung. In non-neutropenic HSCT 
recipients, non-classic abnormalities are more frequently 
recognized, including more diffuse ground-glass abnormali-
ties and multifocal consolidations [ 37 ]. 

 Establishing a  microbial diagnosis   has become more 
important than in prior years, as the foundation of optimal 
drug therapy has leaned away from polyenes, to include azole 
drugs that have differential activities, and with increased rec-
ognition of azole drug resistance amongst common organ-

isms such as  A. fumigatus  [ 38 ,  39 ]. Studies have shown that 
bronchoscopy, if performed early after recognition of pulmo-
nary abnormalities, has a good sensitivity and is safe [ 40 ,  41 ]. 
Examination of lavage with culture and augmented testing for 
fungal antigens (e.g., galactomannan) provide enhanced sen-
sitivity and important information pertaining to likely cause 
of disease. Biopsy is not routinely employed or necessary, 
except for cases in which diagnosis is elusive, as risk–benefi ts 
shift in patients with different types of lesions and complica-
tion risks. In general, biopsy is warranted in patients in whom 
disease is progressing despite broad antifungal coverage. 
Yield may be increased with video assisted thoracotomy 
compared to transbronchial approaches. 

 Multiple different assays are now commercially available 
to enhance diagnostic testing for molds, especially 
 Aspergillus  species. The fi rst, and the most widely employed, 
is the Platelia serum  galactomannan enzyme immunoassay 
(GM EIA)  , which utilizes a rat monoclonal antibody in a 
double-sandwich EIA format. This antibody (EBA2) actu-
ally recognizes galactofuranose (galF) side chains of the 
galactomannan molecule, which is a common constituent of 
the polysaccharide cell wall of Ascomycetes fungi [ 42 ,  43 ]. 
The test is now performed in multiple local and regional 
microbiology laboratories, and although somewhat complex 
and costly, it provides good information as an aid to diagnose 
infection with serum or  bronchoalveolar lavage (BAL) fl uid  . 
Predictive values of test results from BAL are particularly 
helpful, as in this setting the prevalence of disease is obvi-
ously higher than with screening applications on serum [ 44 , 
 45 ]. Importantly, detection of “ galactomannan  ” with these 
methods is not specifi c for IPA, as multiple organisms, 
including those that cause similar syndromes (ex.  Fusarium  
spp.), express galactomannan—or more specifi cally—galF 
antigens that are recognized by the kit antibody [ 46 – 48 ]. 
Antigens that cause cross-reactivity are also found in multi-
ple drugs, most notably beta-lactam antibiotics [ 49 ]. These 
tests may be falsely positive in HSCT patients, especially in 
the setting of mucosal breakdown, either early after condi-
tioning or with severe GVHD [ 50 ]. 

 More recently, diagnostics that detect other fungal anti-
gens have been developed and cleared by regulatory agen-
cies for use as diagnostic aides. Numerous diagnostic 
laboratories across the world offer tests that detect beta-  D - 
glucan, largely by harnessing chemical reactions that occur 
within the limulus amebocyte assay cascade of the horseshoe 
crab. As this antigen is very abundant on numerous fungal 
pathogens, and the methods that are employed in these tests 
serve as a very sensitive primitive immune system of the 
crab, these tests are typically sensitive, but not specifi c. 
Recent studies have reported potential utility of beta- D - 
glucan tests when used as an aide to diagnose IPA [ 51 ,  52 ]. 

 Numerous centers are now using  polymerase change reac-
tion (PCR) tests   to assist diagnosis of IMI. Commercial 
assays and in-house assays have been described and exam-
ined in multiple studies. Recent efforts of European groups 
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have led to optimization of methods to draw and prepare 
blood products for testing, and for testing itself. These tests 
also have reasonable performance characteristics, although 
obviously may vary across tests and labs [ 53 – 55 ]. 

 Finally, new tests developed for use as screening assays 
and as aides to diagnose IMI are being developed, with a 
specifi c focus on aspergillosis. One recent diagnostic cleared 
for use in the European Union is the lateral fl ow device that 
detects a protein antigen in blood or BAL, providing 
enhanced sensitivity over conventional diagnostics [ 56 ,  57 ]. 
Others tests in development rely on detection of antigen in 
unique body fl uids (urine) [ 58 ] and detection of novel bio-
markers, such as fungal metabolites in breath sensors [ 59 ]. 
The landscape of this active fi eld changes daily, limiting 
over-arching conclusions regarding “best” strategies; how-
ever, most would agree that some type of non-culture based 
method now needs to be employed to optimize diagnostic 
technologies in centers caring for high-risk HSCT patients.   

39.5     Prevention 

  Efforts to establish  preventative   strategies have focused on 
modulating variables that dictate respiratory exposure, 
enhancing diagnostic screening using radiography or microbial 
detection, and on employing early antifungal therapy, as part 
of “prophylactic” or “pre-emptive” strategies. High risks in 
allogeneic HSCT recipients warrant focus on all of these pre-
ventative measures. 

 Across the world, attention has been drawn to modulat-
ing environment in order to minimize airway exposure to 
inhaled molds. Although centers typically adhere to some 
standard practice, very little is known about what works 
best. The high costs and complexities associated with lami-
nar airfl ow have largely yielded to use of high effi ciency air 
fi ltration (HEPA) as a standard in housing neutropenic and 
high-risk transplant recipients within the hospital. Use of 
masks is typical and widespread, albeit with little data to 
suggest that it actually works. Results of one small random-
ized trial evaluating masks failed to show superiority in 
prevention of documented or suspected IPA, although the 
trial was small [ 60 ]. 

 Serial monitoring of blood using the  GM EIA assay   and/
or  Aspergillus -specifi c PCR has been employed in some cen-
ters to enhance early diagnosis and to trigger “pre-emptive” 
therapy, and some randomized trials have evaluated their 
use. A recent Cochrane meta-analysis that evaluated 18 pri-
mary studies encompassing 19 cohorts and 22 data sets 
reported that both GM EIA and PCR-based screening has 
moderate diagnostic accuracy when used in high-risk patient 
groups. This study reported that GM EIA and PCR have 
good negative predictive value (NPV), useful to exclude dis-
ease, but low prevalence limits the ability to rule in a diagno-
sis. As these biomarkers detect different aspects of disease, 
some suggest that combinations are likely to be most useful 

[ 61 ]. We lack the large randomized trials necessary to show 
that we can safely reserve antifungal use in high-risk set-
tings, such as with fever during neutropenia. However, an 
Australian randomized trial did show that a targeted approach 
that combined PCR and GM EIA worked to decrease empiri-
cal use of antifungals, without observed differences in clini-
cal outcomes amongst 240 patients enrolled [ 62 ]. More 
work—and perhaps better diagnostic tests—will need to be 
done to fully supplant the widespread use of antifungal ther-
apy for “empiric” indications such as fever during neutrope-
nia, but we may be closing in on that goal. 

 Importantly, few biomarker-based tests have been devel-
oped for non- Aspergillus  molds, although the non-specifi city 
of beta- D -glucan testing may suggest some utility in future 
screening strategies. More likely, prevention of these com-
plications will rely on tailored application of prophylaxis, 
which has also become more widespread after HSCT, largely 
due to availability of azole drugs that have broad anti-mold 
coverage. Itraconazole, voriconazole, and posaconazole have 
all been evaluated in randomized trials for prophylaxis in 
neutropenic patients and in HSCT recipients, and they are 
variably used in different centers [ 63 – 67 ]. Early studies that 
evaluated itraconazole given for prophylaxis in HSCT recipi-
ents noted that the drug may be effective at preventing IPA, 
but with toxicities, mainly associated with the gastrointesti-
nal tract [ 67 ,  68 ]. One large randomized trial reported that 
posaconazole decreases the incidence of IPA compared to 
fl uconazole in the setting of GVHD, which was consistent 
with effi cacy shown in patients with AML/MDS, leading to 
its approval for this indication in many countries [ 63 ,  69 ]. 
Voriconazole has been shown to decrease IPA relative to fl u-
conazole in the HSCT population, although it did not improve 
the composite outcome of fungal free survival measured late 
after allogeneic HSCT [ 65 ]. This drug has also been associ-
ated with decreased mold infections in others at risk popula-
tions, including adults and children with neutropenia and 
steroid receipt [ 70 – 72 ]. Both  posaconazole   and  voriconazole   
have good, selective activity against different molds, and 
with variable costs, tolerability, and drug interactions, have 
been employed at an increasing rate during vulnerable high- 
risk periods, such as with GVHD. 

  Amphotericin formulations   have also been studied as pro-
phylactic agents in both neutropenic populations and in HSCT 
recipients. These studies, which have been limited in non-ran-
domized design, or have used alternative dosing regimens of 
lipid formulations of amphotericin B, have not generated the 
positive results that have been observed with mold-active 
azoles, largely due to toxicities [ 73 – 75 ]. Similarly,  echinocan-
dins   have been studied, and reported to be generally safe when 
administered as prophylaxis, but these drugs are more effec-
tive against  Candida  species compared to invasive mold infec-
tions [ 76 ]. Finally, positive results have been reported with 
amphotericin formulations administered via an inhaled route 
[ 77 ,  78 ] although we don’t currently have a commercial prod-
uct that is easy to administer. 
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 One relatively common situation concerns the need for 
“ secondary prophylaxis  ” administered to people who have 
mold infections pre-HSCT. In this situation, a mold-active 
antifungal should be administered to prevent reactivation of 
existing infection, or acquisition of a secondary infection. 
Large observational studies have recorded risks for recurrent 
IPA in early and late time periods as those that associate 
inadequate antifungal treatment prior to conditioning, risks 
that extend durations of neutropenia and those that lead to 
severe acute GVHD [ 79 ,  80 ]. The best studied drug for sec-
ondary prophylaxis is voriconazole, although other products 
have been shown to work safely in non-randomized trials 
[ 81 – 84 ].   

39.6     Treatment 

  Table  39-1  presents a summary of key  treatment   recommen-
dations for the most common mold infections in HSCT 
recipients. A now “classic” paradigm-changing study 
showed better survival for people with IPA treated with vori-
conazole compared to conventional amphotericin B, posi-
tioning the mold-active azoles as “fi rst choice” options for 
therapy [ 85 ]. With this in mind,  voriconazole   is still consid-
ered the optimal fi rst-line therapy in multiple consensus 
guidelines, including those derived by transplant and infec-
tious disease groups. However, amphotericin B formula-
tions, most appropriately the lipid products, which are 
associated with fewer toxicities, are also reasonable alterna-
tives for treatment of IPA, especially when microbial diagno-
sis is not confi rmed, and in the setting of prohibitive drug 
interactions or hepatotoxicities. A new  azole  ,  isavuconazole  , 
has become available for treatment of IPA as well as other 
more unusual mold infections, based on a study that suggests 
non-inferiority compared to voriconazole [ 86 ]. Although 
some early studies demonstrated potential utility of echino-
candin monotherapy for mold infections [ 87 ], most experts 
believe that the use of these compounds should be relegated 
to combination therapy, but not used as a staple.

   Combination  antifungal therapy   has become a topic of 
increased controversy, with early reports using animal mod-
els, case series, and observational comparisons suggesting 
potentially improved outcomes with different combinations 
compared to monotherapy. Results of a recent large 
 randomized trial that compared  voriconazole monotherapy   
to combination therapy with anidulafungin suggested trends 
to improved clinical outcomes, but not defi nitive superiority 
of the combination in primary analyses [ 21 ]. This study has 
been variably interpreted worldwide, and run-on studies are 
being designed to further our understanding of optimal treat-
ment of aspergillosis. 

 No large randomized trials have been performed to deter-
mine the best options to treat the more unusual mold infec-
tions, so conclusions are drawn from case series, cohort 
studies, and small prospective pilot trials. Mucormycoses are 
typically “best” addressed with lipid formulations of ampho-

tericin B, with aggressive surgical debridement to augment 
removal of organism and necrosis. These infections can also 
be treated with some of the newer azole drugs, such as 
 posaconazole   and  isavuconazole  , but no studies have com-
pared outcomes to those of polyenes. Most experts suggest 
that amphotericin should remain the mainstay primary ther-
apy until more outcomes data are available, and many sug-
gest dose escalations from 5 mg/kg/day to 10 mg/kg/day. 
Posaconazole and isavuconazole are useful for long-term 
disease suppression and may have a role for primary therapy, 
although the latter is not yet well described. Other studies 
focusing on combination therapies with echinocandin anti-
fungals, iron chelators, and immunomodulators suggest that 
we may be able to improve outcomes yet further, but more 
work is necessary to make clear recommendations [ 88 ,  89 ]. 

 Similarly, infections caused by “other molds” that have 
different antifungal susceptibility profi les have not been well 
addressed by large treatment studies, but therapeutic regi-
mens are based on anticipated or observed antifungal suscep-
tibilities. Most experts suggest that invasive infections 
caused by  Fusarium  species be treated with voriconazole as 
primary therapy, with lipid formulations of amphotericin B 
as secondary therapy. Others suggest that the combination of 
both agents may lend to best results, especially in light of 
antifungal susceptibility differences within the species com-
plexes, but this has not been studied enough to enable 
widespread promotion by guidelines committees [ 90 ,  91 ]. 
  Scedosporium  species  , especially  S. prolifi cans , typically 
display complex resistance profi les to essentially all antifungal 
agents, warranting consideration for an aggressive combina-
tion approach (Table  39-1 ). 

 Detailed discussion of antifungal therapies is beyond the 
scope of this chapter, but numerous helpful reviews and 
guidelines have been published [ 91 – 93 ]. An important 
reminder is that these drugs and organisms are now appreci-
ated to have a more complex susceptibility profi le than once 
believed. Clinical failure of antifungal therapy can represent 
poor drug levels, especially with mold-active azole drugs, 
inherent resistance amongst different types of molds, devel-
opment of drug resistance within a specifi c organism, and 
immunologic failure. Not surprisingly, emergence of azole 
resistance has been increasingly reported, especially in cen-
ters located in environments that use azole drugs within agri-
cultural practices [ 94 ]. It is likely that drug therapy will be 
increasingly directed by susceptibility testing in the future, 
further increasing the need for aggressive diagnostics to 
establish microbial diagnoses. 

 Augmented immunologic therapies have been increas-
ingly explored in the HSCT population. Recent efforts have 
been focused on the utility of granulocyte infusions, and of 
fungus-specifi c T cells. One randomized trial that evaluated 
the safety and effi cacy of high dose (GCSF-stimulated) gran-
ulocytes halted due to slow accrual, with preliminary reports 
of safety, but no difference in clinical outcomes in under-
powered comparisons [ 95 ]. Another study reported that 
complications were very common when granulocytes were 
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used for treating aspergillosis in the lungs [ 96 ]. Some inves-
tigators have suggested that granulocyte transfusions may be 
particularly appropriate in people with disseminated fusari-
osis; a recent systematic review noted a high proportion of 
clinical responses after transfusion of donor-stimulated gran-
ulocytes, suggesting that this may be an appropriate strategy 
to “bridge” through neutropenia during active infection [ 97 ]. 
There continues to be great effort directed towards the poten-
tial of immunotherapies directed by adoptive transfer of T 
cells as an adjunct for treating multiple invasive mold infec-
tions, with preliminary reports suggesting potential utility as 
adjunctive therapy for pulmonary aspergillosis [ 98 – 101 ]. 

 Surgery designed to resect focal areas of invasive mold 
infections is most important in regions where there is a build-
 up of necrotic tissue, and with imminent vascular compro-
mise. An aggressive surgical approach should be considered 
with invasive sinus infection, pulmonary masses in approxi-
mation to vulnerable vascular structures, and with necrotic 
lesions associated with mechanical compromise in drug deliv-
ery. As mentioned above, surgical resection is most important 
with infections that are caused by  Mucormycetes  . Surgery 
should be approached cautiously with all infections in which 
there is not as clear a benefi t, as complications that involve 
pleural adhesions and infected empyemas are not infrequent.   

    TABLE 39-1.    Summary of treatment recommendations a    

 Infection  Drug  Key recommendations and comments 

  Aspergillosis   

 Voriconazole  Recommended based on randomized trial results 
 Dose with IV induction followed by oral or IV therapy 
 Doses vary depending on weight and age (more required to maintain 

appropriate levels in children) 
 Monitoring of levels and adjustment of drug dosing recommended 

 Liposomal amphotericin B  Dose 3–5 mg/kg/day 

 ABLC  5 mg/kg/day 
 Not studied in randomized trials, diminishing strength of recommendation 

 Combination 
voriconazole + echinocandin 

 Recommend consideration for early combination therapy in settings of 
severe infection and in people with severe immunosuppression 

 Posaconazole  Used for maintenance in settings with uncertain diagnosis or toxicities with 
voriconazole 

 Isavuconazole  Recommend consideration of this drug in people intolerant to voriconazole 
given non-inferiority in randomized trial 

 Amphotericin B (conventional)  Not recommended for therapy given toxicities and documented poor 
outcomes compared to alternatives 

  Mucormycosis   

 Liposomal amphotericin B  Recommended with dose ≥5 mg/kg 

 Posaconazole  Recommend consideration of this drug in people intolerant to L-AmB and 
as maintenance therapy based on case series (no randomized data) 

 Oral extended release tablet preferred over solution formulation given 
predictability in levels and tolerability 

 Isavuconazole  Recommend consideration of this drug in people intolerant to L-AmB given 
results of case series suggesting effi cacy and safety 

  Fusariosis   

 Voriconazole  Recommended drug given improved outcomes in case series, dosed 
aggressively as described above 

 L-AmB  Recommended in people not tolerant to voriconazole 

 Combination therapy  Recommended consideration of combination voriconazole and L-AmB 
based on predicted risks of drugs and severity of infection 

   Scedosporium  species   

 Voriconazole  Recommended fi rst-line therapy based on case series, dosed aggressively as 
described above 

 Posaconazole 
 Isavuconazole 

 Case reports and series suggest potential utility but with limited information 
to date 

 L-AmB  Variable activity and outcomes in case series but consideration in people 
intolerant to azoles 

 Combination therapy  Recommended combination voriconazole and L-AmB in severe infection 
  S. prolifi cans  with resistance to all antifungals; aggressive combinations of 

voriconazole and terbinafi ne should be considered 

   a Recommendations are the author’s chosen derivations from numerous guidelines, review of outcomes studies, and experience. References for comments 
provided in text.  
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39.7     Conclusion 

 Invasive mold infections have been a frequent, dreaded 
complication of neutropenia and cellular defi ciency, occur-
ring both early and late after allogeneic HSCT. New drugs 
and diagnostics have resulted in major improvements over 
the last decades, although these ubiquitous environmental 
organisms remain a problem during protracted vulnerability. 
Efforts directed towards enhancing diagnostics and early 
prevention based on understandings of personal risks, use of 
highly sensitive screening diagnostics, and tailoring of 
preventative therapies, are needed to further minimize these 
complications in the future.     
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40.1           Epidemiology 

40.1.1     The Issue from a General Perspective 

 Solid organ transplantation has become an important thera-
peutic option in many diseases. The number of patients 
undergoing transplantation has increased exponentially in 
recent years, and the advances in surgical techniques, immu-
nosuppression, and prophylactic strategies have improved 
allograft and patients’ survival [ 1 ,  2 ]. 

  Fungal infections   occur in 5–42% of solid organ trans-
plant (SOT) recipients depending on the organ transplanted 
and the degree of  immunosuppression   [ 2 – 4 ]. The prevalence 
of invasive mycosis has declined over the past decade, due in 
large part to improvements in transplant surgical methods [ 2 , 
 5 ]. During this time period, there has been a reduction of 
infections caused by  Candida  spp. but a rise in infection 
caused by   Aspergillus  spp  . and other less-common mold 
fungi, such as Zygomycetes,  Scedosporium,  and  Fusarium  
spp. [ 6 – 9 ]. The peculiarities encountered with the different 
types of transplantations deserve some discussion. 

 The incidence of fungal infections after   heart transplan-
tation    has signifi cantly decreased since the introduction of 
cyclosporine A (CsA). In the fi rst Stanford series, which was 
conducted from 1968 to 1978, 35% of the patients had a fungal 
infection. However, in the past 20 years the incidence was 
progressively reduced to 10% [ 10 – 20 ] and at present, with 
the introduction of targeted antifungal prophylaxis, less than 
5% of heart transplant recipients will develop an IFI [ 21 –
 23 ]. Meanwhile, the incidence of fungal infections, most nota-
bly of aspergillosis, after both  lung and heart–lung  
transplantation, range from 4% to 10% [ 1 ,  24 ,  25 ] and are a 
signifi cant cause of morbidity and mortality. 

 The incidence of fungal infections in orthotopic  liver  
transplant recipients has also decreased over the past 20 years, 
dropping from between 30 and 50% to 1–9.2% [ 26 – 35 ]. 

   Kidney  transplantation   currently has the lowest rate of 
fungal infection [ 36 ,  37 ], with incidence ranging from 0.9% 
to 4% [ 35 ]. Similarly, the outcome of  pancreas  transplanta-

tion has continued to improve in recent years, and it is now 
an accepted treatment for selected patients with type I diabe-
tes, mainly those who have previously undergone kidney 
transplantation and thus already receive immunosuppressive 
treatment. Reports of mold infections in these patients are 
extremely few. In one series on the infectious complications 
of pancreatic transplantation in 34 consecutive recipients, 
only one patient developed an infection with  Aspergillus 
fumigatus  [ 38 ].  

40.1.2     Onset of Infection 

 The timing of infections after organ transplantation is quite 
helpful for suggesting an  etiology   (Table  40-1 ) [ 39 – 41 ]. 
In earlier studies, most cases of mold infections were 
reported  to   occur within the fi rst 90 days after transplanta-
tion [ 42 ,  43 ]. However, a higher proportion of later occurring 
cases has been reported in recent series [ 9 ,  21 ,  33 ,  44 ,  45 ]. In 
the  fi rst month  after transplantation, barrier disruptions and 
alterations in phagocytic function are dominant, increasing 
the susceptibility to infections with  Candida ,  Aspergillus,  
and the Mucorales [ 46 ]. Central nervous system (CNS) 
infections in SOT recipients during this period are usually 
due to disseminated aspergillosis [ 47 ]. From  1 to 6 months  
after transplantation, the type of infection changes, refl ecting 
the shift towards infection caused by pathogens that, in the 
normal host, are mainly controlled by the cellular immune 
mechanisms. These include latent infections, such as those 
caused by the geographically restricted systemic fungi and 
other mycelial fungal infections [ 46 ,  48 ,  49 ].

   From  6 months after  transplantation and on, approxi-
mately 80% of recipients are receiving stable and relatively 
modest levels of immunosuppressive drugs, and the inci-
dence of fungal infections clearly decreases in these indi-
viduals [ 48 ]. The 10–20% of patients who never do well and 
who continue to take large amounts of immunosuppressant 
drugs or who develop a posttransplant neoplasia, may, how-
ever, experience aspergillosis and other opportunistic mold 
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infections late after transplantation [ 33 ,  46 ,  48 ,  50 ]. 
Seronegative CMV recipients who receive prolonged antivi-
ral prophylaxis may develop CMV infection late after trans-
plantation also increasing their susceptibility to opportunistic 
agents such as molds [ 51 ].  

40.1.3     General Risk Factors 

 The basic  risk factors f  or fungal infection are qualitatively 
similar in all SOT recipients [ 52 ] and the incidence varies with 
the following two factors: the intensity of exposure and the 
patient’s susceptibility to infection. With regards to the latter, 
factors contributing to fungal infections include immune 
defects created by the underlying disease that led to the need 
for transplantation in the fi rst place [ 43 ,  53 – 57 ], the type of 
organ transplanted, the occurrence of technical or surgical 
complications [ 29 ,  43 ,  53 ,  55 ,  57 – 61 ], the presence of neutro-
penia, thrombocytopenia, or metabolic alterations (e.g., diabe-
tes), the intensity of immunosuppression, viral infections, the 
need for additional antirejection therapy, and renal failure and 
hemodialysis among others [ 29 ,  33 ,  57 ,  61 – 68 ].  

40.1.4     Morbidity and Attributable Mortality 

 Fungal  infections   are a major cause of morbidity and mortal-
ity [ 3 ]. This is due in part to the diffi culty of establishing the 
diagnosis early so that the infection is not disseminated at the 
time of diagnosis [ 46 ,  69 ], as well as to the limited effi cacy 
and toxicity of some of the available antifungals [ 70 ]. 

 The mortality associated with  invasive fungal infections 
(IFIs)   varies with the type of fungus, the organ transplanted, 

and the location of the disease. In heart transplant recipients, 
the overall mortality rate of fungal infection ranges from 29% 
to 36% [ 15 ,  17 ,  19 ,  21 ] with a marked decrease in most recent 
studies. In lung transplant recipients, the mortality rate of bron-
chial infections, which is roughly 20%, is lower than that of 
invasive pulmonary mycoses, which ranges from 67% to 82% 
[ 1 ,  71 – 73 ]. In liver transplant recipients, the mortality rate has 
ranged from 83% to 88% [ 74 – 76 ]. More recent studies have 
reported better outcomes with mortality ranging from 10% to 
33.3% [ 1 ,  77 ]. Among kidney transplant recipients, patients 
with an IFI have a relative risk of mortality of 2.88 (95% 
CI = 2.22–3.74) compared with those who do not have IFI [ 5 ].   

40.2     Infections Caused by 
 Aspergillus  spp. 

40.2.1     Incidence 

 SOT  patients   constitute the third  group   in frequency among 
patients with Invasive Aspergillosis (IA), after patients with 
hematological malignancies and chronic pulmonary diseases 
[ 78 ]. As already mentioned, the  incidence   of IA varies 
according to the type of SOT from less than 2% to more than 
25% [ 30 ,  42 ,  61 ,  70 ,  79 – 86 ]. 

 In  heart  transplantation,  Aspergillus  is the predominant 
fungal isolate (70% of IFIs), accounting for 38% of all nodular 
lesions observed in the lungs of heart transplant recipients [ 29 , 
 70 ,  74 ,  81 ,  82 ,  87 – 92 ]. The incidence of IA in this population 
ranges from 3.3% to 14% (average 6%) [ 15 ,  67 ,  92 – 94 ]. In 
both lung and heart–lung transplantation, colonization with 
 Aspergillus  occurs at some time after transplantation in 
25–30% of  lung  transplant recipients [ 95 – 97 ]. IA occurs in 
3–15% (average of 6%) of the patients [ 92 ,  95 ,  97 – 100 ]; 58% 
of these infections are tracheobronchitis or bronchial anasto-
motic infections, 32% are invasive pulmonary aspergillosis, 
and 22% are disseminated infections with extrapulmonary 
involvement [ 100 ]. Compared with heart, lung, or heart–lung 
transplantation,  Aspergillus  infection after  liver  transplanta-
tion is less common (1–8% of recipients) [ 43 ,  53 ,  55 ,  75 ,  83 ]. 
Although  Candida  species are the primary cause of fungal 
infection in these patients [ 31 ,  37 ,  101 ],  Aspergillus  can 
account for as many as 25% of all fungal infections in liver 
transplantation [ 35 ,  102 ]. In  kidney  transplantation, the cumu-
lative incidence of  Aspergillus  infection is usually less than 
5% (from ~0.7% to 4%) [ 29 ,  70 ,  90 ,  91 ], a fi gure which is 
similar to that observed in pancreas transplant recipients [ 86 , 
 103 ]. 

  Mortality   associated with IA is nearly 100% if the dis-
ease is not treated [ 104 ]. The attributable mortality of IA 
varies depending on the type of infection, is still higher 
than 70% for disseminated disease with CNS involvement 
but has signifi cantly decreased for pulmonary IA [ 21 ,  33 , 
 77 ,  105 ,  106 ].  

   TABLE 40-1.    Timing of fungal infections in SOT recipients   

  Early (<1 month)  

 Uncommon except in liver transplant recipients 

 Nosocomial intensive care unit  Candida  infections 

 Central nervous system abscess (most  Aspergillus ) 

 Pulmonary  Aspergillus  (aspiration/ventilation) 

  Intermediate (1–6 months ,  especially 3 months)  

  Candida  

  Aspergillus  

 Zygomycoses (Mucorales) 

 Other molds 

  Late pathogens  

  Aspergillus  

  Cryptococcus  

 Endemic fungi 

  Sporothrix schenkii  

 Dematiaceous fungi 

  Modifi ed from Patterson JE. Epidemiology of fungal infections in solid 
organ transplant patients.  Transpl Infect Dis.  1999;1:229–236, with 
permission.  

P. Muñoz et al.



721

40.2.2     Microbiology of the Genus 
 Aspergillus  

   Aspergillus     is   one of the most ubiquitous airborne sapro-
phytic fungi. In both immunocompetent hosts and in SOT 
recipients, the species of  Aspergillus  that most commonly 
causes invasive disease is  A. fumigatus.  Far less common 
are those infections caused by  A. fl avus ,  A. niger,  and  A. 
terreus  [ 20 ,  95 ,  107 – 109 ]. Notably, the fi rst case of human 
infection by  Aspergillus granulosus  has been reported in a 
cardiac transplant patient [ 110 ]. New molecular methods 
have allowed the detection of less-common species (cryptic 
species) that frequently can be resistant to most commonly 
used antifungals. Resistance to voriconazole has also been 
described in  A. fumigatus  species, so the judicious use of 
antifungals is now more important than ever [ 111 – 114 ].  

40.2.3     Onset of Infection 

 In earlier studies, most cases of IA were reported to occur 
within the fi rst 100 days after transplantation (mean time was 
17d for LT, 45 for HT, 82 for KT, and 120 for Lung T). 
However, in recent years a signifi cant percentage of cases 
occur later. This has led to the differentiation of IA into 
early-onset infection, occurring <90 days after transplanta-
tion, and late-onset infection, occurring after that period. 
Such bimodal pattern is related to different risk factors. In 
fact,  Aspergillus  infection occuring in the fi rst moths after 
transplantation is likely a sign of an unusually intense envi-
ronmental exposure [ 40 ]. 

 In a large retrospective study on 11,014 SOT recipients 
from Spain, IA occurred a mean of 234 days (range, 2–3025 
days) after transplantation [ 33 ]. Early IA accounted for 57% 
of the episodes and 43% were late.  Risk factors   for early 
IA include a complicated postoperative course, repeated 
bacterial infections or CMV disease, and renal failure or 
need of hemodialysis. Late IA developed more commonly in 
older patients with an over-immunosuppressed state due to 
chronic graft rejection or allograft dysfunction and in patients 
with posttransplantation renal failure or neoplasia. 

 In   lung  transplant recipients  ,  Aspergillus  infection occurs 
a median of 3.2 months after transplantation, with 51% occur-
ring in the fi rst 3 months after transplantation and 72% within 
6 months [ 100 ]. Tracheobronchitis or anastomotic infections 
tend to occur early, while invasive pulmonary and dissemi-
nated infections usually appear later after transplantation. 

 In   heart  transplant recipients  , the usual time of IA onset is 
36–52 days posttransplantation, with nearly 75% of the cases 
occurring within the fi rst 90 days after transplantation. At 
one institution, the onset of IA was signifi cantly delayed 
after the introduction of routine ganciclovir prophylaxis 
[ 94 ]. We have recently published a 24-year experience with 
IA in HT recipients. IA was diagnosed in 6.5% of heart trans-
plant patients, with a signifi cant decrease in recent years. 

Incidence decreased from 8.7% (24 of 277) in the period 
1988 to 2000 (historical cohort) to 3.5% (7 of 202) afterward 
( p  0.02); four of the seven recent cases were in the context of 
an outbreak. In our study, IA occurring during the fi rst 90 
days after transplantation (23/31 cases, 75%) presented most 
commonly with lung infection, whereas episodes occurring 
later (8/31, 25%) showed a higher frequency of disseminated 
disease including CNS involvement. Related mortality was 
36% with a signifi cant reduction during recent years (46% vs 
0%;  p  0.04) and a trend toward lower related death in early 
vs late cases (26% vs 63%,  p  0.09) [ 21 ]. 

 Historically in   liver  transplant recipients   IA was an early 
disease (16–17 days after transplantation) [ 59 ], but the 
onset is now delayed. A study showed that the percentage 
of IA occurring after 90 days of liver transplantation 
increased from 23% in 1990–1995 to 55% in the period 
1998–2002 [ 44 ]. Improved outcome in the early postopera-
tive period, and delayed onset of posttransplant risk factors 
such as CMV infection, allograft dysfunction due to recur-
rent hepatitis C virus hepatitis are proposed as potential 
explanations [ 44 ].  

40.2.4     Pathogenesis and Risk Factors 
for Aspergillosis 

 This ubiquitous organism  may   colonize  norma  l or immuno-
compromised hosts by spore inhalation. Some strains are 
more pathogenic than others as a study conducted in the author’s 
hospital demonstrated; in this study, the elastase activity of 
the  Aspergillus  strains correlated with the invasiveness of the 
strain [ 115 ]. 

 The respiratory tract is the portal of entry in as many as 
95% of cases of IA [ 48 ]. Once tissue infection develops, 
invasion of blood vessels is the rule, accounting for the three 
cardinal features of IA: tissue infarction, bleeding, and 
dissemination with metastatic seeding [ 91 ]. 

 The following two epidemiologic patterns are observed: a 
domiciliary pattern, in which the exposure occurs in the 
room or ward where the patient is housed, and a nondomi-
ciliary pattern, in which the exposure occurs as the patient 
travels within the hospital for a diagnostic or therapeutic pro-
cedure [ 48 ]. The discovery of domiciliary outbreaks is usu-
ally relatively easy because of clustering of cases in time and 
space [ 116 ]. At present, this risk is attenuated largely because 
of better technical management of the endotracheal tube and 
the use of  high-effi ciency particulate air (HEPA) fi ltration   
[ 76 ]. Clustering is not usually present with the nondomicili-
ary exposure, and this type of infection usually requires a 
signifi cant amount of exposure [ 48 ,  117 ]. 

  Skin colonization   may also occur and primary cutaneous 
aspergillosis has been associated with occlusive dressings 
[ 118 – 120 ].  Aspergillus  spp. may also invade the gastrointes-
tinal tract or, rarely, they may gain entry through an intrave-
nous catheter [ 90 ]. The transmission of the infection via the 
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donor graft has also been described [ 121 – 123 ]. Donor- 
derived mold infections have been mostly described in cases 
in which the donor had CNS manifestations or was himself 
an immunosuppressed patient. 

 The host risk factors for aspergillosis are similar to those 
associated with other invasive mold infections and have 
been previously commented [ 68 ,  106 ]. Alveolar macro-
phages normally kill inhaled conidia, and functioning neu-
trophils eliminate residual mycelia. Therefore, both 
neutropenia and the dysfunction of macrophages and neutro-
phils secondary to steroid administration in SOT recipients 
predispose the recipient to the infection. A body of evidence 
now suggests that T-cell function and adaptive immunity 
characterized by a dysregulated production of T-helper (Th) 
cell cytokines play a pivotal role in the pathogenesis of IA 
[ 124 – 126 ]. Indeed, Th1 responses have been shown to con-
fer protection against  Aspergillus , while Th2 responses have 
been associated with disease progression [ 124 ,  125 ]. Both 
calcineurin- inhibitors and corticosteroids, administered to 
SOT recipients to prevent allograft rejection, produce a 
down-regulation of Th1 responses [ 127 ]. 

 Signal transduction mediated by  Toll-like receptors 
(TLRs)   has also been shown to play a key role in immunity 
against aspergillosis [ 128 ,  129 ].  Aspergillus  conidia stimu-
late both TLR2 and TLR4 to induce a Th1 cytokine 
response. Germination of hyphae leads to the loss of 
TLR4-mediated signals with an ultimately predominant 
Th2 response. An association between the donor TLR4 
haplotype S4 and the risk of IA among recipients of hema-
topoietic-cell transplants from unrelated donors has been 
shown [ 129 ]. Recently the presence of Pentraxin 3 (PTX3) 
polymorphisms have been shown to increase the risk of IA 
in SOT recipients [ 130 ]. 

 In SOT patients who require prolonged intubation and 
ventilatory support, who develop renal failure and need 
hemodialysis, or who present CMV infections, the risk of IA 
is further increased [ 40 ,  48 ]. Renal failure and hemodialysis 
have been shown to impair T-cell proliferative responses and 
result in an increase in activation-induced T-cell death [ 68 , 
 106 ,  131 ]. A heightened susceptibility to IA among trans-
plant recipients with CMV infection is believed to result pri-
marily from cell-mediated immunosuppressive effects of the 
virus [ 63 ]. CMV may also affect the respiratory burst of 
macrophages.  

40.2.5     Clinical Manifestations of  Aspergillus  
Infection in Different Transplants 

 In a retrospective  multicente  r study  of   11,014 SOT recipients 
conducted in Spain by the  Spanish Network for Research on 
Infection in Transplantation  (RESITRA), pulmonary infec-
tions accounted for 59% of the IA cases, comprising 20.5% 
nodular cases and 38.4% pneumonia cases. Disseminated 
aspergillosis was diagnosed in 41% of IA, with CNS involve-
ment in 15.4% of cases [ 33 ]. 

 Although  pulmonary aspergillosis   frequently presents 
with single or multiple pulmonary nodules with or without 
cavitation (angio-invasive aspergillosis) [ 12 ,  15 ,  82 ,  93 ] 
(Figure  40-1 ), a new radiological manifestation (airway-
invasive aspergillosis) characterized, according to CT fi nd-
ings, by peribronchial consolidation or a tree in-bud pattern 
should also be considered. In our series of 27 heart transplant 
patients, 37.1% of the cases presented with this airway inva-
sive disease. These patients had more need of hemodialysis 
after transplantation, more intercurrent bacterial pneumonia, 
and the infection was diagnosed later after symptoms onset 
(2.7 vs 8.5 d,  p  0.09). After diagnosis, AIR-IPA patients 
required more mechanical ventilation (23.5% vs 90%,  p  
0.01) and had a higher related mortality rate (23.5% vs 70%, 
 p  0.04) [ 132 ].

    Aspergillus  may disseminate from the lungs to almost any 
organ [ 133 – 138 ]. Overall, disseminated disease has been 
described in up to 20% of cases with higher percentage among 
liver recipients [ 106 ]. Disseminated infection with CNS 
involvement occurred in 17% of the cases studied in Spain [ 82 ]. 
Brain abscesses are relatively uncommon (0.6%) in SOT 
patients; however, 78% of those observed are caused by 
 Aspergillus  species [ 139 ]. Clinical manifestations of CNS 
aspergillosis include an alteration of mental status, diffuse CNS 
depression, seizures, evolving cerebrovascular accidents, and 
headache [ 76 ,  85 ,  140 ]. The CSF fl uid is usually sterile. 

 Recently, Kourkoumpetis et al. reported 14 cases of CNS 
aspergillosis and reviewed 123 cases reported in the literature 
between 2000 and 2011. Solid organ transplantation was the 
underlying disease in 8.9% of the cases and in most patients 
CNS involvement resulted from dissemination from the para-
nasal sinuses or lungs. Of note, a signifi cant proportion of 
patients had a history of previous brain pathology, which 
could predispose them to metastasis of infection to the CNS 
[ 141 ]. Of particular interest is the fact that CNS infection 
caused by fungi is often associated with extraneural infection 
with the same microorganism, which allows the sampling and 
evaluation of an established infection without a need to per-
form a brain biopsy. In a series on CNS lesions in liver trans-
plant recipients, all of the brain abscesses found were fungal 

  FIGURE 40-1.    Pulmonary aspergillosis in a heart transplant patient.       
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and  Aspergillus  organisms were the most frequent isolate 
(75%). Furthermore, 73% of the patients had concurrent 
extraneural (pulmonary) infection that was caused by the 
same fungal pathogen [ 142 ]. Therefore, the consensus is that 
a diagnostic brain biopsy is not warranted in SOT recipients 
with CNS lesions. Occasionally, however, the colonization of 
extraneural sites may confuse diagnosis [ 46 ]. 

 One study revealed that  Aspergillus  organisms were a 
common cause of infective endocarditis (26%) that occurred 
within a month of solid organ transplantation [ 143 ]. Other 
forms of clinical presentation include mediastinitis and 
osteomyelitis [ 10 ,  15 ]. Skin and soft-tissue infections also 
occur [ 144 ,  145 ]. In heart transplant recipients, cardiac 
aspergillosis probably originated in the atrial suture or in the 
surgical site has been reported [ 146 ]. 

 In  lung and heart–lung  transplant recipients, disease pre-
sentation can also include bronchial anastomosis dehiscence, 
vascular anastomosis erosion, bronchitis, tracheobronchitis, 
invasive lung disease, aspergilloma, empyema, disseminated 
disease, endobronchial stent obstruction, and mucoid bron-
chial impaction [ 52 ]. Kramer et al. described a distinct form 
of IA after lung transplantation, in which ulcerative tracheo-
bronchitis, a semi-invasive disease involving the anastomo-
sis site and the large airways, was encountered [ 147 ]. 
Bronchial stent obstruction is particularly problematic 
because 15% of patients will show some degree of airway 
narrowing, bronchomalacia, or airway stenosis [ 52 ]. The 
placement of an artifi cial stent may be then required; how-
ever, the artifi cial stent seems to be a trap for fungi, leading 
to fungal tracheobronchitis, impaction, and pneumonia. 
These stents have to be cleared often and mucous plugs con-
taining  Aspergillus  are found within these stenosed airways. 

 In  liver  transplant recipients, aspergillosis of the wound 
occasionally occurs [ 59 ,  148 ,  149 ]. Other clinical manifesta-
tions are primary cutaneous infection after trauma [ 119 ], the 
infection of a biloma [ 150 ], gastrointestinal dissemination 
and systemic involvement with endocarditis [ 143 ,  151 ,  152 ] 
or endophthalmitis [ 153 – 155 ]. CNS involvement is particu-
larly more likely to occur in liver recipients who have been 
retransplanted. However, disseminated and CNS infections 
have declined in the current era [ 44 ,  156 ]. It has been pro-
posed that the in vitro anti  Aspergillus  activity of calcineurin 
and target-of-rapamycin inhibitor agents may have a protec-
tive effect on the risk of disseminated aspergillosis [ 157 ]. 

 As in the other transplant groups, pulmonary aspergillosis 
is the most frequent clinical presentation of aspergillosis in 
 kidney  transplant recipients [ 36 ,  85 ,  108 ,  158 – 166 ]. Other 
clinical presentations include cutaneous aspergillosis [ 118 , 
 167 ], genitourinary disease [ 168 – 174 ], arthritis [ 175 ,  176 ], 
isolated cerebral aspergilloma [ 177 ], epidural abscess and 
paraparesis [ 178 ,  179 ] and invasive or disseminated disease 
[ 136 – 138 ,  166 ,  180 – 187 ]. A potentially highly lethal form of 
invasive aspergillosis in kidney transplant recipients is 
 pseudoaneurysm of the iliac artery that may be transmitted 
by a graft contaminated during the preservation phase [ 188 ].  

40.2.6     Diagnosis of Invasive Aspergillosis 

 The diagnosis of IA in SOT recipients remains a signifi cant 
challenge, since 25–33% of these patients may be asymp-
tomatic initially or they may have nonspecifi c symptoms. 
Furthermore the progression of the disease is fast. The diag-
nosis is also crucial, mainly because the prompt recognition 
of these infections, combined with intensive antifungal ther-
apy, is needed for cure [ 3 ,  74 ,  90 ,  189 ,  190 ]. The diagnosis is 
reached by a combination of different methods, including 
clinical fi ndings, isolation of the microorganism, radiology, 
the serologic detection of antibodies or antigens and histo-
pathologic evidence of invasion [ 191 ,  192 ]. 

40.2.6.1     Clinical Findings 

 Clinical manifestations  can   be subtle and may include fever 
and pulmonary fi ndings, such as chronic cough or chest pain 
that result from angioinvasion of fungi; these may be impor-
tant clues to the diagnosis of infection [ 90 ,  132 ,  192 ] and in 
high-risk patients may be enough to establish a presumptive 
diagnosis of infection and to allow institution of therapy 
pending a confi rmation of the diagnosis [ 74 ].  

40.2.6.2     Imaging Techniques 

 Chest  radiographic   fi ndings in patients with pulmonary 
 Aspergillus  include nodular opacities, interstitial infi ltrates, 
cavitary lung disease, or a pulmonary embolus pattern; how-
ever, the chest X-ray may also be normal [ 81 ,  139 ,  193 ]. In 
patients with infection due to angioinvasive molds, espe-
cially those with invasive pulmonary aspergillosis, com-
puted tomography (CT) scanning is particularly valuable in 
diagnosing the disease when the chest radiograph remains 
negative or shows only minimal changes. In SOT recipients, 
high-resolution CT scanning of the chest is more sensitive 
than plain radiographs, and it may reveal disease as much as 
5 days earlier [ 139 ]. In these patients, a pulmonary halo sign 
is less likely to correlate with IA, as it may occur with other 
types of pneumonia as well [ 132 ,  189 ]. In heart transplant 
recipients, the chest CT provided signifi cant additional infor-
mation in 41% of the patients with IA (mainly greater spread 
of the disease); and, more importantly, only the chest CT 
showed abnormalities (normal chest X-ray) in 18% of the 
cases [ 21 ]. 

 Since mold infections in this population primarily affect 
the lungs and sinuses, diagnostic approaches should concen-
trate on these two anatomical locations, with the early and 
repeated, if needed, performance of CT scans. In patients 
with brain lesions, the use of CT scans or magnetic reso-
nance imaging of the neuroaxis is essential for the assess-
ment of the presence and nature of infectious processes. To 
date, the utility of positron emission tomography with F18- 
fl uorodeoxyglucose (FDG-PET) to diagnose IA in SOT 
recipients is not determined [ 194 ]; data suggesting the utility 
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of FDG-PET in the diagnosis of invasive aspergillosis is 
mainly extrapolated from studies including hematological 
patients.  

40.2.6.3     Etiologic Diagnosis 

 The currently available  laboratory   diagnostic methods 
include histopathologic evidence of invasion, isolation of the 
microorganism or demonstration of the DNA by molecular 
methods and the serologic detection of antigens or antibod-
ies. The newer techniques remain mainly investigational at 
this time.  

40.2.6.4     Histopathologic Evidence of Invasion 

   Aspergillus  hyphae      are 2–4 mm wide, and they frequently 
septate and branch at 45°. They are best-visualized with sil-
ver stains, and may be missed when the only routine 
hematoxylin- eosin stains are applied. In rapidly progressive 
infections, the hyphae are of even diameter, whereas in more 
chronic cases they may have bulbous, widened areas. 
Sporulation is rarely observed in the tissue, except for in 
areas containing air. In the absence of sporulation,  Aspergillus  
hyphae cannot be readily distinguished from a large number 
of pathogenic molds, and the mycologic differential diagno-
sis includes  Scedosporium ,  Fusarium ,  Scopulariopsis,  and 
many other rarer molds. 

 Defi nitive proof of IA requires the culture of  Aspergillus  
from a sterile site (e.g., brain aspirate or an abscess). 
Histologic evidence of hyphal invasion of the tissue with 
concurrent positive culture of  Aspergillus  from the same site 
(e.g., a transbronchial biopsy showing hyphae and a positive 
sputum culture for  Aspergillus ) is also defi nitive evidence of 
the disease [ 195 ]. Angiotropism and angioinvasion are 
important histologic characteristics of invasive mold infec-
tions. However, other fungi (e.g.,  Fusarium ,  Zygomycetes)  
may invade tissue and produce similar histologic images.  

40.2.6.5     Isolation of the Microorganism 

 Pathogenic species of  Aspergillus  usually grow easily and 
quickly on the routine bacteriologic and mycologic media 
used in the clinical laboratory. The identifi cation is relatively 
straightforward by microscopic criteria and the colony 
(conidial) color. Formal identifi cation may require the per-
formance of cultures on specialized media such as Czapek- 
Dox and malt extract. Species identifi cation is warranted in 
transplant units. As mentioned,  A. fumigatus  is the most 
common species recovered from cases of invasive aspergil-
losis, followed by  A. fl avus ,  A. niger , and  A. terreus  [ 20 ,  95 , 
 107 – 109 ]. At present molecular methods are very helpful to 
identify isolates at species level [ 196 ]. 

 Increasing evidence indicates that positive cultures for   A. 
fumigatus    should not be overlooked in the appropriate epide-

miologic and clinical setting (e.g., highly immunosuppressed 
transplant recipients) because this is strongly associated with 
the existence or risk of IA [ 42 ,  87 ,  197 ]. However, the early 
diagnosis of IA in SOT recipients is diffi cult because fungal 
cultures in these patients may be negative even when infec-
tion is widely disseminated [ 74 ,  90 ]. For instance, blood cul-
tures are notoriously insensitive for  Aspergillus  infections, 
even those producing endocarditis [ 3 ]. Furthermore, the con-
fi rmation of the diagnosis may require obtaining tissue for 
culture using an invasive procedure [ 198 ], which may some-
times not be viable because of the increased risk involved. In 
HT recipients the diagnosis of IA possible only after obtain-
ing an invasive sample (bronchoalveolar lavage or biopsy/
aspiration) in 29% of the patients [ 21 ]. 

 In IA, the sensitivity of positive respiratory samples from 
SOT recipients for  Aspergillus  differs depending on the type 
of transplant [ 44 ,  97 ,  199 ]. In a multicenter Spanish study in 
 heart  transplant recipients, the sensitivity of various respira-
tory tract cultures for the diagnosis of IA were as follows: 
sputum examination, 45%; bronchoalveolar lavage (BAL), 
83%; bronchial washing, 100%; transbronchial biopsy, 50%; 
open-lung biopsy, 50%; and transthoracic needle aspiration, 
50% [ 19 ]. During a 10-year study period,  Aspergillus  spp. 
were recovered from 10.5% of heart transplant recipients 
and a positive predictive value (PPV) of 60–70% for IPA 
[ 197 ]. When analyzed by species, the positive predictive 
value of recovering  A. fumigatus  was 78–91%, whereas it 
was 0% for other species. The positive predictive value 
increased from 88% to 100% when  Aspergillus  was recov-
ered from a respiratory specimen other than sputum and 
decreased from 50% to 67% when it was recovered only 
from sputum [ 197 ]. The performance of BAL is most valu-
able in patients with diffuse changes on CT scans [ 3 ]. 

 In a multicenter Italian study of IFI in  lung  transplant 
recipients, the use of BAL for the diagnosis of IA had a sen-
sitivity of 100%; a specifi city of 92%; and positive and nega-
tive predictive values of 16 and 100% [ 92 ].  Aspergillus  spp. 
can be detected in airway samples from ~25% to 30% of 
lung transplant recipients [ 95 ,  100 ]. Although airway coloni-
zation with  Aspergillus  organisms correlates with a low posi-
tive predictive value for IA in lung transplant recipients, it is 
associated with a higher risk of subsequent invasive infec-
tion [ 37 ,  189 ,  200 ]. The risk of progression from coloniza-
tion to IA is increased in lung transplant recipients with 
lower values of T-cells response (<50 ng/mL ATP with the 
Cylex ImmuKnow assay) [ 201 ]. Patients with positive air-
way cultures for  Aspergillus  within 6 months after transplan-
tation were 11-fold more likely to develop IA [ 202 ] and 
should undergo a bronchoscopic examination to exclude the 
presence of tracheobronchitis or invasive disease. In another 
report, the isolation of  Aspergillus  organisms from a respira-
tory specimen was associated with a 22-fold greater risk for 
subsequent IA. 

 In  liver  transplant recipients with invasive pulmonary 
aspergillosis,  Aspergillus  species are detected in respiratory 
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secretions (sputum or BAL) in 50% of these individuals 
[ 56 ]. Colonization of the respiratory tract with  Aspergillus  
organisms is uncommon in liver transplant recipients 
(~1.5%), but it has a high positive predictive value of subse-
quent development of IA, ranging from 41% to 72% [ 189 ]. 

 The diagnosis of  extrapulmonary infection   is usually more 
diffi cult [ 3 ,  203 ]. Any suspicious lesion (e.g. skeletal or cuta-
neous) should be biopsied and cultured for fungi according 
to the recommendations found in the current guidelines [ 3 , 
 195 ,  203 ]. 

 Although the Clinical Laboratory Standards Institute has 
developed a standardized method for mold susceptibility, a 
clinical correlation of increased minimal inhibitory concen-
tration for molds has not yet been established with regard to 
the susceptibility testing of fungal isolates [ 111 ,  204 ]. Azole 
resistance by  Aspergillus  species is increasingly reported in 
recent years [ 112 ,  113 ], and some patients exposed chroni-
cally to antifungal triazoles have been reported to have 
refractory infection caused by isolates with elevated MICs 
[ 205 ,  206 ]. The clinician must realize that some molds are 
going to be less susceptible to some classes of antifungal 
drugs (e.g.,  A. terreus  is clinically resistant to amphotericin) 
[ 1 ]. Nevertheless, predicting the expected susceptibility 
pattern of a particular mold is much more difficult that it 
is for yeasts. Because of the emerging development of 
resistance, testing the susceptibility of  Aspergillus  organ-
isms and other molds to the available antifungal drugs is 
warranted in these infections.  

40.2.6.6     Serology 

 In recent  years   great advances have been performed in the 
serologic diagnosis of IA, mainly in hematological patients, 
allowing a rapid diagnosis. The serologic diagnosis of IA is 
based on the detection of circulating antigens in biologic 
fl uids, such as serum, urine, or BAL fl uid [ 207 ,  208 ]. 
Briefl y, the Platelia (Sanofi  Diagnostic Pasterur, Marnes la 
Coquette, France) sandwich-enzyme immunosorbent assay 
(ELISA) for the detection of galactomannan (GM) is cur-
rently one of the more used methods. A recent meta-analy-
sis showed a greater utility of the GM test in neutropenic 
bone marrow transplant recipients than in SOT patients, in 
whom sensitivity of serum samples was 71% and specifi c-
ity 89% [ 209 ]. In a retrospective study of IA in liver trans-
plant recipients, Fortun et al. found a sensitivity of GM of 
55.6% and a specifi city of 93.9%, with a positive predictive 
value of 71.4% [ 210 ]. GM was not very useful either in 
heart transplant recipients [ 21 ]. In heart transplant recipi-
ents GM showed a sensitivity of 28.6% [ 21 ]. Other speci-
mens, such as bronchoalveolar lavage (BAL), have been 
proven to be more advantageous in this population. At the 
index cutoff value of ≥1, the test yielded sensitivities and 
specifi cities ranging from 60% and 98%, respectively in 
lung transplant recipients and 100 and 91% in liver trans-
plant patients [ 200 ]. 

 Although in hematological patients GM test may enable 
the early diagnosis of IA [ 211 ], and monitor treatment 
response [ 212 ,  213 ], further studies are mandatory in SOT 
patients since these aspects have not been specifi cally proven 
in this population. 

 Unfortunately, false negative and positive results are not 
uncommon in SOT recipients. False negative results of the 
GM assay have been related to the previous use of antifungal 
agents (44% of lung transplant recipients with false negative 
GM) [ 1 ]. False positive GM results are common in lung 
(20%) and liver transplant recipients (9–13%), mainly in the 
early postransplantation period [ 24 ]. Potential causes are the 
specifi c underlying conditions leading to the transplantation 
(e.g., cystic fi brosis and chronic obstructive pulmonary dis-
ease, autoimmune liver disease and dialysis requirement), or 
administration of betalactams [ 1 ]. 

 Other tests, such as the detection of cell wall markers like 
the galactosaminoglycan or  1-3-β-   d   -glucan , or the polymerase 
chain reaction (PCR) are still not so widely used. 1-3-β- D -glucan 
is a cell wall component of yeasts and molds [ 214 ]. It is 
detectable in blood during IFI caused by the  Aspergillus , 
 Fusarium,  and  Acremonium  species [ 214 ]. The test proved 
to be useful for the diagnosis of invasive aspergillosis in 
living-donor liver allograft recipients in one study [ 215 ]. 
Some authors have proposed that a reasonable approach to 
the clinical application of these assays is serial screening 
(weekly or biweekly) of patients with a high risk of IFI. Once 
a positive result is obtained and confi rmed, the use of an 
assay with high fungal specifi city (e.g., GM sandwich- 
ELISA for aspergillosis) could help to narrow down the 
specifi c type of fungal infection further and could aid in 
the choice of targeted preemptive antifungal therapy [ 216 ]. 

 Recently, the diagnostic value for IFI of the 1-3-β- D -glucan 
was questioned in the transplant population because of the low 
positive predictive value of the test. Indeed, in a study per-
forming 1-3-β- D -glucan on BAL and serum samples from 135 
SOT patients with proven, probable, or no IFI, the sensitivity, 
specifi city, positive and negative predictive values of the test 
were 79.2, 38.5, 27.6, and 86.3% in BALs and 79.2, 81.8, 
69.2, and 83.1% in serum sample tested [ 217 ]. 

 The use of  PCR  to detect invasive fungal pathogens, 
including  Aspergillus , is receiving increasing attention. PCR 
screening for  Aspergillus  has a sensitivity, specifi city, and 
negative predictive value of 100%, 65% and 100%, respec-
tively [ 218 ]. Some protocols use universal fungal PCR prim-
ers that enable the detection of a broad range of fungi 
[ 219 – 221 ], and a sensitivity of 1–10 fg of fungal DNA can 
be achieved. In one study, the sensitivity of the PCR used on 
whole blood was 100% in patients with documented IFI 
when two or more samples were analyzed [ 220 ]. In one 
study in renal transplant recipients blood panfungal PCR 
preceded clinical signs of invasive fungal infections by 27 
days [ 222 ]. Quantitative PCR can be used to monitor the fun-
gal level to indicate the response to treatment, similar to the 
use of PCR monitoring in cytomegalovirus disease [ 223 ]. 
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The results are better when the technique is performed on 
bronchoalveolar lavage specimens, with sensitivities and 
specifi cities of pan  Aspergillus  PCR reaching 100% (95% CI 
79–100%) and 88% (95% CI 79–92%), respectively. 

 However, PCR-based molecular diagnostic tests for 
 Aspergillus  are not commercially available, remain largely 
unstandardized, and their precise role in the diagnosis and 
management of invasive aspergillosis in SOT recipients 
remains to be determined [ 224 ]. Finally, it should be noted 
that the specifi city of PCR performed on lower respiratory 
tract samples is moderate, as a positive result only indicates 
the presence of  Aspergillus , and does not allow distinguish-
ing between colonization and infection [ 225 ]. 

 Recently, a   lateral fl ow device  (LFD)  , detecting a glyco-
protein antigen found in the serum and BAL of patients with 
IA [ 226 ], has been proposed as a new diagnostic approach 
for detecting IPA in immunocompromised populations, 
including SOT patients [ 227 ]. An early semiprospective 
multicenter study evaluating LFD device in BAL from SOT 
patients (26 lung transplants, 13 liver, 6 kidney, and 2 heart 
transplantation) showed a sensitivity, specifi city, positive 
and negative predictive values for probable IA of 91%, 83%, 
63%, 97%, respectively [ 228 ]. However, despite initial 
promising results, further and larger studies are warranted 
before safe conclusions on the performance of  Aspergillus  
spp. LDF can be reached. Clinical trials evaluating the role 
of  Aspergillus  LFD as an alternative to GM in serum and 
BAL fl uid are currently underway (clinicaltrial.gov identifi er 
NCT 02058316). 

 Finally, different technologies detecting volatile organic 
compounds exhaled in the breath of patients infected with IA 
have been recently tested [ 229 – 231 ] with increasing enthusi-
asm by the scientifi c community. However, their role in SOT 
patients remains to be clarifi ed.  

40.2.6.7     Differential Diagnosis 

 The clinical  presentations   of fungal infections in SOT are 
nonspecifi c, and they often overlap with other infectious and 
noninfectious processes. Therefore, a histologic and micro-
biologic analysis is mandatory. In any fungal infection diag-
nosed in a SOT patient, a careful search should be made for 
metastatic infection, especially if the location at which the 
infection was found involves the skin, the skeletal system, 
and/or the CNS. The clinician must remain aware of this type 
of infection because, in many cases, the diagnosis is only 
established postmortem.   

40.2.7     Treatment 

 Early treatment with an effective antifungal drug decreases 
the high fatality rate associated with these infections. The 
development of new antifungals and the performance of anti-
fungal susceptibility tests have enabled longer survival in 

patients who contract fungal infections [ 232 ]. However, the 
emergence of multidrug-resistant pathogens, medication 
toxicity and drug–drug interactions must be carefully evalu-
ated [ 233 ]. 

 The drugs used in the treatment of deep fungal infections 
in SOT recipients do not differ signifi cantly from those used 
in other types of immunocompromised hosts, although anti-
fungal treatment in this specifi c population has special fea-
tures [ 90 ]. The therapy is complicated by the following three 
factors: (a) the continuing need for immunosuppression, 
except for recipients of kidney and pancreas allograft recipi-
ents whose condition may be maintained with dialysis and 
insulin therapy if the graft fails; (b) the need for a prolonged 
course of therapy; and (c) the potential for all of the currently 
available antifungal agents to interact with essential immu-
nosuppressive drugs, particularly CsA [ 46 ,  91 ,  234 – 241 ]. 

40.2.7.1     Antifungal Agents 

  Over the past decade,    there has been a considerable research 
in antifungal drugs targeted against IA [ 106 ,  195 ]. To date, 
the antifungal agents licensed for the fi rst-line treatment of 
IA include amphotericin B and its lipid formulations, itra-
conazole, voriconazole, posaconazole, and caspofungin 
[ 195 ]. Micafungin and anidulafungin, which are also can-
dins, have in vitro, in vivo, and clinical activity against 
 Aspergillus  but are not yet licensed for primary therapy of IA 
[ 195 ]. The severity of the infection, the clinical form, renal 
insuffi ciency, the drug interactions, the availability of the 
drug, and its cost are some of the factors that can help in 
making the selection of the best drug. 

   Voriconazole    is a triazole, for which both oral and intra-
venous formulations are available. It has a broad spectrum of 
antifungal activity that includes  Candida  species,  Aspergillus  
species,  Cryptococcus neoformans , fungi that cause the 
endemic mycoses,  Fusarium  species,  Paecilomyces lilaci-
nus ,  Scedosporium apiospermum,  and dematiaceous fungi 
[ 242 – 246 ]. It is not active against Zygomycetes, however. It 
has good penetration of both the CSF and brain. 

 The largest randomized trial for primary therapy of inva-
sive pulmonary aspergillosis demonstrated that voriconazole 
was superior to amphotericin B deoxycholate, followed by 
other licensed antifungal therapy [ 247 ]. This study included 
11 SOT recipients. At week 12, successful outcomes were 
observed in 52.8% of the patients in the voriconazole group 
and in 31.6% of those in the amphotericin B group. The sur-
vival rate at 12 weeks was 70.8% in the voriconazole group 
and 57.9% in the amphotericin B group (hazard ratio, 0.59; 
95% CI 0.40–0.88). Patients treated with voriconazole had 
signifi cantly fewer adverse events that were drug-related, 
except for transient visual disturbances. Therefore, the 
authors of this study concluded that voriconazole was more 
benefi cial for the treatment of IA than amphotericin B. 

 Other series studying SOT recipients, with proven or 
probable invasive pulmonary aspergillosis, confi rmed a 
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favorable response rate with voriconazole [ 232 ,  248 ,  249 ]. 
Particularly remarkable is one study of CNS aspergillosis, 
including 25 SOT recipients, treated with voriconazole for a 
median of 93 days (range 1–1128), that showed a favorable 
response rate of 48% (40% for SOT) [ 250 ]. Intravitreal vori-
conazole has also been used in a lung transplant patient with 
 Aspergillus  endophtlamitis [ 251 ,  252 ]. Because of better sur-
vival and improved response of initial therapy with voricon-
azole, this agent is now considered the drug of choice for 
primary therapy of IA in most patients, including SOT recip-
ients, by the recent Clinical Practice Guidelines of the 
Infectious Diseases Society of America (IDSA) (A-I level 
recommendation) [ 195 ]. 

 Voriconazole is generally well tolerated but early recogni-
tion of side effects may be extremely important. Patients tak-
ing voriconazole can develop skin rash, prolongation of QT 
interval, visual disturbances, and hepatic enzyme elevation 
[ 253 ,  254 ]. Periostitis, skeletal fl uorosis, and exostoses have 
also been reported [ 255 ,  256 ] mainly, but not always, in 
patients receiving long-term therapy. Clinical presentation 
includes multifocal pain in different skeletal regions with 
elevation of alkaline phosphatase and of plasma fl uoride 
level [ 257 ,  258 ]. Bone scintigraphy reveals areas of increased 
radiotracer uptake and prompt discontinuation of voricon-
azole should result in improvement of symptoms. Early rec-
ognition of this phenomenon is important to prevent 
unnecessary tests and procedures. In a recent report a consis-
tent number of patients reported nail changes and alopecia 
associated with prolonged voriconazole therapy [ 259 ]. Rare 
cases of cutaneous squamous cell carcinoma [ 260 – 265 ] have 
also been described. 

 One issue of paramount importance in the treatment of 
SOT recipients with IA is the drug interaction of antifungal 
agents with the immunosuppressant agents. The triazole 
agents are potent inhibitors of the CYP34A isoenzymes and 
have the potential to increase the levels of calcineurin- 
inhibitor agents and sirolimus [ 266 ]. Itraconazole has been 
shown to increase CsA or tacrolimus levels by 40–83% [ 267 ] 
and a 50–60% reduction in the dose of calcineurin-inhibitor 
agents may be necessary with the concurrent use of voricon-
azole [ 266 ]. The use of sirolimus is contraindicated in 
patients receiving voriconazole, although some authors have 
safely coadministered them with sirolimus dose reduction by 
75–90% [ 268 – 272 ]. 

 Coadministration of posaconazole increased cyclosporine 
exposure and necessitated dosage reductions of 14–20% for 
cyclosporine [ 273 ]. Posaconazole increased the maximum 
blood concentration and the area under the concentration- time 
curve for tacrolimus by 121% and 357% respectively [ 273 ]. 

 For patients who are intolerant of or refractory to voricon-
azole, a  lipid formulation of    amphotericin B    is regarded as 
an appropriate alternative. Beginning in the early 1990s and 
for almost a decade, lipid formulations of amphotericin B, 
have been the mainstay of the treatment for IA in SOT recipi-
ents, largely because of a lower potential of nephrotoxicity 

than conventional amphotericin, but probably also due to less 
effi cacy. A study compared the effi cacy of amphotericin B 
lipid complex (median dose of 5.2 mg/kg/day) and ampho-
tericin B deoxycholate (median does of 1.1 mg/kg/day) for 
the treatment of IA in SOT recipients [ 274 ]. The overall and 
IA-related mortality rate was 33 and 25% in the amphotericin 
B lipid complex group, and 83 and 76% in the amphotericin 
B deoxycholate group [ 274 ]. In another study of 47 SOT 
patients with IA who were treated with lipid formulations of 
amphotericin B (5–7.4 mg/kg/day), the overall 90-day mor-
tality was 49% and the IA associated mortality was 43% 
[ 275 ]. Based on the AmBiLoad study, in which liposomal 
amphotericin B at the dose of 3 mg/kg/d of per day showed 
similar effi cacy to 10 mg/kg/d and less toxicity, doses higher 
than 5 mg/kg/d are not recommended [ 276 ]. Some clinicians 
initiate therapy with conventional amphotericin B and switch 
to a lipid formulation only with patients who cannot tolerate 
the drug or who are refractory to treatment. However, in SOT 
recipients, the use of conventional amphotericin B in the high 
dose required for the treatment of IA is associated with sig-
nifi cant renal toxicity, mainly in patients receiving CsA or 
tacrolimus [ 57 ,  277 ]. Accordingly, if available, the authors of 
this chapter recommend starting therapy with one of the lipid-
based formulations. If infusion related symptoms appear, 
such as fever, chills, headache, nausea, and vomiting, the use 
of preparative medication for subsequent infusions is appro-
priate. Aerosolized amphotericin B deoxycholate or lipid for-
mulations of amphotericin B have been used for the treatment 
of tracheobronchial infection in SOT, although this approach 
has not been standardized and remains investigational [ 195 ]. 

   Caspofungin    is the only candin currently approved by the 
US FDA for the fi rst line therapy of IA. It inhibits glucan 
synthesis of the fungal cell wall. At this time, this is only 
available in an intravenous formulation. It is highly active 
against  Candida  and  Aspergillus  infection, but comparative 
data for amphotericin or voriconazole in SOT patients are 
not available. In a study that employed caspofungin as pri-
mary therapy for IA in 12 SOT recipients, the response rate 
was 92% [ 278 ]. Although caspofungin has been used suc-
cessfully as salvage therapy in IA as single agent [ 279 ] and 
in combination with other drugs [ 280 ], a recent study analyz-
ing 181 hematological patients with IA reported an higher 
 Aspergillus -mortality rate in patients treated with primary 
salvage therapy with caspofungin compared with voricon-
azole alone. In the same study, the combination of voricon-
azole and caspofungin did not result in a better outcome 
[ 281 ]. The pharmacokinetics of caspofungin is unaltered by 
coadministration of tacrolimus, but caspofungin may reduce 
tacrolimus concentrations by up to 20% and may increase 
cyclosporine A plasma concentrations by 35% [ 282 ]. 
Caspofungin should be used with caution in patients treated 
with CsA due to elevated liver function tests [ 87 ,  282 ,  283 ]. 

 To date limited experience exists with the use of  posacon-
azole, micafungin, or anidulafungin  for the treatment of IA 
in SOT recipients [ 284 ].  Anidulafungin   showed no clinically 
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relevant drug interactions with immunosuppressors used in 
SOT [ 285 ,  286 ] and micafungin a mild inhibitor of cyclospo-
rine levels and increased sirolimus serum concentrations by 
21% when administered concomitantly [ 287 ].   

40.2.7.2     Combination Therapy and Other 
Considerations 

 The high lethality  of   IA justifi es any attempt to improve 
monotherapy by combination therapy. As yet, no conclusive 
results are available and updated guidelines of the IDSA sug-
gest reserving this option for salvage therapy [ 195 ]. However, 
several authors have shown that the combination of ampho-
tericin B, caspofungin, and voriconazole generally has a 
synergistic or additive effect in vitro and in experimental 
models [ 288 – 300 ]. 

 A prospective, multicenter study in SOT recipients com-
pared outcome in 40 with IA patients who received primary 
therapy with voriconazole plus caspofungin with 47 patients, 
from an earlier cohort, who received a lipid formulation of 
amphotericin B [ 275 ]. The two groups were well matched, 
including the proportion with disseminated disease (10% 
vs. 12.8%), proven IA (55% vs. 51.1%), or  A. fumigatus  
(71.1% vs. 80.9%). Overall survival at 90 days was 67.5% 
in the cases and 51% in the control group. Mortality was 
attributable to IA in 26% of the cases and in 43% of the 
controls ( p  = 0.11). Deaths tended to occur later in cases 
than in the control patients (mean 49.5 vs. 36.7 days, 
 P  < 0.11). In the multivariate Cox regression model, CMV 
infection and renal failure were independently predictive of 
mortality at 90 days. Combination therapy was associated 
with a trend towards lower mortality (HR 0.58, 95% CI: 
0.30–1.14,  p  = 0.117) when controlled for CMV infection 
and renal failure. When 90-day mortality was analyzed in 
subgroups of patients, combination therapy was indepen-
dently associated with reduced mortality in patients with 
renal failure, and in those with  A. fumigatus  infection, even 
when adjusted for other factors predictive of mortality in the 
study population [ 275 ]. No correlation was found between 
in vitro antifungal interactions and outcome. None of the 
patients required discontinuation of antifungal therapy for 
intolerance or adverse effects however, patients in the com-
bination therapy arm were more likely to develop an 
increase in calcineurin- inhibitor agent level, or gastrointes-
tinal intolerance [ 275 ]. 

 A retrospective survey of invasive pulmonary aspergillo-
sis in lung transplant recipients (9/19 disseminated), showed 
a mortality rate of 86% (12/14) in patients who received 
Amphotericin B preparations (amphotericin B deoxycholate 
or a lipid formulation of amphotericin B) and 0% (0/3) in 
those who received voriconazole plus caspofungin [ 301 ]. 
Mortality rate in patients receiving voriconazole plus caspo-
fungin was also lower compared to lipid formulations of 
amphotericin B (0/3 vs. 8/8,  p  = 0.006). 

 A higher response rate and superior survival was also 
observed in a retrospective series of CNS aspergillosis when 
antifungal combination therapy was administered [ 250 ]. 

 The most important data supporting the role of combina-
tion therapy for treatment of IA have been recently provided 
from a randomized, double-blind, placebo-controlled multi-
center trial comparing voriconazole and anidulafungin with 
voriconazole monotherapy [ 302 ] The main results of this 
study are described in this chapter. 

 In many transplant programs in Europe combination 
therapy constitutes the standard antifungal therapy for invasive 
aspergillosis in SOT recipients [ 303 ,  304 ]. Surveys of anti-
fungal therapeutic practices for IA in transplant recipients 
documented that, currently, combination therapy is used as 
fi rst-line treatment in 34–47% of the transplant centers, and 
as salvage therapy in 58–80% of them [ 305 ,  306 ]. 

 However, not all antifungal combinations are benefi cial, 
and some may be deleterious [ 195 ]. Pending defi nite clinical 
results and considering cost, treatment with the combination 
of voriconazole and caspofungin or anidulafungin may be 
less costly than therapy with 5 mg/kg/day of liposomal 
amphotericin B [ 307 ]. 

 Therapy should continue after the resolution of disease and 
of the reversible, underlying conditions that originally predis-
posed the patient to the development of the IA. The optimal 
duration of therapy is unknown; it is dependent on the extent 
of IA, the response to therapy, and the patient’s underlying 
disease(s) or immune status. A reasonable course would be to 
continue therapy for the treatment of microfoci until after the 
clinical and radiographic abnormalities have resolved; any 
cultures, if they are readily obtainable, are negative; and any 
predisposing factors have abated. The IDSA guidelines rec-
ommend a minimum of 6–12 weeks in normal hosts and 
maintenance throughout the period of immunosuppression 
and until lesions have resolved in immunosuppressed patients 
[ 195 ]. Long-term therapy of IA is facilitated by the availabil-
ity of oral voriconazole in stable patients. The clinical 
response, rather than an arbitrary total dose, should guide the 
duration of therapy. 

 Therapeutic monitoring of invasive pulmonary aspergil-
losis includes serial clinical evaluation of all symptoms and 
signs, as well as performance of radiographic imaging, usu-
ally with CT, at regular intervals. The frequency of CT 
should be individualized on the basis of the rapidity of the 
evolution of pulmonary infi ltrates and the situation of the 
individual patient. The use of serial serum galactomannan 
assays for therapeutic monitoring is promising but remains 
investigational in SOT [ 305 ]. Progressive increase in 
 Aspergillus  antigen levels over time implies a poor progno-
sis; however, resolution of galactomannan antigenemia to a 
normal level is not suffi cient as a sole criterion for discon-
tinuation of antifungal therapy [ 195 ]. 

 A growing body of evidence suggests patient-to-patient 
variability in the pharmacokinetics of triazoles [ 308 ,  309 ]. 
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Absorption issues (for itraconazole and posaconazole), 
drug–drug interactions (for all triazoles), and pharmacoki-
netic differences (for voriconazole) all contribute in various 
degrees to this variability [ 195 ]. Although the available data 
are still scarce, accumulating reports suggest that plasma 
drug levels monitoring may play an important role in opti-
mizing the safety and effi cacy of azole antifungals [ 309 ]. In 
a study of 12 lung transplant recipients, a few patients were 
identified to have nearly undetectable concentrations 
midway or throughout the entire dosage interval [ 310 ]. On 
the other hand, it has been demonstrated that patients with 
voriconazole levels ≥5.5 mg/L where more likely to develop 
neurological toxicity [ 309 ]. Accordingly, until more data are 
available, the authors recommend systematic monitoring of 
voriconazole and posaconazole levels.  

40.2.7.3     Additional Treatments 

 Surgical excision or  debridement   remains an integral part of 
the management of mold infections as it has both diagnostic 
and therapeutic purposes [ 85 ,  134 ,  144 ,  203 ,  311 ]. Surgery is 
specifi cally indicated if hemoptysis, particularly a life- 
threatening hemoptysis, is present; if lesions are impinging 
on the great vessels or major airways, because of the higher 
likelihood of catastrophic pulmonary hemorrhage; if the 
infection is sinonasal infections; if a single cavitated lung 
lesion is present that increases despite adequate treatment; if 
the pericardium, bone, or subcutaneous thoracic tissue is 
infi ltrated while the patient is receiving antifungal drugs; and 
when intracranial abscesses are present [ 195 ]. A pneumonec-
tomy was successfully performed for progressive, refractory 
angioinvasive aspergillosis in a lung transplant recipient 
whose disease progressed despite the use of conventional 
antifungal therapy [ 312 ]. 

 Adjunctive  therapy   has been used in some situations and 
in vitro and animal studies has shown enhanced antifungal 
activity and modulation of cellular immune responses 
when cytokine or colony stimulating factors are provided 
[ 313 – 315 ]. However, no defi nitive role for the use of cyto-
kines as adjunctive treatment to antifungal drugs has been 
established. Granulocyte and granulocyte-macrophage 
colony- stimulating factors and interferon-γ (IFN-γ) all 
increase both phagocytosis and the damage to  Aspergillus  
hyphae in vitro [ 316 ]. However, no clinical benefi t has 
been demonstrated either in the phase I and II studies of 
macrophage colony- stimulating factor or in a retrospective 
series of cases of IA in which granulocyte-colony-stimu-
lating factor was used [ 317 ]. Guidelines of the IDSA sug-
gest a role for IFN-γ as adjunctive antifungal therapy for 
invasive aspergillosis in immunocompromised non neutro-
penic host [ 195 ]. The use of this cytokine in organ trans-
plant recipients is of concern, however, given the risk of 
potential graft rejection. 

 The ultimate response of these patients to antifungal ther-
apy is largely related to host factors, such as a decrease in the 
immunosuppression and the return of graft function from a 
transplanted organ, as well as the extent of the aspergillosis 
when it is diagnosed. Reducing immunosuppression by with-
drawing corticosteroids and decreasing the doses of CsA and 
tacrolimus is an important adjuvant measure to surgical 
treatment. In these cases, close monitoring of CsA and tacro-
limus concentrations is of paramount importance. Graft 
function should also be followed closely in those recipients 
whose graft is essential for survival. 

 The treatment of  Aspergillus  species infection in SOT 
recipients is summarized in Table  40-2 .

40.2.8         Prevention of Invasive Aspergillosis 

  Antifungal  prophylaxi  s for SOT recipients remains a com-
plex and controversial issue mainly due to the scarcity of 
large clinical trials. Antifungal prophylaxis may be provided 
to the whole population (universal) or only to high-risk 
patients (targeted). Both strategies are effective and have not 
been suffi ciently compared, so defi nite recommendations 
cannot be given and each center will have to choose the best 
strategy depending on their epidemiology, experience, and 
access to diagnostic and therapeutic tools. However, targeted 
prophylaxis is the preferred option in most transplantation 
programs, considering the risk of toxicity and emergence of 
resistant isolates and that risk factors for IA are well defi ned, 
are only present in a minority of SOT recipients and during 
short periods of time [ 68 ,  106 ]. 

40.2.8.1     Prophylaxis in Lung Transplant 
Recipients 

  Lung  transplant   recipients are at high risk of suffering differ-
ent types of  Aspergillus  infections, so the need of prophylaxis 
should be considered in every patient. However, different indi-
cations, drugs, and length of therapy are used in different pro-
grams and no clear superiority has been demonstrated by any 
specifi c strategy [ 318 ]. Some centers still use universal pro-
phylaxis while others only treat patients with risk factors. 

 Preemptive antifungal therapy may also be used in 
lung transplant recipients and in some liver transplant 
recipients when  Aspergillus  colonization is detected with 
the aim of treating the pathogen before it causes disease 
in high-risk patients [ 73 ,  106 ]. This strategy is mainly 
used when pulmonary colonization by  Aspergillus  spe-
cies is found immediately before or within 6–9 months 
after transplantation [ 86 ,  91 ,  319 ,  320 ]. Not enough data 
exist on prophylactic strategies based on positive galac-
tomannan in serum or bronchoalveolar lavage in lung 
transplant recipients. 
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 Regarding the drug of choice nebulized amphotericin B, 
with or without an azole, is probably the most frequently 
used option. In a recent study, including 27 of 64 (45.5%) 
active LTx centers in the United States, antifungal prophy-
laxis increased from 52.3% in 2011 to 77.8% in 2013, with 
the most common agent being inhaled amphotericin B 
(61.9%), followed by oral voriconazole (51.9%). A total of 
74.1% of centers treat  Aspergillus  airway colonization, with 
80.0% of centers using oral voriconazole. All centers treat 
IA, with 92.6% using oral voriconazole. 

 The incidence of IA in lung transplant recipients has been 
shown to decrease with nebulized amphotericin B (0.2 mg/
kg every 8 h) [ 81 ,  321 – 325 ]. Nebulized liposomal ampho-
tericin B appears to be more effective than conventional 
amphotericin [ 325 ,  326 ]. 

 In one study oral itraconazole with or without nebulized 
liposomal amphotericin B effectively prevented invasive 
disease in colonized patients [ 327 ]. However, some cases of 
semi-invasive tracheobronchial aspergillosis were detected 
that required higher serum levels (more than 1000 mg/L) are 
required for cure [ 327 ]. 

 Another study compared universal prophylaxis with vori-
conazole to preemptive prophylaxis with itraconazole, with 

or without inhaled amphotericin B, for the prevention of IA in 
lung transplant recipients [ 73 ]. The study suggested the supe-
riority of universal prophylaxis over the targeted strategy, 
since all but one patient who developed IA in the itraconazole 
group had not received the drug. The use of voriconazole 
was, however, associated with abnormal liver enzymes in a 
signifi cant percentage of patients [ 73 ]. Considering the pos-
sibility of adverse events and high risk of drug–drug interac-
tions, the role of newer triazoles as antifungal prophylaxis in 
lung transplant recipients remains to be fully defi ned. 
Voriconazole is, however, preferred by some authors when 
the reason for starting the prophylaxis is the colonization of 
the respiratory tract with  Aspergillus  or  Scedosporium . 
Prophylaxis is not indicated when other molds are recovered 
due to the signifi cantly lower risk of infection. 

 The  duration  of prophylaxis is not clearly established and 
varies widely across centers from 3 months to >1 year in the 
US. Some center adjust the duration of prophylaxis to the 
type of patient [ 326 ]. In uncomplicated lung transplant recipi-
ents, prophylaxis is generally administered for approximately 
2 weeks after surgery. In complicated lung transplant recipi-
ents, nebulized amphotericin B is administered for 4 weeks 
during the period of greatest immunosuppression after IA has 

   TABLE 40-2.    Treatment of infections by  Aspergillus  species   

 Treatment  Duration 

 Invasive disease a    Primary therapy  
 Voriconazole (6 mg/kg iv every 12 h for 2 doses, followed by 4 mg/kg iv every 12 h; oral dosage is 

200 mg every 12 h) 
  Alternative  
 Liposomal amphotericin B (3–5 mg/kg/day iv) or 
 Amphotericin B lipid complex (5 mg/kg/day iv) or 
 Caspofungin (70 mg day 1 iv and 50 mg/day thereafter) 
 Micafungin (iv100–150 mg/day; dose not established) or 
 Posaconazole (200 mg QID initially, then 400 mg BID orally after stabilization of disease) 
 Itraconazole (dosage depending upon formulation) 

 See text 

 Tracheobronchial 
infection 

  Primary therapy  
 Voriconazole (6 mg/kg iv every 12 h for 2 doses, followed by 4 mg/kg every 12 h; oral dosage is 

200 mg every 12 h) 
  Alternative  
 Liposomal amphotericin B (3–5 mg/kg/day iv) or 
 Amphotericin B lipid complex (5 mg/kg/day iv) or 
 Itraconazole (dosage depends upon formulation) with or without inhaled nebulized amphotericin B 

(6 mg/kg q8h) or 
 Caspofungin (70 mg day 1 iv and 50 mg/day thereafter) or 
 Micafungin (iv 100–150 mg/day; dose not established) or 
 Posaconazole (200 mg QID initially, then 400 mg BID orally after stabilization of diseased) 

 At least 21 days or 
until the patient is 
asymptomatic and 
cultures are 
negative 

 Colonization  Inhaled nebulized amphotericin B 6 mg/8 h 
 Voriconazole 200 mg/12 h orally 
 Itraconazole (dosage depend upon formulation) 

 At least 15–21 days or 
until cultures 
become negative 

 Ulcerative 
tracheobronchitis b  

 Voriconazole (6 mg/kg iv every 12 h for 2 doses, followed by 4 mg/kg every 12 h; oral dosage is 
200 mg every 12 h) or 

 Liposomal amphotericin B (3–5 mg/kg/day iv) or 
 Amphotericin B lipid complex (5 mg/kg/day iv) or 
 Itraconazole (dosage depends upon formulation) + 
 Inhaled nebulized amphotericin B (6 mg/kg q8h) 

 Clearance of 
fi beroptic signs and 
negative cultures 

   a Combination therapy (voriconazole + caspofungin) is suggested in all cases of IA as primary therapy. 
  b Surgical debridement or excision of mycelial masses is necessary.  
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been ruled out. In patients who experience a rejection epi-
sode, a course of prophylaxis may be  administered during the 
period of greatest immunosuppression; in those with repeated 
episodes of rejection or chronic rejection, prophylaxis may be 
maintained on a continuing basis. Other authors recommend 
the administration of nebulized amphotericin B for several 
weeks after transplantation or until the bronchial anastomosis 
has healed [ 86 ]. Others maintain that this should be lifelong 
therapy (6 mg/day) [ 325 ,  326 ].   

40.2.8.2     Prophylaxis in Other Solid Organ 
Transplant Recipients 

  At present, the  prophylaxis   of infections by molds is not uni-
versally recommended for SOT recipients. Routine antifun-
gal prophylaxis should be aimed at high-risk patients. 

 Usually antifungal prophylaxis is not recommended in 
 kidney transplant  recipients. 

 Universal antifungal prophylaxis is not warranted  in heart 
transplant  recipients. However, in patients deemed to be at 
high risk, itraconazole (400 mg daily from day 5 after trans-
plantation to month 3 or 6) was associated with a signifi cantly 
lower incidence of invasive aspergillosis and lower overall 
mortality (2% versus 9.6%;  P  < 0.05) [ 67 ]. In a more recent 
study, we analyzed the security of adapting the indication and 
duration of antifungal therapy to the specifi c risk factors pres-
ent in each patient, instead of using a fi xed and empirical pro-
phylaxis [ 22 ]. We performed a prospective study in which 
prophylaxis was only administered to heart transplant recipi-
ents with risk factors for invasive aspergillosis (13 of 133 
transplanted patients; 9.8%). The duration was personalized, 
starting with the risk factor and continued 15–20 days after its 
resolution. Antifungal prophylaxis consisted mainly on the 
administration of candins and was effective in all but one 
patient who should have received a higher dose of caspofun-
gin due to his obesity. Despite suffering an outbreak of inva-
sive aspergillosis (IA) in the intensive care unit due to 
extremely high concentration of spores in the air (three cases 
with no personal risk factors), there was a reduction in the 
incidence of IA (8.6% vs. 2.2%;  P  = 0.01) and  Aspergillus -
related mortality (5.75% vs. 1.5%;  P  = 0.06) [ 22 ]. 

 This study also demonstrated that a high environmental 
load of  Aspergillus  spores in the intensive care unit would 
also indicate the need for antifungal prophylaxis in all 
exposed transplant recipients [ 116 ]. 

 A meta-analysis of antifungal prophylactic trials  in liver 
transplant  recipients documented a benefi cial effect on 
morbidity and attributable mortality, but an emergence of 
infections due to  non-albicans Candida  [ 328 ]. Since the risk 
factors and the period of susceptibility to invasive fungal 
infections is clearly defi nable, antifungal prophylaxis tar-
geted towards these high-risk patients is deemed to be the 
most rational approach in this population. A lipid formula-
tion of amphotericin B—at a dose of at least 3 mg/kg/day—
or caspofungin have been used [ 248 ,  329 – 331 ]. High-risk 

patients should be targeted, and the prophylaxis should con-
tinue for a period of 4 weeks after transplantation or while 
the risk factors remain present [ 151 ,  248 ,  329 – 332 ]. 

 Most authors recommend preemptive therapy for patients 
who have acute,  fulminant liver failure  before transplanta-
tion, since they are considered high-risk recipients [ 319 ]. 
This approach advocates initiating the therapy on admission 
to the intensive care unit and continuing it after transplanta-
tion for 3–4 weeks, based on the concept that  Aspergillus  
infection is diagnosed early after transplantation in these 
patients [ 59 ]. 

 A recent prospective, multicenter, noncomparative, open- 
label trial performed in Spain by GESITRA evaluated the 
effi cacy of the preemptive administration of caspofungin in 
 adult liver transplant  recipients at high risk of developing 
Aspergillosis [ 283 ]. A total of 71 patients were enrolled in 
the study and received caspofungin for at least 21 days. Two 
patients (2.8%) developed an invasive fungal infection—a 
 Mucor  and a  Candida albicans  surgical wound—respec-
tively, after caspofungin therapy was fi nished (41 and 19 
days, respectively). Six more patients (8.4%) discontinued 
caspofungin because of drug-related altered liver function. 
Hence, successful treatment outcome was obtained in 
88.7%. None of these patients developed IA. The authors 
conclude that caspofungin is an effi cacious and well-toler-
ated drug as antifungal prophylaxis in high risk liver trans-
plant recipients [ 283 ]. 

  Anidulafungin   was safe in a retrospective series of adult 
solid organ transplantation (SOT) recipients [ 333 ]. Sixty- two 
patients (72%) received anidulafungin for prophylaxis. There 
was no need for the modifi cation of immunosuppressive drug 
doses and no patient discontinued anidulafungin because of 
severe adverse effects. While receiving anidulafungin, one 
patient developed mild liver toxicity, but the liver function 
normalized without the discontinuation of anidulafungin. 

 A recent prospective, open-label, noninferiority, multicen-
tric study (TENPIN study) analyzed the role of preemptive 
antifungal therapy with micafugin in high risk liver transplant 
recipients (48.0% had a Model for End-Stage Liver 
Disease score ≥20). Patients were randomized to receive 
intravenous micafungin 100 mg or center-specifi c standard 
care posttransplant. Overall, 344 patients were included: 
172 micafungin; 62 fl uconazole/59 L-AmB/21 caspofun-
gin. Both arms of prophylaxis were very effective 
(98.6% for micafungin and 99.3% for standard care). At 
end of prophylaxis there were 12 episodes of invasive fun-
gal disease, 8 candidiasis and 4 aspergillosis (2 in the 
micafungin arm and 2 in the standard of care—1 fl ucon-
azole and 1 L-AMB). Tolerance was excellent in both 
arms, although kidney function was better with micafun-
gin. Adverse events leading to drug discontinuation was 
6.4% for micafungin and 11.6% in the standard of care. At 
EOP, liver function tests were similar but creatinine clear-
ance was higher in micafungin- vs standard care–treated 
patients [ 334 ]. 
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 Another clinical trial, also including liver transplant recip-
ients with risk factors for IFI, compared anidulafungin and 
fl uconazole administered during a median of 21 days after 
transplantation [ 335 ]. This randomized, double-blind trial 
showed that the incidence of IFI (5.1% anidulafungin and 
8.0% fl uconazole) was similar in both arms. There were two 
cases of IA in the fl uconazole arm, but not a single patient 
died of IFI. The results of this study are provocative, as the 
risk factors for Candida and Aspergillus frequently overlap 
and both microorganims have to be prevented in many 
patients. A summary of the previously commented are sum-
marized in Table  40-3 . 

40.2.8.3        Avoidance of Epidemiologic Exposures 
After Transplantation 

     a)    Hospital exposures. The Centers for Disease control and 
Prevention (CDC) guidelines suggest that hospital poli-
cies should minimize the exposure of high-risk patients to 
potential sources of molds (The CDC specifi cally refers 
to  Aspergillus  pathogens in neutropenic patients). These 
should be put into practice, especially during situations 
such as hospital construction and renovation. The routine 
use of HEPA fi lters in the wards is not required, with the 
exception of those wards containing neutropenic patients. 
HEPA-fi ltered air-handling systems should be used when 
the potential for the contamination of the air supply exists 
[ 336 ]. In addition, SOT recipients should wear special 
masks when they are being transported through high-risk 
areas within the hospital. 

 In our experience, the detection of >25 cfu/m3 in 
nonprotected hospital air, such as an ICU without HEPA 
fi lters, is abnormal. The effi cacy of antifungal drugs in 

these high-risk situations (i.e., in hospitals with a high 
incidence of fungal infections, high concentration of 
spores or during an outbreak) is not well established. 
However, when a signifi cant nosocomial environmental 
exposure is demonstrated and considering the specially 
high susceptibility of solid organ transplant recipients 
[ 67 ,  116 ], we recommend the administration of antifun-
gal prophylaxis to all transplants admitted in the 
affected area [ 21 ,  22 ]. 

 In addition, fl owers and potted plants, which may be 
colonized with  Aspergillus , should not be permitted in 
patient rooms. This restriction must also be applied to 
food products (e.g., nuts, cereals, spices) that may be col-
onized with mold spores.   

   b)    Community exposures. A particular association has been 
noted between invasive pulmonary aspergillosis and gar-
dening; therefore this hobby should be discouraged in 
SOT recipients [ 48 ].      

40.2.8.4     Microbiological Surveillance 

 Microbiologic  screening   for fungal infections before and 
after SOT can be conducted for the donor graft an in the 
recipient [ 337 ].

    a)    Donor graft 

 Fiberoptic bronchoscopy with microbiological sam-
pling should be performed routinely in the lung donor in 
the case of lung or heart–lung transplantation [ 338 ].   

   b)    Recipient 
 In the case of single lung transplantation, the remaining 

native lung may harbor serious opportunistic infec-

   TABLE 40-3.    Recommended fungal prophylaxis against mold infections for solid organ transplant recipients   

 Type of transplant  Fungal pathogen targeted  High-risk factors  Antifungal agents  Duration of prophylaxis 

 Liver   Aspergillus  a   Tx for fulminant hepatic failure 
 Retransplantation 
 Reoperation involving thoracic or 

intraabdominal cavity 
 Post-Tx hemodialysis 
 CMV infection 

 Echinocandins or Lipidic 
formulations of 
amphotericin B 

 3–4 weeks 

 Heart   Aspergillus   Post-Tx hemodialysis 
 CMV disease 
 Reoperation 
 High concentration (>25 cfu/m3) of 

 Aspergillus  spores in the ICU or 
other case of IA in the Tx program 

 Echinocandins or itraconazole 
or voriconazole 

 During the risk factor 
and 2 more weeks 

 Lung   Aspergillus   Airway sample culture positive for 
 Aspergillus  

 CMV infection 
 Obliterative bronchiolitis 
 Rejection 
 Increased immunosuppression 

 Nebulized liposomal 
amphotericin B ± 

 Echinocandins Voriconazole, 
or 

 Itraconazole 

 4–6 months ± 
 Prolonged or perhaps 

indefi nite 

  Modifi ed from [ 106 ] and [ 68 ]. 
  Abbreviations :  CMV  cytomegalovirus infection;  OKT3  monoclonal anti-T-cell antibodies. 
  a Liver transplant recipients with airway sample cultures positive for  Aspergillus  should be considered for therapy for invasive aspergillosis.  
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tions. Examining the excised lung of the recipient both 
histopathologically and microbiologically as quickly 
and thoroughly as possible is therefore extremely 
important. If an invasive infection is discovered, the 
transplant physician should be alerted, because the 
remaining native lung may harbor the same infection 
[ 338 ]. The presence of an aspergilloma in a potential 
lung transplant recipient is often considered a contrain-
dication for lung transplantation because of the danger 
of serious intraoperative bleeding. However, no sound 
data on this issue exist, especially given the setting of 
modern surgical techniques. IA of the native lung often 
requires pneumonectomy [ 339 ].    

  Surveillance cultures for  Aspergillus  are not warranted. 
The one exception is from lung transplant recipients, in 
whom the testing of samples should occur. The presence 
of  Aspergillus  organisms in respiratory cultures mandates 
inspection for  Aspergillus  tracheobronchitis, anastomotic 
involvement, and pneumonia. Monitoring for fungal 
infection after liver transplantation is based on symptoms 
of infection, and routine monitoring is not necessary.     

40.3     Infections Caused by Other Molds 

40.3.1     Incidence 

 In the past few years, the number of infections caused by 
mold pathogens other than  Aspergillus  has increased. In a 
multicenter prospective surveillance involving 23 academic 
centers in the United States, 20% of the mold infections in 
SOT recipients and up to 56% of IFI-related deaths were 
caused by molds other than  Aspergillus  species [ 35 ,  340 ]. 
These mycoses had a higher mortality rate and appeared later 
than those caused by  Aspergillus . Thirty-eight percent were 
diagnosed 6 months after transplantation and 33% at more 
than 2 years later. Unfortunately, these molds may have vari-
able patterns of susceptibility to current antifungal drugs, 
which may make their treatment more complex. Some of 
them are reviewed here.  

40.3.2     Mucorales 

 Mucormycosis or zygomycosis are the names given to the 
diseases caused by fungi of the order Mucorales. The inci-
dence of mucormycosis complicating SOT seems to be 
increasing [ 341 ]. Although there are no global surveys of the 
incidence of mucormycosis in SOT patients, its frequency 
varies widely, from 0.4% to 16% [ 9 ,  342 ,  343 ], and the onset 
occurred at a median of 60 days after transplantation [ 344 ]. 
Some authors report a reemergence of zygomycosis and 
other non- Aspergillus  mold infections after the introduction 
of voriconazole and caspofungin in the management of 
fungal infections [ 9 ]. Cases of Zygomicosis have been 

described after all types of transplantation [ 9 ,  344 – 350 ]. 
Almyroudis et al. identifi ed ten cases of zygomycosis in SOT 
recipients at one center over a 10-year period and reviewed 
106 additional cases identifi ed in the literature up to 2002 
[ 344 ]. In this study, mucormycosis mainly occurred in 
patients with kidney transplantation ( n  = 73), followed by 
liver ( n  = 19), heart ( n  = 16), lung ( n  = 4), heart and lung 
( n  = 2) and kidney- pancreas transplantation ( n  = 2) [ 344 ]. 

40.3.2.1     Microbiology of Mucorales 

 Many  species    have   been reported to cause infection in 
SOT recipients, including  Rhizopus  species,  Mucor  spe-
cies,  Absidia  species,  Apophysomyces elegans  [ 351 ], 
 Conidiobolus coronatus  [ 352 ] and  Cunninghamella ber-
tholletiae  [ 353 ,  354 ]. These organisms typically grow on 
most media within 2–5 days. However, cycloheximide 
does inhibit the growth of these fungi, so media containing 
this compound should not be used when the presence of 
these fungi is suspected. 

 The taxonomy of the Zygomycetes was based on the mor-
phologic analysis of the fungus. The differentiation between 
the genera was accomplished by microscopic examination 
for the presence and location of rhizoids, the presence of 
apophyses, and the morphology of the columellae. Other 
taxonomically relevant features include carbohydrate assim-
ilation and the maximal temperature compatible with growth. 
The capability to identify Mucorales to the species level is 
desirable and now is performed by molecular methods [ 355 ]. 
Nowadays molecular methods are crucial for mucormycosis 
diagnosis because the identifi cation of  Mucorales  species 
can directly affect epidemiologic studies and treatment strat-
egies, given the differences in antifungal drug susceptibility 
between species [ 356 ,  357 ]. It may also help the clinician 
determine whether a fungus found in a subsequent clinical 
specimen is a different contaminating organism, and it will 
aid in elucidating the species-specifi c responses to the new 
antifungals drugs.  

40.3.2.2     Risk Factors 

 Diabetes mellitus,       metabolic acidosis, including that pro-
duced in pancreatic transplant recipients with bladder drain-
age of exocrine secretions; neutropenia; malnutrition; 
therapy with corticosteroids or deferrioxamine; and acute 
rejection are predisposing risk factors for this infection [ 91 , 
 346 ,  358 ,  359 ]. The best risk assessment of zygomycosis in 
SOT patients has been published in a prospective, multi-
center, matched case-controlled study involving consecutive 
SOT recipients with zygomycosis between September 2003 
and July 2008 [ 9 ]. The authors describe the clinical charac-
teristics, risk factors, and outcome of SOT recipients with 
zygomycosis in the era of modern immunosuppressives and 
newer antifungal agent. In this study, including 50 SOT 
recipients with invasive zygomycosis and 50 SOT recipients 
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without zygomycosis, the following variables were signifi -
cantly associated with a higher risk of infection: renal failure 
(OR 3.17,  p  = 0.010), diabetes mellitus (OR 8.11,  p  < 0.001), 
and voriconazole and/or caspofungin use (OR 4.41, 
 p  = 0.033), whereas the use of the calcineurin-inhibitor, 
tacrolimus (OR 0.23,  p  = 0.002) was associated with a lower 
risk of zygomycosis [ 9 ]. 

 Use of voriconazole, which enhances the virulence of 
zygomycetes, has been proposed in a number of studies, 
including hematological patients and SOT recipients, as a risk 
factor for subsequent zygomycosis [ 360 – 363 ]. Other authors, 
however, coincided with Singh’s fi nding, in suggesting that is 
the previous use of any azole or caspofungin, not only vori-
conazole, what increases the risk of zygomycosis [ 364 ]. 

 Remarkably, in the study of Singh et al. [ 9 ] tacrolimus was 
independently associated with a fourfold reduction in the 
risk of zygomycosis. Although used for its immunosuppres-
sive effects, calcineurin-inhibitors exert certain antifungal 
role affecting both the virulence and pathogenicity of at least 
three major opportunistic fungi,  Candida ,  Cryptococcus , and 
 Aspergillus  species [ 365 – 368 ]. The precise role of calcineu-
rin inhibitors in the pathogenesis of mucormycosis is not 
fully elucidated. Both synergistic or additive effect with anti-
fungal agents [ 368 ] and an increased inhibition of spore ger-
mination, compared with amphotericin B alone [ 369 ] have 
been reported.  

40.3.2.3     Clinical Manifestations 

 Most  clinical presentations      of these fungi reflect their 
vascular tropism. These pathogens are notorious for endo-
thelium invasion of blood vessels, which cause infarction 
in the affected organs and may lead to disseminated infec-
tion, which also has extremely high mortality and morbid-
ity rate [ 370 ]. 

 In the previous studies, rhinocerebral disease was the most 
common clinical presentation with one of the following two 
types: rhinoorbito-cerebral and rhinomaxillary [ 371 ,  372 ]. At 
present, pulmonary disease is the most prevalent form of 
zygomycosis in SOT recipients (24–56%), followed by sinus 
or skin-soft tissue infections (13–31%) and gastrointestinal 
disease (11–12%) [ 9 ,  35 ,  344 ,  373 ,  374 ]. Disseminated dis-
ease occurred in 9–26% and its incidence varied according to 
the type of transplant recipients: 9–13% in kidney transplanta-
tion recipients, 11–20% in heart, 11–25% in lung and 26–55% 
in liver transplant recipients [ 9 ,  344 ]. A potential explanation 
for the fi vefold higher risk of disseminated disease after liver 
transplantation are the unique host defense defects or the iron 
overload in liver transplant recipients [ 344 ]. 

 The rhinoorbito-cerebral type begins with fever, swelling, 
and facial pain [ 374 ]. CNS involvement may be precluded 
by headache, cranial nerve palsies, altered mental status, 
and seizures. Orbital invasion follows, with the develop-
ment of cellulitis, ptosis, ophthalmoplegia, the invasion of 
the ophthalmic and internal carotid arteries, and possibly 

cavernous sinus thrombosis. Without the early recognition 
of the syndrome and the prompt initiation of treatment, its 
mortality is signifi cant. The rhino-maxillary type is less 
invasive; it involves the sphenopalatine and greater pala-
tine arteries, resulting in thrombosis of the turbinates and 
necrosis of the palate [ 359 ]. This infection can be suspected 
in a SOT recipient with a clinical presentation of fever, 
maxillary swelling and edema, and opacifi cation of sinuses 
on CT scans [ 350 ]. 

 Pulmonary disease presents as lung consolidation (22.6%), 
nodular (25.8%), or cavitary lesions (29%) [ 373 ]. Cutaneous 
and soft-tissue infections present as wound infections, nodu-
lar lesions with necrotic ulcerations, venous cannula site 
infections (Figure  40-2 ), necrotizing fascitis, and sinus tract 
infections (e.g., after kidney biopsy) [ 359 ,  375 – 379 ]. The 
gastrointestinal form is even rarer and it sometimes is accom-
panied by gastric or intestinal perforation [ 359 ,  380 – 382 ]. 
Widespread dissemination to multiple viscera including the 
brain may occur [ 347 ,  350 ,  352 – 354 ,  383 – 385 ].

40.3.2.4        Diagnosis 

 In patients  with      solid organ transplantation, early diagnosis 
of mucormycosis is essential, since delayed or missing diag-
nosis is related to signifi cant mortality and long-term mor-
bidity. However, diagnosis is often not considered during 
the initial evaluation of SOT patients as demonstrated in a 
multicenter study performed in France in which the median 
time from fi rst symptoms to mucormycosis diagnosis was 6 
weeks [ 386 ]. 

 The hallmarks of disease caused by the Mucorales are 
vascular invasion and tissue necrosis; black eschars and 
discharges should arouse the suspicion of this disease. 
These manifestations occur only after the patient have been 
infected for some time, so attempts to make a diagnosis of 
mucormycosis should not await the development of necrotic 
areas. The diagnosis depends on demonstration of the organ-

  FIGURE 40-2.    Cutaneous mucormycosis at intravascular catheter 
exit site in a heart transplant patient.       
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ism in the tissue of a biopsy specimen. The microscopic 
examination of scotch tape touch preparations over the 
“hairy pus” that is sometimes present in skin areas of mucor-
mycosis may provide an immediate diagnosis. 

 If mucormycosis is suspected, then a CT scan of the brain, 
sinus, and chest should be performed, eventually associated 
with a bronchoscopy if the CT scan of the chest shows 
abnormalities [ 387 ]. 

 An histopathologic examination of the biopsies typically 
show broad (10–20 mm in diameter), nonseptate hyphae with 
branches that occur at right angles. Rarely, septae can be visu-
alized. The appearance of Mucorales hyphae in tissue is differ-
ent from that of  Aspergillus ,  Fusarium,  and  Pseudallescheria  
species, as this latter organisms appear as thinner, more regu-
larly shaped fungal elements with more frequent, acute-angle 
branching. These hyphae are also septate. 

 The identifi cation of the genus and species requires cul-
ture of tissue and assessment of the morphology of the fun-
gal growth. However, in a signifi cant number of cases, 
cultures results are negative. For reasons that are not alto-
gether clear, the agents of mucormycosis can be diffi cult to 
isolate from infected tissue, and they rarely appear in blood 
culture. Grinding the tissue in the microbiology laboratory is 
not recommended because the hyphae may be destroyed, 
possibly preventing the isolation of the fungus from the sam-
ple. As mentioned, at present molecular methods are used for 
species identifi cation [ 357 ]. 

 Finally, although not enough clinical data are available, 
the negativity of β-glucan in a SOT patient with a suspicion 
of invasive fungal infection can support the diagnosis of 
mucormycosis [ 387 ]. However, because of the high preva-
lence of mixed fungal infection, clinicians should keep in 
mind that a positivity of β-glucan or galactomannan do not 
exclude the diagnosis of mucormicosis [ 388 ].  

40.3.2.5     Treatment 

 Neither the classical  azoles     , ketoconazole, itraconazole, and 
fl uconazole, nor voriconazole have a potential role in the 
treatment of mucormycosis. The standard therapy for inva-
sive mucormycosis is amphotericin B [ 389 ]. Outcome 
appears to be better with lipid formulations of amphotericin 
B than with amphotericin B deoxycholate. Singh et al. [ 9 ] 
reported a fourfold higher success rate in patients receiving 
liposomal amphotericin B, even when controlled for 
other variables infl uencing outcomes such as renal failure, 
disseminated disease, and surgical resection. For primary 
treatment, liposomal amphotericin B with a usual dose of 
5 mg/kg/day is recommended for most patients. However, 
some experts recommend the administration of higher than 
usual doses (i.e., as high as 10/mg/kg/day), if needed, in 
order to control the infection [ 350 ]. 

  Posaconazole   should be considered as maintenance ther-
apy in persistently immunocompromised patients or as sal-
vage therapy in patients who have disease refractory to or 

who are intolerant of standard antifungal therapy [ 387 ]. Its 
effi cacy as salvage therapy for zygomycosis has been 
reported in different hosts, including patients with SOT 
[ 390 – 392 ] and in Singh series 60% of the patients receiving 
posaconazole as primary therapy had a successful outcome 
[ 9 ]. Of note, posaconazole has important drug–drug interac-
tions with immunosuppressive agents commonly used for 
SOT and serum levels concentrations should be monitored in 
order to optimize its variable pharmacokinetic [ 345 ]. 

 Although echinocandins have typically demonstrated little 
activity against zygomycetes and breakthrough infections have 
been reported in patients receiving these agents, there is a con-
siderable interest in the use of echinocandins as part of combi-
nation antifungal therapy for zygomycetes [ 393 ,  394 ]. We 
evaluated the in vitro effect of combining posaconazole and 
caspofungin against 12 clinical zygomycetes showing that, 
although the caspofungin MICs were all above serum drug lev-
els, the combination proved to be synergistic in all strains [ 395 ]. 

 The success of treatment is dependent on an early diagno-
sis, the suppression of predisposing factors, the extension of 
the disease and the possibility of surgical treatment [ 9 ,  345 , 
 350 ,  373 ,  396 ]. Appropriate surgical treatment was reported 
to be an independent predictor of successful outcome in 
SOT patients with rhino-orbital-cerebral [ 374 ] and pulmo-
nary zygomycosis [ 373 ]. It consists of the early extensive 
debridement of necrotic tissue, ideally until the surgical 
margins are free of the infection [ 350 ]. A pulmonary wedge 
resection may be suffi cient, however, at times, a lobectomy 
is required to eradicate a confi ned lung mucor infection, 
which is associated with a mortality rate of 65% [ 350 ,  396 ]. 
A surgical approach is recommended even if complete 
resection is not feasible.   

40.3.3     Dematiaceous Fungi 

40.3.3.1     Microbiology 

 Dematiaceous  is      the term that is applied to septate molds 
with dark walls in culture, an appearance that the walls do 
not necessarily have in tissue. More than 100 species that 
belong to at least 57 genera are known to be agents of 
 infection.  Alternaria ,  Bipolaris ,  Curvularia,  and  Exserohilum  
are the most frequently isolated genera, while others 
( Chaetomium ,  Cladophialophora ,  Cladosporium ) have been 
reported only anecdotally. These saprophytic fungi are 
widely distributed in the environment. One large prospective 
study on dematiaceous infections in SOT recipients analyz-
ing clinical characteristics, site of infection, and outcome has 
been recently published [ 397 ].  

40.3.3.2     Incidence 

 Data from the  USA      was offered in the multicenter register 
TRANSNET, in which 2.5% of invasive fungal infections 
among SOT recipients were caused by phaeohyphomycosis 
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[ 397 ]. One American institution reported an overall inci-
dence of infection due to dematiaceous fungi of 0.7% with a 
higher rate of infection among kidney/pancreas transplant 
patients (3.6%) [ 398 ]. In these studies, the time from trans-
plantation to onset of infection varied widely, ranging from 
19 days to 11 years [ 397 ,  398 ].  

40.3.3.3     Clinical Manifestations 

 The infections  caused      by these fungi include chromoblasto-
mycosis, phaeohyphomycosis, and mycetoma, although the 
latter could be caused by other molds or by  Actinomyces  
species. Mycetoma and chromoblastomycosis are infec-
tions that are localized in the skin and subcutaneous tissue; 
phaeohyphomycosis comprise a heterogeneous group of 
infections that range from superfi cial, cutaneous, or subcu-
taneous infections to disseminated invasive disease. Some 
of the infections caused by these fungi are summarized in 
Table  40-4 .

   Clinically, the most common manifestations are cutane-
ous and subcutaneous disease, followed by pulmonary and 
invasive sinus infection [ 397 ]. Disseminated disease, 
involving more than one noncontiguous site of infection, is 
present in more than half of the patients, whereas blood-
stream or central nervous system infection are uncommon 
among SOT patients [ 397 ]. The survival rate among 
patients with soft- tissue infections is more than 90% [ 397 ], 
whereas that for patients with invasive infections is lower, 
at approximately 50% [ 50 ,  399 ]. The only patient with 
CNS infection died [ 397 ].  

40.3.3.4     Diagnosis 

 Melanin in the  hyphal      wall can be stained with the Masson- 
Fontana dye, allowing differentiation from other nonmelanin 
containing fungi. With hematoxylin and eosin staining of tis-
sue, the fungus has a golden brown hyphal wall. The hyphae 
are irregular in diameter and are septate. Chains of yeast-like 
cells may be seen with the presence of some species. 
The irregular diameter and bulbous swellings of these 
hyphae may help distinguish them from  Aspergillus,  but cul-
ture is essential for diagnosis. Molecular methods are very 
helpful for the correct identifi cation at species level [ 400 ].  

40.3.3.5     Treatment 

   Surgical  excision    or   debridement is recommended when-
ever possible, and represents a mainstay of therapy [ 401 ]. 
For both soft-tissue lesions and single brain abscesses, the 
necessity of achieving disease-free resection margins to prevent 
the recurrence of infection should be emphasized [ 402 ]. 

 The recognition of infection due to dematiaceous fungi is 
important because these infections, unlike IA, may be more 

accessible to therapy. These fungi are generally susceptible 
to itraconazole, which is the preferred treatment option, 
given the wide clinical experience with this drug. However, 
because of varied resistance pattern among species [ 398 , 
 403 ], antifungal susceptibility data should be obtained for all 
specimens, if feasible. Recently, the European Society of 
Clinical Microbiology and Infectious Diseases published 
guidelines for treatment of infection caused by dematiaceous 
fungi and recommended as fi rst line options voriconazole, 
posaconazole, itraconazole, and amphotericin B [ 105 ,  401 ]. 
Voriconazole and amphotericin B should be preferred for the 
treatment of central nervous system infections because of 
their consistent ability to achieve good cerebrospinal fl uid 
concentrations [ 105 ,  397 ]. 

 After a recurrence, long-term itraconazole therapy may be 
used following repeated surgical drainage to help prevent a 
new recurrence. Combination therapy such as amphotericin 
B with 5-FC (when the fungus is susceptible to the drug) 
[ 404 ] has been advocated for CNS lesions, particularly for 
lesions that are poorly resectable or are unresectable. 
Posaconazole has been employed successfully as salvage 
therapy in hematological patients with refractory invasive 
mold infections, including  Alternaria  spp. [ 405 ]. 

 In vitro susceptibility to echinocandins has been described 
for the  Curvularia ,  Exophiala,  and  Fonseca  species, although 
their role for the treatment of these infections remains to be 
clarifi ed.     

40.3.4     Hyalohyphomycosis 

40.3.4.1     Microbiology 

 The  term   hyalohyphomycosis has been proposed for the 
opportunistic mycotic infections that are caused by fungi 
whose tissue form consists of hyaline hyphal elements. 
Fusariosis accounts for approximately ~1% of fungal infec-
tions in SOT recipients, being lung transplant recipients the 
most commonly affected [ 340 ]. 

 Infections in SOT recipients caused by various fungi of 
this type in SOT recipients are summarized in Table  40-5 .

40.3.4.2        Clinical Manifestations 

      Fusarium  Species 

 Unlike fusarial  infection      in patients with hematologic malig-
nancies or bone marrow transplantation, fusarial infection in 
SOT recipients tends to be localized [ 406 ,  407 ], it occurs 
later in the posttransplantation period, and it has a better out-
come [ 408 ]. The skin lesions usually appear as cellulitis, 
ulcers, papules, or as deeply set, painful nodules. They may 
initially be fl at (macular) with a central pallor, but they later 
become raised, erythematous, and necrotic. Reports on fusa-
riosis in kidney ( n  = 6), lung ( n  = 2), combined heart–liver 
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   TABLE 40-4.    Infections by dematiaceous fungi in solid organ transplant recipients   

 Type of fungi  Type of transplant  Clinical presentation  Reference 

  Alternaria alternata   Heart  Cutaneous  [ 472 ] 

 Kidney  Cutaneous  [ 473 ] 

 Kidney  Cutaneous  [ 474 ] 

 Liver  Cutaneous  [ 475 ] 

  Alternaria infectoria   Heart  Cutaneous  [ 476 ] 

 Kidney  Disseminated  [ 477 ] 

 Kidney  Cutaneous  [ 478 ] 

 Liver  Cutaneous  [ 479 ] 

  Alternaria  species  Kidney  Cutaneous  [ 478 ,  480 ,  481 ] 

 Liver  Cutaneous  [ 482 ] 

  Aureobasidium pullulans   Liver  Lung  [ 483 ] 

  Bipolaris hawaiiensis   Kidney  Nasal  [ 484 ] 

  Chaetomium globosum   Kidney  CNS  [ 485 ] 

  Cladophialophora bantiana   Heart  Disseminated  [ 486 ] 

 Liver  CNS  [ 487 ] 

 Lung  CNS 

 Lung  CNS  [ 488 ] 

 Kidney  CNS  [ 489 ] 

 Kidney  Cutaneous  [ 490 ] 

  Cladophialophora carrionii   Kidney-Pancreas  Cutaneous  [ 491 ] 

  Cladosporium trichoides   Liver  CNS  [ 492 ] 

  Dactylaria constricta   Heart  Lung  [ 493 ] 

 Kidney  Disseminated  [ 494 ] 

  Dactylaria gallopava   Liver  CNS  [ 495 ,  496 ] 

 Lung  Soft tissue  [ 497 ] 

  Exophiala jeanselmei   Heart  Cutaneous  [ 498 ,  499 ] 

 Kidney  Cutaneous  [ 500 – 508 ] 

 Lung  Cutaneous  [ 509 ] 

 Lung  Disseminated  [ 510 ] 

  Exophiala pisciphila   Liver  Cutaneous  [ 117 ] 

  Exophiala  species  Heart  Cutaneous  [ 511 ] 

 Kidney  Cutaneous  [ 512 ] 

  Ochroconis gallopavum   Heart  Lung  [ 513 ] 

 Renal  Disseminated  [ 514 ] 

 Lung  Cutaneous  [ 515 ] 

  Phialemonium obovatum   Kidney  Peritonitis  [ 516 ] 

  Phialemonium  species  Kidney  Cutaneous  [ 516 ] 

  Phialophora bubakii   Kidney  Cutaneous  [ 517 ] 

  Phialophora gougeroti   Kidney  Cutaneous  [ 518 ] 

  Phialophora parasitica   Kidney  Cutaneous  [ 402 ,  519 ] 

  Pleurophoma  species  Heart  Cutaneous  [ 520 ] 

  Pleurophomopsis lignicola   Kidney  Cutaneous  [ 521 ] 

  Scopulariopsis brumptii   Liver  CNS  [ 446 ] 

  Scytalidium dimidiatum   Kidney  Cutaneous  [ 522 ] 

  Veronaea bothryosa   Liver  Cutaneous  [ 523 ] 

   Abbreviations :  CNS  central nervous system.  

( n  = 1) and liver ( n  = 3) transplantation recipients have been 
published. Presentation forms include seven cases of local-
ized skin infections, three disseminated infections (one 
endocarditis and one with liver abscesses), one peritonitis, 
and 1 lung abscess [ 406 – 417 ].  

    Paecilomyces  Species 

   Paecilomyces  infection   has been described in ten SOT recip-
ients [ 244 ,  418 – 426 ]. The skin and soft tissues were affected 
in nine cases, and, in one pediatric lung transplant recipient, 
the fungus was isolated from the respiratory tract.  
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   TABLE 40-5.    Infections caused by hyaline fungi in solid organ transplant recipients   

 Type of fungi  Type of transplant  Clinical presentation  Reference 

  Acremonium  species  Heart  Bone  [ 524 ] 

 Heart  N.A.  [ 525 ] 

 Heart  Mycetoma  [ 526 ] 

 Kidney  Cutaneous  [ 527 ] 

 Kidney  Lung  [ 528 ] 

 Kidney  Mycetoma  [ 529 ] 

  Fusarium  species  Heart–liver  Cutaneous  [ 408 ] 

 Kidney  Cutaneous  [ 407 ] 

 Kidney  Cutaneous  [ 406 ] 

 Kidney  Fungemia  [ 411 ] 

 Kidney  Peritonitis  [ 412 ] 

 Kidney  Cutaneous  [ 415 ] 

 Kidney  Cutaneous  [ 417 ] 

 Liver  Liver abscesses  [ 413 ] 

 Liver  Cutaneous  [ 414 ] 

 Liver  Cutaneous  [ 416 ] 

 Lung  Endocarditis  [ 410 ] 

 Lung  Lung cavitation  [ 409 ] 

  Paecilomyces  species  Heart  Cutaneous  [ 420 ,  426 ] 

 Kidney  Cutaneous  [ 425 ] 

 Lung  Airway colonization  [ 422 ] 

  Penicillium  species  Kidney  Cutaneous  [ 462 ] 

 Kidney  Intestinal  [ 530 ] 

 Kidney  Disseminated  [ 531 ] 

 Lung  Lung infection with mediastinal lynphoadenopathy  [ 515 ] 

  PhaeoAcremonium parasiticum   Kidney  Cutaneous  [ 532 ] 

 Liver  Endocarditis  [ 533 ] 

 Lung  Lung cavitation  [ 534 ] 

  Scedosporium  species  Kidney (20) 
 Lung (14) 
 Heart (17) 
 Liver (11) 
 Small-bowel (4) 
 Multivisceral 

 Mediastinitis (3%) 
 Pulmonary involvement (46%) 
 Skin involvement (26%) 
 CNS involvement (25%) 
 Fungemia/Disseminated infection (50%) 

 [ 45 ] 
 [ 433 ] 

  Scopulariopsis  species  Heart  Cutaneous  [ 445 ] 

 Liver  CNS  [ 446 ] 

 Liver  Cutaneous  [ 443 ,  444 ] 

  Trichoderma  species  Kidney  Disseminated  [ 535 ] 

 Liver  Sinusitis  [ 536 ] 

  Trichoderma viride   Liver  Surgical site infection  [ 537 ] 

   Abbreviations :  CNS  central nervous system,  N.A.  not addressed.  

    Scedosporium  Species 

 Human infection with  Pseudallescheria boydii  (the ana-
morph state of  S. apiospermum)  or with  S. prolifi cans  can 
produce the following two distinct diseases: mycetoma and 
pseudoallescheriasis. Mycetoma is a chronic subcutaneous 
infection that is characterized by the production of grains. 
Pseudallescheriasis includes all other infections caused by 
 Scedosporium  species [ 427 – 432 ]. 

   Scedosporium  species   now account for ~25% of all non- 
 Aspergillus  mold infections in SOT recipients [ 8 ]. In a recent 
article, Husain et al. [ 45 ] published a series of 80 transplant 
recipients with  Scedosporium  infections (57 SOT and 23 

HSCT recipients). Among SOT recipients, 83% of the infec-
tions were due to  S. apiospermum  and 19% to  S. prolifi cans.  
Dissemination occurred in 46% of the patients, CNS involve-
ment in 29%, lung infection in 43% and cutaneous disease in 
31%. Fungemia was signifi cantly more common with  S. pro-
lifi cans  than with  S. apiospermum  infections (57% vs 8%, 
 p  < 0.001). The death rate ranged from 54% to 73%, a fi gure 
that was nearly 100% in patients with disseminated disease, 
CNS involvement, fungemia, and renal failure [ 45 ]. 

 More recently, Johnson et al. [ 433 ] reported a series of 11 
SOT patients infected by  S. apiospermium  (55%) or  S. pro-
lifi cans  (45%). Overall, 55% (6/11) scedosporiasis occurred 
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in lung transplant patients, whereas 18% (2/11) were diag-
nosed in multivisceral transplants. Interestingly, 36% of the 
patients were previously colonized by the same species and 
developed disease despite receiving preemptive voricon-
azole therapy either alone or combined with other antifun-
gal agents. Scedosporiasis occurred earlier among patients 
who were colonized in the pretransplantation period com-
pared with those who were not (15 vs 217 days). Clinical 
manifestations include pneumonia, mediastinitis, and 
fungemia/disseminated disease. Patients who died (6/11, 
55%) had an earlier diagnosis of scedosporiasis after trans-
plantation and were more likely to have clinical manifesta-
tions other than pneumonia. 

 In recent years,  Scedosporium  infections have been 
observed to occur later after transplantation (4–6 months) 
than before [ 45 ,  434 ]. It is argued that the more frequent use 
of antifungal prophylaxis after transplantation could have 
delayed the onset of these infections and exerts a selective 
pressure favoring the emergence of these resistant patho-
gens [ 433 ,  435 – 437 ]. The radiological and histopathologic 
appearance of scedosporidiosis is indistinguishable from 
infections caused by other molds (Figure  40-3 ), with the 
exception of a higher tendency to involve the CNS. Defi nite 
diagnosis depends therefore on fungal culture. New molecular 
diagnostic methods have been also employed to distinguish 
 S. apiospermum  from  S. prolifi cans  [ 438 ,  439 ].

   The early diagnosis of this infection is essential because S. 
 apiospermum  is resistant to amphotericin B, and  S. prolifi cans  
is also resistant to most currently available antifungal agents 
[ 431 ,  432 ,  440 ]. Based on previous experiences [ 45 ,  433 , 
 441 ], current treatment of scedosporiasis comprise voricon-
azole and prompt surgical debridement, if the latter is feasible 
[ 45 ]. A synergistic effect between voriconazole and terbin-
afi ne has been shown in vitro and this combination should 
be considered in case of a disease due to  S. prolifi cans.  

  Scedosporium  can colonize the sinuses and airways of 
patients with underlying pulmonary diseases and is the 
second most frequent fi lamentous fungus, after  A. fumiga-
tus , isolated from the sputum in cystic fi brosis patients 
with a prevalence of >8% [ 442 ]. Pretransplant coloniza-
tion should be considered as an indication for double-lung 
transplantation in candidates for lung transplantation. In 
all SOT recipients, colonization by  Scedosporidium  
should not be ignored and prophylaxis or suppressive 
therapy with voriconazole should be considered in these 
patients [ 442 ].  

    Scopulariopsis  Species 

   Scopulariopsis  infection   is also extremely rare in the SOT 
population. Eight cases have been described [ 443 – 450 ], three 
in liver transplant recipients, three in lung transplant recipients, 
one in a heart and one in a lung-heart transplant recipient. 
Three patients presented with skin or subcutaneous tissue 
involvement, which was cured. Of two patients presenting 
with respiratory tract infections, one survived receiving com-
bination antifungal therapy with posaconazole and terbin-
afi ne, whereas the other died. One patient, who presented 
with a CNS abscess, died despite treatment with amphoteri-
cin B and miconazole, and in the other fatal case  Scopulariopsis 
Acremonium  was identifi ed in the pericardial biopsy after the 
patient died. Finally, a heart–lung transplant patient developed 
disseminated disease due to  Microascus cirrosus  and died 4 
weeks after transplantation despite antifungal combination 
therapy with voriconazole and caspofungin.     

40.3.4.3     Diagnosis 

 The  diagnosi     s is most commonly made by culturing the organ-
ism from infected sites. In contrast to aspergillosis, in which 
the blood cultures are nearly always negative, fungemia due to 
 Fusarium  or  Scedosporium  species is not rare. These fungi are 
indistinguishable from  Aspergillus  in histopathologic studies 
(i.e., they all present with dichotomously branching septate 
hyaline hyphae). Therefore, it is necessary to isolate them from 
a culture for their identifi cation to proceed. The identifi cation is 
based chiefl y on the morphologic characteristics of the asexual 
structures produced by the molds in culture.  

40.3.4.4     Treatment 

   Treatment of  infections      caused by mold pathogens other than 
 Aspergillus  can be very challenging. Because randomized 
controlled trials have not been published yet, data regarding 
the optimal management of such infections are limited. 
As with any opportunistic infection, the fi rst step in the 
therapeutic strategy should be to correct the underlying risk 
factors. The doses of immunosuppressive drugs, including 
steroids, should be decreased, if possible. The recovery of 
the immune status of the patient is vital since treatment with 
conventional antifungal drugs (e.g., amphotericin B, the 

  FIGURE 40-3.    Invasive lung infection caused by  Scedosporium 
prolificans  in a young liver transplant recipient with cystic fi bro-
sis. The patient died despite therapy with liposomal amphotericin B 
and voriconazole.       
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azoles) are less effi cacious, either because these species are 
more resistant to drugs or because they have a more aggres-
sive clinical evolution. 

 The optimal treatment regimen for fusarial infections 
is unknown. This fungus is uniformly resistant to 
5- fluorocytosine, and it is usually resistant to itracon-
azole as well. Surgical resection, when this is possible, 
and prolonged treatment with a lipid formulation of 
amphotericin B at a dose of 5 mg/kg has been the stan-
dard of care [ 408 ]. The clinician must remember that 
susceptibility to amphotericin B varies. Therefore, some 
strains have been refractory to this treatment; in these 
cases the newer compound should be tried. At present, 
voriconazole is, in many experts’ opinions, the drug of 
choice for  Fusarium  infections, although more data in 
SOT are required and susceptibility studies should be 
performed in each case. Salvage therapy with posacon-
azole was found to be effective and safe in two SOT 
patients with invasive fusariosis intolerant of or failing 
other antifungal therapies [ 392 ]. 

 The susceptibility of  Paecilomyces  species to the cur-
rently available antifungal agents is highly variable among the 
different species. Therefore, precise fungal identifi cation 
and in vitro susceptibility testing are mandatory. When 
immediate antifungal therapy is required, amphotericin B 
and 5-fl uorocytosine should be considered for infections 
caused by  Paecilomyces variotti , whereas the imidazoles 
might have more effi cacy in treating  P. lilacinus  and 
 Paecilomyces marquandii  [ 424 ]. In one heart transplant 
recipient with leg nodules caused by  P. lilacinus , the infec-
tion was successfully treated with terbinafi ne [ 420 ]. Another 
heart transplant patients who presented with mixed cutane-
ous infection due to  M. chelonae  and  Paecilomyces  species 
was successfully treated with sequential itraconazole and 
terbinafi ne [ 426 ]. Treatment with traditional antifungal 
drugs often fails. Voriconazole has demonstrated good 
activity in both cutaneous and ocular infections in the few 
cases in which this drug has been used. The new triazoles 
ravuconazole and posaconazole show good in-vitro activity 
against  P. lilacinus  and could be promising therapeutic 
alternatives [ 451 ]. 

 Response to therapy in patients with scedosporiasis is 
strictly dependent on the site of infection, extent of dissemi-
nation, and immune status of the host. Generally, outcome is 
more favorable in patients who have localized infection and 
receive a prompt surgical debridement [ 401 ]. Antifungal 
therapy of infections by  P. boydii  (the anamortph of  S. apio-
spermum ) has not been established. Reports indicate that it 
has in vitro and clinical resistance to amphotericin B [ 245 ], 
5-fl ucytosine and terbinafi ne. Success with itraconazole 
and voriconazole has been reported [ 45 ,  452 ]. Surgical 
debridement is an important adjunct in the treatment of 
pseudallescheriasis of the soft tissue, bone, joint and pleural, 
and paranasal sinuses, although it is not curative in and of 

itself. Voriconazole seems to be a good therapeutic option 
for improving surgical results, an in vitro susceptibility to 
caspofungin has also been described [ 453 ]. 

 Infections caused by   Scedosporium prolifi cans    are quite 
diffi cult to treat because this fungus appears to be intrinsi-
cally resistant to most of the currently available antifungal 
agents [ 436 ]. These infections may respond to azole antifun-
gal agents [ 454 ] or to the combination of terbinafi ne with the 
azoles voriconazole, miconazole, and itraconazole [ 455 ].     

40.3.5     Other Fungi: Dermatomycoses 

40.3.5.1     Microbiology 

 Superfi cial  fungal      infections (dermatomycoses) include 
some common conditions such as ringworm or dermatophy-
tosis; pityriasis versicolor, which is caused by yeasts, such as 
 Malassezia  species; and some rare disorders, such us tinea 
nigra, a superfi cial form of phaeohyphomycosis caused by 
 Hortaea (Exophiala) werneckii . 

 The dermatophytes are molds that can invade the stratum 
corneum of the skin or other keratinized tissues derived from 
epidermis, such as the hair and nails. They may cause infec-
tion at most skin sites, although the feet, groin, scalp, and 
nails are most commonly affected. Nail fungal invasion is 
termed onychomycosis. The three genera of pathogenic der-
matophyte fungi are as follows:  Trichophyton ,  Microsporum,  
and  Epidermophyton . 

 Infections caused by  Microsporum  and  Trichophyton  have 
been described in the following SOT recipients: heart [ 456 , 
 457 ]; heart–lung [ 458 ], liver [ 459 ] and kidney [ 460 – 467 ]. 
Pityriasis versicolor is the most frequent dermatomycoses in 
SOT population, and it has a higher prevalence than that 
encountered in the normal population (Figure  40-4 ). The 
prevalence of onychomycosis is similar to that observed in 
the immunocompetent population. The probability of dis-

  FIGURE 40-4.    Pytiriasis versicolor in a heart transplant patient.       
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ease appears to increase with the length of time after trans-
plantation, as does the incidence of mixed or simultaneous 
fungal infections in the same patient [ 462 ].

40.3.5.2        Risk Factors 

 As in all  other      mold infections, the chronic immunosuppres-
sive state of SOT recipients makes their skin more liable to 
fungal infections [ 457 ,  462 ].  

40.3.5.3     Clinical Manifestations 

 The typical tinea lesion is an annular scaling patch with a 
raised margin that has a variable degree of infl ammation, in 
which the center is usually less infl amed than the edge. The 
clinical appearance of the infection sometimes varies with 
the site, the fungal species involved, and the host’s immune 
response. At times, the lesions are infl ammatory, and. in 
some cases, large pustular lesions may develop. Lesions may 
become chronic. 

 The clinical appearance is altered in immunocompro-
mised individuals. In these patients, the fungi may invade 
subcutaneous tissues via the lymphatics, usually causing 
clusters of granulomas, lymphedema, and draining sinuses. 
Deep dermatophyte infections may extend further, involving 
draining lymph nodes or other sites, including the liver and 
brain; these may be fatal. In SOT recipients, specifi cally 
extensive dermal disease (Majocchi’s granuloma) [ 457 , 
 468 – 470 ] and primary invasive cutaneous disease have been 
reported [ 459 ,  464 ]. 

 As in nonimmunosuppressed hosts, the most common 
clinical pattern of onychomycosis in SOT recipients is distal 
and subungual onychomycosis, in which the nail plate is 
invaded from the distal and lateral borders. Associated thick-
ening of the nail, which becomes white, yellow, or brown, is 
usually observed.  

40.3.5.4     Diagnosis 

 The  laboratory      diagnosis of dermatophytosis depends on the 
examination and culture of scrapings or clippings from 
lesions. Sampling the edge of skin lesions and infected nails 
is important. The material should be allowed to soften in 
10–20% potassium hydroxide before it is examined under 
the microscope. Fungal hyphae can be seen as chains of 
arthrospores in cleared scales or clippings. 

 Scrapings or nail clippings may also be cultured. The pri-
mary isolation is carried out at room temperature, usually on 
Sabouraud’s agar containing antibiotics and cycloheximide, 
an antifungal agent that suppresses the growth of environ-
mental contaminant fungi. In the case of nail disease, media 
without cycloheximide should be used, because certain 
fungi, such as  Scytalidium , that may infect nails are sensitive 
to the latter. Most dermatophytes can be identifi ed within 2 

weeks. The identifi cation mostly depends on the gross colo-
nial and microscopic morphology.  

40.3.5.5     Treatment 

 Itraconazole,       ketoconazole, terbinafi ne, and griseofulvin are 
used as oral therapy for cutaneous and subcutaneous derma-
tomycoses. CsA levels should be monitored during ketocon-
azole therapy because they usually increase and may cause 
nephrotoxicity. 

 The oral agent terbinafi ne, an allylamine structurally related 
to naftifi ne, is effective in the treatment of ringworm, includ-
ing onychomycosis; its effi cacy is comparable to that of the 
azoles derivatives [ 457 ]. It is 99% protein bound.  Terbinafi ne   
is metabolized in the liver and it has an initial half-life of 12 h. 
The drug accumulates in skin, nails, and fat. Probably because 
of its accumulation in fat and subsequent release, terbinafi ne 
persists in plasma for 4–8 weeks after dosing, and it has a ter-
minal half-life of 200 to 400 h. This clearance is slowed in the 
presence of liver or renal impairment.  Rifampin   markedly 
increases terbinafi ne clearance, while cimetidine modestly 
decreases it. Terbinafi ne induces CsA metabolic degradation, 
which, however, is of little clinical signifi cance. The CsA lev-
els, however, should be controlled during treatment with this 
drug [ 471 ]. Side effects, principally gastrointestinal and taste 
complaints, rarely limit therapy. Hepatitis is an uncommon 
side effect. Other approaches, such as topical agents and exci-
sional procedures, may also be used as complement of sys-
temic antifungal drugs.       
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   Endemic Mycoses After Hematopoietic Stem 
Cell or Solid Organ Transplantation                     
     Carol     A.     Kauffman       and     Marisa     H.     Miceli    

41.1           Introduction 

 The three major endemic mycoses that cause infections in 
transplant recipients are histoplasmosis, coccidioidomyco-
sis, and blastomycosis. When compared with opportunistic 
fungi, the endemic mycoses are responsible for many fewer 
infections among transplant recipients [ 1 – 3 ]. The endemic 
mycoses exhibit  temperature   and tissue dimorphism. In the 
environment and at temperatures below 35 °C in the labora-
tory, these organisms are molds; at body temperature, they 
exist as yeasts ( Histoplasma capsulatum  and  Blastomyces 
dermatitidis ) or spherules ( Coccidioides immitis  and 
 Coccidioides posadasii ). 

  H. capsulatum, Coccidioides  species, and  B. dermatitidis  
occur naturally in the environment only in specifi c geo-
graphic areas. Thus, an infection will occur only if the patient 
has been in that specifi c area at some time in his or her life. 
Many patients who are markedly immunosuppressed do not 
feel well enough to participate in outdoor activities, and thus 
their exposure to the endemic mycoses is limited. However, 
the conidia of  Coccidioides  species are easily aerosolized, 
and coccidioidomycosis can be acquired simply by living in 
or merely passing through the endemic area [ 4 ,  5 ]. 

 The exposure to one of the endemic mycoses may have 
occurred years, even decades earlier. These organisms have 
the ability to remain dormant in the body after the initial 
infection. Years later, when immunosuppression occurs for a 
variety of different reasons, the organisms reactivate and 
proliferate, causing disease. The prototype organism that has 
been documented most clearly as a cause of reactivation 
infection is  H. capsulatum  [ 6 ].  Coccidioides  reactivation has 
been postulated to cause infection early in the post- 
transplantation period [ 7 ], and reactivation of  B. dermatitidis  
also has been thought to account for some infections in the 
post-transplant period [ 8 ]. Because these infections are 
unusual outside the endemic area, the diagnosis can be easily 
missed and appropriate treatment not given in patients cur-
rently living in an area in which these organisms are not 
endemic. A careful history of travel and residence should be 
confi rmed before any transplantation procedure so that the 

clinician is aware of all possible post-transplantation infec-
tious complications. 

 Both  H. capsulatum  and  Coccidioides  species, but not  B. 
dermatitidis,  have been noted to have been transmitted with 
the donor organ, refl ecting their ability to remain latent in 
many different tissues and to reactivate with immunosup-
pression [ 3 ,  9 – 17 ]. In several of these cases, the donor had 
spent time in the endemic area but the recipient had never 
even traveled to those areas. 

 These fungi are true pathogens in that they cause disease 
in healthy people, as well as immunosuppressed hosts. The 
severity of infection depends on the extent of the exposure 
(the number of conidia inhaled) and on the immune state of 
the host. Following inhalation, hematogenous dissemination 
occurs frequently, even in the normal host, but it is almost 
always a silent event, with no evident disease. However, 
immunosuppressed patients are more likely to develop 
severe symptomatic disseminated infection at the time of ini-
tial infection [ 18 – 20 ]. 

 The agents of choice for treatment of the endemic myco-
ses are a lipid formulation of amphotericin B for those with 
severe infection and itraconazole or another azole after the 
patient has responded to amphotericin B. Primary therapy 
with an azole is used occasionally in a transplant recipient 
who has only localized infection, and azoles are used for 
prophylaxis to prevent primary infection and suppressive 
therapy to prevent relapse.  

41.2     Histoplasmosis 

41.2.1     Epidemiology 

   The  endemic      area for  H. capsulatum  encompasses the 
Mississippi and Ohio River valleys and focal areas along the 
eastern coast of the USA, many areas throughout Central and 
South America, and focal areas in Africa and Southeastern 
Asia. The organism grows best in soil that contains high con-
centrations of nitrogen, which is found commonly under 
roosts for birds and bats. Point-source outbreaks most often 
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involve healthy individuals who have participated in a vari-
ety of activities, including cleaning attics and barns, demol-
ishing old buildings, landscaping, and spelunking, but can 
also occur in an urban setting, as happened in Indianapolis 
several decades ago, in which more than 120,000 residents 
were infected [ 21 ,  22 ]. 

 Histoplasmosis is the most common endemic mycosis 
reported in solid organ transplant recipients [ 1 ,  3 ,  10 ,  16 ,  17 , 
 23 – 32 ]. The 12-month cumulative incidence rate for histo-
plasmosis among solid organ transplant recipients was 
reported to be 0.1% in the 5-year, multi-center, transplant- 
associated surveillance network (TransNet) study [ 3 ]. Fewer 
cases of histoplasmosis have been reported to occur after 
hematopoietic stem cell transplantation [ 2 ,  3 ,  20 ,  33 – 35 ]. It 
is likely that histoplasmosis is the most frequently reported 
endemic mycosis in transplant recipients because of the wide 
geographic distribution of this organism and the high attack 
rate among inhabitants residing in the endemic area.    

41.2.2     Pathogenesis 

   Infection follows  aerosolization      of the microconidia of  H. 
capsulatum  into the lungs where they are phagocytized by 
alveolar macrophages and then convert to the yeast phase 
inside the cell. The organism routinely disseminates hema-
togenously to the organs of the reticuloendothelial system 
before cell-mediated immunity arms the host’s macrophages 
to kill the intracellular yeasts [ 36 ]. The primary host defense 
against  H. capsulatum  is cell-mediated immunity with little 
contribution from the humoral or neutrophil defense mecha-
nisms; thus, patients with cell-mediated immunodefi cien-
cies, such as transplant recipients, are at the highest risk of 
severe infection. 

 The occurrence of histoplasmosis is bimodal, with some 
cases occurring within the fi rst 6 months (40% of cases in the 
TransNet study) and others occurring as long as 18–20 years 
after transplantation [ 3 ,  16 ]. As most solid organ transplant 
recipients continue on some type of immunosuppression, the 
period at risk for an endemic mycosis persists long after the 
immediate post-transplant period. 

  H. capsulatum  has the propensity to persist in a latent state 
for years and then to reactivate when immunosuppression 
intervenes. Reactivation infection has been noted in some 
transplant recipients, but differentiating reactivation from 
new infection in patients who live in the endemic area is dif-
fi cult. Infection could as easily be due to a new infection as 
to reactivation. 

 Transmission of  H. capsulatum  from the donor organ has 
been documented in a small number of patients and sus-
pected in others because of early onset of disease after trans-
plantation [ 3 ,  10 ,  16 ,  17 ,  37 – 39 ]. In a few patients,  H. 
capsulatum  was found in the donor organ, and the recipients 
were pre-emptively treated with antifungal agents [ 3 ,  17 ].    

41.2.3     Clinical Manifestations 

   Transplant recipients  can      have primarily pulmonary mani-
festations [ 3 ,  17 ,  23 ,  24 ,  29 ,  30 ] or more commonly, dissemi-
nated infection [ 3 ,  10 ,  17 ,  24 ,  27 ,  28 ,  30 – 34 ,  37 – 39 ]. 
Pulmonary infection presents with fever, chills, cough, and 
shortness of breath and frequently progresses to marked dys-
pnea and hypoxemia. Chest radiographs most often show 
diffuse bilateral infi ltrates (Figure  41-1 ). Mediastinal or hilar 
lymphadenopathy, common seen in acute pulmonary histo-
plasmosis in healthy hosts, is rarely seen in immunosup-
pressed patients.

  FIGURE 41-1.    Bilateral 
pulmonary infi ltrates in a patient 
who had received a kidney 
transplant 2 years before. 
 H. capsulatum  grew in 
bronchoalveolar lavage fl uid 
and in blood cultures.       
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   The manifestations of disseminated histoplasmosis are 
protean, but most patients present with fever, chills, fatigue, 
anorexia, and weight loss. Hepatosplenomegaly, mouth 
ulcers, and skin lesions should be sought. The mucous mem-
brane lesions are usually painful and nonhealing ulcers; the 
cutaneous manifestations include papules, pustules, plaques, 
ulcers, abscesses, and cellulitis. Abnormal liver enzyme 
values, especially elevated alkaline phosphatase, and pan-
cytopenia are common. Gastrointestinal involvement is 
manifested by diarrhea and abdominal pain; ulcerations have 
been noted diffusely throughout the small bowel and colon. 
Severe disseminated histoplasmosis can be associated with 
DIC and life-threatening hemophagocytic syndrome [ 31 ]. 
Central nervous system involvement is not common, but 
probably occurs more often in immunosuppressed patients; 
it usually is characterized by lethargy, headache, and con-
fusion. Intracranial mass lesions that are best visualized on 
magnetic resonance imaging can occur with or without men-
ingitis (Figure  41-2 ).

   The mortality of histoplasmosis in transplant recipients is 
reported to be 9–15% in recent series [ 3 ,  16 ,  24 ]. In cases in 
which the diagnosis is delayed, the mortality is high [ 3 ,  33 , 
 34 ,  38 ]. Not surprisingly, this is especially true of patients 
who present outside the endemic area for histoplasmosis. 
When the diagnosis is made early and appropriate therapy is 
initiated, the mortality is less than 10%.  H. capsulatum  is 
very susceptible to amphotericin B, and most patients 
respond quickly to appropriate therapy.    

41.2.4     Diagnosis 

   The defi nitive  diagnosis of      histoplasmosis is made by grow-
ing  H. capsulatum  from sputum, blood, other body fl uids, or 
biopsy tissue [ 6 ].  H. capsulatum  grows very slowly, a decided 
drawback in an immunosuppressed patient. The yield from 
blood cultures is enhanced by using the lysis-centrifugation 
system (Isolator tube system, Wampole Laboratories); auto-
mated blood culture systems, such as BacT/Alert and Bactec, 
have a lower yield and take a longer time to show growth of 
 H. capsulatum  [ 40 ]. Although growth in culture provides 
proof of the cause of the illness and is extremely important, 
it often merely confi rms the correct diagnosis in a patient for 
whom treatment has already been initiated. 

 Serological assays (complement fi xation and immunodif-
fusion) are useful tests for the diagnosis of histoplasmosis in 
normal hosts. The development of complement fi xation anti-
body or the appearance of specifi c bands on the immunodif-
fusion assay, especially when baseline results are negative, 
can be quite helpful. However, these tests are often not posi-
tive in immunosuppressed patients who cannot mount an 
effective antibody response [ 41 ]. 

 The detection of  H. capsulatum  capsular polysaccharide 
by  enzyme immunoassay (EIA)   on urine and serum is an 
extremely useful test in patients who have disseminated his-
toplasmosis [ 42 ,  43 ]. This assay has assumed an increasingly 
important role in the diagnosis of histoplasmosis in trans-
plant recipients. False positive assays occur primarily with 
blastomycosis and less commonly with coccidioidomycosis. 

  FIGURE 41-2.    Enhancing brain 
lesions in a patient who had 
meningoencephalitis due to 
 H. capsulatum.        
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False positive reactions with the Platelia  Aspergillus  galacto-
mannan assay have been reported in immunosuppressed 
patients who have disseminated histoplasmosis, most likely 
because of the huge burden of circulating  Histoplasma  anti-
gen in these patients [ 32 ,  44 ]. The converse is not the case: 
false positive  Histoplasma  antigen tests have not been 
reported in patients with invasive aspergillosis. 

 In a transplant recipient who has severe disease, biopsy of 
tissue to identify  H. capsulatum  is an important rapid diag-
nostic tool. Routine hematoxylin and eosin staining often 
will not reveal the small yeasts; either  periodic acid–Schiff 
(PAS) stain   or  methenamine silver stain   should be used 
(Figure  41-3 ). Appropriate tissues for sampling include the 

lung, mucocutaneous lesions, bone marrow, and liver. The 
organisms appear as small, 2–4-μm, oval, and budding intra-
cellular yeasts. The organisms can sometimes be seen within 
neutrophils or monocytes on a peripheral blood smear 
(Figure  41-4 ).  

41.2.5         Treatment 

   The Infectious Diseases Society of  America      guidelines for 
the treatment of histoplasmosis recommend antifungal treat-
ment for all immunosuppressed hosts with histoplasmosis 
[ 45 ]. For patients who have moderate to severe pulmonary 

  FIGURE 41-3.    Liver biopsy in a 
transplant recipient who had 
fever, fatigue, elevated alkaline 
phosphatase, and pancytopenia. 
Gomori methenamine silver stain 
shows 2–4 μm oval budding 
yeasts typical of  H. capsulatum .       

  FIGURE 41-4.    Peripheral smear 
showing  H. capsulatum  yeast 
forms inside a monocyte. The 
patient was acutely ill with high 
fevers, pancytopenia, 
and dyspnea.       
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histoplasmosis or who have disseminated histoplasmosis, 
liposomal amphotericin B, 3–5 mg/kg daily, is preferred. 
This formulation has been shown to have increased effi cacy 
and decreased toxicity when compared with amphotericin B 
deoxycholate in patients with disseminated histoplasmosis 

[ 46 ]. After the patient shows clinical improvement, therapy 
can be changed to an azole to continue the course of therapy 
(Table  41-1 ).

   The preferred azole for the treatment of histoplasmosis is 
itraconazole [ 45 ]. This is used for step-down therapy after 

       TABLE 41-1.    Treatment of endemic mycoses in solid organ transplant recipients   

 First line therapy  Alternative therapy  Comment 

   Histoplasmosis    

 Mild localized acute 
pulmonary infection 

 ITRA loading dose as below a , then 
200 mg twice daily for at least 12 
weeks 

 FLU 400–800 mg daily is a less 
preferred alternative 

 Moderate to severe 
pulmonary infection 

 Liposomal AmB 3–5 mg/kg daily for 
1–2 weeks until clinical 
improvement, followed by ITRA 
loading dose as below a , then 
200 mg twice daily for a total of 
12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice 
daily,  OR  POSA loading dose 
as below c , then 300 mg daily, 
 OR  FLU 400–800 mg daily, all 
for a total of 12 months 

 High-dose methylprednisolone should be 
considered for patients with severe 
hypoxemia or acute respiratory distress 
syndrome. 

 Few patients have been treated with the 
alternative drugs 

 Suppressive therapy with azoles should be 
considered in patients with persistent 
marked immunosuppression 

 Disseminated infection  Liposomal AmB 3–5 mg/kg daily for 
1–2 weeks until clinical 
improvement, followed by ITRA 
loading dose as below a , then 
200 mg twice daily for a total of 
12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice 
daily,  OR  POSA loading dose 
as below c , then 300 mg daily, 
 OR  FLU 400–800 mg daily, all 
for a total of 12 months 

 Few patients have been treated with the 
alternative drugs 

 Suppressive therapy with azoles should be 
considered in patients with persistent 
marked immunosuppression 

 Central nervous system 
infection 

 Liposomal AmB 5.0 mg/kg daily for 
4–6 weeks, followed by ITRA 
loading dose as below a , then 
200 mg two or three times daily 
for a total of 12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice 
daily,  OR  POSA loading dose 
as below c , then 300 mg daily, 
 OR  FLU 400–800 mg daily, all 
for a total of 12 months 

 Very few patients have been treated with 
the alternative drugs 

 Suppressive therapy with azoles should be 
considered in patients with persistent 
marked immunosuppression 

   Blastomycosis    

 Pulmonary infection  Liposomal AmB 3–5 mg/kg daily or 
ABLC 5 mg/kg daily for 1–2 
weeks until clinical improvement 
noted, followed by ITRA loading 
dose as below a , then 200 mg twice 
daily for a total of 12 months 

 Alternative for step-down therapy 
is VORI loading dose as below b , 
then 200 mg twice daily for a 
total of 12 months. Less 
preferred alternatives are 
POSA, loading dose as below c , 
then 300 mg daily,  OR  FLU 
400–800 mg daily for a total of 
12 months 

 Initial therapy with oral azoles is not 
recommended 

 Suppressive therapy with azoles should be 
considered in patients with persistent 
marked immunosuppression 

 Disseminated infection  Liposomal AmB 3–5 mg/kg daily or 
ABLC 5 mg/kg daily for 1–2 
weeks until clinical improvement 
noted, followed by ITRA loading 
dose as below a , then 200 mg twice 
daily for a total of 12 months 

 Alternative for step-down therapy 
is VORI loading dose as below b , 
then 200 mg twice daily for a 
total of 12 months. Less 
preferred alternatives are 
POSA, loading dose as below c , 
then 300 mg daily,  OR  FLU 
400–800 mg daily for a total of 
12 months 

 Initial therapy with oral azoles is not 
recommended 

 Suppressive therapy with azoles should be 
considered in patients with persistent 
marked immunosuppression 

 Central nervous system 
infection 

 Liposomal AmB 5 mg/kg daily for 
4–6 weeks, followed by ITRA 
loading dose as below a , then 
200 mg twice daily for a total of 
12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice daily 
 OR  FLU 400–800 mg daily for 
a total of 12 months. 

 Less preferred is POSA loading 
dose as below c , then 300 mg 
daily for a total of 12 months 

 Lifelong suppressive therapy with azoles 
should be considered 

(continued)
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amphotericin B and for initial therapy for the uncommon 
presentation of mild localized pulmonary histoplasmosis in a 
transplant recipient. The loading dose is 200 mg three times 
daily for 3 days, followed by 200 mg twice daily. Better 
absorption is seen with the oral solution than the capsules. 
The oral solution should be given on an empty stomach; the 
capsules are given with food, and medications that inhibit 
gastric acid secretion must be avoided. The total length of 
therapy should be 12 months for most transplant recipients. 
Because of issues with absorption and many drug–drug 
interactions, it is imperative to measure serum concentra-
tions of itraconazole to be sure that adequate levels are 
attained (Table  41-1 ). 

  Fluconazole   should be considered a second-line agent for 
histoplasmosis; the response to primary therapy is less and 
the relapse rates are higher when it is compared with itracon-
azole, especially in an immunosuppressed population [ 45 ]. If 
a patient cannot tolerate itraconazole because of side effects 
or poor absorption, fl uconazole, 800 mg daily, could be used, 
but the newer azoles, voriconazole and posaconazole, are 
increasingly used in this circumstance. 

 There are no clinical trials studying voriconazole or 
posaconazole for treatment of histoplasmosis. However, both 
agents are active against  H. capsulatum  in vitro. Increasingly, 
patients are reported who have been treated successfully 
with voriconazole, usually as step-down therapy after 
amphotericin B [ 16 ,  17 ,  24 ,  47 ]. Posaconazole has been 
reported as showing effi cacy in patients with histoplasmosis, 
but none of these patients were transplant recipients [ 48 ,  49 ]. 
Isavuconazole, the newest azole agent, appears to have 
in vitro activity against  H. capsulatum . However, only seven 
patients with histoplasmosis were treated in a salvage trial 
using isavuconazole. Although success was noted, there 
were too few patients to suggest that isavuconazole should 
be used to treat histoplasmosis. Echinocandins are not active 
and should not be used for the treatment of histoplasmosis. 

 Whether transplant recipients should be maintained on 
long-term suppressive therapy to prevent relapse of histo-
plasmosis has not been established. Reports of relapses after 
amphotericin B or azole treatment was stopped have been 
published [ 16 ,  17 ]. It seems prudent to continue therapy with 
itraconazole at dosages of 200–400 mg daily as long as the 

TABLE 41-1. (continued)

 First line therapy  Alternative therapy  Comment 

   Coccidioidomycosis    

 Mild localized acute 
pulmonary infection 

 FLU 200–400 mg/day  OR  ITRA 
loading dose as below a , then 
200 mg twice daily for 3–6 
months 

 Monitoring at 1–3 months intervals is 
recommend for 1 year to determine 
resolution or relapse 

 Moderate to severe 
pulmonary infection 

 Liposomal AmB 3–5 mg/kg daily or 
ABLC 5 mg/kg daily for 1–2 
weeks until clinical improvement 
noted, followed by ITRA loading 
dose as below a , then 200 mg twice 
daily,  OR  FLU 400 mg once daily 
for a total of 12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice 
daily,  OR  POSA loading dose 
as below c , then 300 mg daily for 
a total of 12 months 

 Lifelong suppressive therapy with azoles 
should be considered 

 Disseminated, non-
meningeal infection 

 Liposomal AmB 3–5 mg/kg daily or 
ABLC 5 mg/kg daily for 1–2 
weeks until clinical improvement 
noted, followed by ITRA loading 
dose as below a , then 200 mg twice 
daily  OR  FLU 400 mg once daily 
for a total of 12 months 

 Alternatives for step-down therapy 
include VORI loading dose as 
below b , then 200 mg twice 
daily,  OR  POSA loading dose 
as below c , then 300 mg daily for 
a total of 12 months 

 Lifelong suppressive therapy with azoles 
should be considered 

 Central nervous system 
infection 

 FLU 800 mg daily given as lifelong 
therapy 

 VORI loading dose as below b , 
then 200 mg twice daily  OR  
ITRA loading dose as below a , 
then 200 mg twice daily,  OR  
possibly POSA loading dose as 
below c , then 300 mg daily all 
given as lifelong therapy 

 If concomitant disseminated infection and 
central nervous system infection are 
present, intravenous liposomal AmB or 
ABLC should be given for systemic 
infection, as well as FLU for central 
nervous system infection 

   AmB  amphotericin B,  ABLC  amphotericin B lipid complex,  FLU  fl uconazole,  ITRA  itraconazole,  POSA  posaconazole,  VORI  voriconazole. 
  a Oral itraconazole loading dose is 200 mg three times daily for 3 days. Because of problems with absorption and drug–drug interactions with itraconazole, 
therapeutic drug monitoring is strongly recommended. Itraconazole serum levels should be determined after ~2 weeks of treatment. Random itraconazole 
serum concentrations of at least 1.0 μg/mL are suggested, but we prefer to have levels closer to 2 μg/mL. 
  b Oral voriconazole loading dose is 400 mg twice daily for the fi rst day. Because of problems with absorption and drug–drug interactions with voriconazole, 
therapeutic drug monitoring is strongly recommended. Voriconazole serum trough levels should be determined after ~1 week of treatment. Target voricon-
azole serum trough levels should range between 1.0 and 5.5 μg/mL. 
  c Oral posaconazole delayed release tablets loading dose is 300 mg twice daily for the fi rst day. Because of problems with absorption and drug–drug interac-
tions with posaconazole, therapeutic drug monitoring is strongly recommended. Posaconazole serum levels should be obtained after 5–7 days of treatment, 
with a goal of >1.0 μg/mL.  
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patient is markedly immunosuppressed, but there are no 
 clinical trials, as there are with AIDS patients, on which to 
base this practice. The decision about the use of long-term 
azole therapy should be based on the clinician’s appraisal of 
the extent of immunosuppression and the possibility of 
recovery of cell-mediated immunity.     

41.3     Blastomycosis 

41.3.1     Epidemiology 

   The  endemic      area for  B. dermatitidis  includes the southeast-
ern, south central, and north central United States, the 
Canadian provinces of Ontario, Manitoba, and Saskatchewan, 
and focal geographic areas in Africa and Europe. The pri-
mary habitat of the organism is likely soil and decaying veg-
etation, especially in close proximity to waterways [ 50 ,  51 ]. 
Infection occurs predominantly in middle-aged men, many of 
whom have outdoor occupations and hobbies. Blastomycosis 
is the least commonly reported endemic mycosis in the 
USA. Although small outbreaks have occurred, large 
 epidemics, as have occurred with histoplasmosis and coc-
cidioidomycosis, have not been reported. 

 This relatively uncommon mycosis has been reported 
rarely in transplant recipients. Cases have occurred more 
often in solid organ transplant recipients than in hematopoi-
etic stem cell transplant recipients [ 3 ,  8 ,  18 ,  24 ,  35 ,  52 – 56 ]. 
Patients who have received a stem cell transplant are often 
not well enough while they are on immunosuppressive agents 
to indulge in activities that might expose them to  B. derma-
titidis . Blastomycosis has been reported in solid organ trans-
plant recipients years after transplantation when they are 
back at work and doing outdoor activities, but still on immu-
nosuppressive therapy [ 8 ]. Most stem cell transplant recipi-
ents, unless they develop graft-versus-host disease, are off 
immunosuppressive therapy by this time and perhaps no lon-
ger in a high-risk category.    

41.3.2     Pathogenesis 

   Blastomycosis is primarily  a      pulmonary infection; infection 
is initiated when the conidia are inhaled from the environ-
ment. Rare cases of inoculation blastomycosis, one of 
which occurred in a renal transplant recipient, have been 
described [ 55 ]. Dissemination to the skin, osteoarticular 
structures, and genitourinary tract is common. A common 
presentation in healthy hosts is the development of single or 
multiple skin lesions at a time when the pulmonary focus 
has already resolved. Reactivation occurring years after the 
initial exposure has been documented, but this appears to 
occur less often than with histoplasmosis [ 53 ,  57 ]. No cases 
of blastomycosis transmitted by a donor organ have been 
documented. 

 Neutrophils and macrophages, as well as T lymphocytes, 
appear to be important components of the host response to 
infection with  B. dermatitidis  [ 50 ]. This dual response may 
be another reason that blastomycosis, when compared with 
histoplasmosis, is not common among transplant recipients.    

41.3.3     Clinical Manifestations 

   Transplant  recipients      appear more likely than healthy hosts 
to develop severe pulmonary or disseminated blastomycosis 
[ 3 ,  8 ,  18 ,  24 ]. However, even when symptomatic dissemina-
tion occurs, it mimics the situation in healthy hosts in that the 
major target organ is the skin rather than the viscera. Among 
transplant recipients, the cutaneous lesions tend to be pustu-
lar (Figure  41-5a ) and ulcerative and less often the typical 
verrucous lesions usually seen with blastomycosis 
(Figure  41-5a ). The types of pulmonary lesions in transplant 
recipients are similar to those seen in healthy hosts, and they 
include lobar pneumonia, cavitary pulmonary lesions, and 
diffuse infi ltrates [ 8 ,  18 ,  24 ]. Adult respiratory distress syn-
drome may be more common in immunosuppressed patients, 
including transplant recipients, and is associated with a high 
mortality rate [ 58 ] (Figure  41-6 ). Central nervous system 

  FIGURE 41-5.    ( a ) Pustular skin lesions that appeared over a few days in an immunosuppressed patient and that yielded  B. dermatitidis  in 
culture. ( b ) More typical verrucous skin lesion of blastomycosis in an older man.       
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infection with either meningitis or intracerebral mass lesions 
is a rare  manifestation of blastomycosis that can occur in 
transplant recipients [ 3 ,  18 ].  

41.3.4         Diagnosis 

   The diagnosis of  blastomycosis      is best made by culture of 
the organism from sputum, bronchoalveolar lavage fl uid, 
urine, skin, or visceral lesions. However, histopathologic 
examination of a skin lesion and cytological examination of 
sputum or bronchoalveolar lavage fl uid are reasonably sensi-
tive and specifi c and are much quicker than culture methods 
that can take as long as several weeks to reveal growth of the 
mycelial form of  B. dermatitidis  [ 50 ,  54 ,  59 ]. When pustular 
skin lesions are present, a simple potassium hydroxide smear 
of purulent material aspirated from the lesion can quickly 
reveal the organism. Lung or other tissue biopsy specimens 
show the yeasts when periodic acid–Schiff or methenamine 
silver stains are performed. In tissues,  B. dermatitidis  appear 
as distinctive large (5–20 μm), thick-walled yeasts that retain 
a broad-based connection to the budding daughter cell 
(Figure  41-7 ).

   The standard serological assays (complement fi xation and 
immunodiffusion) for blastomycosis are neither sensitive nor 
specifi c. An enzyme immunoassay that detects the galacto-
mannan cell wall antigen of  B. dermatitidis  is increasingly 
used and appears to be a useful diagnostic tool [ 24 ,  54 ,  60 , 
 61 ]. The assay is performed on urine and serum. The major 
drawback is that is not specifi c for  B. dermatitidis , and cross 
reactivity is almost routinely noted with  H. capsulatum .    

41.3.5     Treatment 

   The Infectious  Diseases      Society of America guidelines for 
the treatment of blastomycosis recommend that transplant 
recipients and other immunosuppressed patients who acquire 
blastomycosis should be treated initially with an amphoteri-
cin B formulation [ 62 ]. Relapses and failures have been doc-
umented in those transplant recipients who were treated with 
an azole as initial therapy [ 18 ,  24 ]. Lipid formulations of 
amphotericin B should be used in transplant recipients, who 
are often on other nephrotoxic drugs. The dosage is 3–5 mg/
kg daily of liposomal amphotericin B or 5 mg/kg daily of 
amphotericin B lipid complex. After the patient shows a 
good clinical response, therapy can be changed to oral itra-
conazole, for a total of 12 months of antifungal therapy. The 
loading dose of itraconazole is 200 mg three times daily for 
3 days, followed by 200 mg twice daily. Better absorption is 
seen with the oral solution than the capsules. The oral solu-
tion should be given on an empty stomach, the capsules are 
given with food, and medications that inhibit gastric acid 
secretion must be avoided (Table  41-1 ). 

 If the patient cannot tolerate itraconazole, voriconazole is 
the second-line choice. Experience is limited in the trans-
plant population [ 3 ,  8 ,  47 ,  63 ]. Voriconazole has been 
reported to successfully cure CNS blastomycosis in individ-
ual case reports and small series of cases [ 47 ,  63 – 66 ]. A 
multi-center review of 22 cases of CNS blastomycosis noted 
success in 9 of 10 patients who had been treated with vori-
conazole, and recommended voriconazole as the step-down 
agent of choice for this uncommon complication of blasto-
mycosis [ 63 ]. Fluconazole is not as effective as itraconazole 

  FIGURE 41-6.    Chest radiograph 
from a patient who had  acute 
respiratory distress syndrome 
(ARDS)   due to  B. dermatitidis.        
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for blastomycosis, and there is little experience treating blas-
tomycosis with posaconazole [ 3 ,  67 ]. Echinocandins are not 
active and should not be used for the treatment of blastomy-
cosis. Long-term suppressive therapy with itraconazole, 
200–400 mg daily, may be prudent in transplant recipients 
who remain on immunosuppressive agents. The need will 
depend on the clinician’s appraisal of the patient’s immune 
status.     

41.4     Coccidioidomycosis 

41.4.1     Epidemiology 

   There are now two  recognized      species of  Coccidioides ,  C. 
immitis , which is endemic in southern California, and  C. 
posadasii,  which is endemic in Arizona, parts of New 
Mexico and western Texas, and Central and South America. 
The clinical picture is identical and most laboratories cannot 
differentiate the two.  Coccidioides  species are restricted 
mostly to the arid conditions typifying the Lower Sonoran 
Life Zone, but in times of exuberant growth, the conidia can 
be swept into more distant areas. Recent reports describe 
endemic foci of  Coccidioides  species in arid areas of 
Washington and Utah [ 68 ,  69 ]. Infection is very common 
because of the propensity of the mycelial form of the organ-
ism to be easily dispersed [ 4 ,  70 ]. Most of the population in 
the endemic area becomes infected before adulthood. For 
reasons still unknown, dark-skinned persons, especially 
African Americans, are less likely to contain the organism 
during primary infection and more likely to develop dissemi-
nated coccidioidomycosis [ 5 ]. 

 In transplant recipients, coccidioidomycosis is more prev-
alent than blastomycosis but less common than histoplasmo-
sis [ 1 – 3 ]. Most transplant recipients reported to have 
developed coccidioidomycosis had received a solid organ 
transplant [ 7 ,  11 – 15 ,  19 ,  71 – 74 ]. Fewer patients have been 
reported who developed coccidioidomycosis after receiving 
a hematopoietic stem cell transplant [ 3 ,  35 ,  75 – 77 ].    

41.4.2     Pathogenesis 

   The arthroconidia  produced      by  Coccidioides  species are eas-
ily dispersed by desert winds. After inhalation into the lungs, 
the conidia undergo a morphologic change, becoming large 
(80–100 μm), thick-walled spherules that become stuffed 
with enormous numbers of endospores. When the spherule is 
fi lled, it ruptures, releasing the endospores; each endospore 
has the potential to form a new spherule, thus perpetuating 
the infection. Most persons who develop coccidioidomyco-
sis likely have asymptomatic dissemination to multiple 
organs, but the host with an intact immune system may expe-
rience only symptoms of a mild respiratory illness. 

 The primary host defense against  Coccidioides  species 
appears to be cell-mediated immunity. Although neutrophils 
are present in most coccidioidal lesions, they are unable to 
eradicate spherules [ 5 ]. Solid organ transplant recipients 
who remain on immunosuppressive agents for an extended 
period remain at risk of developing coccidioidomycosis [ 19 ]. 

 In addition to infection that is related to a new exposure to 
 Coccidioides  species, reactivation coccidioidomycosis has 
been described in transplant recipients [ 19 ,  73 ,  77 ]. 
Reactivation is most likely to occur when a decrease in 

  FIGURE 41-7.    Lung biopsy 
sample showing a large, 
thick-walled, yeast showing 
broad- based budding, which is 
typical of  B. dermatitidis.        
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 cell-mediated immunity happens, such as occurs at the time 
of transplantation. Differentiating new infection from reac-
tivation is diffi cult among patients living in the endemic 
area. Approximately half of all cases of coccidioidomycosis 
are estimated to occur within the fi rst 3 months after solid 
organ transplantation, and these are likely due to reactiva-
tion [ 19 ]. Not unexpectedly for an organism that can survive 
in a latent state for years,  Coccidioides  species have been 
transmitted with the donor organ [ 3 ,  11 – 13 ]. The few 
instances in which this occurred were marked by rapid onset 
of infection post- transplantation and death due to over-
whelming coccidioidomycosis.    

41.4.3     Clinical Manifestations 

   Acute  pulmonary      coccidioidomycosis in the healthy host is 
generally a self-limited infection. In hosts who are immuno-
suppressed, severe pneumonia with high fever, hypoxemia, 
and diffuse infi ltrates is more likely to occur (Figure  41-8 ). 
However, a wide spectrum of pulmonary manifestations that 
includes nodular lesions, diffuse interstitial infi ltrates, alveo-
lar infi ltrates, and cavitary lesions has been described [ 19 , 
 77 ,  78 ].

   In transplant recipients,  Coccidioides  is likely to dissemi-
nate widely. The sites most often involved are the skin, 
bones, subcutaneous tissues, and meninges. Fungemia has 
been documented in individual patients and appears to be 
more common among transplant recipients [ 12 ,  72 ,  73 ,  79 , 
 80 ]. The skin lesions are typically papular, pustular, or nodu-
lar, and they often ulcerate. The symptoms of meningeal 
involvement include headache, cranial nerve palsies, and 
signs of increased intracranial pressure. In the transplant 
recipient, meningeal involvement is usually associated with 
widespread disseminated infection. 

 The outcome of coccidioidomycosis in transplant recipi-
ents appears to be improving, but mortality still remains 
high. Early mortality rates in kidney transplant recipients 
were reported to be as high as 63% [ 81 ], but recently the 
mortality has been reported to be approximately 25% [ 19 , 
 82 ]. Mortality rates among liver transplant recipients have 
been reported to be higher than those noted in kidney trans-
plant recipients [ 71 ,  73 ], and heart transplant recipients 
appear to have the lowest mortality rates from coccidioido-
mycosis [ 74 ], but the number of cases in these latter groups 
is small. In the largest reported series of coccidioidomycosis 
in allogeneic stem cell transplant recipients, the mortality 
was 45% [ 77 ].    

41.4.4     Diagnosis 

   The  defi nitive      diagnostic test for coccidioidomycosis is 
growth of the organism.  Coccidioides  species are the most 
easily grown of the endemic mycoses. Appropriate material 
for culture includes tissue biopsies, aspirated material from 
subcutaneous lesions, synovial fl uid, sputum, bronchoalveo-
lar lavage fl uid, cerebrospinal fl uid, and blood. In the labora-
tory,  Coccidioides  grows as a mold on most routine laboratory 
media within 3–7 days. Because the mycelial phase is highly 
contagious, laboratory workers should always be notifi ed 
that coccidioidomycosis is a diagnostic consideration so that 
they can take the necessary precautions to protect themselves 
from exposure. Because  Coccidioides  species are considered 
to be bioterrorism agents, a laboratory suspecting that a cul-
ture contains  Coccidioides  species is required by law in the 
USA to seal the culture and send it immediately to a refer-
ence laboratory for identifi cation. 

 The identifi cation of  Coccidioides  in tissues and body fl u-
ids can be carried out while awaiting culture results. This is 

  FIGURE 41-8.    Chest radiograph 
of an immunosuppressed patient 
who ran a landscaping company 
in Tucson, Arizona.       
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especially important in a patient who is immunosuppressed 
and who is extremely ill with pulmonary or disseminated 
coccidioidomycosis. Spherules can be visualized in potas-
sium hydroxide or calcofl uor preparations of sputum or 
material aspirated from a lesion and also in cytological prep-
arations from body fl uids or bronchoalveolar lavage fl uid. In 
tissue biopsies, the spherules are large enough (80–100 μm) 
to be seen with routine hematoxylin and eosin stains, and 
they also can be sought using silver methenamine staining. 
The spherules are quite distinctive and are easily identifi able 
(Figure  41-9 ).

   For immunocompetent patients with coccidioidomycosis, 
serology is a useful diagnostic tool. However, in immuno-
suppressed patients who have disseminated infection, the 
serologic assays can be negative [ 83 ]. For patients with sus-
pected coccidioidomycosis, serologic testing should be per-
formed at a reference laboratory that has expertise in assays 
for  Coccidioides.  An assay for  Coccidioides  antigen has 
become available, but it is unclear whether this will prove 
useful for transplant recipients who have coccidioidomyco-
sis [ 84 ].    

41.4.5     Treatment 

   All transplant recipients  with      coccidioidomycosis should be 
treated with an antifungal agent [ 85 ]. For all but the most 
benign pulmonary infections, a lipid formulation of ampho-
tericin B, 3–5 mg/kg daily, is recommended. After the patient 
shows a clinical response, treatment can be changed to an 
oral azole, either itraconazole, 200 mg three times daily for 3 
days then 200 mg twice daily, or fl uconazole, 800 mg for one 

dose then 400 mg once daily [ 86 ] (Table  41-1 ). Treatment 
usually is given for at least 12 months, and for transplant 
patients who remain immunosuppressed, lifelong therapy 
may be needed [ 19 ], as relapse after the cessation of therapy 
has been described [ 72 ,  74 ,  81 ]. It seems prudent to use sup-
pressive azole therapy, either fl uconazole or itraconazole, 
especially in those patients who have had disseminated 
infection and in those at higher risk for severe coccidioido-
mycosis, such as African Americans. 

 Several small series have reported on the use of posacon-
azole for the treatment of coccidioidomycosis [ 87 – 90 ]. To 
date, the experience in the transplant population remains 
limited. Voriconazole also has activity against  Coccidioides  
species, and has been shown to be effi cacious in individual 
patients, including those who have meningitis [ 91 ,  92 ]. Kim 
et al retrospectively compared their experience with voricon-
azole and posaconazole in 37 patients with coccidioidomy-
cosis, 5 of whom were transplant recipients. Success rates 
were similar between the two agents; with voriconazole, 
67% showed improvement, and with posaconazole, 75% 
were improved [ 90 ]. Isavuconazole has been used in a small 
number of patients with coccidioidomycosis with some suc-
cess, but the numbers are too small to recommend this agent 
as an alternative therapy at this time. Echinocandins should 
not be used for the treatment of coccidioidomycosis. 

  Fluconazole   is the agent of choice for coccidioidal 
 meningitis [ 85 ]. In the transplant recipient who has meningi-
tis as one manifestation of widespread dissemination, lipid 
amphotericin B should be used to treat the systemic infec-
tion, in addition to fl uconazole for treatment of meningitis. 
The  recommended daily dose of fl uconazole for treating 

  FIGURE 41-9.    Lung biopsy from 
the patient whose chest 
radiograph is shown in 
Figure  41-8 , showing several 
large spherules of  C. posadasii.        
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meningitis is 800 mg. The intrathecal administration of 
amphotericin B deoxycholate has been a standard treatment 
for coccidioidal meningitis for many years, but because of 
the diffi culty of administration and the high incidence of 
severe side effects, is used only when azole therapy has 
failed. All patients with coccidioidal meningitis require life-
long suppressive therapy, usually with fl uconazole, to pre-
vent relapse. 

 Several transplant centers within the endemic area use 
serology to routinely screen prospective transplant recipients 
and donors for evidence of prior infection with  Coccidioides  
species [ 19 ,  77 ,  93 ] .  Solid organ transplant recipients who 
have antibodies or a prior history of coccidioidomycosis 
within the preceding 1–2 years are routinely given prophy-
laxis with fl uconazole, 400 mg daily for the fi rst year post- 
transplantation, and 200–400 mg thereafter [ 93 ]. If active 
coccidioidomycosis or antibodies are found in the donor, the 
recipient is given fl uconazole prophylaxis for life [ 93 ]. It has 
been recommended that patients undergoing allogeneic stem 
cell transplantation who have had a history of coccidioido-
mycosis or who have antibodies to  Coccidioides  on serologi-
cal testing should be given fl uconazole prophylaxis until full 
recovery of T cell function can be documented [ 77 ] 
(Table  41-1 ).        
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   Toxoplasmosis After Hematopoietic 
Stem Cell Transplantation                     
     Rodrigo     Martino     

        Toxoplasma    gondii    is a protozoan that commonly infects ani-
mals and birds. Although  T. gondii  infection in humans is 
usually asymptomatic, clinical disease occurs in the immune 
suppressed patient. Infection may be acute (recently 
acquired) or chronic (latent).  T. gondii  exists in three forms 
during its life cycle: the tachyzoite, which is the asexual 
invasive form; the tissue cyst (containing bradyzoites), which 
persists in the tissues of the infected host during the chronic 
phase of the infection; and the oocyst (containing sporozo-
ites), which is produced during the sexual cycle in the intes-
tine of the defi nitive host—the cat. Transmission to humans 
occurs by ingesting tissue cysts or oocysts, or by blood prod-
uct transfusion or organ transplantation. Following infection 
by oral ingestion, tachyzoites disseminate from the gastroin-
testinal tract and can invade virtually any cell or tissue where 
they proliferate and produce necrotic foci surrounded by 
infl ammation. In immune suppressed patients, acute infec-
tion may result in severe damage to multiple organs. Even in 
individuals with a normal immune response, tissue cysts 
form in multiple organs (latent infection), and can subse-
quently give rise to a severe localized reactivation producing, 
for example, toxoplasma encephalitis or chorioretinitis. 

 Toxoplasmosis appears to be a relatively rare opportunis-
tic infection following hematopoietic stem cell transplanta-
tion (HSCT). Up to the late 1990s, only 55 cases had been 
reported after HSCT [ 1 – 3 ], which contrasted with the high 
frequency of this complication in other patient populations 
with severe cellular immunodefi ciencies, mainly advanced 
 acquired immunodefi ciency syndrome (AIDS)  . Table  42-1  
summarizes the case series of toxoplasmosis in HSCT pub-
lished until mid-2015, and all other cases have been described 
as case reports. As of mid-2015, around 300 cases of toxo-
plasmosis have now been reported in HSCT in peer-reviewed 
manuscripts, a fi gure that still seems small when compared 
with other relevant infectious complications in these patients.

   The seroprevalence for  T. gondii  varies greatly between 
and even within countries, ranging from <15% in some 
North American and Japanese studies [ 4 ] and in pediatric 
wards, to 50–80% of adult HSCT recipients in countries with 
high endemicity such as France or Turkey [ 1 ,  5 ,  16 ]. This 

varying seroprevalence is probably the main reason for the 
great variability in the frequency of diagnosed cases of toxo-
plasmosis after HSCT, which has been estimated to average 
0.8% [ 17 ], with <0.4% in areas of low endemicity to 2–3% 
in those with high antibody prevalence. The disease, how-
ever, is underdiagnosed, since more than half of the cases 
reported in the literature were diagnosed at autopsy (see 
Table  42-1 ). 

  Toxoplasmosis   occurs mainly in allogeneic transplant 
recipients, although cases after autologous transplants 
have been published [ 2 ,  7 ,  18 ], and some are included in 
Table  42-1 . Around 90% of patients are seropositive before 
HSCT, indicating that reactivation of latent tissue cysts in 
previously infected individuals is the usual mechanism 
implicated, as has been demonstrated in AIDS patients. It is, 
thus, important to determine the patients’ serostatus prior to 
transplant. However, the disease may also develop in sero-
negative recipients from seronegative donors, suggesting 
that primary infection after transplant may also occur, and 
primary infections may be more severe than reactivations 
[ 46 ]. The disease usually begins early after transplant with 
95% of the cases occurring within the fi rst 6 months after the 
procedure, although late cases may occur, usually in patients 
with chronic graft-versus host disease (GVHD) requiring 
immunosuppressive treatment [ 7 ,  19 ]. Acute GVHD has 
been suggested as a possible predisposing factor for 
Toxoplasma disease, and in a study by the European Group 
for Blood and Marrow Transplantation (EBMT) [ 7 ] 77% of 
cases occurred in patients with moderate-to-severe acute 
GVHD or chronic GVHD. The  central nervous system 
(CNS)      is the main site of disease, but pneumonitis and myo-
carditis are also frequent fi ndings, particularly when the 
diagnosis is made at autopsy. In fact, myocarditis, nephritis, 
and involvement of other deep organs are rarely made clini-
cally but are frequent fi ndings at autopsy [ 4 ,  7 ,  20 ]. 

 Several recent patient series have added further insight 
into the importance of not overlooking this infection in this 
patient population (Table  42-1 ). A study from the Memorial 
Sloan-Kettering Cancer Center in New York described ten 
cases of disseminated toxoplasmosis among 463 patients 
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who received T-cell-depleted allogeneic bone marrow trans-
plantation (2.2% frequency) [ 10 ]. When compared with 
other studies this frequency appears to be high, especially 
when considering that the pretransplant seroprevalence was 
only 23% and that these patients had a very low incidence of 
moderate-to-severe GVHD. This experience suggests that 
T-cell depletion may be an independent risk factor for this 
infection, although a case-control study would be needed to 
confi rm this suspicion. Two other studies have been recently 
published by the EBMT Infectious Diseases Working Party 
[ 7 ,  21 ]. The fi rst study summarized the results of a survey 
among European transplant centers, which showed that this 
infection occurs almost exclusively after an allogeneic 
HSCT, with 41 cases diagnosed after 4391 allogeneic HSCT 
(frequency 0.93%) and none after 7097 autologous HSCT 
[ 21 ]. However, as previously stated, cases have been 
described after autologous HSCT. Additionally, we have 
recently seen a case of pulmonary toxoplasmosis 10 months 
after a CD34+-cell selected autologous HSCT, suggesting 
that T-cell depletion may also increase the risk after autolo-
gous transplants. 

 Toxoplasma encephalitis typically presents with focal 
neurologic abnormalities of subacute onset, frequently 
accompanied by  nonfocal signs and symptoms   such as 
headache, altered mental status, and fever. The most com-
mon focal neurologic sign is motor weakness, but patients 
may also present with cranial nerve abnormalities, speech 
disturbances, visual fi eld defects, sensory disturbances, cer-
ebellar signs, focal seizures, and movement disorders. 
Meningeal signs are very rare.  The   cerebral spinal fl uid may 
show slight mononuclear pleocytosis, increased protein, and 
normal glucose levels. Computed tomography (CT) brain 
scans often show multiple bilateral cerebral lesions that tend 
to be located at the corticomedullary junction and the basal 
ganglia. These lesions are generally hypodense and show 
ring enhancement after intravenous contrast injection. 
    Magnetic resonance imaging (MRI)   scans show lesions as 
high signal abnormalities on T2-weighted imaging, although 
other nonspecifi c space-occupying lesions may be seen [ 6 , 
 7 ]. MRI is more sensitive than CT in the early diagnosis of 
this infection [ 6 ]. 

 Toxoplasma  pneumonitis   may develop in the absence of 
extrapulmonary disease. Its clinical and radiologic features 
are nonspecifi c and may mimic interstitial pneumonitis due 
to other causes [ 22 – 24 ]. 

 Toxoplasma chorioretinitis appears surprisingly rare com-
pared to the incidence noted in the AIDS population, particu-
larly since many transplant programs utilize eye examination 
routinely pre- and posttransplant because of the incidence of 
chronic ocular GVHD posttransplant [ 25 ]. Interestingly, two 
cases of reactivation of  toxoplasma chorioretinitis   were 
reported in recipients of autologous transplants [ 26 ]. 

 Since toxoplasmosis is so diffi cult to diagnose histologi-
cally in these patients, noninvasive diagnostic tests would be 
of utmost importance. Isolation of the parasite from blood or 

body fl uids using rodents or cell culture techniques is time-
consuming, expensive, and is available only in few routine 
microbiology laboratories. In the HSCT recipient, the utility 
of serology is mainly to identify those at risk for developing 
toxoplasmosis posttransplant, since serologic studies post-
transplant are seldom of use.     Polymerase chain reaction 
(PCR) techniques   were developed for diagnosis of neonatal 
infections and for the noninvasive diagnosis of cerebral toxo-
plasmosis in patients with AIDS [ 27 ]. These techniques are 
applicable in blood, cerebrospinal fl uid (CSF), and bron-
choalveolar lavage (BAL); the usual samples that are avail-
able in HSCT recipients with this infection. However, PCR 
techniques are not standardized, and thus the results of pub-
lished studies are diffi cult to interpret. In AIDS, patients with 
brain lesions PCR in blood and CSF have a sensitivity of 
50–65% and a specifi city of 95–100% for toxoplasmosis 
[ 28 ]. Currently, however, the predictive values of any PCR 
technique for infectious agents in AIDS, HSCT recipients, 
and other patient populations depend mainly on the type of 
PCR and laboratory protocols used. However, many centers 
have developed and use a quantitative PCR with a level of 
detection as low as 20 parasites/mL, with parasite loads of 
>600/mL reported in most patients with toxoplasmosis [ 29 ]. 
In the EBMT study 46% of the patients with  Toxoplasma  dis-
ease and all six with infection had at least one positive PCR 
result, thus confi rming the widespread use of this diagnostic 
technology in clinical practice [ 7 ]. Particularly interesting 
are the patients with positive PCR tests from blood samples 
without evidence of disease [ 30 ]. These patients may repre-
sent a transitional state between the local reactivation of tis-
sue cysts into tachyzoites and the establishment of localized 
or disseminated tissue destruction by replicating tachyzoites 
favored by the intense cellular immunosuppression after 
transplant or during GVHD. This observation would be 
somehow similar to the early detection of  cytomegalovirus 
(CMV) infection   by PCR or the pp65 antigenemia test. 
Unlike the latter, however, the clinical signifi cance of detect-
ing  T. gondii  DNAemia is currently unknown. On the other 
hand, several cases of well- documented disseminated toxo-
plasmosis with negative serum PCR results have been 
described [ 20 ], and our patient with pulmonary toxoplasmo-
sis described earlier had a  negative PCR in blood samples but 
positive cytology and PCR in BAL samples. The earlier onset 
of  Toxoplasma  infection (median day 35, range 13–51) than 
disease (median day 64, range 4–516) in the EBMT study 
suggests that infection may indeed precede disease in many 
cases [ 7 ]. Thus, research efforts to establish the role of PCR 
in this setting are clearly warranted. Unfortunately, as with 
other PCR-based diagnostic tests for infectious diseases, the 
technique is not standardized, making comparisons between 
centers diffi cult unless a quality control is established [ 29 ]. 
Table  42-2  summarizes the published studies that analyze the 
potential role of screening peripheral blood (PB) samples 
for the early diagnosis and/or preemptive therapy of toxo-
plasmosis as of mid-2015. These studies emphasize the 
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 usefulness of this approach, provided a sensitive and specifi c 
quantitative PCR technique is readily available.

   Since histologically proven toxoplasmosis is a very 
diffi cult- to-obtain diagnosis, various levels of diagnostic cer-
tainty have been proposed, which will aid in the interpreta-
tion of further studies in this area [ 7 ]. Histologically defi ned 

cases are considered as defi nite cases of toxoplasma disease, 
PCR-defi ned cases as probable, and CNS imaging-defi ned 
cases as possible cases. Table  42-3  summarizes the modifi ed 
proposed EBMT defi nitions.

   In  HSCT recipients  , initial therapy for toxoplasmosis 
should be administered for at least 3 weeks and the total 

   TABLE 42-2.    Results of published studies that analyze the role of monitoring PB samples with a PCR for  Toxoplasma gondii  after HSCT   

 Author (references)  Number of patients 

 Percentage of 
seropositivity 
pretransplant (%) 

 Number of (percentage) 
toxoplasma infections in 
seropositive patients (PCR+) 

 Number 
(percentage) 
toxoplasma disease  Comments 

 Bretagne et al. [ 30 ]  32  75  3 (13)  0  7 samples studied in the fi rst 150 
days posttransplant 

 Janitschke et al. 
[ 12 ] 

 75  71  7 (13)  3 (5)  Serology was found to be 
useless in the diagnosis of 
infection and prediction of 
disease 

 Martino et al. [ 31 ]  106  100  16 (16)  6 (6)  Cord blood transplantation and 
noncompliance to 
cotrimoxazole prophylaxis 
were risk factors for infection 
and disease 

 Edvinsson et al. 
[ 32 ] 

 12 AlloHSCT/21 
AutoHSCT 

 30  2 (17)  1 (8) 

 Fricker-Hidalgo 
et al. [ 33 ] 

 70 AlloHSCT 
(none received 
prophylaxis) 

 57  9 (13) (PCR+ and IgM−)  4 (5.7)  1 seronegative patient developed 
disease 

 In the 4 patients with disease, 2 
had negative PCR but positive 
IgM serology, and 1 had 
positive serology before PCR 

 Confi rms that serology can be 
helpful in the appropriate 
setting 

 Daval et al. [ 43 ]  40 AlloHSCT  100  1 (4)  0  0/25 in pts on cotrimoxazole vs. 
1/15 (7%) in pts not on 
prophylaxis 

 In this study, french expert 
parasitologists validated a 
quantitative PCR with a 
validated competitive internal 
control 

 Meers et al. [ 44 ]  208 AlloHSCT 
(none received 
prophylaxis) 

 100  12 (6)  6 (3)  Risk factors for infection were 
myeloablative conditioning, 
especially with irradiation, 
and having a seronegative 
donor 

 Risk factor for disease was 
having a high parasitic load in 
PB 

 Caner et al. [ 45 ]  12 AutoHSCT 
 18 AlloHSCT 

 100  3 AutoHSCT (25) 
 4 AlloHSCT (22) 

 4 (10)  By two PCR methods, this study 
analyzed a sample of buffy 
coat from the infused stem 
cells, as well as 
posttransplantation 
monitoring 

 The 4 patients who developed 
disease had a positive PCR in 
the donor “buffy coat” 
samples analyzed; will 
require confi rmation in 
further studies 
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therapy duration should be continued until 4–6 weeks after 
all clinical evidences of toxoplasmosis resolves. The dosage 
of the medications utilized may need to be reduced or the 
regimen changed if side effects occur (primarily rash, diar-
rhea, or drug interactions). Extended therapy is with pyri-
methamine and sulfadiazine or pyrimethamine and 
clindamycin (Table  42-4 ). Most patients respond to one or 
another of these regimens and neurologic improvement of 
toxoplasma brain involvement usually occurs within 7 days. 
Because pyrimethamine is a folic acid antagonist the most 
common side effect is dose-related bone marrow suppres-

sion, and patients receiving pyrimethamine should be placed 
on daily oral dose of 10–15 mg of folinic acid (not folic 
acid), and have a complete blood count performed twice 
weekly. Other side effects of sulfonamides include fever, 
rash, and hepatitis.

   Data from  AIDS patients   suggest that prophylactic cotri-
moxazole is useful in minimizing the risk of reactivation of 
toxoplasmosis, although there are well-reported cases of 
toxoplasmosis breaking through cotrimoxazole prophylaxis 
in marrow transplant recipients [ 4 ,  5 ]. Suboptimal dosing 
may have contributed to some of these “breakthrough” 

   TABLE 42-3.    EBMT-IDWP defi nitions for toxoplasmosis after hematopoietic stem cell transplantation (modifi ed from [ 7 ])   

 Toxoplasmosis disease defi nite toxoplasmosis  Histologic or cytologic demonstration of tachyzoites in tissue samples obtained either by biopsy, 
bronchoalveolar lavage (BAL), or at autopsy. Isolation of the parasite by culture in these 
samples would be evidence of disease 

 Probable toxoplasmosis (PCR-documented) 
(rarely, positive IgM serology) 

 Clinical and radiologic evidence suggestive of organ involvement plus at least one positive PCR 
test from blood, CSF, and/or BAL, but no histologic confi rmation and absence of another 
pathogen, which may explain the fi ndings 

 In patients capable of mounting a humoral immune response, positivity of  T. gondii  IgM 
(irrespective of IgG results) with negative PCR in a compatible clinical scenario also represents 
probable disease [ 33 ] 

 Possible toxoplasmosis (imaging-documented)  CT or MRI highly suggestive of CNS toxoplasmosis (as considered by each hospital’s 
neuroradiologists) and response to antitoxoplasma therapy, but no laboratory evidence of 
toxoplasmosis and absence of another pathogen which may explain the fi ndings 

 Toxoplasmosis infection  Positive PCR in blood in a patient without any evidence of organ involvement or seroconversion 
(positive IgM serology) for  Toxoplasma gondii  after transplant in a previously seronegative 
patient (with or without fever) 

   Abbreviations :  CT  computerized tomography scan,  MRI  magnetic resonance imaging,  CNS  central nervous system,  PCR  polymerase chain reaction for 
 Toxoplasma gondii.   

     TABLE 42-4.    Suggested treatment and prophylaxis for toxoplasmosis in HSCT recipients   

 Treatment  Dose 

 Pyrimethamine ( plus  folinic acid)  Oral, 200 mg loading dose, then 50–75 mg q.d. (folinic acid, oral, or IV 10 to 
mg q.d.) 

  Plus one of the following  

 Sulfadiazine  Oral, 1–1.5 g q 6-8 h 

  Or  

 Clindamycin  Oral or IV, 600 mg q6h 

 Prophylaxis  Dose 

 Trimethoprim  plus  sulfamethoxazole a   2 double-strength tablets (160/800 mg) per day, 3 days per week 
 or 
 1 double-strength tablet (160/800 mg) per day, 4–5 days per week 
 or 
 1 standard-dose tablet (80/400 mg) daily 

  Or  

 Pyrimethamine and sulfadoxine (Fansidar) a   2–3 tables per week 

 Dapsone a   100 mg daily 

 Atovaquone a   1500 mg daily 

 If the above cannot be given, there is in vitro and anecdotal clinical evidence for the following alternatives [ 34 ] 

 Spiramycin  Daily 25–50 mg/kg/day, maximum 2–3 g/day 

 Azithromycin  250–500 mg 3 days per week 

   a Also effective for  Pneumocystis jirovecci  pneumonia prophylaxis, and possibly listeriosis, nocardiosis and, in some geographic areas, partly effective in 
preventing gram positive cocci and gram negative bacillary (enterobacterial and non-glucose fermenting) infections [ 47 ]. The dose can be reduced in 
patients with mild renal insuffi ciency.  
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 infections. In a recent review of 47 patients with break-
through toxoplasmosis, 37 of whom were on cotrimoxazole 
prophylaxis, indirect observations suggested a signifi cantly 
lower effi cacy of prophylaxis in regimens that use the drug 
less than three times a week. Thus, using either 1 standard-
dose tablet (80/400 mg) daily or double-strength tablets 
(160/800 mg) 3 or more days per week is the recommended 
dosing [ 47 ], as shown in Table  42-4 . 

 One study in marrow transplant recipients of pyrimeth-
amine and sulfadoxine (Fansidar) described no proven cases 
of toxoplasmosis in 69 patients receiving this regimen; addi-
tionally, no cases of  Pneumocystis   jirovecci  pneumonia were 
reported [ 16 ]. Other less well-studied alternatives include 
dapsone, atovaquone, and azithromycin. Table  42-4  describes 
the recommended prophylaxis in seropositive patients. 

 The prognosis of this infection has been considered to be 
very poor based on the limited published data, with nearly 
90% of patients dying from toxoplasmosis (see Table  42-1 ). 
This contrasts with the 70–80% response rates observed in 
patients with AIDS. However, the results from the New York 
and the EBMT studies suggest that, if appropriately treated, 
up to 60% of patients may show clinical–radiologic improve-
ment or even a complete response. This highlights the impor-
tance for a high index of suspicion for toxoplasmosis in 
immunocompromised patients for the appropriate diagnostic 
tests and for starting therapy as soon as possible. Of utmost 
importance is knowing the  patients’ serology pretransplant  , 
since the risk of toxoplasmosis in seronegative recipients 
appears to be very low. However, seronegative patients may 
also develop toxoplasmosis, either through infection from 
the donor or primary infection after transplant [ 12 ].    
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   Toxoplasmosis After Solid Organ Transplantation                     
     Jose     G.     Montoya       and     Carlos     A.     Gomez     

43.1           Introduction 

 The intracellular parasite  Toxoplasma gondii   infects   over 
one billion humans worldwide and causes disease that can 
result in signifi cant morbidity and mortality [ 1 ]. The term 
“toxoplasmosis” should be reserved for the symptomatic 
patient who is ill due to a recently acquired infection (pri-
mary infection) or reactivation of a previously acquired 
infection (chronic or latent infection). Some investigators 
also refer “toxoplasmosis” as toxoplasma disease [ 2 ]. In 
contrast, the term “ Toxoplasma  infection” is best used for the 
chronically infected, asymptomatic patient. Over the past 15 
years, the epidemiology and our understanding of the para-
site have changed considerably. Most notably, untreated 
water and raw shellfi sh are now recognized as potential vehi-
cles of  T. gondii  transmission [ 3 ,  4 ] and certain strains of the 
parasite appear to be associated with more severe forms of 
illness [ 5 ]. Early in the transplantation era, toxoplasmosis 
was recognized as a life-threading opportunistic infection in 
SOT recipients [ 6 ,  7 ]. Recently, new studies have contrib-
uted to a better understanding of risk factors for toxoplasmo-
sis in SOT especially in non-cardiac recipients [ 8 ,  9 ]. 

 As a result of their signifi cant immune compromise, 
patients with organ transplants are at a greater risk of devel-
oping the most severe forms of toxoplasmosis and, if 
untreated or diagnosed late, they may die as a result of the 
disease. SOT-recipients may develop toxoplasmosis by pri-
mary infection (primarily acquired orally or via the trans-
planted organ) or reactivation of  T. gondii  acquired prior to 
transplantation. In seronegative SOT-recipients, transplant 
programs should provide patients with educational material 
regarding preventive measures to decrease the risk of pri-
mary toxoplasma infection. 

 The presence of traditional  epidemiologic risk factors   for 
acute infection (e.g., ingestion of undercooked meat, owner-
ship of cats) or even history of an illness suggestive of toxo-
plasmosis are not sensitive tools to determine whether a 
patient should be tested for  Toxoplasma  infection or toxoplas-
mosis [ 10 ]. More than 50% of individuals infected with  T. 
gondii  do not recall experiencing a syndrome consistent with 

toxoplasmosis, and a similar percentage have never been 
exposed to the risk factors traditionally associated with acute 
infection. Thus, to establish whether toxoplasmosis should be 
included in the differential diagnosis of SOT- patients,  T. gon-
dii  serologic screening should be performed in each transplant 
candidate and organ donor, in the pre- transplant period, 
regardless of risk assessed by a careful medical history.  

43.2     Etiologic Agent 

 Three primary  forms   of the parasite can be easily identifi ed 
in nature: the tachyzoite, the tissue cyst (containing bradyzo-
ites), and the oocyst (containing sporozoites) (Figure  43-1 ). 
The tachyzoite is oval to crescent-shaped, measures 2–3 μm 
wide and 5–7 μm long, and is responsible for the clinical 
manifestations observed in patients with toxoplasma disease. 
The tissue cyst measures up to 100 μm in diameter and is 
responsible for chronic infection. It is transmitted to humans 
via consumption of undercooked meat or transplantation of 
an organ. In humans, this dormant phase can be found in dif-
ferent organs (e.g., heart, liver, kidney, skeletal muscle, eye, 
and brain) and does not cause symptoms to occur unless it is 
reactivated by a signifi cant impairment in T-cell and/or 
B-cell-mediated immunity. To produce symptoms, the 
bradyzoites contained inside the tissue cyst must undergo a 
series of metabolic and structural changes, driven by the fail-
ing immune system, to transform into tachyzoites. In immu-
nocompetent individuals, tissue cysts can rupture 
spontaneously and release bradyzoites that are rapidly 
cleared by specifi c anti- Toxoplasma  immunity and therefore 
almost never lead to clinical symptoms [ 11 ,  12 ]. In organs 
from donors with chronic  T. gondii  infection, tissue cysts can 
be transmitted within the transplanted organs. In seronega-
tive SOT-recipients, tissue cysts embedded in the trans-
planted organ from seropositive donors have the potential 
for rupture leading to uncontrolled infection. The latter is 
aggravated in the context of high-degree immunosuppres-
sion that follows organ transplantation.
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   Oocysts are shed by all members of the feline family, mea-
sure 10–12 μm in diameter in the unsporulated form, and are 
responsible for the transmission via infected feline feces, 
vegetables, water, gardening, and contaminated soil. An 
infected feline may shed as many as ten million oocysts in a 
single day. Sporulation is required for oocysts to become 
infectious and occurs outside the cat within 1–5 days depend-
ing on temperature and oxygen availability. Sporulation is 
more rapid at warm temperatures (2–3 days at 24 °C com-
pared to 14–21 days at 11 °C). Oocysts may remain viable 
for as long as 18 months in moist soil, resulting in an envi-
ronmental reservoir from which incidental hosts may be 
infected (Figure  43-1 ). 

 Although one major determinant for the severity of toxo-
plasmosis is the integrity of the cell-mediated immune sys-
tem, genetic differences among strains may explain the wide 
range of clinical manifestations observed between different 
locales [ 13 – 21 ]. In South America, for example, a more 
aggressive and lethal form of toxoplasmosis has been associ-
ated with unique strains (type I, III, and atypical strains). 
These virulent strains are rarely found in Europe (where type 
II strains are predominantly found) [ 5 ,  16 ,  22 – 25 ]. 
Disseminated disease, pneumonia, and even death have been 
observed in immunocompetent individuals infected with this 

 T. gondii  strain in South America. These emerging and more 
virulent strains have potentially serious implications for 
transplant patients who travel to or receive organs from indi-
viduals from those areas.  

43.3     Life Cycle 

 Domestic  an  d feral cats, small and large, are the defi nitive 
hosts of  T. gondii . They can be infected with any of the pri-
mary forms of the parasite (tachyzoites, tissue cysts, or 
oocysts). Once in their small intestine, the parasite under-
goes asexual or sexual (gametogony) reproduction. Oocysts 
are subsequently excreted via the feces in the order of mil-
lions per day. Humans and other animals (e.g., mammals, 
chickens, etc.) are incidental hosts and can be infected by 
ingesting meat (containing tissue cysts) or other food, soil, or 
water (containing oocysts). An epidemiologic study in the 
USA revealed that an elevated risk for recent  T. gondii  infec-
tion was associated with the following factors: eating raw 
ground beef; eating rare lamb; eating locally produced cured, 
dried, or smoked meat; eating raw oysters, clams, or mus-
sels; working with meat; drinking unpasteurized goat milk; 
and having three or more kittens [ 4 ]. Oysters, clams, and 

  FIGURE 43-1.    Main forms of  T. gondii  as found in nature ( arrows ). Tachyzoites ( a ), tissue cysts ( b ) containing bradyzoites and oocysts ( c ) 
in their sporulated and nonsporulated forms.       
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mussels have been shown to carry  T. gondii  under experi-
mental conditions and act as fi lter feeders that concentrate on 
the parasite [ 26 ,  27 ]. Moreover,  T. gondii  oocysts remain 
viable in various species of shellfi sh under natural conditions 
[ 28 ,  29 ]. The US study was unable to explain the risk in 48% 
of the infections and was consistent with data from another 
multicenter study performed in Europe [ 30 ]. Patients may be 
unaware of their exposures or may have diffi culty recalling 
specifi c risk behaviors. 

 Drinking untreated or unfi ltered water has emerged as an 
important risk factor for  T. gondii  acquisition in humans and 
other animals (e.g., sea otters) in several countries including 
Canada, Brazil, Turkey, and Colombia [ 31 – 33 ]. In the afore-
mentioned US study, there was a trend toward drinking 
untreated water being a risk factor associated with acute 
 Toxoplasma  infection. Some people in the USA are probably 
infected by ingesting water contaminated with oocysts.  

43.4     Epidemiology 

 The seroprevalence  f  or  T. gondii  infection increases with 
age and varies considerably by locale and socioeconomic 
strata [ 34 ]. The overall age-adjusted seroprevalence in the 
USA is around 10% but can be as high as 30% in the 
Northeast region and higher in certain ethnic groups [ 35 ]. 
Similarly, in the HIV population, the seroprevalence of 
latent toxoplasma infection ranges from 10% to 45% in the 
USA. [ 36 ]. In the recent decade, a decline in the U.S.-
prevalence of  T. gondii  infection has been reported among 
US born persons amongst 12–49 years of age. In this group, 
the age-adjusted seroprevalence decreased from 14.1% in 
1988–1994, to 9.0% in 1999–2004, to 6.7% in 2009–2010 
[ 37 ,  38 ]. Nonetheless,  T. gondii  seroprevalence has substan-
tial geographical variation with higher prevalence (>50%) 
in Western Europe and South American countries [ 34 ,  39 –
 41 ]. As a more signifi cant participation in the donor-pool is 
expected in the next decades for foreign-born organs donors, 
these  T. gondii  seroprevalence disparities may become rel-
evant for transplant programs. 

 Solid organs from infected donors (D+) can carry and 
transmit the parasite to their recipients.  Toxoplasma  sero-
negative recipients (R−) are at greater risk of developing 
toxoplasmosis when they receive these organs but not receive 
prophylaxis against the parasite. As the heart is a recognized 
site of encystation for  T. gondii , the risk of toxoplasmosis 
following SOT is higher in heart transplant—especially in 
mismatched (D+/R−) compared with other SOT-recipients. 
In a historical cohort, at Stanford University Medical Center, 
25% of D+R− patients developed or died from toxoplasmo-
sis because none of them received prophylaxis. The risk of 
toxoplasmosis in a given transplant program will vary con-
siderably according to the seropositivity of their recipients 
and donors as well as the degree of exposure that seronega-
tive patients have to  T. gondii . 

 We advocate for global screening for  Toxoplasma  antibod-
ies in patients considered for SOT, although this practice var-
ies across different countries due to differences on the 
incidence rate of toxoplasmosis. For instance, serologic 
screening for toxoplasmosis is mandatory in France and 11 
European countries whereas this practice varies across trans-
plants centers in the USA [ 42 ]. Adequate planning for effec-
tive chemoprophylaxis against toxoplasmosis relies in the 
recognition, at the time of transplantation, of cases of D+R− 
mismatches, particularly for heart transplant recipients. 
Indeed, rapid availability of  toxoplasma  pre-transplant serol-
ogies is desirable in cases where the transplant clinician face 
severely ill SOT-recipients in whom toxoplasmosis is being 
considered in the differential diagnosis. Hence, for solid 
organ transplants, the D+R− high-risk patients should be 
identifi ed prior to transplantation. Pre-transplant seroposi-
tive SOT-patients (R+) are also at risk for toxoplasmosis (by 
reactivation) following transplantation. 

 Serologic testing after transplantation to establish risk of 
disease or to determine if the patient has developed toxoplas-
mosis is potentially misleading; as post-transplant patients 
may see their serologies rise or change without necessarily 
indicating that they have toxoplasmosis disease. In addition, 
their serologies may not change, become negative, or remain 
negative in the setting of toxoplasmosis [ 43 ] (Table  43-1 ).

43.5        Heart Transplantation 

 In a recent  multicent     er, matched-case control study con-
ducted between 2000 and 2009, the overall incidence of 
toxoplasmosis following SOT was 0.14%. Heart transplant 
recipients had a higher incidence of post-transplant toxoplas-
mosis (0.61%) compared with lower rates in kidney (0.08%) 
and liver transplant recipients (0.08%) [ 8 ]. In this study, a 
negative  T. gondii- serostatus prior to transplantation was the 
only independent risk factor associated with toxoplasmosis. 
However, the incidence of toxoplasmosis in the group of 
seronegative heart transplant recipients can range from 25% 
to 75% in the absence of effective toxoplasma prophylaxis 
[ 44 – 46 ]. For instance, at Stanford University Medical Center 
results of serologic testing for toxoplasma were available 
prior to transplant for 575 D/R pairs; of these, 454 (79%) 
were D−R−, 84 (14.6%) D−R+, 32 (5.6%) D+R−, and 5 
(0.8%) D+R+. Of the 32 D+R− heart transplant recipients, 
16 received TMP-SMX and/or pyrimethamine and none 
developed toxoplasmosis. In contrast, 4 (25%) of the 16 
D+R− patients who were not taking either TMP-SMX or 
pyrimethamine developed toxoplasmosis, and all died of the 
infection. Of note, none of the 98 who were seropositive 
patients for  T. gondii  prior to transplantation developed clini-
cal evidence of toxoplasma reactivation [ 46 ]. In a landmark 
study performed at Papworth Hospital in England, Wreghitt 
et al. implemented a protocol of prophylactic pyrimethamine 
for all heart transplant recipients with  T. gondii  mismatches 
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(D+R−). Before the study, out of the fi rst 65 heart transplant 
cases in the program, 7 were  T. gondii  mismatches (D+/R−), 
4 (57%) developed toxoplasmosis, and 2 patients died. After 
the institution of the protocol, 5 of 37 (14%) patients whom 
were given prophylactic pyrimethamine developed toxoplas-
mosis disease; only one was symptomatic, and none died 
[ 47 ]. Later, many studies corroborated the effi cacy of trime-
thoprim/sulfamethoxazole (TMP-SMX) regimens used for 
prevention of   Pneumocystis  pneumonia (PCP)  , in the pre-
vention of toxoplasmosis in mismatched heart transplant 
recipients [ 45 ,  48 – 51 ]. However, the optimal length and dos-
ing regimen of TMP-SMX prophylaxis for prevention of 
toxoplasmosis in high-risk heart transplant recipients 
(D+R−) remain unclear (Table  43-1 ). Toxoplasmosis in the 
heart transplant recipient usually occurs in the fi rst 3 months 
following transplantation and consists of fever, pneumonitis, 
encephalitis, and myocarditis. Overwhelming  T. gondii  myo-
cardial reactivation can simulate organ rejection and has 
been diagnosed through endomyocardial biopsy [ 52 ].  

43.6     Kidney Transplantation 

 Awareness about the risk  of      toxoplasmosis disease in renal 
transplant recipients was raised since the fi rst reported case 
in 1966 [ 53 ], to which was followed by sporadic cases 
within the early era of transplantation [ 54 ,  55 ]. Nonetheless, 
toxoplasmosis following renal transplantation remains 
uncommon, with incidence of 0.08% in one recent multi-
center case-control study from Spain [ 8 ]. Renoult et al. 
reported six cases of toxoplasmosis in 373 consecutive kid-
ney transplant recipients in France, from 1989 to 1995 (inci-

dence of 1.6%) [ 56 ]. In the fi rst 390 consecutive kidney 
transplant cases performed at that program, 68.1% were 
seropositive for  T. gondii  prior to transplantation (R+) .  Only 
two of 124  toxoplasma- seronegative recipients acquired 
toxoplasmosis in the post-transplant period; in both cases, 
the infection was disseminated. An additional review of 31 
cases reported in the literature, revealed that the vast major-
ity of cases developed signs of toxoplasmosis within the 
fi rst 3 months post- transplantation, with only two cases 
occurring >1 year after transplantation. The most common 
clinical presentation was fever, pneumonitis, and general-
ized neurologic signs  (headache, confusion, lethargy, and 
coma). Unfortunately, in 15 cases the diagnosis was per-
formed post-mortem and the mortality rate was 64.5%. 
Acquisition of the infection through a  T. gondii- infected-
organ was the most common source of transmission [ 56 ]. 
Indeed, toxoplasmosis in kidney transplant recipients occurs 
mainly by allograft transmission from a seropositive donor, 
although reactivation of latent infection or primary  T. gondii  
infection from environmental sources is also possible [ 57 , 
 58 ]. In a series of 34 cases of kidney transplant recipients 
with toxoplasmosis, the allograft was the source of infection 
in 12 patients (35%) [ 9 ]. Moreover, cases of fatal toxoplas-
mosis in seronegative renal recipients transmitted by 
allografts derived from a single- donor with IgG/IgM profi le 
indicative of recent  T. gondii  infection have been reported 
[ 56 ,  59 ]. Although rare, toxoplasmosis disease can occur 
upon discontinuation of TMP- SMX (used for  Pneumocystis 
jirovecii  prophylaxis )  6 months following SOT [ 60 ] (Table 
 43-1 ). Septic shock and chorioretinitis have been reported 
as the presenting manifestations of toxoplasmosis in kidney 
transplant recipients [ 61 – 63 ].  

      TABLE 43-1.    Toxoplasmosis in the setting of solid organ transplantation (SOT)   

 Type of organ 
 Most common sources of toxoplasma 
infection a   Risk of toxoplasmosis 

 Recommended 
prophylaxis 

 Recommended duration 
of primary  Toxoplasma  
prophylaxis 

 Heart/heart–lung  Primary infection via the transplanted 
organ (D+R−) 

 Higher in mismatched D+R−  TMP-SMX 
  or  
 Pyrimethamine 
  or  
 Atovaquone 

 1 year b  

 Kidney, liver, and 
multivisceral c  

 − Reactivation of latent infection in 
seropositive recipients (D−R+  or  
D+R+) 

 − Primary infection with  T. gondii  
from environmental sources 

 − Higher in R(+) with high degree of 
immunosuppression 

 − Lower in mismatched D+R− 

 TMP-SMX 
  or  
 Atovaquone 

 1 year b  

  Adapted from [ 9 ,  42 ,  103 ]. 
  TMP-SMX:  trimethoprim/sulfamethoxazole. 
  a The sources of toxoplasmosis in SOT patients are: (1) Reactivation from latent toxoplasmosis infection in a previously infected recipient (R+). (2) Primary 
infection via the allograft in a previously uninfected recipient (D+R−). (3) Primary infection in a previously uninfected recipient (R−) acquired in the post-
transplant period. 
  b Consider prolonging prophylaxis in SOT-recipients who receive antilymphocyte therapies, have concomitant CMV disease, who develop PCP or have 
undergone treatment for acute allograft rejection. 
  c Includes pancreas and small-bowel transplantation.  

J.G. Montoya and C.A. Gomez



785

43.7     Liver, Pancreas, and Multivisceral 
Transplantation 

  Toxoplasmosis  has been extensively reported in  liver trans-
plant recipients   in the context of both primary infection—
mainly transmitted through infected allografts harboring  T. 
gondii —and reactivation from latent  toxoplasma  infection 
[ 9 ,  64 – 78 ]. Nonetheless, toxoplasmosis remains an uncom-
mon complication following liver transplantation. In a cohort 
of 4872 liver transplant recipients who were followed by 9 
years (2000–2009), only 4 (0.08%) developed toxoplasmosis 
[ 8 ]. Similar to kidney transplant recipients, the most com-
mon manifestations of toxoplasmosis in liver recipients are 
fever, pneumonitis, and multisystem organ failure; although 
cases of chorioretinitis and fatal sepsis have been reported 
[ 9 ,  63 ,  73 ,  74 ,  77 ]. Most patients developed toxoplasmosis 
within the fi rst 30 days post-transplantation. The mortality 
rate remains disproportionally high (9 out of 15 patients, 
60%) in a recent case-series, and it is intrinsically associated 
with timely diagnosis [ 9 ] (Table  43-1 ). Toxoplasmosis in 
 recipients   of pancreatic allografts has been reported alone 
[ 79 ] or in the context of multivisceral transplantation [ 76 , 
 80 ]. A case of fatal-disseminated toxoplasmosis in a highly 
immunosuppressed small-bowel transplant recipient demon-
strated high-burden disease in both the allograft (jejunum 
and ileum) and native GI tract (esophagus, duodenum, and 
colon) [ 9 ].  

43.8     Immune Response of the Host 

 The combination of innate,  humor  al, and cellular immune 
responses is responsible for controlling both primary and 
latent infections as well as preventing reactivation. As  T. gon-
dii  is capable of invading any nucleated cell, it provokes an 
intense pro-infl ammatory response that evokes a fi ne regula-
tion of multiple immune effectors and their signaling path-
ways [ 81 ]. Macrophages, enterocytes, dendritic cells, natural 
killer cells, T cells, TH1 cytokines (e.g., IFN-γ and IL-12), 
tumor necrosis factor-α (TNF-α), costimulatory molecules 
(e.g., CD28 and CD40 ligand), immunoglobulins, and key 
component of the innate immune system—reactive oxygen 
species (ROS) and nitric oxide species (NOS)—are crucial 
for the effective clearance of tachyzoites from peripheral 
blood, their conversion to bradyzoites, control of the parasite 
burden, and subsequent formation of cysts in different tissues 
[ 81 ]. Moreover,  Toxoplasma  exhibits inhibitory properties 
over the apoptotic signaling in infected cells and interferes 
with the NF-κβ pathways [ 82 ,  83 ]. Immunity in the immuno-
competent host has been found to be indefi nite probably due 
to the occasional rupture of individual tissue cysts that pro-
voke a continuous stimulation of the immune system [ 84 ]. 

 The greater the defect in T cell-mediated immunity in a 
transplant patient, the higher the risk for reactivation of 

latent  T. gondii  infection (i.e., D+/R− heart transplant recipi-
ent with enhanced immunosuppression due to acute rejection 
is at higher risk than a kidney transplant patient).  

43.9     Genetic Susceptibility 

 Certain human leukocyte antigen (HLA)  t  ypes have been 
associated with a greater susceptibility to develop central 
nervous system toxoplasmosis. The major histocompatibility 
complex (MHC) class II gene DQ3 (HLA-DQ3) has been 
signifi cantly associated with the development of toxoplas-
mic encephalitis (TE) in North American Caucasian AIDS 
patients [ 85 ] and with the development of hydrocephalus in 
children with congenital toxoplasmosis [ 86 ]. The HLA- 
DQB*0402 and DRB1*08 alleles were associated with a 
high risk of developing TE in South American Caucasian 
AIDS patients [ 86 ]. 

 These studies addressing host genetic susceptibility have 
not been performed in transplant patients, but they may 
explain why only 25% of high-risk (D+R−) heart transplant 
patients [ 46 ], and 38% of HSCT patients with previous expo-
sure to  Toxoplasma  [ 87 ], develop toxoplasmosis when they 
do not receive prophylaxis.  

43.10     Clinical Manifestations 

 Toxoplasmosis can result from symptomatic primary infec-
tion or reactivation of a previously acquired latent infection. 
Ninety percent of primary  T. gondii  infections are asymp-
tomatic. Therefore, transplant donors and recipients may 
have been infected without their knowledge (and, as previ-
ously stated, without conventional risk factors for acute 
infection). 

43.10.1     Acute Toxoplasmosis 

 Symptomatic primary infection  m  ay manifest as a painless, 
nonsuppurative lymphadenopathy. Fever, malaise, and visual 
symptoms (with retinal involvement) may also be present 
alone or in combination. Ocular toxoplasmosis causes reti-
nochoroiditis and can result in blurred vision, eye pain, 
decreased visual acuity, fl oaters, scotoma, photophobia, or 
epiphora. Other less common, but well-documented, syn-
dromes have been associated with acute infection including 
hepatitis, myositis, and myocarditis. More aggressive dis-
ease including pneumonia, brain abscesses, and death has 
been observed in immunocompetent patients in South 
America. These geographical peculiarities in clinical mani-
festations may be relevant for the transplant patient who 
becomes ill after traveling to those areas. 

 Acute toxoplasmosis in immunocompromised patients is 
rare but has been described in heart, liver, and kidney trans-

43. Toxoplasmosis After Solid Organ Transplantation



786

plants when seropositive donors transmit the parasite to 
seronegative recipients via the infected organ [ 8 ,  9 ,  42 ]. In 
this setting, syndromes such as fever, sepsis, pneumonia, 
brain abscesses, and chorioretinitis have been reported.  

43.10.2     Reactivation of Latent Infection 

 In most individuals, primary infection  i  s followed by a 
chronic phase during which the parasite appears to be dor-
mant. Clinically meaningful reactivation is not observed in 
immunocompetent individuals. However, in patients with 
signifi cantly impaired cell-mediated immunity,  T. gondii  
can reactivate and cause encephalitis, chorioretinitis, fever 
of unknown origin, pneumonia, myocarditis, hepato-
splenomegaly, lymphadenopathy, and rash. Although mul-
tiple brain abscesses are commonly described in patients 
with  toxoplasma encephalitis (TE) (  Figure  43-2 ), diffuse 
encephalitis without space-occupying lesions by MRI has 

been reported with a very high case fatality rate. Fever 
with pneumonia can be the sole manifestation of toxoplas-
mosis in immunocompromised patients including SOT 
and HSCT. Toxoplasmic pneumonitis can present with 
cough, dyspnea, hypoxia, and diffuse bilateral or localized 
infi ltrates.

   In the vast majority of patients, toxoplasmosis in the set-
ting of HSCT is the result of reactivation of an infection 
acquired in the distant past. A pre-transplant seronegative 
HSCT patient has a very low risk of toxoplasmosis in the 
fi rst 100 days of the post-transplant period [ 2 ,  87 ,  88 ]. 
Toxoplasmosis in allogeneic HSCT patients is most likely 
the result of reactivation of a previously acquired infection 
and occurs more frequently in those who have developed 
GVHD; in autologous HSCT-patients reactivation occurs 
rarely (see Chap. 42. Toxoplasmosis after Hematopoietic 
Stem Cell Transplantation). 

 Toxoplasmosis in heart transplant patients is most likely to 
occur in the setting of a D+R− mismatch. Most common clini-
cal presentation of toxoplasmosis in heart transplant recipients 
includes fever, myocarditis, encephalitis, pneumonitis, and 
multi-organ dysfunction [ 8 ,  42 ,  44 ,  46 ,  89 – 91 ].  Toxoplasma 
retinitis  , overwhelming sepsis, and asymptomatic seroconver-
sion in heart transplant recipients have been reported [ 63 ,  90 , 
 92 ]. In a large case-series that include non- cardiac SOT recipi-
ents (kidney, liver, pancreas, and multivisceral organ trans-
plants), toxoplasmosis manifested most commonly with fever 
(77%), respiratory manifestations (29%), neurological dys-
function (26%), bone morrow suppression (26%), and chorio-
retinitis (10%) [ 9 ]. Of note, 85% cases developed disseminated 
disease, most commonly affecting lungs, brain, bone morrow, 
and central nervous system [ 9 ].   

43.11     Laboratory Diagnosis 

  Available laboratory  m  ethods for the diagnosis of toxoplas-
mosis include direct visualization of the parasite by Wright–
Giemsa or immunoperoxidase stains, serologic tests, 
polymerase chain reaction (PCR), and parasite isolation [ 93 ] 
(Table  43-2 ). In SOT-recipients with suspicion for dissemi-
nated  toxoplasma  disease, detection of  T. gondii  by micros-
copy and/or PCR, can be attempted in several body 
compartments such as peripheral blood, bronchoalveolar 
fl uid (BAL), cerebrospinal fl uid (CSF), vitreous fl uid, ascitic 
fl uid, pleural fl uid, bone morrow aspirates, and histologic tis-
sue sections. Of note, conventional stained tissue sections 
(e.g., hematoxylin and eosin stain) hardly demonstrate 
tachyzoites. This limitation is easily overcome by the use of 
immune-peroxidase stain, which uses antisera to  T. gondii . 
The immune-peroxidase methods are highly sensitive and 

  FIGURE 43-2.    Contrast-enhanced brain MRI. Fifty-two years old 
liver transplant recipient (R−) with unknown donor toxoplasma 
serostatus, showing multiple ring-enhancing lesions suggestive of 
central nervous system toxoplasmosis. Diagnosis of toxoplasma 
encephalitis (TE) was established by positive polymerase chain 
reaction (PCR) in the cerebral spinal fl uid (CSF).       
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specifi c; and can be applicable to unfi xed or formalin-fi xed 
paraffi n-embedded tissue sections [ 94 ].

   The symptoms and/or conventional epidemiologic factors 
associated with acute  T. gondii  infection are often absent in 
patients who have been already infected. Thus, if it is clini-
cally important to establish an exposure to  T. gondii , routine 
serologic or other tests should be performed regardless of the 
present illness or epidemiologic history. 

43.11.1     Diagnosis of Latent  T. gondii  
Infection 

 Because toxoplasmosis is usually associated with high mor-
bidity and mortality (particularly when diagnosed late), does 
not have pathognomonic clinical manifestations, and can be 
treated effectively if diagnosed early, each transplant candi-
date and donor should be tested before transplantation for  T. 
gondii- specifi c IgG and IgM. Initial serologic testing for  T. 
gondii- specifi c IgG and IgM antibodies can be performed at 
nonreference or commercial laboratories, but all positive or 
equivocal IgM test results should be sent to a reference labo-
ratory (e.g., Palo Alto Medical Foundation  Toxoplasma  
Serology Laboratory, PAMFTSL; Palo Alto, CA;   http://
www.pamf.org/serology/    ;+1-650-853-4828; Toxolab@
pamf.org). Transplant candidates and donors that are 
 Toxoplasma  IgG and IgM negative do not have serologic evi-
dence of prior exposure to  T. gondii  and should be consid-
ered to be at extremely low risk for developing toxoplasmosis. 

Transplant candidates and donors who are  Toxoplasma  IgG 
positive and IgM negative have been infected for at least 3 
months and are at risk for  Toxoplasma  reactivation if they are 
liver, kidney, pancreas, multivisceral, or HSCT transplant 
recipients. Reactivation in heart, heart–lung, and lung trans-
plant recipients occurs rarely. Donors who are IgG positive 
and IgM negative, however, pose a serious risk to their sero-
negative ( Toxoplasma  IgG and IgM negative) recipients 
(D+R− mismatch) in the setting of heart, heart–lung, liver, 
kidney, and kidney–pancreas transplants.  

43.11.2     Diagnosis of Acute  T. gondii  
Infection and Toxoplasmosis 

 Serologic test results consistent with a recently acquired 
infection are diagnostic of acute  T. gondii  infection and 
highly suggestive of toxoplasmosis in the symptomatic 
patient but are seldom found in the transplant population. 
However, an attempt to establish whether the transplant 
patient has a recently acquired infection should always be 
attempted by testing the patient’s serum for  T. gondii-  specifi c 
IgG and IgM antibodies prior to transplantation. If serologi-
cal testing is performed after transplant, results should be 
interpreted in light of the results obtained in the pre- transplant 
period. Acute infection or toxoplasmosis should be suspected 
in any patient with an equivocal or positive result in any IgM 
antibody test. A reference laboratory should confi rm whether 
a positive IgM antibody test result is indicative of a recently 

   TABLE 43-2.    Laboratory diagnosis of toxoplasmosis in transplant patients   
  

  Identifi cation of tachyzoites by microscopy  

 Wright–Giemsa and  T. gondii -specifi c immunoperoxidase stains of any body fl uid or a “touch” preparation slide of any tissue or biopsy specimen 

  Identifi cation of tissue cysts in histopathology samples  

 Hematoxylin and eosin or  T. gondii -specifi c immunoperoxidase stains of any tissue or biopsy specimen. Numerous cysts or an associated strong 
infl ammatory response is highly suggestive of toxoplasmosis and not simply  T. gondii  infection 

  Polymerase chain reaction  

  T. gondii  DNA amplifi cation of the  B1  gene or REP-529 multicopy gene. PCR can be performed in any body fl uid including peripheral blood, 
cerebrospinal fl uid, bronchoalveolar lavage fl uid, vitreous fl uid, aqueous humor, and peritoneal, pleural, or ascitic fl uids. PCR can also be performed 
in tissues, but this method has not been standardized 

  Serologic tests consistent with a recently acquired T. gondii infection  

 All transplant candidates and donors should undergo serologic testing for  T. gondii -specifi c IgG and IgM antibody tests before transplantation. Positive 
IgM test results should be sent for confi rmatory testing to a reference laboratory specialized in the diagnosis of toxoplasmosis (e.g., Palo Alto 
Medical Foundation Toxoplasma Serology Laboratory http://www.pamf.org/Serology/). Serologic test results, confi rmed by a reference laboratory, 
that are consistent with a recently acquired infection (e.g., within 3 months of sera sampling) should trigger consideration for treatment of the donor 
or recipient or postponing the transplant procedure. Serologic tests performed post-transplant may not be accurate 

  Parasite isolation  

 Attempts to isolate  T. gondii  can be performed in tissue culture or the peritoneal cavity of animals. Establishing the strain of the parasite may have 
clinical and prognostic implications 

  Lymph-node histology  

 Demonstration of characteristic lymph-node histology can also be used for the diagnosis of toxoplasmosis 
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acquired infection. Specialized testing at PAMF-TSL 
includes IgA, IgE, AC/HS, or differential agglutination and 
IgG avidity assays [ 93 ]. Only 40% of positive IgM test 
results in the USA are confi rmed at PAMFTSL to be consis-
tent with a recently acquired infection. If the transplant can-
didate or donor is confi rmed to have a recently acquired 
infection (e.g., within 3 months of sera sampling), anti- Toxo-
plasma  treatment or postponing transplantation (or both) is 
strongly advised and should be seriously entertained. 

 The diagnosis of toxoplasmosis from reactivation of a 
latent infection in transplant patients is rarely established by 
serologic tests alone. In fact, increasing  T. gondii- IgG titers 
and even IgM, can be observed in the absence of clinical 
manifestations for toxoplasma reactivation. Additional labo-
ratory methods should be used, including stains to visualize 
the tachyzoite, techniques (e.g., PCR) to amplify  T. gondii  
DNA, histological methods to identify characteristic patho-
logical fi ndings or tissue cysts, and parasite isolation. 

 Visualization of the tachyzoite in any body fl uid or tissue 
is pathognomonic for the diagnosis of toxoplasmosis (in the 
setting of primary infection or reactivation of a latent infec-
tion) and should never be interpreted as a manifestation of 
latent  T. gondii  infection. In contrast, tissue cysts may simply 
represent a chronic infection, and in the case of an ill patient, 
toxoplasmosis may not be the etiology of the patient’s syn-
drome despite the presence of cysts. However, in those cases, 
the presence of “numerous” cysts or a strong infl ammatory 
response suggests that toxoplasmosis is responsible for the 
patient’s symptoms. 

 The diagnosis of toxoplasmosis can also be made by PCR 
of any body fl uid (e.g., peripheral blood, cerebrospinal fl uid, 
bronchoalveolar lavage fl uid, vitreous fl uid, aqueous humor, 
and peritoneal, pleural, or ascitic fl uids). PCR can also be 
performed in tissues, but this method has not been standard-
ized. The most commonly used gene target is the multicopy 
B-1 gene. However, the REP-529 multicopy gene has been 
shown to be more sensitive that the B-1 gene [ 95 ]. 
Quantitative PCR to measure  T. gondii  burden in sequential 
body compartment samples (peripheral blood, CSF, and 
BAL) correlates well with favorable clinical response to 
anti-  toxoplasma  therapy and allows modulation of the immu-
nosuppressive drug regimen [ 71 ,  96 ]. For maximum reliabil-
ity, clinical samples should be sent to reference laboratories 
experienced in performing this assay. 

 Attempts to isolate the parasite from any body fl uid or tis-
sue, as clinically indicated, can be attempted at reference 
laboratories (e.g., PAMF-TSL). If positive, strain typing and 
genotyping can be used to further study the emerging con-
cept that correlates certain strains with more aggressive dis-
ease. Characteristic lymph-node histology can also be used 
to diagnose toxoplasmosis [ 97 ].    

43.12     Treatment 

 Asymptomatic  or   symptomatic acute  T. gondii  infection or 
reactivation of a latent infection should be treated immediately 
in the transplant patient. One hundred percent mortality is 
observed in SOT patients if toxoplasmosis is left untreated or 
if treatment is initiated too late. Treatment is also indicated for 
the transplant candidate and donor with asymptomatic or 
symptomatic acute infection if transplantation is scheduled to 
occur within 6 months of the primary infection. In general, 
higher doses are indicated for the post-transplant immuno-
compromised patients (Table  43-3 ). The drug regimen should 
always include at least two drugs. Pyrimethamine is probably 
the most active drug against  T. gondii  and is best when used in 
combination with sulfadiazine. However, studies of TE in 
AIDS patients reveal that trimethoprim/sulfamethoxazole 
(TMP/SMX) is equivalent to pyrimethamine/sulfadiazine [ 98 , 
 99 ], and according to experienced clinicians, these fi ndings, 
thus far, translate to the transplant population. Primary therapy 
should be extended for 6 weeks with longer treatment duration 
for patients with equivocal clinical or radiographic responses. 
Following primary toxoplasma therapy, secondary prophy-
laxis or chronic maintenance (at half-treatment doses) is rec-
ommended for SOT-recipients. Duration of secondary 
prophylaxis must be individualized according to the net-state 
of  immunosuppression and tailored to the perceived risk of 
toxoplasma reactivation but should be given at least for 1 year.

43.13        Prevention 

43.13.1     Primary Prophylaxis for D+/
R− SOT-Patients 

 The (D+R−) SOT- recipients   are ideal candidates for anti- 
 Toxoplasma  primary prophylaxis. TMP/SMX and atova-
quone, primarily used by transplant physicians to prevent 
 P. jirovecii  pneumonia (PCP), have been successful in pre-
venting toxoplasmosis. Effective regimens include one 
single- strength TMP/SMX tablet daily, one double-strength 
TMP/SMX tablet thrice a week, or 1500 mg atovaquone 
daily, with duration of therapy ranging from 3 months to 
lifelong [ 45 ,  48 ,  49 ,  51 ]. Other drug regimens used to pre-
vent PCP (e.g., pentamidine or dapsone alone) are not 
effective in preventing toxoplasmosis. D+R− SOT-patients 
have developed toxoplasmosis when TMP/SMX has been 
discontinued or switched to pentamidine in the post-trans-
plant period and when toxoplasmosis prophylaxis was not 
addressed [ 50 ,  60 ,  69 ,  96 ]. Pyrimethamine (25 mg/day) has 
also been reported to be effective for D+R− solid organ 
transplant patients [ 46 ]. In high-risk SOT-recipients 
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(D+R−), prophylaxis with TMP- SMX should be extended 
beyond 6 months in patients that received antilymphocyte 
therapies, patients with chronic CMV infection, history of 
PCP or those who have undergone treatment for acute 
allograft rejection [ 100 – 102 ]. 

 For patients in whom appropriate toxoplasma prophylaxis 
cannot be given, weekly screening using peripheral blood 
toxoplasma PCR for 100 days following transplantation, can 
be considered for D+R− heart transplant patients and R (+) 
non-cardiac SOT. PCR-positive patients should subsequently 
be offered effective toxoplasma treatment.  

43.13.2     Primary Prevention 
for the Seronegative Transplant 
Candidate, Donor or Recipient 

 Transplant candidates and recipients who do not have sero-
logic evidence of prior exposure to  T. gondii  should be aware 
of the known risk factors for acute infection. They should 
adopt basic measures to decrease their risk for exposure to  T. 
gondii  as much as possible (Table  43-4 ). Similarly, the same 
preventive measures apply to seronegative potential donors 
prior and during the transplant procedure.

   TABLE 43-3.    Drugs used for the treatment of acute or reactivated toxoplasmosis in transplant donors, candidates, and recipients (primary 
therapy) a    

 Transplant donors and candidates with 
asymptomatic or symptomatic acute 
infection including clinically active ocular 
disease, myocarditis, myositis, or hepatitis 

 Transplant recipients b  with asymptomatic 
or symptomatic acute infection or 
reactivation of latent infection 

  Preferred regimen  

 Pyrimethamine (PO)  50 mg every 12 h for 2 days followed 
by 25–50 mg daily 

 200 mg loading dose followed by 50 mg 
(<60 kg) to 75 mg (>60 kg)/day 

 Folinic acid c  (PO)  10–20 mg daily (during and 1 week 
after therapy with pyrimethamine) 

 10–20 mg daily (up to 50 mg/day) 
(during and 1 week after therapy with 
pyrimethamine) 

  plus  

 Sulfadiazine (PO)  75 mg/kg (fi rst dose) followed by 50 
mg/kg every 12 h maximum 4 g/day 

 1000 (<60 kg) to 1500 mg (>60 kg) 
every 6 h 

  or  

 Clindamycin (PO or IV)  300 mg every 6 h  600 mg every 6 h (up to 1200 mg every 
6 h) 

  or  

 Atovaquone (PO)  1500 mg orally twice daily  1500 mg orally twice daily 

 Trimethoprim/sulfamethoxazole (PO or IV)  10 mg/kg/day (trimethoprim 
component) in two to three doses 

 10 mg/kg/day (trimethoprim 
component) divided in two to three 
doses (doses as high as 15–20 mg/kg/
day have been used) 

  Alternative regimens  

 Pyrimethamine/folinic acid  Same doses as above  Same doses as above 

  plus  

 Clarithromycin (PO)  500 mg every 12 h  500 mg every 12 h 

  or  

 Dapsone (PO)  100 mg/day  100 mg/day 

  or  

 Azithromycin (PO)  900–1200 mg/day  900 to 1200 mg/day 

  Preferred regimens: pyrimethamine/sulfadiazine/folinic acid or trimethoprim/sulfamethoxazole. 
  a Assistance is available for the diagnosis and management of patients with toxoplasmosis at the Palo Alto Medical Foundation Toxoplasma Serology 
Laboratory; +1-650-853-4828; toxolab@pamf.org;   http://www.pamf.org/serology/    . 
  b After the successful use of a combination regimen during the acute/primary therapy phase, the same agents at half-doses are usually used for maintenance 
or secondary prophylaxis. 
  c Folic acid should not be used as a substitute for folinic acid (leucovorin).  
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     44   
 Parasites After Hematopoietic Stem Cell 
or Solid Organ Transplantation                     
     Marcelo     Victor     Radisic       and     Laura     Linares     

       There are more than 300 parasitic species known to infect 
humans, but only 5 % have been reported to occur in trans-
plant recipients [ 1 ]. Parasitic infections are, in general, 
neglected diseases, closely related to low socio-economic 
conditions and poor access to healthcare. World-developing 
areas suffer most of the burden of parasitic diseases; they 
also perform a limited number of transplants [ 2 ]. This may 
be one of the reasons to explain scarcity of information on 
parasitic infection in transplantation, which is mostly based 
on random case reports, small cohorts, and occasional case- 
control studies. However, parasitic infections—which may 
have a deep impact in transplantation outcomes—are 
increasingly recognized in the industrialized world, and its 
incidence is expected to grow due to multiple circumstances: 
Many geographic areas where parasitic infections are preva-
lent have now active organ transplantation programs; patients 
from endemic areas with subclinical infections are some-
times referred to transplantation centers in industrialized 
countries and some patients from developed countries 
undergo transplantation in highly endemic areas and return 
home infected; and immigrants from highly prevalent areas 
are accepted for blood and organ donation without a thor-
ough search for endemic diseases. Also, the use of immuno-
suppressive regimens without cyclosporine (and without its 
antiparasitic effect) [ 3 ] may partially explain this situation. 
Lastly, increased levels of leisure travel may enhance risk of 
exposure when transplant recipients travel to endemic areas. 

 This chapter addresses the most relevant reported parasitic 
infections in the transplantation setting. 

44.1     Tissue and Blood Protozoa 

44.1.1     American Trypanosomiasis (Chagas 
Disease) 

     Chagas disease       is   caused by   Trypanosoma cruzi   , a hemofl a-
gellate protozoan parasite. In 80 % of cases, transmission is 
vector-borne. However, the infection can also be acquired by 

contaminated/unscreened blood transfusion (5–20 %), by an 
infected mother to her fetus (0.5–8 %), by laboratory acci-
dents, sporadically by oral transmission, and by organ trans-
plantation [ 4 ,  5 ]. 

  T. cruzi  has a complex life cycle that includes mammals 
and insect vectors. The vector density and housing standards 
account for the prevalence of the disease, but immigration 
from rural to urban communities and also to non-endemic 
areas has led to an increased non-vector transmission-related 
risk. 

 In humans, the disease has an acute and a chronic phase. 
The acute stage can be asymptomatic or can present only 
mild clinical symptoms such as a malaise, fever, anorexia, 
and/or lymphadenopathies, which usually resolve spontane-
ously in ~8–12 weeks [ 6 ]. Acute Chagas disease mortality 
rate (usually related to acute myocarditis or meningoenceph-
alitis) is 2–6 % [ 7 ]. 

 In the acute phase,  T. cruzi  invades different host cells and 
tissues (e.g., macrophages, cardiomyocytes, fi broblasts, and 
neurons), producing severe infl ammation, but the host’s 
immune response usually leads to parasite control and reso-
lution of this acute phase. However, without specifi c treat-
ment, the immune response is ineffective to eradicate the 
infection, and patients become chronically infected with the 
parasite. The lifelong chronic phase has a long period of 
clinical latency—the so-called chronic stage without demon-
strable pathology [ 8 ] (previously called indeterminate 
phase)—which can last 10–30 years or even lifelong. The 
infection is evident only by positive serology with intermit-
tent and extremely low levels of parasitemia [ 9 ]. About 
20–30 % of infected patients in the chronic stage, after 
 several years without symptoms, may progress to symptom-
atic disease, developing Chagasic cardiomyopathy (90 %), 
and less frequently, gastrointestinal (15–20 %) [ 9 ] and 
peripheral nervous system disease (~10 %) [ 10 ]. The diagno-
sis of infection in the acute phase relies on the direct identi-
fi cation of the parasites, which are usually present in high 
titers in blood. Motile  Trypanosomas  can be detected using 
microscopic examination of the buffy coat, thin or thick 
blood fi lms stained with Giemsa; or by a concentration 
method [ 7 ] (Strout method [ 11 ] or microhematocrit). 
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 In the chronic phases of the disease, the parasitemia level 
is low and intermittent, and tissue parasitism is scarce [ 12 ]. 
In this stage, although direct parasite detection can be 
achieved by blood cultures or xenodiagnosis, these are time- 
consuming, labor intensive methods, with a sensitivity of 
less than 50 % [ 6 ,  13 ] making their use impractical and of 
little or no clinical utility. Low level parasitemia in the 
chronic phase can be detected by blood polymerase chain 
reaction (PCR)-based assays, with sensitivity reaching 100 % 
with repeated sampling [ 13 ]. 

 However, the method of choice for Chagas diagnosis in 
the chronic phase is the detection of circulating antibodies 
against  T. cruzi  [ 14 ]. The most commonly used methods 
are the enzyme-linked immunosorbent assay (ELISA), 
indirect hemagglutination (HA), and indirect fl uorescent 
antibody (IFA) test. Sensitivity and specifi city are best for 
ELISA (94–100 % and 96–100 %, respectively), IFA 
(98 %; 98 %), and particle agglutination (97–100 %; 
97–99.5 %) assays, and they are the recommended meth-
ods for screening [ 15 ]. FDA-licensed screening test for 
blood or organ donors includes Ortho  T. cruzi  ELISA Test 
System [ 16 ] and ABBOTT PRISM Chagas chemilumines-
cent immunoassay (ChLIA) with sensitivities and speci-
fi cities also close to 100 %. 

 However, in endemic countries, health agencies still rec-
ommend that at least two different methods of testing must 
be positive for a diagnosis of Chagas disease to be reached 
[ 7 ,  17 ]. Radio-immunoprecipitation (RIPA), Western Blot, 
immunoblot, and IFA have the highest specifi city and sensi-
tivity, and are considered confi rmatory tests [ 7 ,  15 ]. 

 During the 1960s and 1970s, two drugs were introduced 
for treatment: nifurtimox and benznidazole. When these are 
administered for 30–60 days, both achieve parasitic cure in 
60–100 % of acute cases, but cure rates among adults when 
the disease is in the chronic phase are far lower, in the range 
from 15 % to 35 % [ 18 ]. 

 The adverse side effects of these drugs include dermatitis, 
peripheral polyneuropathy, weight loss, gastrointestinal dis-
ease, hematologic disorders, and an increased incidence of 
lymphoma [ 19 ].  Benznidazole   is considered as fi rst-line 
treatment, because it is better tolerated than nifurtimox; 
however, some patients tolerate nifurtimox better than benz-
nidazole [ 20 ]. Although neither drug is approved in the USA, 
both can be obtained from the Centers for Disease Control 
and Prevention (CDC) [ 21 ]. 

 Posaconazole and  ravuconazole      show activity against  T. 
cruzi , however, clinical trials investigating treatment of 
chronic indeterminate Chagas disease revealed their inferior-
ity to the current standard-of-care benznidazole [ 18 ,  22 ]. 

  Allopurinol   has trypanocidal properties and may also have 
a role in Chagas treatment, alone [ 23 ] or combined with ben-
znidazole [ 24 ].    

44.1.1.1     Chagas in Solid Organ Transplantation 
(SOT) 

   Chagas endemic  area      extends from southern USA to northern 
Argentina in America. However, due to international migra-
tion from the endemic areas, Chagas is on its way of becom-
ing a worldwide-health issue. An estimate of ~300,000 
infected immigrants are living in the USA, 48,000–87,000 in 
Spain, and several thousand in other European countries, 
Australia, and Canada. These infected immigrants may 
transmit the infection acting as blood or organ donors [ 25 ]. 

 Adventure travel is another way to acquire the infection 
for people from non-endemic areas. 

 Reactivation of chronic Chagas disease may occur with 
immunosuppression therapy. In endemic areas, pretransplant 
serological test for Chagas is routinely performed in trans-
plantation donors and recipients. Awareness of Chagas trans-
mission in non-endemic countries boosted considering or 
implementing routine serotesting in patients with increased 
risk, i.e., people from endemic areas, people whose mothers 
were born in endemic areas, or people who received blood 
transfusions in an endemic area [ 26 – 29 ]. 

 Different clinical scenarios can be found in the setting of 
SOT: the patient that needs heart transplantation because of 
terminal Chagasic cardiomyopathy; the patient with chronic 
infection that needs a SOT (because of a disease different 
from Chagas), and the chronically infected donors.    

44.1.1.2     The Chagas-Infected SOT Recipient 

   Since the 1980s, Chagas  infected      transplantation candidates 
in the chronic stage without demonstrable pathology have 
been accepted for kidney transplantation. More recently, 
liver and kidney–pancreas transplant has also been per-
formed in chagasic recipients. 

 In most endemic countries, all transplantation candidates 
are routinely tested for Chagas seroreactivity during the pre-
transplantation evaluation. This routine should be considered 
for all candidates with epidemiological risk (recipients who 
were born, received a blood transfusion or lived for in an 
endemic area, or whose mother was born in an endemic 
area). When serotesting is positive, the patients are diag-
nosed as chronically infected. The following approaches can 
be considered in this situation: (1) proceed with transplanta-
tion; (2) start the patient on specifi c treatment, with the 
assumption that either cure or a decrease in the parasite load 
will be achieved; or (3) search for actual parasitemia with 
specifi c detection tests and treat only those with positive 
results before transplantation. 

 Failure to detect circulating parasites should be interpreted 
with caution because low levels of parasitemia and intermit-
tent parasitemia do occur in the chronic stage of the disease; 
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hence, the direct methods of parasitic detection are usually 
negative. In addition, there is no documented evidence that 
pretransplantation treatment leads to better results and the 
adverse side effects of specifi c treatment in patients with ter-
minal organ failure make their use almost impossible [ 30 ]. 

 A strict protocol to search for reactivation evidence after 
transplantation is considered the best approach [ 30 – 32 ]. An 
adequate follow-up modality entails the sequential monitor-
ing for early parasitemia detection with both direct parasitic 
methods [ 33 ] and real-time PCR methods. These new tech-
niques have enabled early reactivation detection, preceding 
Strout test positivization and clinical signs [ 32 ,  34 ]. 

 Reactivation has been reported in 22–50 % of   kidney trans-
plant       recipients with Chagas disease; it generally occurs soon 
after transplantation (i.e., in the fi rst 3 postoperative months) 
[ 33 ,  35 ] but it has also been found as late as 36 months, follow-
ing immunosuppression intensifi cation [ 36 ]. 

 Most reactivated cases have parasitemia with positive 
Strout tests, but with no clinical manifestations of disease or 
increase in antibody levels. Severe disseminated disease is 
highly infrequent, but anecdotal cases of meningoencephali-
tis [ 37 ], tumor-like brain lesions [ 38 ], and acute myocarditis 
[ 39 ] have been described. The development of a febrile ill-
ness with painful solitary or multiple subcutaneous nodules 
has been the most frequently described clinical feature of the 
reactivated illness [ 33 ,  35 ,  36 ]. Lesions can take different 
forms—erythema nodosum–like, panniculitis, and ulcers (see 
Figure  44-1 ) and are predominantly located in the upper and 
lower extremities [ 40 ]. On histopathologic examination, nod-
ules show nests of intracytoplasmic amastigote parasites that 
confi rm the etiology of the disease. Subcutaneous nodules are 
not a frequent manifestation of Chagas disease in immuno-
competent hosts, and their relatively high incidence in SOT 
patients could be interpreted as an indication that the reactiva-
tion is pathogenically dependent on the tissue pseudocyst res-
ervoir activity [ 41 ]. Reports on Chagas disease in kidney 

transplant recipients lack extensive discussions on the rela-
tionship between reactivation and the immunosuppressive 
regimens, but reported patients received cyclosporine or 
tacrolimus-based triple therapy; polyclonal or anti-CD3 
monoclonal antibodies have been used as induction treatment 
in many of these cases. The relationship with rejection treat-
ment has not been analyzed in the published reports. Risk of 
reactivation may correlate with the net state of immunosup-
pression; therefore, keeping the immunosuppression to a 
minimum in SOT patients with Chagas disease would be ben-
efi cial. Benznidazole (10 mg/kg/day) or nifurtimox (15–
20 mg/kg/day) has been administered for 30–60 days. 
Remission of skin lesions and the disappearance of parasit-
emia are usually obtained in <2 weeks, without further reacti-
vations documented on long-term follow-up [ 33 ,  36 ].

   The experience with   liver transplantation       in chronic 
Chagas disease is scant. Reactivation has been reported in 
fewer than 20 % of cases, and it seems to follow the same 
pattern as in kidney transplantations—parasitemia or subcu-
taneous nodules with a good response to treatment [ 42 – 44 ]. 

 If  liver transplantation is      performed in patients with Chagas 
disease, careful monitoring for possible reactivation—which 
includes testing for parasitemia and performing biopsies of 
any subcutaneous lesion—should be implemented.    

44.1.1.3     Chagas and Heart Transplantation 

     Chagas disease is         an important cause of end-stage cardiomy-
opathy in endemic areas. Patients with chagasic cardiac dis-
ease are mostly young men who have a life expectancy of 
6–13 months from the onset of heart failure [ 45 ]. Although 
Chagas disease was initially considered a relative contraindi-
cation for heart transplantation—because of the potential for 
reactivation in the setting of immunosuppression—it was 
later demonstrated that patients with chronic Chagasic car-
diomyopathy with heart transplantation had higher survival 
rates than patients who were transplanted because of other 
heart conditions [ 45 ]. Heart transplantation is now routinely 
performed for this otherwise fatal condition. 

 Heart transplantation programs in Latin America—mainly 
in Brazil and in Argentina—have accepted patients with 
chronic Chagas disease for heart transplantation for the last 
25 years [ 45 ,  46 ]. Cardiac chagasic disease is the underlying 
disease in 35 % of heart transplantations performed in Brazil 
[ 47 ] and 13 % of those performed in Argentina [ 31 ]. In the 
USA, a non-endemic country, seropositive rates in patients 
with non-ischemic dilated cardiomyopathy who were born 
or lived for more than a year in endemic area reach up to 
19 % in certain areas [ 48 ,  49 ], and so far, 17 patients have 
been transplanted for Chagasic cardiac disease in the USA 
[ 50 ]. Patients who undergo heart transplantation for Chagasic 
cardiomyopathy should have a rigorous follow-up protocol, 
aimed at early detection of parasitemia, which may allow 
anticipation to clinical reactivation and damage to the heart 
graft or non-cardiac tissues. 

  FIGURE 44-1.    Skin lesions caused by   T. cruzi    in a kidney trans-
planted patient.       
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 Serial monitoring with microscopy of blood samples and 
PCR for  T. cruzi  may allow early parasitemia detection, 
before clinical disease development. PCR-based detection of 
parasitic DNA has revealed variable levels of sensitivity and 
specifi city, and, among other factors, these variations may be 
related to parasite’s high genetic variability, (which has been 
the basis to classify it into six Discrete Typing Units (DTUs), 
TcI to TcVI) [ 51 ]. Specifi city and sensibility is improved 
combining 2 o 3 PCR with different genetic targets. A multi- 
center study for validation of PCR procedures for detection 
of  T. cruzi  in human blood samples described that the four 
best performing methods have a sensitivity of 83.3–94.4 % 
and a specifi city of 85–95 % [ 52 ]. 

 There is a growing amount of evidence supporting the 
value of PCR testing for early diagnosis of Chagas reactiva-
tion in heart transplanted patients, preceding Strout test 
positivization and clinical signs. Real-time PCR-based 
strategies allow measuring parasitic load growth, pre-emp-
tive therapeutic management, and monitoring treatment 
effi cacy [ 34 ,  46 ]. 

 The main  clinical features of Chagas   reactivation are 
fever, myocarditis, subcutaneous infi ltration with nodules, 
and rarely disseminated disease [ 46 ,  53 ,  54 ]. Chagas disease 
with myocarditis must be differentiated from rejection. On a 
preliminary observation of endomyocardial biopsy speci-
mens, this may prove to be a diffi cult challenge [ 55 ] because 
the endomyocardial biopsy specimens show lymphocytic 
infi ltrates with edema and areas of necrosis in both situa-
tions. Agent identifi cation provides the diagnosis. Polyclonal 
antibodies against  T. cruzi  or its antigens (immunohisto-
chemistry) and tissue-based  PCRs   have been used for diag-
nostic purposes [ 56 ]. PCR sensitivity may differ regarding 
whether they amplify nuclear (nPCR) or kinetoplast (kPCR) 
 T. cruzi  DNA. Negative tissue-PCR seems to have a high 
negative predictive value for Chagas myocarditis, while only 
nPCR (and not kPCR) may have a positive predictive value 
[ 57 ]. The risk of Chagas reactivation seems to be related to 
the amount of immunosuppression [ 53 ,  58 ]. Although the 
use of mycophenolate mofetil (MMF)    for maintenance 
immunosuppression [ 54 ,  58 ], number of rejection episodes 
and neoplasms have been described as risk factors for reacti-
vation [ 58 ], the signifi cance of these fi ndings has been ques-
tioned [ 59 ]. Patients with reactivated Chagas disease respond 
very well to benznidazole treatment (10 mg/kg/day for 60 
days); nifurtimox could also be effective, but its side effects 
are considerable. Allopurinol may be considered for treat-
ment because it has good in vitro activity against  T. cruzi  
[ 60 ]; there is anecdotal experience of its use (dose 600–
900 mg/day for 2–3 months) to treat reactivation following 
heart transplantation, apparently with good results and no 
side effects [ 61 ,  62 ]. Parasitemia clearance and remission of 
clinical manifestations are usually obtained in the fi rst treat-
ment week. Some patients may experience relapse—some 
even several times and many years after transplantation—
after the fi rst reactivation episode, with parasitemia or clinical 

manifestations; however, these individuals have had good 
responses to the new treatment courses [ 53 ,  63 ]. Mortality 
related to Chagas disease reactivation has been reported to be 
0.3 %, and the survival rates are better than those observed 
patients who were transplanted because of non-Chagasic 
cardiac diseases [ 45 ].     

44.1.1.4     Chagas and Hematopoietic Stem Cell 
Transplantation (HSCT) 

     Chagas disease in         HSCT may occur due to reactivation of a 
latent infection [ 64 ] (previously acquired by vector-borne 
transmission, blood transfusion, or congenital transmission); 
by de novo infection transmitted by blood transfusion during 
HSCT, or by infection transmitted by the graft. Few patients 
with Chagas disease have ever undergone HSCT [ 65 – 67 ]. 
All HSCT candidates at risk for Chagas (Donors or recipi-
ents who were born, received a blood transfusion or lived in 
an endemic area, or donor or recipient whose mother was 
born in an endemic area) should be serologically screened 
before they start conditioning chemotherapy. Positive serol-
ogy is not a contraindication for recipients, but positive 
donors are not accepted [ 68 ] or are accepted only in excep-
tional circumstances [ 69 ]. Patients at risk for Chagas reacti-
vation should be systematically monitored for parasitemia 
(with PCR—as the most sensitive method—and/or direct 
methods) and clinical manifestations. Even in non-endemic 
countries, unknown  T. cru zi carriers may serve as blood 
donors. Considering the number of immigrants from endemic 
countries, a defi nite possibility does exist that a blood donor 
may unknowingly be infected. It has been estimated that 
about 100 million people may be at risk of acquiring the 
infection this way [ 7 ]. Therefore, even outside endemic 
areas, Chagas disease should be considered in patients with 
HSCT and unexplained febrile illness [ 70 ]. In fact, the fi rst 
report of Chagas disease in a bone marrow transplant recipi-
ent came from Spain; in that instance, the source might have 
been a blood donor [ 71 ]. In patients with chronic Chagas 
disease, reactivation has been described in 16.6 and 40 % of 
autologous and allogeneic hematopoietic transplants, respec-
tively (after engraftment and, in sporadic cases, even before 
the bone marrow infusion during the neutropenia that results 
from myeloablative preparative regimens). The methodical 
search for parasitemia allows an early reactivation diagnosis, 
and prompt, specifi c treatment can then be initiated with 
excellent results [ 67 ].     

44.1.1.5     Donors with Chagas Disease 

   In countries where  the      disease is endemic, transplantation 
teams often have to decide whether to accept a donor with 
Chagas disease or to postpone the transplantation. Almost 
~5 % of all deceased donors in Argentina are chronically 
infected individuals that are diagnosed by serotesting at the 
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time of organ procuration [ 31 ]. The decision should be 
made balancing the risk of expected mortality in the waiting 
list against expected morbidity from eventual Chagas trans-
mission. The likelihood of transmission appears to vary by 
organ type [ 72 ]. 

 Transmission by infected donors to seronegative kidney 
recipients was reported to be from 0 % [ 73 ] to up to 18 % [ 33 , 
 36 ]. In liver transplant recipients, infection from positive 
donors was 0 % (with prophylactic treatment with benznida-
zole) [ 74 ] and from 0 % to up to 20 % (without prophylaxis) 
[ 31 ,  75 ]. When patients were monitored for early transmis-
sion detection, treatment with benznidazole was highly 
effective, with no mortality attributable to Chagas disease. 
Based on this information, in Argentina, with appropriate 
informed consent, organs from infected deceased donors are 
considered acceptable (with exception of the heart) for non- 
infected or infected kidney recipients and, eventually, for 
uninfected lung and liver recipients in emergency situations. 
Infected living donors should receive trypanocidal treatment 
for 30 days prior to donation to allow clearance of parasit-
emia. Donation should take place as soon as possible after 
treatment completion [ 31 ]. 

 Reports of transmission by unscreened deceased organ 
donors [ 76 ,  77 ] and unscreened blood transfusion [ 71 ] in 
non-endemic countries have also been published. Donor 
screening should be carefully considered in those areas that 
have a signifi cant immigrant population from endemic areas. 

 In summary, patients with Chagas disease are acceptable 
candidates for SOT and HSCT because the incidence of dis-
ease reactivation does not seem to be a deterring factor and 
because its clinical presentation does not have a life- 
threatening pattern, furthermore, sequential monitoring may 
allow early parasitemia detection and pre-emptive treatment 
implementation. The recipients with Chagas infection must 
be monitored for parasitemia on a sequential schedule for 
early detection of reactivation (weekly or every 2 weeks for 
the fi rst 6 months, monthly thereafter after transplantation, 
and weekly for 2 months after intensifi cation of immunosup-
pression) [ 31 ]. Infected donors are unacceptable for heart 
transplantation; however, the use of the other organs is 
acceptable for infected recipients; for uninfected kidney 
recipients; and, eventually, for uninfected lung and liver 
recipients in the emergency list. These patients should not 
only be monitored for disease transmission, but also be fully 
informed and must provide written consent. 

 When transplantation is being performed to a non-infected 
patient who resides in or who moves to an endemic area, this 
individual has the possibility of being exposed to vector 
transmission, and acquire post-transplant Chagas infection. 
This situation has been reported [ 78 ]. Possibly, the best 
approach would be to search for parasitemia at regular inter-
vals. Seroconversion is also diagnostic, but it may be delayed 
or may not occur at all in these patients.     

44.1.2     Leishmaniasis 

    Leishmaniasis      is caused by a heterogeneous group of 
protozoan parasites, and comprises a variety of clinical 
syndromes. This zoonotic infection is transmitted by 
infected sandflies in tropical and subtropical climates in 
the Mediterranean basin in Europe, Asia, Africa, and 
America [ 79 ]. 

 Clinical forms of  leishmaniasis   include cutaneous leish-
maniasis (CL); mucocutaneous leishmaniasis (MCL); and 
visceral leishmaniasis (VL). The most severe form is visceral 
leishmaniasis (VL), which is typically fatal if untreated. 

 An estimate of 350 million people are at risk of acquiring 
the infection [ 80 ], and approximately 0.2–0.4 million VL 
cases and 0.7–1.2 million CL cases occur each year [ 79 ]. 

 Infection is usually asymptomatic in immunocompetent 
host. Viable parasites persist lifelong in the host [ 81 ], but 
derangement of cell-mediated immunity may allow reactiva-
tion of the disease, which may appear as late as 30 years after 
the initial infection [ 82 ]. As should be expected, disease inci-
dence is higher among the low socioeconomic, immunosup-
pressed, or malnourished population. 

 With increased travel and access to advanced medical care 
in developing countries, the leishmaniasis burden in immu-
nosuppressed individuals will probably continue to rise. The 
true incidence of the disease is underestimated, especially in 
hyperendemic regions [ 79 ]. Imported leishmaniasis is being 
increasingly reported in Europe [ 83 – 88 ].   

44.1.2.1     Leishmaniasis in Transplantation 

   Transplanted  patients      may acquire leishmania infection as 
primary infection after transplantation takes place; they may 
have reactivation of latent infection after transplantation; or 
may acquire the disease from the graft [ 82 ,  89 ]. Clinical 
manifestations of leishmaniasis in transplant recipients 
appear similar to those observed in normal hosts, although 
some atypical features may be present.    

44.1.2.2     Visceral Leishmaniasis 

     Visceral leishmaniasis (VL)    is      caused by  L. donovani  com-
plex ( L. donovani, L. infantum , and  L. chagasi ). Leishmaniasis 
should always be considered as differential diagnosis in 
patients with fever who live, have lived in endemic areas, or 
who have a history of travel to them, even in the remote past. 
Visceral leishmaniasis presents at a median time of ~30 days, 
but presentation as early as 7 days [ 82 ] and as late as 13 years 
[ 90 ] after transplantation has been observed. Reactivation of 
previously acquired infection is the most frequent disease 
mechanism in transplanted patients [ 91 ,  92 ]. Visceral leish-
maniasis incidence in endemic areas has been described in 
0.1–0.5 % of transplanted patients [ 93 ] occurring in all types 
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of transplantations: Kidney [ 94 – 96 ], kidney–pancreas [ 97 ,  98 ], 
liver [ 99 – 101 ], heart [ 99 ,  102 ], lung [ 93 ], and bone marrow 
[ 103 – 108 ]. 

 The main clinical manifestations are fever, splenomegaly, 
and pancytopenia [ 109 ]. The presenting symptoms are often 
atypical because anemia and leukopenia may be absent and 
splenomegaly may develop late in the course of an unnoticed 
infection [ 94 ]. Fever of unknown origin, diarrhea, and mal-
absorption caused by infi ltration of the gastrointestinal tract 
[ 110 ,  111 ]; interstitial pneumonitis with fever and pancyto-
penia [ 112 ]; and kidney graft’s interstitial nephritis [ 113 , 
 114 ] may also occur. 

 Immunosuppression is one of the most important risk fac-
tors for overt clinical disease, and can also alter disease pre-
sentation and treatment response [ 115 ]. High-dose 
prednisone in the preceding 6 months [ 93 ], cytomegalovirus 
infection after transplantation, and living with cats [ 93 ] have 
been reported as risk factors for VL. 

  Post–kala azar cutaneous disease   may occur in a subset of 
patients after treatment of visceral leishmaniasis. This condi-
tion is characterized by macular, papular, or nodular lesions 
in the face, trunk, or limbs; amastigotes are present in mac-
rophages within the lesions. Post–kala azar cutaneous dis-
ease with distinctive tongue involvement has been reported 
in two transplant recipients [ 99 ,  116 ].     

44.1.2.3     Cutaneous and Mucocutaneous 
Leishmaniasis 

   Cutaneous and  mucocutaneous      presentations are rare in the 
transplant setting and a protracted time interval may occur 
between transplantation and disease manifestations [ 82 ,  117 ]. 

 Diffuse cutaneous leishmaniasis and mucosal leishmania-
sis (sometimes with exclusive tongue involvement) have 
been described [ 118 – 122 ].    

44.1.2.4     Diagnosis 

   Even when  leishmaniasis is      actively sought using appropri-
ate methods, the diagnosis can be elusive, and the examina-
tion of multiple samples may be needed [ 109 ]. 

 Defi nitive diagnosis requires the identifi cation of the para-
site in a smear or tissue culture (usually bone marrow or 
spleen). Aspirated material should be inoculated into Novy- 
MacNeal- Nicolle or other parasitic growth media and the 
remainder should be used to prepare a Giemsa-stained smear. 
Culture sensitivity is 60–85 % [ 123 ]. Bone marrow micros-
copy sensibility in transplanted patients is ~98 % [ 82 ]. 
Serological studies (IFA, ELISA, and direct agglutination 
test) are usually positive in transplanted patients with leish-
maniasis (92 %) [ 82 ]. However, positive serology does not 
distinguish past from present infection, and may have cross- 
reaction with Chagas disease, malaria, and other infections. 
The recombinant kinesin antigen (rK39) is a useful antigen 

in ELISA assays achieving high specifi city [ 124 ] although 
sensitivity in transplant recipients is currently unknown. 
Serological results interpretation demands a context of clini-
cal and epidemiological information. 

 When available, urinary antigen test and PCR techniques 
are extremely useful. Quantitative or semiquantitative PCR 
assays have shown a high diagnostic sensitivity in a limited 
number of patients, allowing measurement of blood parasitic 
load; therefore, these tests could be used as surrogate mark-
ers of disease activity and response to treatment [ 82 ]. 

 Cutaneous and mucosal leishmaniasis is best diagnosed 
by histopathological examination and culture of a small 
wedge or punch biopsy specimen taken from the margin of 
the lesion at a site that is not ulcerated; touch preparations 
should also be performed because their diagnostic yield is 
often superior to that from the histopathological examination 
[ 80 ]. After a parasite has been identifi ed in tissue samples or 
culture, speciation can be performed through isoenzyme 
analysis or species-specifi c monoclonal antibodies. 
Quantitative or semiquantitative PCR assays have high diag-
nostic sensitivity when applied to histopathological speci-
mens [ 125 ].    

44.1.2.5     Treatment 

    Visceral  leishmaniasis can be         treated with amphotericin B, 
pentavalent antimonial drugs, paromomycin, and miltefosine 
(the fi rst oral drug for treatment of VL). Liposomal ampho-
tericin has the highest therapeutic effi cacy and the most 
favorable safety profi le and should be used whenever possi-
ble [ 126 ]. Liposomal amphotericin B has been used as the 
fi rst-line treatment in a small number of kidney transplant 
recipients (total dose administered was 20–40 mg/kg) with 
optimal results and no signifi cant toxicity or relapses [ 127 ]. 
Acceptable second-line therapies include conventional 
amphotericin B deoxycholate or pentavalent antimonial 
drugs (with close monitoring for toxicity), miltefosine, and 
paromomycin. 

 The treatments have several drawbacks such as dura-
tion, administration, high costs, and adverse effects. Drug 
resistance has also been reported, so whether combina-
tion therapy could be an alternative needs to be evaluated 
[ 128 ,  129 ]. 

 Immunosuppression may be temporarily reduced during 
the initial phase of treatment in severe cases. Bacterial super-
infections are a common complication, and they are the 
important cause of death. Up to 36 % of patients may present 
bacterial or cytomegalovirus infections [ 93 ], and the mortal-
ity rate in transplant recipients is nearly 30 %. Patients should 
be closely monitored because relapse and recurrence may 
occur in approximately 30 %. Repeated spleen measurement 
has been proposed as both a marker of cure and a recurrence 
predictor [ 109 ]. 

 Secondary prophylaxis with intermittent weekly 
amphotericin [ 130 ], daily fl uconazol [ 100 ], and monthly 
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meglumine antimoniate [ 99 ] has been reported. It has also 
been suggested that allopurinol could be effective to pre-
vent relapses [ 131 ]. 

 For cutaneous or mucocutaneous leishmaniasis, pentava-
lent antimony compounds should be considered fi rst-line 
therapy for most patients.     

44.1.2.6     Prevention 

   In endemic areas,       serological studies of the donor and recipi-
ent may allow transmission/reactivation recognition and 
close monitoring implementation for signs and symptoms of 
infection. Primary prophylaxis for VL in asymptomatically 
infected individuals is currently not recommended [ 132 ]. A 
Brazilian study showed that none of the liver transplant 
recipients who were found to be  Leishmania -PCR positive at 
the time of transplantation or received a PCR-positive organ 
developed VL over a median follow-up of 24 months, with-
out any prophylaxis being given [ 133 ]. Protective measures 
to prevent sandfl y bites are recommended for immunosup-
pressed individuals living in or traveling to  Leishmani a- 
endemic regions [ 83 ].     

44.1.3     Malaria 

    Malaria is an      acute febrile disease caused by  Plasmodium 
falciparum ,  P. ovale, P. vivax ,  or P. malariae . Recently,  P. 
knowlesi  was also recognized as a human pathogen [ 134 ]. It 
is the most prevalent vector-borne disease in the world, and 
endemic in many tropical regions of Asia, Africa, and 
Central-South America [ 135 ]. Estimates of infections rang-
ing between 130 and 390 million, and 2.6 billion individuals 
at risk of infection [ 136 ]. In Europe, an autochthonous 
malaria outbreak was reported in Greece in 2009 [ 137 ].   

44.1.3.1     Malaria in Solid Organ Transplantation 

    Malaria in  transplanted         patients—a rare event in spite of the 
disease’s high worldwide prevalence—has been related to: 
blood transfusions, either during the course of the terminal 
organ failure or in the immediate pretransplantation or post- 
transplantation period; transmission by the donated organ; 
reactivation of an old infection, and eventually,  Anopheles  
mosquito inoculation. In developed countries, the disease is 
seldom seen, but it should be considered when looking after 
transplant recipients who present with an unexplained febrile 
picture and have resided in or have visited areas where the 
disease is endemic or have received an organ from a donor 
living in or originally from such areas. Careful malaria past 
history investigation is recommended due to the possibility 
of persistent disease, that can reach many years for  P. falci-
parum ,  P. vivax , and  P. ovale  [ 138 ] and as long as 44 years 
for  P. malariae  [ 139 ]. 

 Few cases of post-transplantation malaria have been pub-
lished. It may be speculated that not all diagnosed cases get 

reported and that the number of post-transplantation malaria 
cases might grow because of increasing tourism; refugee and 
immigration movements; and living, unrelated organ dona-
tion in countries where the disease is endemic [ 140 ]. 
Transmission from the graft seems to be the main form of 
acquiring the disease in solid organ transplant recipients 
[ 141 ], although some cases have been traced to blood or 
blood products transfused to the recipient, even those occur-
ring well before transplantation [ 142 ]. In some other cases, 
the source of malaria has not been clearly established. All of 
 Plasmodium  species ( P. knowlesi  excepted) have been impli-
cated as the causes of infection in the transplantation setting 
[ 140 ]. Depending on the infecting species, speculation on 
the pathogenesis of transmission may arise.   P. malariae  
infection   may persist in the bloodstream for long periods, 
enabling transmission from an asymptomatic blood or organ 
donor.  P. vivax  and  P. ovale  hypnozoites may persist in the 
liver; the infection might be transmitted by a graft liver and a 
“relapse” of malaria would be seen in the recipient [ 143 ]. In 
addition, if procuration of organs other than the liver occurred 
during a subclinical relapse of the infection, infected eryth-
rocytes might remain in the allograft despite perfusion and 
these may be the cause of disease in the recipient [ 141 ].   P. 
falciparum- infected erythrocytes   have been demonstrated to 
remain in the capillaries, and reports have indicated that this 
cytoadherence is resistant to removal by fl ushing and irriga-
tion at the time of organ preparation for engraftment, thus 
providing a possible route of infection transmission [ 144 ]. 

  Clinical manifestations   of the disease have occurred in the 
early post-transplantation period and have been described in 
kidney, liver, and heart recipients [ 141 ,  143 ]. In endemic 
areas, post-transplantation malaria may occur, but the inci-
dence of the disease in transplant recipients is similar to the 
incidence in the general population [ 145 ]. 

 Fever has been reported as the most frequent presenting 
symptom, but it did not always have the typical paroxysmal 
or cyclic pattern [ 146 ,  147 ]. Malaria may cause high creati-
nine levels—that revert with antimalaria treatment—in kid-
ney transplant recipients [ 147 ]; and high transaminase levels 
in liver recipients, making differentiation from rejection 
critical [ 143 ]. 

 Early diagnosis and the specifi c standard treatment admin-
istration are essential for a good outcome [ 141 ,  148 ]. 
However, serious disease may be observed in  P. falciparum  
infection, and when drug toxicities or other infections com-
plicate the clinical course. Special attention may be needed 
when quinine is used for treatment because it may interfere 
with cyclosporine, decreasing its blood levels [ 149 ].     

44.1.3.2     Malaria in Hematopoietic Stem Cell 
Transplantation 

    The few reported cases of  malaria         after HSCT include both 
autologous [ 150 ] and allogeneic transplants [ 151 – 157 ]. The 
information is anecdotal, originating from case reports only. 
Although pretransplant screening for malaria does not avoid 
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the need for clinical surveillance, it could decrease the inci-
dence of transplant-related malaria. Reported cases include 
patients with geographic exposure and no history of disease 
[ 149 ,  150 ]; patients and donors with a history of treated dis-
ease [ 155 ]; patients with no history of disease but with a 
large number of blood transfusions performed in endemic 
areas [ 152 ]; patients with remote geographic exposure and 
donors living in an endemic area with negative smears before 
procuration [ 153 ]; and unrelated bone marrow transplants 
from volunteer donors with a disease history that was undis-
closed at the time of donation [ 151 ]. Reactivation of infec-
tion in bone marrow transplant recipients has also been 
reported. The diagnosis can be diffi cult in this particular set-
ting when the aplasia caused by conditioning therapy has not 
yet reverted. As the number of circulating red blood cells is 
still low, parasitemia detection by blood smears is more trou-
blesomet. The disease is much more severe in splenecto-
mized patients because the spleen is responsible for removing 
parasitized cells from circulation.     

44.1.3.3     Donor-Derived Malaria 

   Donor-derived  malaria to      multiple SOT recipients from a 
single donor has been reported [ 158 ,  159 ]. Recognition of 
transmission to one recipient usually raises the alarm to 
investigate transmission to the others [ 160 ]. Donor-derived 
malaria also may occur in HSCT [ 154 ]. When the risk of 
transmission from an infected donor is acknowledged, recip-
ients should be studied for transmission with the most sensi-
tive technique for parasitemia detection (PCR, and/or blood 
smears when PCR is not available). Prophylactic treatment is 
recommended to avoid transmission, or, if asymptomatic 
donor-derived infection is documented, pre-emptive treat-
ment should be administered [ 159 ,  160 ]. 

 Living donors diagnosed with malaria should be treated 
before donation to avoid transmission. Deceased donors with 
malaria should not be accepted.    

44.1.3.4     Diagnosis 

   Malaria  diagnosis      in transplanted patients is usually made by 
identifying the parasite in thin or thick blood smears in 
patients with fever, unexplained hemolysis, and thrombocy-
topenia [ 145 ]. Quantifi cation parasitemia level, expressed as 
the percentage of infected erythrocytes, is important as a 
direct correlation exists between parasitic load and disease 
severity [ 161 ].  Plasmodium  species identifi cation (based on 
parasite’s morphology) is important for choosing specifi c 
treatment. 

 Parasitemia detection by microscopic observation of thick 
or thin blood smears has been recommended to rule out 
malaria infection in donors, but false-negative results do 
occur in asymptomatic patients [ 162 ]. Plasmodia antigen 
detection based on immunochromatography may be negative 

when parasitic burden is low. DNA detection by PCR is 
highly sensitive, detecting as few as one parasite per micro-
liter, and allows species identifi cation [ 163 ]. Specifi c anti-
bodies can be investigated by latex agglutination and 
enzyme-linked and indirect fl uorescent antibody assays. 
Positive antibody titers >1/64 are indicative of current or past 
infection [ 139 ].    

44.1.3.5     Treatment 

    Plasmodium   species      identifi cation and knowledge of their 
geographic distribution and sensitivity patterns are essential 
for decision making. Treatment should be initiated as soon as 
possible as the disease may be lethal in a transplanted patient. 
Treatment of choice for severe  P. falciparum  cases is intrave-
nous artesunate, or if not available, intravenous quinine or 
quinidine administered in conjunction with clindamycin, 
doxycycline, or tetracycline [ 164 ].  P. vivax, P. malariae, P. 
ovale , and uncomplicated  P. falciparum  infection in 
chloroquine- susceptible regions should be treated with chlo-
roquine. In areas of chloroquine resistance, therapeutic 
options include atovaquone–proguanil, a quinine-based regi-
men, or mefl oquine [ 148 ].    

44.1.3.6     Prevention 

   Routine screening  with      PCR, serology, or blood smear 
examination should be implemented for all patients and 
donors with epidemiological risk. In the absence of labora-
tory infrastructure, prophylactic treatment might be indi-
cated to reduce the risk of infection [ 165 ]. 

 Patients from non-endemic areas traveling to endemic areas 
should have pre-travel consultation and appropriate chemo-
prophylaxis to lessen the risk of acquiring malaria [ 166 ].     

44.1.4     Babesiosis 

    Babesiosis      is a zoonotic disease caused by  Plasmodium -like 
protozoans ( Babesia microti, B. divergens, B. duncani,  and 
 B. MO-1 ). Humans are accidental hosts, and transmission 
may occasionally occur via a tick vector or by blood transfu-
sions. Babesiosis hallmarks are fever and hemolytic anemia. 
It is usually a mild disease in healthy people, but it can be 
fatal in asplenic and immunocompromised patients. 
 B. microti  infection is endemic in some regions of the USA, 
while  B. divergens  is endemic in Europe. Diagnosis is made 
through parasitemia detection by PCR or intraerythrocytic 
parasite identifi cation in thin blood smears, and through 
serology by indirect immunofl uorescent antibody testing 
[ 167 ]. High azithromycin doses (600–1000 mg) combined 
with atovaquone (750 mg twice daily) may be used for the 
treatment of immunocompromised patients [ 168 ]. 
Clindamycin and quinine are also effective. Partial or com-
plete exchange transfusion is recommended in case of high 
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parasitemia (>10%), severe anemia (hemoglobin <10 g/dL), 
pulmonary, kidney, or hepatic failure [ 167 ]. In immunocom-
promised patients, therapy should be >6 weeks, including 2 
weeks after parasites are no longer detected on blood smear 
[ 167 ]. Cases reported in transplant recipients have been 
traced back to pretransplant blood transfusion in an HSCT 
recipient [ 169 ]; to post-transplant blood transfusion in a kid-
ney recipient [ 170 ], and to tick bite in both an SCT recipient 
[ 171 ] and in a splenectomized kidney transplant recipient, 
years after transplantation [ 172 ].     

44.2     Worms 

44.2.1     Strongyloidiasis 

    Strongyloides stercoralis  is  a      human parasite, although 
dogs, cats, and apes can also be infected [ 173 ]. An estimate 
of 80–100 million persons are infected worldwide [ 174 , 
 175 ]. The parasite is endemic to the tropics and subtropics, 
and it has also been reported worldwide excluding only the 
far north and south [ 175 ].  S. stercoralis  is a nematode with 
a complex life cycle. Filariform (infective) larvae penetrate 
human skin and are carried to the lungs through the blood-
stream. They reach the bronchial tree and are carried by 
respiratory secretions to the pharynx and swallowed, enter-
ing the small intestine where they can develop into adult 
worms.  Strongyloides  has the unique ability to complete the 
entire cycle within one host, thereby leading to autoinfec-
tion. In autoinfection, adult female worms within the intes-
tine produce eggs that hatch into non-infective rhabditiform 
larvae which may subsequently molt into infective fi lari-
form larvae. These can then penetrate intestinal mucosa or 
perianal skin, migrate to the lungs and begin the cycle 
again. As a consequence, lifelong-parasite persistence in 
the host can occur despite the absence of external sources 
of infection [ 176 ]. 

 Asymptomatic patients who acquired the infection 
decades before may develop life-threatening disease in the 
setting of immunosuppression or immunosuppressive 
medication. 

 According to the immunologic response of the host, the 
clinical spectrum of strongyloidiasis can vary from asymp-
tomatic or mild disease to an amplifi cation of the normal 
life cycle of the parasite known as   Strongyloides   hyperin-
fection syndrome   . The molting of non-infective (rhabditi-
form) into infective (fi lariform) larvae is accelerated under 
immunosuppression, and a massive number of larvae from 
the intestinal lumen or the perianal skin autoinfect the host, 
traveling through the venous system to the lung and back to 
the small bowel. Clinical manifestations of this process are 
gastrointestinal (abdominal pain, diarrhea, ileus, obstruc-
tion, and gastrointestinal bleeding) and respiratory symp-
toms (cough, dyspnea, wheezing, and respiratory distress 
syndrome). 

   Disseminated strongyloidiasis       occurs when larvae spread 
through the venous system to other organs (such as the uri-
nary tract, liver, brain [ 177 ], and skin [ 178 ]). Complications 
of disseminated  Strongyloides  include bacteremia and men-
ingitis, usually due to enteric Gram-negative bacteria which 
are thought to be carried to the lymphatic or mesenteric cir-
culation by their attachment to the infecting larvae [ 179 ] or 
by passing through the disrupted mucosal barriers [ 176 ].   

44.2.1.1     Strongyloidiasis in Transplantation 

    Strongyloidiasis has been      described in solid organ [ 179 ,  180 ] 
and stem cell transplant recipients [ 181 ,  182 ] and has been 
attributed in most cases to reactivation of an old dormant 
infection. However, donor-derived strongyloidiasis has also 
been described in kidney, kidney–pancreas, liver, heart, lung, 
and intestine recipients. High-dose corticosteroid precondi-
tioning of deceased donors may have a role increasing the 
risk of transmission [ 183 ]. 

 Almost all of reported patients with reactivation have had 
a history of travel to or residence in endemic areas. Many of 
them had neither eosinophilia nor gastrointestinal symptoms 
before transplantation [ 179 ,  180 ]. Immunosuppression can 
transform a chronic, asymptomatic infection into hyperin-
fection syndrome, and disseminated strongyloidiasis. This 
transformation usually occurs in the initial months after 
transplantation when immunosuppression is most intense. 

 In the reported cases of strongyloidiasis in kidney [ 180 , 
 184 – 187 ], liver [ 188 ,  189 ], and heart transplant recipients 
[ 190 – 192 ], it was found that most patients had hyperinfec-
tion syndrome or disseminated disease, being intestinal 
strongyloidiasis far less frequent. Systemic polymicrobial 
bacterial infections were observed in approximately 60 % of 
the patients [ 179 ]. 

 Only a few cases of strongyloidiasis have been described 
in autologous and allogeneic stem cell transplantation 
patients [ 181 ,  182 ,  193 ], but they have been associated with 
a poor prognosis, especially when they evolve into a hyper-
infection syndrome [ 193 ]. The onset of symptoms of 
 Strongyloides  infection in allogeneic HSCT patients seems 
to be earlier than in solid organ transplant recipients (median 
time 21 days) perhaps as a consequence of the more intense 
immunosuppression regimens [ 193 ]. 

  Strongyloides  hyperinfection syndrome is infrequent, and 
diagnosis is often delayed. However, it should be considered 
in the presence of diarrhea, abdominal pain, and fl eeting 
pulmonary infi ltrates with or without polymicrobial bacte-
remia. Because of the large parasitic load, fi lariform larvae 
can be easily observed in stool and respiratory samples 
(such as sputum, bronchoalveolar lavage fl uid, and brush-
ings). In disseminated disease, larvae can be observed in 
blood, cerebrospinal fl uid, pleural fl uid, urine, or biopsies of 
affected tissues. Duodenum biopsies may demonstrate rhab-
ditiform larvae in patients who undergo upper gastrointesti-
nal endoscopy [ 194 ] .     
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44.2.1.2     Treatment 

   Ivermectin is considered  the      treatment of choice for uncom-
plicated strongyloidiasis as two single oral 200 mcg/kg doses 
of ivermectin administered either on 2 consecutive days or 2 
weeks apart [ 195 ,  196 ]. Adverse effects, such as diarrhea, 
pruritus, anorexia, and increased transaminases levels, are 
infrequent and usually mild. Albendazole (400 mg twice 
daily for 3 days) has a primary cure rate of only 45–75 % 
[ 197 ] making it a second-line therapy. Thiabendazole is the 
agent with the most extensive clinical experience, but is also 
the least satisfactory of all available drugs due to frequent 
relapses and toxicities [ 176 ,  177 ]. 

 The experience with ivermectin for the treatment of hyper-
infection or disseminated disease in transplant recipients is 
still scarce, and reports describing clinical failure have been 
published [ 198 ]. Daily doses should be administered until 
larvae eradication from clinical samples with additional 
doses for 7–14 days to reduce the risk of relapse [ 194 ]. 
Retreatment is indicated if signifi cant symptoms or eosino-
philia return [ 148 ]. In many cases, combination or sequential 
ivermectin and albendazole treatment was used [ 199 – 203 ]. 
Severe strongyloidiasis may preclude oral treatment due to 
intolerance or malabsorption. In these cases, as in those 
refractory to oral therapy, use of subcutaneous (off label) vet-
erinary formulation of ivermectin (200 μg/kg, daily, divided 
doses, each arm, until negative stool exam persists for 2 
weeks) [ 204 ] should be considered [ 188 ,  197 ,  202 ]. Despite 
anecdotal success with rectal ivermectin treatment [ 205 ], 
absorption from the rectum may be insuffi cient to achieve 
therapeutic levels [ 206 ,  207 ]. 

  S. stercoralis  and HTLV-1 co-infection is a special situa-
tion that requires protracted therapy because no treatment 
reliably cures strongyloidiasis in this setting [ 208 ].    

44.2.1.3     Pretransplant Screening and Prevention 

   Recipients and  living      donors residing or with a history of 
residence in areas where  S. stercoralis  is endemic need to be 
screened and treated before transplantation. Deceased donors 
with epidemiological risk should also be tested and prophy-
lactic treatment (ivermectin, two oral 200 mcg/kg doses 2 
weeks apart) [ 184 ] should be administered to recipients to 
avert donor-derived transmission, as strongyloidiasis may be 
transmitted via the graft [ 183 ]. 

 Serological assays, when available, are the method of 
choice for screening. ELISA methods to detect IgG antibod-
ies directed against antigens of  S. stercoralis  are highly sen-
sitive (97 %) and specifi c (close to 100 %) [ 209 ]. 
False-positive results may occur, related to cross reactivity 
with other helminthic infections. The sensitivity and speci-
fi city of serologic tests in immunocompromised patients are 
unknown [ 176 ] and false-negative tests have been reported 
[ 210 ,  211 ]. Positive serologic tests may be positive because 
of a resolved or unresolved previous  Strongyloides  infection. 

Thus, ideally, examination of fecal samples should follow a 
positive serologic test [ 212 ]. Direct parasitological detec-
tion in stools varies in sensitivity because of low numbers 
and intermittent release of larvae. A single stool examina-
tion may not identify more than 70 % of positive cases 
[ 213 ]. The diagnostic sensitivity increases if serial stool 
samples are studied [ 176 ,  177 ], and the use of specialized 
methods can improve the diagnostic yield to close to 100 %. 
The agar plate culture is the method of choice for strongy-
loidiasis diagnosis because its sensitivity can be greater than 
90 %, but multiple stool samples are needed to confi rm neg-
ative results [ 214 ]. Although it is not widely available, 
reported sensitivity of real-time PCR in fecal samples is 
100 % [ 215 ]. Parasites may also be sought for in duodenal 
fl uid aspirated by duodenoscopy or obtained with the string 
test (enterotest capsules) [ 216 ]. 

 Empiric treatment may be considered for transplantation 
candidates with unexplained eosinophilia and who reside in 
or have traveled to—even in the remote past—endemic areas 
and in those in whom strongyloidiasis is suspected on clini-
cal grounds before the initiation of immunosuppressive ther-
apy [ 148 ,  179 ]. Transplant recipients from endemic areas 
should be advised against walking barefoot, and they should 
be warned about the possibility of acquiring strongyloidiasis 
from endemic environments.     

44.2.2     Schistosomiasis 

    Schistosomiasis is a      parasitic disease caused by worms of the 
genus  Schistosoma , affecting at least 260 million people 
worldwide [ 217 ]. 

 The life cycle of the parasite is complex, requiring inter-
mediate and defi nitive hosts. The infection is acquired 
through the skin when in contact with contaminated fresh 
water. The parasite reaches through venous circulation the 
liver or the bladder, maturing into adult worms which shed 
eggs that reach the stools or the urine. 

 Most human infections are caused by  Schistosoma man-
soni  (Africa and South America),  S. japonicum  (East Asia), 
and  S. haematobium  (Africa and the Middle East). 

   S. mansoni    and   S. japonicum    can lead to intestinal and 
hepatic complications, while  S. haematobium  predominantly 
leads to kidney and bladder sequelae. Less common,  S. 
mekongi  and  S. intercalatum  can lead to intestinal and/or 
liver disease. 

 Chronic schistosomiasis is the consequence of the granu-
lomatous immune response to retained parasite eggs, and, in 
the long-term, it may result in permanent and progressive 
tissue damage. 

 End-stage liver or kidney failure may be caused by 
schistosomiasis. Therefore, patients from endemic areas 
waiting for liver or kidney transplantation should be 
thoroughly tested for schistosomiasis and treated before 
transplantation.   
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44.2.2.1     Schistosomiasis and Kidney 
Transplantation 

    Chronic   S. haematobium  infection            may lead to urinary tract 
fi brosis, with obstruction and eventually end-stage kidney fail-
ure, whereas   S. mansoni  infection   can induce terminal glo-
merular disease by the deposition of immune complexes 
[ 218 ]. More than 150 infected patients, some of whom had 
mixed infections, have undergone kidney transplantation [ 218 , 
 219 ]. Patients transplanted for schistosomiasis have long-term 
outcomes similar to those observed in patients who underwent 
kidney transplantation for other diseases [ 219 ]. Urinary tract 
complications occur in 15 % (e.g., urinary anastomotic or ure-
teral obstruction, ureteral necrosis, urinary tract infection) of 
these patients. This may be related to poor tissue healing 
related to infl ammatory changes in the setting of chronic 
urinary tract schistosomal infection [ 219 ]. Reactivation is 
infrequent [ 220 ,  221 ]; this has been attributed to specifi c pre-
transplantation treatment and to the possible antiparasitic 
effect exerted by cyclosporine or its non- immunosuppressive 
metabolites [ 222 ]; this potential effect [ 223 ,  224 ] could also 
explain the low level of re-infection in transplant recipients. 
Lack of treatment in the pretransplantation period seems to be 
associated to  Schistosoma  disease recurrence [ 219 ], although 
this association is not universal [ 225 ].     

44.2.2.2     Schistosomiasis and Liver 
Transplantation 

     S. mansoni, S. japonicum , and  S.    mekongi          infection may lead 
to chronic liver disease by way of immune-mediated damage 
and parasite eggs direct liver toxicity, causing pipe-stem 
fi brosis (pipe-shaped fi brosis around the hepatic portal veins, 
associated with large numbers of schistosome eggs) [ 226 ]. 

 Liver transplantation has been performed mainly in 
patients co-infected with hepatitis C virus (HCV). Whether 
co-infection with HCV may increase the risk of end-stage 
liver disease is still uncertain [ 227 ]. Reactivation of schis-
tosomiasis after liver transplantation (with intestinal tract 
and graft involvement) although infrequent, may occur, but 
praziquantel achieved cure in published cases [ 228 ]. Close 
post- transplant monitoring is recommended.     

44.2.2.3     Infected Donors 

    Schistosoma  infections are  often      subclinical, and patients 
may be unaware of the infection. While schistosomes can be 
transmitted by the graft, adult schistosomes do not replicate 
within the host so only transmission of nonreplicating adult 
worms occurs [ 149 ]. Liver grafts infected with   S. mansoni    
(from deceased and living donors with undiagnosed infec-
tion) have been incidentally transplanted [ 228 – 230 ]. 

 Intentional use of infected grafts has also been reported 
[ 231 ]. Praziquantel treatment after transplantation eradicated 
the parasite disease in recipient and living donors without 
further consequences. 

 Kidneys without anatomical damage from infected living 
donors have been accepted for donation [ 232 ]. Treatment 
should be given to all infected donors before surgery. Kidney 
function and morphology are not affected by nephrectomy in 
infected donors on long-term follow-up [ 233 ].    

44.2.2.4     Diagnosis 

   The diagnosis is made  by      detection of eggs in stool or urine 
samples, or bladder and rectal mucosa biopsy specimens. 
False negative may occur in low-burden or initial infection. 

 Serological assays have limited usefulness, as they do not 
correlate with parasitic load, and seroconversion may occur 
several months after primary infection.    

44.2.2.5     Treatment 

   Praziquantel is  effective      against the fi ve  Schistosoma  species 
that infect humans. Dosing for  S. haematobium, S. mansoni,  
or  S. intercalatum  is 40 mg/kg (in one or two divided doses). 
Higher doses should be used for  S. japonicum  or  S. mekongi  
(60 mg/kg in two divided doses) [ 234 ]. Cure is achieved with 
the fi rst course of treatment, even in chronic disease, in more 
than 60 % of patients. In those who remain infected, cure is 
usually achieved with a second course. Oxamniquine may 
also be effective. Praziquantel is a substrate of CYP3A4 
[ 235 ] which is also a cyclosporine metabolic pathway. Close 
monitoring is warranted when cyclosporine and praziquantel 
are concurrently used. Potential interactions with other 
immunosuppressive agents have not been noted [ 148 ].    

44.2.2.6     Prevention 

   Disease  prevention      involves avoiding contact with fresh 
water in endemic regions and screening and treating positive 
donors and recipients.     

44.2.3     Echinococcosis 

   Echinococcosis, a  parasitic      disease for which domestic or 
wild canids are defi nitive host, is caused in humans by acci-
dental ingestion of eggs of the cestodes  E. granulosus, E. 
multilocularis , or  E. vogeli . 

   E. granulosus    causes cystic echinococcosis (CE), or hyda-
tid or unilocular cyst disease, while  E. multilocularis  and  E. 
vogeli  cause alveolar echinococcosis (AE) cyst disease. 

 The clinical manifestations of cystic  echinococcosis   are 
determined by the site, size, and condition of the cysts. The 
slowly growing echinococcal cyst often is tolerated well 
until it causes dysfunction because of its size (mass effect of 
the enlarging cyst) or from the leakage, rupture, or bacterial 
infection of the cyst [ 236 ]. Although the mechanism of 
infection with  E. multilocularis/vogeli  is the same as that 
encountered in hydatid disease, its natural course is com-
pletely different because larvae proliferate making alveolar 
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cysts grow indefi nitely, and they always behave as slow- 
growing cancers that in all cases require wide surgical resec-
tions to avoid recurrence. Alveolar  echinococcosis   is a fatal 
disease without treatment (>90 % mortality at 10 years).   

44.2.3.1     Diagnosis 

   Diagnosis of CE  and      AE is based on typical imaging fi ndings 
combined with positive serology. Serologic tests are more 
reliable for diagnosis of   E. multilocularis    infection than for 
 E. granulosus  infection. A negative serology does not rule 
out CE [ 237 ].     

44.2.4     Cystic Echinococcosis (CE) 

44.2.4.1     The Infected Recipient in Waiting List 

  Whenever possible,  CE       should   be recognized and treated 
with the surgical removal of the fertile cysts and albendazole 
before transplantation [ 238 ]. Successful “delayed” manage-
ment after HSCT has been described [ 239 ]. Uncomplicated, 
sterile WHO cysts (CE4 and CE5) do not need intervention 
[ 240 ]. Terminal organ failure due to CE has successfully 
been treated with liver [ 241 – 244 ] and kidney transplantation 
[ 245 ]. Although albendazole treatment before and after 
transplantation seems the logical approach [ 246 ], no recur-
rence of CE was observed even in absence of specifi c anti-
parasitic treatment [ 243 ].   

44.2.4.2     Post-transplant CE 

  Management of CE  acquired   after transplantation (reported 
in kidney recipients) is similar to management in immuno-
competent host. Surgical resection [ 246 ] and prolonged 
albendazole treatment are indicated [ 247 ,  248 ]. The role of 
immunosuppression with CE development in SOT patients is 
still uncertain, although unusual courses have been observed 
in immunosuppressed patients [ 240 ,  248 – 250 ].   

44.2.4.3     Donors Infected with CE 

  Donors from  endemic   areas may have unrecognized hydatid 
cysts found at the time of organ procurement. Livers with 
inactive, calcifi ed hydatid cysts have successfully been used, 
after complete [ 251 ,  252 ] or partial cystectomy of the graft 
[ 253 ].    

44.2.5     Alveolar Cyst Disease (AE) 

  Alveolar  echinococcosis         is similar to a slowly growing hepa-
tobiliary cancer in its clinical behavior. 

 Liver transplantation may be indicated in cases with 
extensive liver involvement or complications. Patients should 
be evaluated for extrahepatic involvement before transplantation, 

as the disease may spread to lungs and brain. Only CNS 
involvement should be considered as exclusion criteria for 
the procedure. 

 Survival rates are similar to those observed in patients 
transplanted for other liver diseases [ 254 ]. Immunosuppression 
can enhance the parasitic growth and the risk of recurrence; 
therefore, it should be reduced to a minimum as early as pos-
sible. Treatment with albendazole (15 mg/kg/day) is recom-
mended for a minimum of 2 years after transplantation even 
in cases of apparently curative surgery. ELISA measuring 
anti- E. granulosus  immunoglobulin G titers is considered 
useful for predicting recurrence.    

44.3     Free-Living Amebas 

44.3.1      Balamuthia mandrillaris  
and  Acanthamoeba  Species 

      B.    mandrillaris          has been  isolated   from soil, dust, and water. 
 Acanthamoebae  species are also ubiquitous in the environ-
ment. Both microorganisms are acquired through inhalation 
or damaged skin and causes  granulomatous amoebic enceph-
alitis (GAE)  , a sub-acute life-threatening encephalitis. 
 Balamuthia  infection is rare (<200 cases reported world-
wide), and seems to be associated with contact with soil or 
stagnant water [ 255 ].  Acanthamoebae  species are the most 
common causes of GAE in immunocompromised hosts. 
GAE may be sometimes preceded by skin lesion (usually 
non-ulcerated plaques) and followed by CNS disease. 
 Balamuthia  GAE was reported in one multivisceral trans-
planted patient after alemtuzumab therapy [ 256 ] and trans-
mission via organ donation has been described in three 
clusters, including one asymptomatic donor [ 257 – 259 ]. 
  Acanthamoeba  GAE   has been reported in a few SOT [ 260 ] 
and HSCT [ 261 – 263 ] recipients. 

 In SOT recipients,   Acanthamoeba  GAE   presentation 
occurred at median time of 13 months (range: 3–48) after 
transplantation [ 260 ]. It may cause focal disease (such as 
keratitis, skin, pulmonary or brain lesions, sinusitis, or GAE) 
or disseminated disease that most often involves the skin and 
lungs. After onset of neurologic symptoms, there is a rapid 
disease progression leading to death. Early diagnosis is cru-
cial for survival.     

44.3.1.1     Diagnosis 

     Diagnosis is made  by            histopathological examination of 
infected tissues. Defi nite diagnosis requires identifi cation of 
trophozoites in biopsies which usually show granulomatous 
infl ammation and necrosis. Direct immunofl uorescence or 
immunoperoxidase staining and PCR techniques [ 264 ] are 
highly sensitive and species-specifi c. Occasionally, tropho-
zoites may be observed in CSF, or CSF–PCR positivity may 
allow diagnosis. 
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 Serological tests, while not useful in  Acanthamoeba  infec-
tions, may aid in  Balamuthia  diagnosis, and in monitoring 
transmission and therapy in SOT recipients [ 259 ]. 

  Acanthamoeba  can be cultured on agar plates coated with 
Gram-negative bacteria.      

44.3.1.2     Treatment 

     Optimal treatment  for             Balamuthia  infections is unknown. 
Combinations of macrolides, pentamidine, anti-fungal 
agents (amphotericin B, azoles, and 5-fl ucytosine), albenda-
zole, sulfadiazine, and miltefosine, either for pre-emptive or 
established disease, are usually administered for a long 
period of time [ 255 ]. Serologic monitoring may be useful to 
decide treatment duration. Pre-emptive treatment to asymp-
tomatic recipients of infected donors has proven to be suc-
cessful [ 259 ], but in patients with established GAE, mortality 
is high in spite of aggressive therapy. 

 Ideal treatment for  Acanthamoeba  species is also 
unknown. Cure has been achieved with rifampin and trime-
thoprim–sulfamethoxazole (TMP-SMX) [ 265 ]. Successful 
therapeutic alternatives include TMP-SMX, rifampin, fl uco-
nazole, ketoconazole, miltefosine, and pentamidine. Single 
brain lesions resection is recommended regardless of GAE 
etiological agent [ 260 ,  266 ].       

44.3.2      Naegleria fowleri  

    N. fowleri  is found  in      contaminated warm freshwaters. It 
causes a fulminant primary amebic meningoencephalitis 
(PAM) that mimics acute bacterial meningitis.  N. fowleri  
reach the brain through the olfactory tract, when contami-
nated water moves up to the nose, such as during swimming 
or nasal irrigation. Transmission of  N. fowleri  through organ 
transplantation was not observed in 21 recipients from fi ve 
donors with PAM. However, the risk of transmission may 
still exist [ 267 ].     

44.4     Intestinal Protozoa 

44.4.1     Cryptosporidiosis 

    Cryptosporidium   species      have gained increasing recognition 
as some of the most common enteric parasitic pathogens in 
humans and as a worldwide cause of diarrheal diseases in 
normal hosts [ 268 ,  269 ].  Cryptosporidium  infection in 
immunocompromised patients can be asymptomatic, can 
cause transient gastrointestinal symptoms, produce chronic 
diarrhea, or cause life-threatening gastrointestinal and bili-
ary tract disease [ 270 ]. In endemic regions, prevalence of up 
to ~30 % has been reported in kidney transplant recipients 
[ 271 – 273 ].  Cryptosporidium  organisms are intracellular pro-
tozoan parasites that develop in the gastrointestinal tract of 

vertebrates, producing gastrointestinal disease; they do not 
require extraintestinal development [ 274 ]. Transmission of 
the  Cryptosporidium  infection occurs by four major modes: 
(1) person to person, which is especially relevant among 
household members, sexual partners, children in day care 
centers and their caretakers, and health care workers [ 275 , 
 276 ]; (2) animal to human, which, although infrequent, is a 
higher risk for persons in contact with farm animals than for 
those who have contact with pets [ 274 ,  277 ]; (3) contami-
nated food; and (4) fecally contaminated water, untreated 
surface water, fi ltered swimming pool water, and even chlo-
rinated or fi ltered drinking water [ 278 ].   

44.4.1.1     Cryptosporidiosis in Solid Organ 
Transplantation 

    Reports of  cryptosporidiosis         have been published in kidney 
[ 270 – 273 ,  279 – 282 ], liver [ 282 – 286 ], small bowel [ 287 , 
 288 ], and HSCT [ 289 – 295 ] recipients. 

 Infection spread out of the gastrointestinal lumen is very 
rare: One case of lethal  Cryptosporidium baileyi  infection 
with disseminated infection has been reported [ 280 ] and a 
case of sclerosing cholangitis secondary to intestinal crypto-
sporidiosis has been accounted for [ 296 ] in a kidney trans-
planted patient.  Cryptosporidium -associated sclerosing 
cholangitis is a rare but severe complication that has been 
reported in adults and in children with liver transplantation 
[ 283 ,  286 ]. 

 In small bowel transplant recipients,  Cryptosporidium  has 
been described to cause severe diarrhea [ 284 ,  287 ,  288 ] that 
needs to be differentiated from rejection and from other 
infectious agents [ 287 ]. Cryptosporidiosis in solid organ 
recipients has been associated with elevated tacrolimus lev-
els and a transient worsening of kidney function [ 282 ].     

44.4.1.2     Cryptosporidiosis in Hematopoietic 
Stem Cell Transplantation 

     Cryptosporidium  infection  in         HSCT recipients causes diar-
rhea (which may be severe) [ 289 ], vomiting, anorexia, and 
weight loss [ 295 ]. Extraintestinal cryptosporidiosis with pul-
monary involvement [ 291 ] has been reported. Intestinal 
cryptosporidiosis can mimic intestinal graft-versus-host dis-
ease (GVHD) and needs to be differentiated from it, since 
clinical management requires different approaches [ 294 ].     

44.4.1.3     Diagnosis 

   Cryptosporidiosis should be  considered      in all transplant 
recipients with acute or chronic diarrhea or signs of biliary 
tract disease without biliary calculi. 

 The diagnosis of  Cryptosporidium  infection is made pri-
marily by oocysts detection in a modifi ed stool acid-fast 
staining. Oocyst excretion is intermittent, so multiple sam-
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ples may be necessary to reach diagnosis. IFA and ELISA 
assays can signifi cantly increase diagnostic sensitivity to as 
high as 100 % [ 297 ]; these techniques have been used in 
fecal or tissue specimens [ 268 ]. When available, polymerase 
chain reaction (PCR) testing is the diagnostic method of 
choice [ 298 ]. Serologic testing has a limited value for clini-
cal diagnosis because antibodies can be elevated for more 
than 1 year after acute infection. Duodenal aspirates and 
biopsy specimens from affected gastrointestinal tissue [ 274 , 
 284 ] may be required to reveal the parasite. A defi nite diag-
nosis of biliary tract cryptosporidiosis is made by the demon-
stration of oocysts in the bile or by histology. Stool specimens 
may or may not be positive.    

44.4.1.4     Treatment 

   No reliable  treatment for      cryptosporidiosis exists. The reso-
lution of  Cryptosporidium  infection depends mainly on the 
immune status of the host. Although the available treatments 
do not reliably eradicate the parasite, they do seem to sup-
press the infection [ 297 ]. Long-term therapy, including 
nitazoxanide, azithromycin, spiramycin, or paromomycin, 
may be effective [ 299 ,  300 ]. However, it is unclear whether 
therapeutic success can be achieved without reducing immu-
nosuppression [ 288 ,  301 ], as impaired cell-mediated immu-
nity and interferon-gamma play a key role in parasite 
clearance [ 301 ].    

44.4.1.5     Prevention 

    Cryptosporidiosis is      diffi cult to prevent because the oocyst is 
resistant to most of the standard water treatments and anti-
septic solutions. Transplant recipients should limit their 
exposure to  Cryptosporidium  pathogens by avoiding contact 
with (including drinking) water from public swimming 
pools, lakes, and streams. Boiling water for 1 min or fi ltering 
it with submicron personal-use water fi lters may decrease the 
risk of infection, and these have been suggested as preven-
tive measures, especially during outbreaks [ 302 ]. Ice made 
from tap water may be a source of infection, and patients 
should be advised accordingly. Bottled or canned carbonated 
soft drinks and pasteurized beverages are safe [ 302 ].     

44.4.2     Microsporidiosis 

   Microsporidia  are      obligate, spore-forming, intracellular, 
highly diverged parasites [ 303 ]. Microsporidia are ubiqui-
tous, highly resistant to degradation, and have the ability to 
survive in the environment for many months; in addition, 
they can infect the whole animal kingdom.  Enterocytozoon 
bieneusi  and  Encephalitozoon  spp. are the most common 
causes of human disease [ 303 ] .  

 Fecal–oral and urinary–oral routes seem to account for 
most infections, although person-to-person transmission is 

possible due to the presence of spores in body fl uids. 
Microsporidiosis is a zoonotic disease [ 303 ]. Birds, many 
animals, and insects are known reservoirs for microsporidial 
species that produce human illness. Also, there is evidence 
of waterborne and foodborne transmission [ 303 ]. 
Transmission to multiple recipients from an infected organ 
donor has been reported [ 304 ]. 

   E. bieneusi    and   Encephalitozoon  spp.   infect the gastroin-
testinal and biliary tracts. In general,  Enterocytozoon  infec-
tions are limited to the intestine producing chronic diarrhea 
and weight loss [ 305 ].  Encephalitozoon  spp. infects macro-
phages and disseminates widely, causing systemic infection 
with involvement of the intestinal and hepatobiliary tracts, 
the respiratory tract, sinuses, eye, brain, and kidney [ 305 ]. 
 Anncaliia algerae  an insect microsporidia, and causes myo-
sitis in immunocompromised patients [ 306 ,  307 ].   

44.4.2.1     Microsporidiosis in Transplantation 

     E. bieneusi          asymptomatic carriage [ 308 ] and symptomatic 
infection have been reported in transplant recipients [ 309 ]. 
  E. bieneusi    invades the intestinal epithelium and may spread 
to the hepatobiliary canals, producing cholangitis. 
Symptomatic infection in kidney, liver, and heart–lung [ 310 –
 316 ] recipients is characterized by non-bloody, watery, pro-
tracted diarrhea; fatigue; abdominal discomfort; weight loss 
and fever [ 317 ]. In spite of chronic diarrhea, reports indicate 
that the macroscopic appearance of the intestinal mucosa at 
the time of endoscopic studies is normal [ 310 ,  312 ,  314 , 
 315 ], whereas duodenal biopsy specimens show that mild, 
nonspecifi c duodenitis [ 314 ,  315 ], and colonic biopsy speci-
mens are usually normal. 

   Encephalitozoon   spp.    causes disseminated disease with 
multiorgan involvement, graft malfunction [ 318 ], and pul-
monary disease. Disseminated infection has been reported in 
HSCT (with pulmonary involvement and with parasites 
identifi ed in respiratory specimens) [ 319 ,  320 ]; in kidney 
recipients [ 321 ] (with involvement of kidney allograft in all 
cases, with cornea, lungs, and central nervous system among 
possible sites of dissemination) [ 322 ]; in a lung recipient 
(with pulmonary involvement and granulomatous interstitial 
nephritis) [ 323 ]; and in kidney–pancreas transplant (with 
parasites identifi ed in the abdominal fl uid) [ 324 ]. 

   A. algerae    was reported to cause fever, myositis, and axo-
nal neuropathy that was lethal in two transplanted patients 
[ 306 ,  307 ]. 

 Disseminated lethal infection due to   Tubulinosema acri-
dophagus    has been reported in a HSCT patient [ 325 ].    

44.4.2.2     Diagnosis 

   Microsporidial  infection      diagnosis requires not only a high 
level of awareness but also trained laboratory personnel and 
specialized technical approaches. 
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 The diagnosis depends on identifi cation of spores in 
clinical samples that are obtained on the basis of patient 
symptoms but may include stool, urine, sputum, bron-
choalveolar lavage fl uid, and cerebrospinal fl uid [ 326 ]. 
Due to intermittent oocyst shedding, multiple specimens 
of urine and stool may be necessary to ensure diagnosis 
[ 326 ]. Routine examination for ova and parasites will not 
detect microsporidia spores. 

 Specialized methods that include Ritchie concentration, 
Weber trichrome stain, and fl uorochrome stain are needed 
for detection. In tissue, microsporidia stain variably with 
hematoxylin and eosin; Gram stain and Warthin–Starry tech-
niques considerably improve the visualization of these 
organisms. Electron microscopy, molecular assays, or indi-
rect immunofl uorescence or immunohistochemical stains are 
usually needed for species-specifi c identifi cation, which has 
important therapeutic implications [ 326 ].    

44.4.2.3     Treatment 

   The  successful      management of microsporidial infections 
may require immunosuppression decrease whenever feasi-
ble, as cell-mediated immunity is paramount in controlling 
microsporidial infection [ 326 ]. 

 Therapy for microsporidiosis is species-dependent. 
  Encephalitozoon  species  , including  Encephalitozoon cunic-
uli , are treatable with albendazole (400 mg twice daily) 
[ 326 ]. Survival rates may be close to 80 % when treatment is 
timely initiated, but prolonged therapy may be necessary. 

   E. bieneusi    can be treated with oral fumagillin (20 mg 
three times a day given for up to 14 days) with early resolu-
tion of diarrhea [ 327 ]. Reversible thrombocytopenia is the 
most important toxicity, and platelet monitoring is necessary 
throughout treatment. Tacrolimus blood levels usually 
decrease with fumagillin treatment, so through levels moni-
toring is needed [ 327 ].    

44.4.2.4     Prevention 

   Sensible precautions  include      the avoidance of known reser-
voir hosts, especially pets; thorough cooking of meat [ 328 ] 
and water boiling; and refraining from swimming in lakes, 
rivers, and swimming pools [ 329 ] as this is a risk factor for 
microsporidial infections [ 330 ].     

44.4.3     Other Intestinal Protozoa 

 Diarrhea may occur in up to 20 % of solid organ transplant 
recipients [ 331 ] and close to 50 % of HSCT patients in devel-
oping countries. In many of these cases, intestinal protozoa, 
sometimes as mixed infections, are the responsible etiologi-
cal agents of signifi cant and protracted diarrhea. Although 
worldwide distributed, transmission is more common in 

developing areas. They share the same transmission mechanisms, 
related to contaminated food and water, person-to- person 
spread, and zoonotic exposures. Asymptomatic carriage may 
occur, and progression to symptomatic disease may occur 
when the patients are immunosuppressed. 

 In the HSCT setting, awareness of potential infectious 
causes of diarrhea is specially important after engraftment, 
as diarrhea may be considered as caused by drug toxicities or 
graft-versus-host disease. 

44.4.3.1      Entamoeba histolytica  

    E. histolytica  has been  reported      in both SOT [ 332 ] and HSCT 
recipients [ 333 ] as a cause of invasive diarrhea. Skin involve-
ment with erythema nodosum-like lesions caused by  E. his-
tolytica  has been reported in a kidney transplant recipient 
[ 334 ]. 

 Treatment involves the use of amoebicidal drugs (metroni-
dazole or tinidazole) active against trophozoites (the invasive 
form) followed by a luminal agent to eliminate cyst (paromo-
mycin or iodoquinol). Asymptomatic carriage can be treated 
with a luminal agent to prevent transmission and develop-
ment of invasive disease.    

44.4.3.2      Giardia lamblia  

    G. lamblia  is the  most      common intestinal protozoan parasite 
in the Western world; however, reports of these infections in 
the transplantation setting are scarce [ 335 – 337 ]. 

  Giardia  has been found to account for ~20 % of symptom-
atic parasitic diseases in kidney transplant recipients from 
South Brazil [ 338 ] and 27 % of all infectious diarrhea epi-
sodes in SOT recipients in Turkey [ 339 ]. Duodenal villous 
atrophy with diarrhea, usually caused by mycophenolic acid, 
may be caused by  Giardia  infection in ~10 % of the cases, 
and diagnosis may need upper gastrointestinal endoscopy 
because of negative stool examinations [ 340 ]. 

  Giardia  can be treated with metronidazole, nitazoxanide, 
or paromomycin. Refractory cases can be treated with met-
ronidazole plus quinacrine.    

44.4.3.3      Blastocystis hominis  

   In kidney  transplant      recipients, gastrointestinal symptoms 
with detection of  B. hominis  in the stool samples have been 
reported; the prevalence of infection was nearly 40 % [ 272 ]. 
Among infected patients with no other enteropathogenic 
microorganism, 61 % were symptomatic, and symptoms cor-
related with the presence of amoeboid forms and parasitic 
load [ 272 ]. 

  B. hominis  infection has also been reported in an alloge-
neic HSCT recipient with acute bowel GVHD. Symptoms 
resolved only after long-term treatment with metronidazole 
cleared  B. hominis  from stools [ 341 ]. 
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  B. hominis  can be treated with metronidazole (200–
750 mg three times daily for 5–10 days). Cotrimoxazole and 
nitazoxanide can also be effective, but therapeutic failure can 
occur with all agents.    

44.4.3.4      Cyclospora cayetanensis  
and  Cystoisospora belli  

      C. belli  has  been            reported as cause of profuse diarrhea in 
liver [ 342 ,  343 ], kidney [ 344 ,  345 ], and intestinal transplant 
[ 346 ] recipients.  C. cayetanensis  was also reported as cause 
of diarrhea in a kidney transplant recipient [ 347 ]. All cases 
resolved with trimethoprim/sulfamethoxazole, which may 
be used at 160 mg/800 mg dose twice or eventually four 
times daily.      

44.4.3.5     Diagnosis of Intestinal Protozoa 

  Standard stool  examination   is useful to detect all above- 
mentioned intestinal protozoa. Concentration methods and 
special stains or techniques enhance detection of certain 
pathogens. 

  E. histolytica  and  G.    lamblia       detection is improved using 
species-specifi c antigen testing or PCR (stool microscopy 
does not allow differentiation between  Entamoeba  species). 
Serology does not distinguish past from present infection, 
and may be positive in asymptomatic individual. It may be 
useful in extraintestinal forms of amebiasis. 

  Cystoisospora  and  C. cayetanensis   oocysts      can be detected 
by modifi ed acid-fast staining of stool and safranin stain. 
Fluorescence microscopy is useful to detect  Cyclospora  
oocysts, which are autofl uorescent. 

 PCR techniques, when available, are the most sensitive 
methods for detection.   

44.4.3.6     Prevention 

  Routine  parasitological   screening should always be consid-
ered in the pretransplant work up for patients at epidemio-
logical risk. Asymptomatic carriage should prompt 
enhanced efforts on patient education on food and water 
safety, hand washing, and hygiene. Pre-emptive treatment 
before starting immunosuppression may avoid development 
of symptomatic disease.     

44.5     Conclusion 

 Parasitic disease epidemiology is changing. Their human 
hosts move around the world, carrying them; also there is an 
increasing number of people traveling [ 348 ]. Because of 
immigration, in 2013, 232 million people—3.2 % of the 
world’s population—lived outside their country of origin 

[ 349 ]. Global warming and climate change are also modify-
ing the geographical distribution of infectious diseases vec-
tors [ 350 – 352 ] with the emergence of exotic infections in 
unexpected places [ 353 ]. The practice of infectious diseases 
in transplantation is always challenging, as clinical manifes-
tations in patients with blunted immune responses are fre-
quently subtle and atypical. Parasitic infections add to this 
challenge the need to be aware of their occurrence in unex-
pected geographical areas. Efforts should be focused on per-
forming a comprehensive history, maintaining a high index 
of suspicion, and adhering to preventive measures. In the 
pretransplantation period, a thorough history of possible 
geographic exposure, even in the remote past, is essential; 
this needs to include the patient’s areas of residence and 
travel. Inquiries about past infection should not be limited to 
their clinical manifestations, but they should also include the 
specifi c treatments that might have been administered even 
in the absence of clinical disease. In an attempt to prevent 
overwhelming infections after transplantation, serotesting 
and a parasitologic examination should be performed when-
ever reasonable doubt is present. The investigation should be 
carried out when patients are placed on the waiting list to 
allow time for diagnosis and pretransplantation treatment. 
Living donors should be thoroughly evaluated early in the 
pretransplantation workup to allow risk appraisal, diagnosis, 
and treatment as needed. Deceased donors pose an altogether 
different problem. Because an extensive epidemiologic 
 history might prove diffi cult to obtain, the risk potential may 
be best evaluated by using laboratory tests more liberally. 

 In the immediate post-transplantation period, a high level 
of suspicion is needed because the symptoms of parasitic 
diseases might mimic those of other infections or even of 
rejection, especially when they present with fever and 
allograft dysfunction. 

 In the late post-transplantation period, recent exposure to 
endemic diseases needs to be addressed at the time of dif-
ferential diagnosis. 

 Parasitic diseases may jeopardize transplantation suc-
cess, especially if the diagnosis, specifi c treatment, and 
adequate management of immunosuppression are not 
accomplished in time.     
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45.1           Introduction 

   Preventing the acquisition  and      transmission of infections in 
hospitalized hematopoietic stem cell transplant (HSCT) 
recipients remains a challenge. Considerable clinical experi-
ence has been accumulated, but a paucity of randomized, 
controlled trials exists on the topic of infection control in this 
setting. The Center for International Blood and Marrow 
Transplant Research (CIBMTR), National Marrow Donor 
Program (NMDP), European Blood and Marrow Transplant 
(EBMT) Group, American Society for Blood and Marrow 
Transplant (ASBMT), Canadian Blood and Marrow 
Transplant Group (CBMTG), Infectious Diseases Society of 
America (IDSA), Society for Healthcare Epidemiology of 
America (SHEA), Association of Medical Microbiology and 
Infectious Diseases (AMMI), the Centers for Disease Control 
and Prevention (CDC), and the Health Resources and Services 
Administration published comprehensive evidence- based 
guidelines in 2009 (hereafter referred to as the “2009 
Guidelines”) for preventing opportunistic infections among 
HSCT recipients [ 1 ]. This report represents an update on ear-
lier guidelines published in 2000 [ 2 ]. The 2009 Guidelines 
include 253 recommendations regarding hospital infection 
control practices in hematopoietic stem cell transplantation. 
The topics covered include room ventilation; construction, 
renovation, and building cleaning; isolation and barrier pre-
cautions; hand hygiene; equipment management; plants, play 
areas, and toys; issues involving health care workers (HCWs) 
and visitors to hematopoietic stem cell transplantation 
 centers; patient skin and oral care; prevention of bacterial 
intravascular catheter-related infections; infection control 
surveillance; and prevention and control of specifi c nosoco-
mial infections, including  Legionella  species, methicillin 
resistant  Staphylococcus aureus  (MRSA), Staphylococci with 
reduced susceptibility to vancomycin, vancomycin-resistant 
Enterococcus (VRE), multidrug- resistant gram-negative 
bacilli (MDR-GNB),  Clostridium diffi cile , community respi-
ratory viruses (CRVs), and viral gastroenteritis pathogens [ 1 ]. 

 These 253 guidelines were stratifi ed on the basis of the 
strength of the recommendations (A–E) and the quality of 
the supporting evidence (I–III). This document includes 
only 30 guidelines in category AI or II (strongly recom-
mended) and two in category EII (never recommended) [ 1 ]. 
Table  45-1  summarizes the defi nitions of these categories 
and lists the 32 AI, AII, and EII guidelines.

   In addition to the 2009 Guidelines, several general infec-
tion control policy guidelines are relevant to the care of the 
HSCT population. The most important of these for HSCT 
infection control are the “2007” Guideline for Isolation 
Precautions: Preventing Transmission of Infectious Agents 
in Health Care Settings” of the Healthcare Infection Control 
Practices Advisory Committee (HICPAC) [ 3 ], the 2003 
“Guidelines for Environmental Infection Control in 
Healthcare Facilities” [ 4 ] from HICPAC, the 2002 “Guideline 
for Hand Hygiene in Healthcare Settings” [ 5 ], and the 2008 
“Guideline for Disinfection and Sterilization in Healthcare 
Facilities” [ 6 ]. Additional guidelines specifi c to a particular 
pathogen (i.e.,  C. diffi cile,  norovirus) were published after 
the 2009 Guidelines and will be mentioned in the relevant 
sections [ 7 ,  8 ].    

45.2     Guideline Recommendations 

45.2.1     Room Ventilation 

    Ventilation is  an         extremely important infection control mea-
sure, but one in which practices have varied from one center 
to another. All allogeneic recipients should be placed in 
rooms with at least 12 air exchanges per hour and central or 
point-of-use  high- effi ciency particulate air (HEPA) fi lters   
that are capable of removing particles larger than 0.3 mm in 
diameter (AIII) [ 1 ,  9 ,  10 ]. The effi cacy of these protective 
isolation measures for autologous HSCT recipients has not 
been well established (BIII). Effective fi ltration is particularly 
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   TABLE 45-1.    AI, AII, and EII recommendations stratifi ed by strength and quality of supporting evidence in the 2009 Guidelines,       infection 
control section   

  Categories  
 A. Strong evidence for effi cacy and substantial clinical benefi t; 
 B. Strong or moderate evidence for effi cacy but only limited clinical benefi t; 
 C. Insuffi cient evidence for effi cacy or effi cacy does not outweigh possible adverse consequences or cost of chemoprophylaxis or alternative approaches; 
 D. Moderate evidence against effi cacy or for an adverse outcome; 
 E. Strong evidence against effi cacy or for an adverse outcome. 

  Strength of supporting evidence  
 I. Evidence from at least one well-executed randomized, controlled trial; 
 II. Evidence from at least one well-designed clinical trial without randomization, cohort, or case-controlled analytic studies 

(preferably from more than one center), multiple time-series studies, or dramatic results from uncontrolled experiments; 
 III. Evidence from opinions of respected authorities based on clinical experience, descriptive studies, or reports of expert committees. 

  AI recommendations  
 1. When hands are visibly dirty or soiled with blood or body fl uids, hands should be washed using soap and water. 
 2. When a defi nite or possible case of laboratory-confi rmed nosocomial Legionnaires disease (LD) is identifi ed in a person who was in the inpatient 

HSCT center during all or part of the 2–10 days before illness onset, or if two or more cases of laboratory-confi rmed LD occur among patients who 
had visited an outpatient HSCT center, the hospital infection control team should be consulted and a thorough epidemiological and environmental 
investigation should be conducted to determine the likely environmental source(s) of  Legionella  species. 

 3. HSCT centers should follow published recommendations for preventing, controlling, and treating  C. diffi cile  infection. 
 4. All HCWs who have contact with a  C. diffi cile  infected patient or with the patient’s environment should don gloves. 
 5. HCWs and close contacts of HSCT recipients should receive a yearly infl uenza vaccine at the start of the infl uenza season, preferably with 

inactivated infl uenza vaccine rather than with live attenuated infl uenza vaccine to avoid concerns about transmission of vaccine virus. 

  AII recommendations  
 1. HSCT centers should prevent birds from nesting near hospital air-intake ducts. 
 2. Construction and renovation areas should have negative air pressure relative to HSCT patient care areas to ensure that air fl ows from patient care 

areas toward construction areas. 
 3. A portable, industrial-grade HEPA fi lter should be used between a construction zone and the HSCT unit if a large area is under construction and 

negative pressure differential cannot be guaranteed. 
 4. Hand hygiene is the mainstay of infection prevention in a hospital and is an essential element of Standard Precautions for all patients. 
 5. In the absence of visible soiling of hands or contact with spore-forming organisms, the preferred method of maintaining hand hygiene is use of an 

alcohol-based hand rub because of its superior microbicidal activity, reduced drying of the skin, and convenience. 
 6. Every effort should be made to restrict all HCWs with infections that are potentially transmissible to HSCT recipients or candidates from direct 

patient care activities. 
 7. Work-exclusion policies should be designed to encourage HCWs to report their illnesses or exposures. 
 8. Staff should request that visitors with CRV leave the HSCT center until signs and symptoms of infection have resolved or, for recent exposures to 

communicable infections, until the incubation period for that infection has passed without the appearance of signs or symptoms suggestive of active 
infection. 

 9.  If  Legionella  species are detected in the water being supplied to a HSCT center, the water supply should be decontaminated until  Legionella  species 
are no longer detected by culture. 

 10–13.  To prevent MRSA, VRE, MDR-GNB, and CRV transmission, HCWs should maintain hand hygiene with either an alcohol-based hand rub or 
wash hands with soap and water if soiled before and after all patient contact or contact with the patients’ potentially contaminated equipment or 
environment. 

 14–16.  To prevent MRSA, VRE, and MDR-GNB transmission, HCWs should use Contact Precautions for patients colonized or infected with these 
pathogens, including the use of gloves and gowns. 

 17.  All HSCT centers should have suffi cient laboratory capability to identify all Staphylococcus isolates and their antimicrobial susceptibility patterns, 
including vancomycin susceptibility. 

 18.  Medical and ancillary staff members who are responsible for monitoring antimicrobial use patterns in the facility should routinely review 
vancomycin use patterns. 

 19.  HSCT center personnel should institute the prudent use of all antimicrobials, including vancomycin, to prevent the emergence of Staphylococcus 
with reduced susceptibility to vancomycin. 

 20.  To reduce the risk of VRE infection, HSCT clinicians should minimize the use and duration of treatment with vancomycin and antimicrobial agents 
with anaerobic coverage. 

 21. HCWs and visitors with infectious conjunctivitis should be restricted from direct patient contact until the drainage resolves. 
 22. HSCT recipients with CRV infection should be placed on appropriate precautions for at least the duration of illness. 
 23.  HSCT centers should ensure adherence to hand hygiene, appropriate isolation precautions, and environmental disinfection when patients develop 

viral gastroenteritis. 
 24. When a patient has viral gastroenteritis, appropriate precautions should be maintained for at least the duration of illness. 
 25.  Contact Precautions and environmental disinfection should be used to control the spread of astrovirus infection among HSCT recipients during 

known outbreaks. 

  EII recommendations  
 1. Treatment of asymptomatic  C. diffi cile  carriers to prevent clinical infection. 
 2. Administration of Bacillus Calmette–Guérin vaccination to HSCT recipients. 

  From Tomblyn M, Chiller T, Einsele H, et al. Guidelines for Preventing Infectious Complications among Hematopoietic Cell Transplantation Recipients: A 
Global Perspective. Biol Blood Marrow Transplant. 2009; 15: 1143–1238. 
  Abbreviations :  HSCT  hematopoietic stem cell transplant,  CRV  community respiratory virus,  HCW  health care worker,  MDR-GNB  multidrug- resistant gram-
negative bacilli,  MRSA  methicillin-resistant  Staphylococcus aureus ,  VRE  vancomycin-resistant Enterococcus. 
  a See text for updates from more recent guidelines regarding these points.  
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important and should be monitored frequently in HSCT 
centers undergoing construction and renovation (AIII) 
[ 11 ,  12 ]. When there is a shortage of such rooms to accom-
modate all HSCT recipients, room allocation should priori-
tize those at highest risk for invasive mold infection (BIII). In 
such instances, portable, industrial-grade HEPA fi lters may 
be used in non- protective environment rooms to minimize 
risk to vulnerable patients (BIII). Though portable HEPA fi l-
ters have been demonstrated to remove airborne fungal 
spores and mycobacteria, their effi cacy relative to the stan-
dard central or point-of- use   HEPA fi lters in preventing infec-
tion has not been established [ 13 ,  14 ]. 

 Opinion has evolved regarding the utility  of   laminar air 
fl ow (LAF)  rooms     , in which HEPA-fi ltered air moves in par-
allel in one direction and exits from the wall opposite where 
the air enters. Early studies suggested decreased mortality 
with use of LAF rooms for BMT patients [ 15 ,  16 ]. However, 
more recent work has not shown an overall survival benefi t 
from routine LAF use in all HSCT recipients [ 17 ,  18 ]. Due to 
their inconvenience, added expense, and lack of clear bene-
fi t, LAF rooms are not currently recommended for newly 
constructed rooms in HSCT centers (DII). 

 Current recommendations do suggest that rooms have 
directed airfl ow with air intake and air exhaust at opposite 
sides of the room (BIII) and that each room has well-sealed 
windows, electrical outlets, fl oor and ceiling (BIII). 
Hematopoietic stem cell transplantation centers should pre-
vent the access of birds to hospital air intake ducts (AII) 
because studies have linked such exposures to the subse-
quent development of invasive pulmonary infections in 
HSCT recipients [ 9 ,  19 ]. In addition, a positive-pressure dif-
ferential of ≥2.5 Pa should exist between the room and adja-
cent hallways or anterooms (BIII) [ 1 ,  10 ] and continuous 
pressure monitoring should be employed to allow staff to 
monitor for engineering failures (BIII) [ 4 ,  20 ]. This pressure 
differential decreases the likelihood of introduction of air-
borne pathogens from adjoining areas. Self-closing doors are 
useful in maintaining this pressure differential (BIII). 
Anterooms are optional, except in cases of HSCT recipients 
requiring Airborne Precautions (BIII). For the management 
of a patient requiring a protective environment who concur-
rently has an airborne infection when an airborne isolation 
room with an anteroom is not available, a portable, industrial- 
grade HEPA fi lter should be placed in the room to augment 
the removal of spores (BIII) [ 4 ]. 

 Walsh and Dixon summarized the investigations and point 
sources found in 25 outbreaks of nosocomial  aspergillosis      
[ 19 ]. Most commonly,       aspergillosis outbreaks in neutropenic 
patients have been related to hospital construction or con-
taminated ventilation systems [ 19 ]. The authors recom-
mended environmental microbiologic surveillance and 
fl oor-to-ceiling barriers during hospital construction and 
renovation as important measures for aspergillosis control 
[ 19 ]. In another study, an air pressure differential between an 
oncology unit and the adjoining hospital areas was thought 

to be the source of an  Aspergillus  outbreak during hospital 
construction [ 21 ]. Although the room pressure was higher 
than the corridor pressure in the oncology unit, the unit as a 
whole had negative pressure with respect to other hospital 
areas [ 21 ]. This case illustrates the complexity of the investi-
gations required for aspergillosis control. 

 Even when the systems conform to the above specifi ca-
tions, at times these systems may be nonfunctioning or shut 
down for maintenance. The 2009 Guidelines recommend the 
establishment of backup systems for power and air-handling 
in the event of a shutdown of the central ventilation system 
(BIII). In addition, provisions should be made for the preven-
tion of exposure to fungal spores after air-handling systems 
are restarted following routine maintenance (BIII). 

 The  2007 Guideline for Isolation Precautions      develops 
further the idea of a “protective environment” for HSCT 
recipients [ 3 ]. The elements of such an environment include 
“(i) HEPA fi ltration of incoming air, (ii) directed room air 
fl ow, (iii) positive air pressure relative to the corridor, (iv) 
well sealed rooms (including sealed walls, fl oors, ceilings, 
windows, electrical outlets) to prevent fl ow of air from the 
outside, (v) ventilation to provide more than 12 air changes 
per hour, (vi) strategies to minimize dust (i.e., scrubbable 
surfaces rather than upholstery and carpet, and routinely 
cleaning crevices and sprinkler heads), and (vii) prohibiting 
dried and fresh fl owers and potted plants in the rooms of 
HSCT patients” [ 3 ]. More detailed recommendations are 
listed in Table 5 of the  2007 Guideline for Isolation 
Precautions      [ 3 ]. It is important to note that this concept of a 
“protective environment” does not include barrier precau-
tions beyond routine application  of      Standard Precautions for 
all patients  and      Transmission-Based Precautions when indi-
cated. In addition, evidence is lacking to recommend this 
protective environment to immunocompromised patients 
other than HSCT recipients [ 3 ]. Moreover, the use of HEPA- 
fi ltered rooms alone is not enough to prevent infections and 
should not replace other standard infection control mea-
sures, nor create a false sense of security. In a study of 23 
outbreaks of viral, fungal, and bacterial infection in HSCT 
units, the majority occurred despite the use of HEPA-fi ltered 
rooms [ 22 ].     

45.2.2     Construction, Renovation, 
and Building Cleaning 

    The major concern  with         hospital construction or renovation 
is the increased risk of aspergillosis and other fungal infec-
tions due to the aerosolization of fungal spores during con-
struction activity. Close collaboration and advance planning 
by a multidisciplinary team involving infection control per-
sonnel and individuals responsible for construction, are 
important [ 4 ,  23 ]. Published guidelines for environmental 
controls during construction should be consulted during the 
planning and implementation of construction (AIII) [ 4 ,  23 ]. 
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Education of construction personnel and HCWs can help 
minimize infection control risks and mandatory infection 
control adherence agreements should be incorporated into 
construction contracts [ 4 ]. Construction of new facilities or 
renovation of existing facilities offers an opportunity to max-
imize patient safety by adherence to guidelines [ 4 ]. For 
example, regarding air intake and exhaust outlets, building 
design should ensure that exhaust outlets are located atleast 
25 feet from intake systems; that outdoor air intakes are 
located atleast 6 feet above ground or atleast 3 feet above 
roof level; and that exhaust outlets from contaminated areas 
are located above roof level to minimize recirculation of 
exhausted air [ 4 ]. 

 In addition, in anticipation of construction or renovation, 
aspergillosis-control measures (AIII) should be intensifi ed. 
Recommended measures include the placement of airtight 
barriers between patient care areas and construction areas 
(BIII) [ 4 ]; limiting the opening and closing of doors or other 
barriers (BIII) [ 4 ,  24 ]; the use of dedicated entrances, stair-
ways, and/or elevators for construction traffi c; and limiting 
contact between construction personnel and patient care 
areas by controlling the fl ow of patients during the construc-
tion [ 4 ]. It is preferable for air exhaust from construction 
areas to be vented outside the hospital rather than recircu-
lated (BIII); if that is not possible, the exhaust should be 
HEPA-fi ltered. In addition, construction and renovation 
areas should have negative pressures relative to HSCT patient 
care areas to ensure air does not fl ow from the construction 
areas to the patient care areas (AII) [ 21 ,  25 ]. If this pressure 
differential cannot be guaranteed and a large area is under 
construction, a portable, industrial-grade HEPA fi lter should 
be used between these two areas (AII) [ 21 ,  26 ]. Measures 
should be in place to avoid tracking of dust and construction 
debris out of the construction zone, such as the use of mats 
with tacky surfaces, damp-wiping tools, and removal of 
workers’ protective outer clothing when leaving the con-
struction zone. Regular monitoring of compliance is essen-
tial [ 4 ]. Any visible dust and debris tracked out of the 
construction zone should be removed using a HEPA-fi ltered 
vacuum [ 27 ]. The 2009 Guidelines [ 1 ] and the 2003 
Guidelines for Environmental Infection Control [ 4 ] present 
more detailed discussions of specifi c measures and should be 
consulted prior to such projects. 

 HSCT recipients, HCWs, and visitors should avoid con-
struction and renovation areas to the extent possible, and 
HSCT equipment and supplies should not be exposed to con-
struction areas (AIII) [ 21 ,  28 ]. The use of N95 respirators 
during transport has been advocated for HSCT recipients 
passing near construction or renovation areas (CIII) [ 21 ,  28 ]. 
Training in proper use is necessary for maximal benefi t. The 
routine use of N95 respirators by patients, however, has not 
been evaluated for preventing exposure to fungal spores dur-
ing periods of non-construction [ 4 ]. Standard surgical masks 
provide little protection against the inhalation of fungal 
spores and should not be used. 

 There should be enhanced monitoring for clinical cases of 
aspergillosis and other invasive mold infections in order to 
identify trends that may suggest an environmental mold 
source (BIII). That said, the utility of routine microbiological 
air sampling for fungal spores in HSCT units has not been 
established and is not recommended (DIII) [ 29 – 31 ]. There 
may, however, be a role for such testing during suspected 
outbreaks to determine the environmental source (CIII). 

 Newly constructed areas should be cleaned before patients 
are permitted to enter them (AIII), as several guidelines out-
line [ 4 ,  23 ]. With regard to hospital cleaning, HSCT patient 
care areas should be cleaned at least daily using an 
Environmental Protection Agency (EPA)-registered disin-
fectant (BIII). Particular attention should be given to dust 
removal (BIII).  Wet dusting methods   should be employed to 
avoid dust aerosolization (BIII) [ 4 ]. Floor surfaces and fur-
nishings should be smooth, non-porous, and easily disin-
fected to minimize dust levels and contamination with 
nosocomial pathogens (BIII) [ 4 ]. Carpeting should not be 
installed in HSCT patient care areas, as contaminated carpet-
ing has been associated with outbreaks of aspergillosis in 
HSCT centers [ 32 ,  33 ]. HSCT recipients should not be 
exposed to activities such as vacuuming that may result in 
the aerosolization of  Aspergillus  spores (EIII) [ 23 ]. Vacuum 
cleaners should be fi tted with HEPA fi lters [ 4 ,  25 ]. To avoid 
mold contamination, water leaks should be repaired as 
quickly as possible and ideally within 72 h (BIII) [ 4 ,  34 ].     

45.2.3      Isolation and Barrier Precautions 

   Hematopoietic stem  cell      transplantation centers should follow 
the 2007 Guidelines for Isolation Precautions [ 3 ]. The con-
cept of a protective environment has been discussed above, 
with regards to airfl ow and ventilation considerations [ 3 ]. 
Since the early years of transplantation, the trend has been 
away from strict longterm protective isolation for all trans-
plant recipients, with the recognition that many infections 
are due to host fl ora rather than acquired via person- to- 
person spread [ 35 ,  36 ]. In addition, the psychological effects 
of protracted strict isolation should be taken into account 
[ 35 ,  36 ].  Hand hygiene   is the most effective preventive mea-
sure studied (see “Hand Hygiene”). One study indicated that 
gown and glove precautions appeared to have a protective 
effect in addition to that of strict hand washing when they 
were used in a pediatric intensive care unit dedicated to solid 
organ transplant recipients [ 37 ]; however, no recommenda-
tions to implement these precautions for all HSCT recipients 
exist. Additional precautions recommended for the control 
of specifi c organisms, such as multidrug resistant bacteria, 
are discussed in “Control of Specifi c Nosocomial and 
Community-Acquired Pathogens.” 

 HSCT recipients should be housed in single-patient rooms 
(BIII). If the availability of such rooms is limited, priority 
should be given to the most immunosuppressed patients, 
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including HSCT recipients during their initial transplant 
admission—especially allogeneic transplants—and patients 
receiving therapy for graft-versus-host-disease (GVHD) dur-
ing subsequent admissions (BIII). 

 The 2007 Guidelines for Isolation Precautions update pre-
vious guidelines in a number of important ways [ 3 ]. 
Precautions are now defi ned by a two-tiered system com-
posed of Standard Precautions and Transmission-Based 
Precautions.  Standard Precautions      are used for the care of all 
patients in health care settings, and include the following [ 3 ]:

•    Hand hygiene  
•   Safe injection practices  
•   Use of gowns, gloves, masks, eye protection, and face 

shields depending on the type of anticipated exposure  
•   Respiratory hygiene/cough etiquette    

 Respiratory hygiene/cough etiquette includes a variety 
of measures, such as education of health care providers, 
patients, and visitors; posted signs; source control mea-
sures such as covering the mouth and nose with a tissue 
when coughing; hand hygiene after contact with respira-
tory secretions; spatial separation, ideally more than 3 feet 
in waiting areas, and placing masks on coughing patients if 
tolerated [ 3 ]. Health care personnel with respiratory infec-
tion symptoms should avoid direct patient contact; if such 
contact is unavoidable, then a mask should be worn while 
providing patient care [ 3 ]. If specifi c respiratory viruses 
are diagnosed or suspected in hospitalized patients, how-
ever, Transmission- Based Precautions should be instituted 
(see below). 

      Transmission-Based Precautions      are tailored to specifi c 
infections that a patient is known or suspected to have [ 3 ], 
and are designed to prevent the spread of pathogens to other 
patients by preventing health care personnel-associated 
spread. Compliance is particularly important in the HSCT 
population, as HSCT recipients with respiratory and gastro-
intestinal viruses can experience prolonged shedding of 
organisms. The three categories  of      Transmission-Based 
Precautions are Contact, Droplet, and Airborne Precautions; 
utilization of these precautions depending on the mode of 
spread of the known or suspected pathogen [ 3 ]. In some 
cases, more than one type  of      Transmission-Based Precautions 
may be applied, as when awaiting the results of a respiratory 
viral panel that includes agents spread by either droplet or 
contact or both. Contact Precautions involve donning gowns 
and gloves upon entry into the patient’s room and removing 
these just prior to leaving, followed by hand hygiene. 
Examples of infections handled with Contact Precautions 
include  C. diffi cile -associated diarrhea (CDAD), norovirus, 
and VRE [ 3 ]. Droplet Precautions are used for pathogens 
spread by close respiratory or mucous membrane contact, 
and involve health care personnel donning a mask prior to 
room entry, and patients wearing a mask when traveling out-
side the room, for example, for radiography and tests [ 3 ]. 
Examples of pathogens handled with Droplet Precautions 

include infl uenza virus, adenovirus, and  Neisseria meningiti-
dis  [ 3 ]. Finally, Airborne Precautions are used for agents that 
remain infectious over long distances when suspended in the 
air, including measles virus, varicella virus, and 
 Mycobacterium tuberculosis  [ 3 ]. These precautions involve 
the use of airborne infection isolation rooms whenever pos-
sible. Such rooms have negative air pressure relative to the 
surrounding area, and have 6 exchanges of air per hour for 
existing facilities and 12 exchanges of air per hour for new 
construction, with air exhausted directly to the outside or 
HEPA-fi ltered prior to return [ 3 ]. Health care personnel don 
a respirator prior to room entry [ 3 ]. In settings where 
Airborne Precautions cannot be implemented due to limited 
engineering resources (i.e., physician offi ces), masking the 
patient, placing the patient in a private room (i.e., offi ce 
examination room) with the door closed, and providing N95 
or higher level respirators (or masks if respirators are not 
available) for health care personnel will reduce the likeli-
hood of airborne transmission until the patient is either trans-
ferred to a facility with an airborne infection isolation room 
or returned to the home environment. Appendix A of the 
2007 Guideline for Isolation Precautions contains detailed 
information on the type and duration of precautions for each 
infectious agent. An infection control practitioner should be 
consulted regarding any questions about which precautions 
to apply or when it is safe to discontinue precautions.     

 Meticulous  hand hygiene   should be taught to patients. 
Some clinicians recommend that HSCT recipients wear a 
surgical mask or N95 respirator and gloves when they are 
outside their hospital room prior to engraftment, but the poor 
utility of disposable surgical masks for prevention and inha-
lation of fungal spores calls this recommendation into ques-
tion (CIII). Time spent in crowded areas of the hospital, such 
as waiting rooms and radiology suites, should be minimized 
to avoid exposure to respiratory viruses (BIII). 

 The SHEA 2015 Guidelines for Isolation Precautions for 
Visitors specifi cally address the necessity of hospital visi-
tor adherence to isolation precautions [ 38 ]. These guide-
lines, which are not specifi c for HSCT recipients, suggest 
that the use of isolation precautions among visitors be 
guided by the specifi c pathogen, the underlying infectious 
condition, and the endemicity of the pathogen in both the 
hospital and community. Compliance with hand hygiene is 
essential for visitors of all patients, especially those on iso-
lation precautions. In general, the use of gown and gloves 
by visitors of patients on Contact Precautions for MRSA 
and VRE is  not  recommended in these new guidelines, 
since these  organisms are prevalent in the community [ 38 ]. 
However, special consideration should be given for visitors 
who are immunosuppressed themselves, who are unable to 
practice good hand hygiene, or who interact with multiple 
patients. Frequent visitors of patients on Contact 
Precautions during prolonged hospitalizations may also 
benefi t from the use of Contact Precautions because there 
are likely to be more interactions that could result in a 
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higher likelihood of transmission to the visitor. Furthermore, 
Contact Precautions are recommended for visitors of 
patients infected with enteric pathogens (i.e.,  C. diffi cile  
and norovirus) and strong consideration should be given to 
their implementation for visitors of patients with drug resis-
tant GNB, since these pathogens are not widely prevalent in 
the community [ 38 ]. Surgical masks are recommended for 
visitors to patients on both Droplet and Airborne Precautions 
[ 38 ]. Visitors with extensive exposure to a symptomatic 
patient prior to hospitalization, such as household contacts, 
may be excluded from these precautions since they may 
already be immune to the pathogen or in the incubation 
period [ 38 ]. The application of these 2015 Guidelines to 
HSCT centers is yet to be seen, since this vulnerable patient 
population frequently experiences prolonged hospitaliza-
tion, often complicated by acquisition of multidrug resis-
tant organisms (MDRO), enteric pathogens, and other 
infections  requiring      Transmission-Based Precautions.    

45.2.4     Hand Hygiene 

    Good  hand hygiene         practice in the care of HSCT recipients 
is of paramount importance (AII); the 2002 Guideline for 
Hand Hygiene in Health Care Settings updates previous rec-
ommendations [ 5 ]. Hand hygiene leads to a reduction in the 
carriage of potential pathogens on the hands. Multiple stud-
ies report that it reduces morbidity and mortality from health 
care-associated infections [ 5 ]. All persons, especially  HCWs  , 
should perform hand hygiene before entering and after leav-
ing patient rooms. Hospital policies should encourage visi-
tors to maintain hand hygiene before and after patient visits 
(BIII). In addition, HSCT recipients and their household 
contacts should be educated about the importance of main-
taining good hand hygiene both in the hospital and following 
discharge (BIII). 

 Hand hygiene should be performed in the following situa-
tions: before direct contact with patients; after contact with 
blood, body fl uid, mucous membranes, non-intact skin, or 
wound dressing; before and after touching an invasive medi-
cal device; after contact with a patient’s skin; when hands 
will be moving from a contaminated to a clean body site dur-
ing patient care; after contact with medical equipment or ele-
ments of the environment close to the patient, and before 
donning and after doffi ng of gloves. Gloving is not a substi-
tute for hand hygiene and should be performed in addition to 
hand hygiene where indicated. 

 Hand hygiene should be performed either with plain or 
antimicrobial soap and water or with alcohol-based hand 
rubs. Use of the latter is preferred due to their superior 
microbicidal activity, reduced drying of the skin, and conve-
nience (AII). However, washing with soap and water is pre-
ferred when there is visible soiling of the skin with blood or 
body fl uids or contact with norovirus or spore forming organ-
isms, such as  C. diffi cile  (AI). Care should be taken to ensure 
that hand washing is performed with the intended cleansing 

substance, as one outbreak of  Stenotrophomonas  infection in 
a transplantation unit was traced to a HCW who used mois-
turizer rather than hand washing soap due to faulty replace-
ment of hand soap [ 39 ]. 

  HCWs   engaging in direct patient contact should not wear 
artifi cial nails or extenders because they have been associ-
ated with outbreaks of gram-negative bacilli and candidal 
infections (EIII). One study reported that 86%  of   HCWs 
with artifi cial nails carried gram-negative bacteria,  S. aureus , 
or yeast, compared with 35% of those without artifi cial nails 
before hand washing with soap [ 40 ]. In this study, only 11% 
and 38% of those with artifi cial nails cleared pathogens with 
soap washing or with an alcohol-based gel, respectively, 
compared with 14% and 80%, respectively, of those without 
artifi cial nails [ 40 ]. Another study reported an association 
between artifi cial nails and long natural nails and a prolonged 
outbreak of  Pseudomonas  infection in a neonatal intensive 
care unit [ 41 ]. Educational campaigns encouraging short 
natural nails and meticulous nail hygiene should be con-
ducted  among   HCWs who have contact with HSCT recipi-
ents. The 2002 Guideline for Hand Hygiene in Health Care 
Settings recommends keeping natural nail tips less than ¼ 
inch long [ 5 ].     

45.2.5     Equipments, Plants, Play Areas, 
and Toys 

   HSCT  centers      should adhere to established guidelines for the 
cleaning, sterilization, disinfection, and maintenance of 
devices and equipment, and they should use only FDA- and 
EPA-registered agents (AIII) [ 6 ]. Although not required by 
current guidelines, some clinicians recommend wiping the 
stethoscope head with a sterile alcohol wipe between patients 
to reduce the potential for bacterial contamination [ 42 ,  43 ]. 
Sterile bandages and wound dressings should be discarded if 
they are beyond the expiration date, if the packaging is dam-
aged, or if visible contamination by moisture or other sub-
stances has occurred (BIII). Arm boards, if they are used, 
should have only sterile dressing materials, which should be 
changed frequently (BIII). Non-sterile tongue depressors 
should not be used as splints for catheter sites because they 
have been associated with outbreaks of fatal invasive 
 Rhizopus  infection (DII) [ 44 ]. 

 Although exposure to plants and fl owers has not conclu-
sively been shown to cause infection, guidelines discourage 
having plants, dried, or fresh fl owers in HSCT units or areas 
caring for HSCT patients. The rationale for this prohibition 
is the isolation of  Aspergillus  species from the soil of potted 
plants, the surface of dried fl ower arrangements, and fresh 
fl owers [ 19 ,  45 ,  46 ]. In addition, high colony counts of gram-
negative bacteria, especially  Pseudomonas , have been iden-
tifi ed in vase water of cut fl owers [ 4 ]. HSCT candidates and 
recipients should be instructed to avoid contact with soil- 
based materials such as clay and potting soil in order to mini-
mize their risk of mold infection (DIII). 
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 For pediatric centers, the 2009 Guidelines contain a detailed 
section on the maintenance of hygiene for toys, games, vid-
eos, and play areas [ 1 ]. Toys should only be used if they are 
disposable or if they can be subjected to frequent cleaning, 
including laundering in the hot cycle of a washing machine, 
dry cleaning, or washing with an approved disinfectant. In 
one instance, a rotavirus outbreak was traced to playroom 
toys that were not disinfected according to protocol [ 47 ]. 

 The 2008 Guideline for Disinfection and Sterilization in 
Healthcare Facilities has many specifi c recommendations 
regarding disinfection and sterilization of hospital items [ 6 ]. 
This document uses the common Spaulding classifi cation 
method of dividing items used in patient care into critical 
(objects that enter sterile tissue or the vascular system, such 
as surgical instruments and cardiac catheters), semicritical 
(objects that contact mucous membranes or non- intact skin, 
such as endoscopes and respiratory therapy equipment), and 
noncritical (objects that may contact intact skin but not 
mucous membranes, such as blood pressure cuffs, crutches, 
and computers) [ 6 ]. In addition, this guideline contains 
detailed descriptions of different chemical disinfection 
agents and sterilization methods, including those for multi-
drug resistant bacteria [ 6 ].    

45.2.6     Animals 

   HSCT recipients  may      come into contact with animals in 
health care facilities. These may be service animals, therapy 
animals, or personal pets that visit. The 2009 Guidelines 
address infection risks posed by animal contact in the home, 
but no recommendations are given regarding animal contact 
in health care facilities. In 2015 SHEA published expert 
guidelines regarding animals in health care facilities [ 48 ]. A 
review of hospital policies in this guideline revealed that 
30% of hospitals surveyed excluded immunocompromised 
patients from animal-assisted activities and 46% from per-
sonal pet visitation. This guideline makes the recommenda-
tion that, in general, service animals, animal- assisted 
activities, and personal pet visitation should not be permitted 
for patients who are signifi cantly immunocompromised, 
including HSCT recipients, or for those with isolation pre-
cautions [ 48 ]. These guidelines are not evidence-based, but 
rather, are a set of practical, expert opinion-based recom-
mendations made in the absence of robust evidence to sup-
port practice.    

45.2.7     Health Care Workers 

     HCWs    represent      an important reservoir of infections that 
may be transmitted to immunocompromised patients. An ail-
ment that may seem minor to the HCW may pose a signifi -
cant threat to the HSCT recipient. Any HCW with a 
transmissible infection should not have direct contact with 
HSCT recipients (AII). The type of work restriction 

imposed—work leave vs. temporary reassignment to non- 
patient care duties—depends on the specifi c infection. HCWs 
with draining skin and soft tissue infections or other lesions 
involving the skin or mucous membranes (i.e., herpes sim-
plex virus lesions) that cannot be completely covered should 
be restricted from patient care activities (BIII). HSCT center 
HCWs with blood-borne pathogens—including HIV, 
Hepatitis B or C viruses—should not be restricted from 
patient contact (DIII) [ 49 ,  50 ]. HSCT centers should follow 
published guidelines regarding the duration of work restric-
tion (BIII) [ 51 ,  52 ] and should formulate work-exclusion 
policies to ensure that HCWs report illnesses or potential 
exposures to communicable pathogens (AII) and to make 
certain that these workers are not penalized for work absences. 
In the current climate of personnel shortages, applying no 
pressure, whether direct or indirect, to HCWs to continue 
working during these illnesses is particularly important. This 
is an important aspect of an institutional culture of safety [ 3 ]. 

  Immunizations of HCWs   are of tremendous importance in 
protecting vulnerable patients. HSCT centers should have 
written policies  regarding   HCW immunizations that meet 
guidelines recommended by the CDC, the Advisory 
Committee on Immunization Practices, and the Healthcare 
Infection Control Practices Advisory Committee (BIII) [ 53 ]. 
If possible, HCWs in HSCT units should preferentially 
receive inactivated vaccines rather than live vaccines to mini-
mize the potential risk of transmission of vaccine virus to 
HSCT recipients (i.e., inactivated infl uenza) (AIII). 

  Infl uenza vaccination   is a particularly important focus of 
prevention. HSCT recipients may not mount an effective anti-
body response to the infl uenza vaccine until at least 1 year 
after transplantation or longer in those with GVHD. To protect 
patients, HCWs should receive yearly infl uenza immunization 
[ 54 ]. Some acute care centers have implemented mandatory 
vaccination policies for HCWs as a means to ensure high vac-
cination rates and promote patient safety. Unfortunately, con-
siderable mythology surrounds the infl uenza vaccine in 
general public opinion. HSCT centers should mount educa-
tional campaigns emphasizing the value of infl uenza vaccina-
tion for HCWs and family members of patients. These 
campaigns should stress the low risk of adverse effects from 
the vaccine and the fact that relatively minor infl uenza symp-
toms in the HCW or family member could translate into respi-
ratory failure for HSCT recipients. The availability of antiviral 
agents for postexposure prophylaxis should not be cited as a 
reason for HCWs to avoid infl uenza vaccination [ 55 ]. 

  Varicella immunization   for VZV-seronegative HCWs is 
also important. Although approximately 90% of adults are 
VZV-seropositive, seronegative HCWs are at risk of infection, 
and can transmit VZV before the onset of the typical rash. 
Similarly, VZV-seronegative household contacts of HSCT 
recipients should be vaccinated to protect the patient from 
exposure to acute varicella. Ideally, this should occur at least 
4 weeks before the start of the conditioning regimen, since the 
vaccine is a live-attenuated virus strain [ 2 ,  56 ]. 
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 In general, educational programs for health care personnel 
about the importance of vaccines have been found to increase 
compliance with best practices [ 3 ] and contribute to patient 
safety overall. It is desirable to implement formal educational 
programs for all personnel with direct patient contact.     

45.2.8     Visitors to Transplant Centers 

   Visitors  with      signs or symptoms suggestive of communicable 
infections or recent known exposure to communicable infec-
tions should be prohibited from direct contact with HSCT 
recipients or candidates (BII). Visitors should be asked to 
return only after signs and symptoms of infection have 
resolved or, for recent exposures to communicable infections, 
until the incubation period for that infection has passed (AII). 
The 2009 Guidelines recommend that all visitors to HSCT 
centers adhere to recommended hand hygiene guidelines and 
isolation precautions regardless of age (AIII). However, 
though the more recently published SHEA 2015 Guidelines 
for Isolation Precautions for Visitors differ in their recom-
mendations, and stratify the need for visitor compliance with 
isolation precautions by pathogen, infectious condition, and 
prevalence of the pathogen in the community (see Sect.  45.2.3  
for more details) [ 38 ]. The number of visitors permitted at 
one time should be limited to a number that permits the nurs-
ing staff to perform infection screening and adequate instruc-
tion and supervision of hand hygiene and isolation precautions, 
when appropriate (BIII). HSCT centers should have written 
policies concerning screening of visitors for potentially com-
municable diseases (BIII). At some institutions, trained per-
sonnel perform active screening of all visitors to HSCT 
centers. If this is not feasible, signs should be posted to inform 
visitors about visitation restrictions. In addition to educa-
tional programs for health care personnel, education of family 
members and visitors can make them partners in patient 
safety by helping to ensure that all who enter the room are 
utilizing best practices for hand hygiene and other procedures 
relevant to infection control.     

45.3     Patient Skin and Oral Care 

   The  oropharynx   is an  important      source of potential patho-
gens during high-dose chemotherapy and transplantation, 
particularly when signifi cant mucositis develops [ 57 ]. In par-
ticular,  viridans streptococci   may cause a devastating syn-
drome of sepsis and respiratory failure, which may be 
associated with antimicrobial prophylaxis, including fl uoro-
quinolones [ 58 – 60 ]. Other streptococci,  Capnocytophaga  
species, anaerobes, yeast, and gram-negative bacilli can orig-
inate in the oropharynx and produce infection. Education 
regarding the importance of good oral and dental hygiene for 
at least the fi rst year following HSCT is recommended to 
minimize the risk of oral infections (AIII). If time allows, 

HSCT candidates should undergo evaluation for dental dis-
ease before transplantation (AIII) with the elimination of 
likely sources of infection (BIII), which may require restora-
tion of teeth, repair of ill-fi tting dental prostheses, and extrac-
tion of compromised teeth [ 61 ,  62 ]. Ideally, 10–14 days 
should elapse between the completion of dental therapy and 
the initiation of a preparative regimen to enable adequate 
healing (AIII) [ 62 ]. Use of keratinocyte growth factor-1, pal-
ifermin, can be considered in order to reduce the incidence, 
severity, and duration of mucositis, the incidence of febrile 
neutropenia, and possibly bacteremia after HSCT [ 63 ]. 

 Oral hygiene should be maintained in HSCT recipients 
with the use of four to six oral rinses per day with normal 
saline, sterile water, or sodium bicarbonate solutions (AIIII) 
[ 64 ,  65 ]. Some centers also use chlorhexidine rinses to 
decrease oral soft tissue disease and microbial burden [ 66 ]; 
others add oral topical antifungal agents, such as nystatin, in 
an attempt to decrease candidal colonization. HSCT recipi-
ents and candidates should brush their teeth two to three times 
per day with either a soft toothbrush that is regularly replaced 
or a foam tooth swab if use of a toothbrush is intolerable, 
though the latter is less effective (CIII) [ 62 ]. Patients skilled 
at dental fl ossing may continue to fl oss daily as long this can 
be done without inducing mucosal trauma (BIII). HSCT 
patients should not wear fi xed orthodontic appliances from 
the start of conditioning until mucositis resolves in order to 
decrease the risk of mechanical trauma and oral infection 
(EIII) [ 62 ]. Use of removable dentures should be minimized 
during conditioning and the early post- transplantation period; 
if used, they should be worn while eating, cleaned twice daily, 
and soaked in an antimicrobial solution that is changed daily 
(BIII) [ 62 ]. Patients with GVHD involving the oral cavity 
should undergo frequent dental evaluations, as dental caries 
can develop more quickly in this population (BIII) [ 67 ]. 
Regular brushing, fl ossing, rinsing, fl uoride treatments, and 
management of xerostomia are essential elements of oral care 
for patients with GVHD (BIII) [ 67 ]. 

 Maintenance of good skin care is equally important in 
patients undergoing HSCT. HSCT recipients should take 
showers or baths using a mild soap daily during and after 
transplantation (BIII). Patients with GVHD involving the 
skin should regularly moisturize dry, intact skin in order to 
decrease pruritus and maintain skin integrity [ 68 ]. However, 
HSCT clinicians should also be aware that an outbreak of 
 Paecilomyces lilacinus  infection was traced to a contami-
nated, commercially available skin lotion [ 69 ]. Daily inspec-
tion of the entire skin by a HCW should be encouraged, 
because prompt treatment of any breach in skin integrity 
may prevent the development of serious infection. Particular 
attention should be paid to sites that can serve as portals of 
infection, including intravascular access sites and the 
perineum (BII). During catheter care, any drainage, ery-
thema, or tenderness should be immediately reported by 
the nursing staff; this plays a crucial role in the reduction 
of catheter-associated infections [ 70 ]. The use of razors, 
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haircutting scissors, or other sharp objects in the hospital 
room should be prohibited. When clipping of fi ngernails and 
toenails is needed, this should be performed carefully, pref-
erably before transplantation, or by a HCW if after trans-
plantation. The feet should be covered with soft booties to 
avoid injuries while barefoot and to prevent shoe- related 
chafi ng. When wound or other dressings are necessary, the 
dressings should be designed, to the extent possible, so that 
tape is applied only to the dressing surface and not to the 
patient’s skin. 

 HSCT recipients and candidates undergoing conditioning 
therapy should maintain good perineal hygiene to minimize 
loss of skin integrity (BIII). Patients should perform gentle 
but thorough perineal cleaning after each bowel movement 
and thorough perineal drying after each episode of micturi-
tion. Following urination or defecation, female HSCT recipi-
ents should wipe the perineum from front to back to prevent 
urethral contamination (AIII). To prevent vaginal irritation 
that can lead to mucosal breakdown, menstruating HSCT 
recipients should not use tampons (DIII). The use of rectal 
thermometers, suppositories, enemas, internal rectal exams, 
and penetrating anal intercourse should all be avoided in 
HSCT recipients to prevent mucosal trauma (DIII). In addi-
tion, diarrhea is common in patients receiving conditioning 
chemotherapy regimens, and perianal irritation leading to 
skin erosions, perianal abscesses, and bacteremia is a con-
stant risk. Centers should develop protocols for the care of 
perianal skin and the prevention of skin breakdown with the 
use of a topical protective paste or ointment; supervision of 
cleansing after defecation may help to avoid complications.    

45.4     Prevention of Intravascular 
Catheter- Related Infections 

      Prolonged  multilumen      intravenous access is a necessity dur-
ing the transplantation admission for infusion of stem cells 
and the administration of chemotherapy, intravenous fl uids, 
blood products, antibiotics, and sometimes parenteral nutri-
tion. Before transplantation, a large-bore pheresis catheter 
may be used for stem cell harvesting in the case of autolo-
gous HSCT recipients, and certain types of catheters may 
sometimes be used both for pheresis and during the trans-
plantation admission [ 71 ]. Protocols for catheter care differ 
considerably from one institution to another [ 72 ]. 

  Catheter-associated blood stream infections (CLABSI)   
are a leading cause of bloodstream infections in HSCT recip-
ients, particularly during the preengraftment phase and in 
patients with GVHD [ 1 ]. HSCT centers should follow pub-
lished guidelines for preventing intravascular device-related 
infections (AIII) [ 73 ,  74 ]. In 2014 SHEA/IDSA published an 
update to the 2008 Strategies to Prevent Central Line- 
Associated Bloodstream Infections in Acute Care Hospitals 
[ 75 ,  76 ]. The recommendations are divided into basic prac-
tices that should be adopted in all acute care areas prior to 

insertion, at insertion, and after insertion of intravascular 
catheters. Prevention practices before insertion include: pro-
viding clinicians with easy access to an evidence-based list 
of indications for  Central Venous Catheter (CVC)   use; 
requiring education about CLABSI prevention for all health 
care personnel involved in insertion, care, and maintenance 
of CVCs; and daily bathing with a chlorhexidine preparation 
for ICU patients over 2 months of age. The role of chlorhexi-
dine bathing in non-ICU patients remains to be determined. 
At the time of insertion the following prevention practices 
are recommended: require an insertion checklist (or other 
process to ensure adherence to infection prevention prac-
tices); perform hand hygiene prior to catheter insertion or 
manipulation; avoid using the femoral vein in obese adult 
patients for non-emergent insertion; use an all-inclusive 
catheter cart or kit; use ultrasound guidance for internal jug-
ular catheter insertion; use maximum sterile barrier precau-
tions during insertion; and use an alcoholic chlorhexidine 
antiseptic for skin preparation. Recommended practices for 
preventing infections after insertion include: disinfecting 
catheter access sites before accessing the catheter; removing 
nonessential catheters; changing transparent and gauze 
dressings and performing site care with a chlorhexidine- 
based antiseptic at specifi c intervals for non- tunneled   CVCs; 
replacing administration sets (except those used for blood, 
blood products, or lipids) at intervals not longer than 
96 hours; and  performing   surveillance for CLABSI [ 75 ]. 

 Although the effi cacy of  the   CLABSI prevention bundle 
has not been studied in HSCT recipients, all fi ve elements of 
the bundle are recommended for this patient population. In 
addition, despite growing literature on antibacterial- 
impregnated catheters, the 2009 Guidelines do not require 
the use of such catheters [ 1 ]. However, antibacterial- 
impregnated catheters and other measures such as 
chlorhexidine- impregnated dressings, antiseptic-containing 
connector caps, and antimicrobial locks are special 
approaches that may be considered, after a risk assessment, 
for use in locations and/or populations within hospitals when 
CLABSIs are not controlled by use of basic practices [ 75 ]. 

 Patients and caretakers should be trained in the care of 
intravascular devices (AIII) [ 77 ]. Catheter and access site 
contact with tap water should be avoided and patients should 
cover the catheter ends during bathing or showering with an 
impermeable product (BIII). To reduce the risk of inadver-
tent catheter contamination, intravenous infusions given out-
side the hospital should be started by a caregiver rather than 
the patient (BIII) [ 78 ]. 

 Despite meticulous catheter care, infections may occur; 
these are often related to skin fl ora, particularly staphylo-
cocci. For catheter-related infections occurring before trans-
plantation, catheter removal, along with the administration of 
an appropriate course of intravenous antibiotics, is preferred 
to attempts to sterilize and use the same catheter. For post-
transplant infections, catheter removal is preferred in many 
instances, but may be impractical in the setting of severe 
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thrombocytopenia. CLABSIs with coagulase- negative staph-
ylococci are often possible to clear with the catheter in place, 
so an attempt to treat through the same catheter may be made 
as long as no tunnel infection is present and the bacteremia 
clears promptly. If one is attempting to clear a catheter infec-
tion with the catheter in place, the catheter lumens should be 
used sequentially for antibiotic administration. Regardless of 
whether the catheter is removed, repeat blood cultures should 
be performed after the completion of the course of intrave-
nous antibiotics to document eradication of the infection. If 
fever or bacteremia fails to clear promptly, septic thrombo-
phlebitis or, less commonly, endocarditis may be present, 
and these should be sought with appropriate ultrasound test-
ing and echocardiography. The presence of endovascular 
infectious complications lengthens the duration of antibiotic 
therapy and may alter the timing of transplantation.       

45.5     Food and Nutrition 

   In the early days  of      bone marrow transplantation, sterile or 
very low-microbial diets were recommended as part of a total 
protective environment, often in conjunction with the use of 
selective gut decontamination with oral nonabsorbable antibi-
otics. In recent years, sterile diets have been much less com-
monly used. The 2009 Guidelines do not comment on dietary 
restrictions post-transplantation, but the earlier guidelines 
published in 2000 recommended a low-microbial diet (BIII) 
for 3 months after autologous HSCT transplantation and until 
discontinuation of immunosuppression in those undergoing 
allogeneic HSCT transplantation [ 2 ]. Several studies have 
found no difference in infection rates in HSCT recipients that 
consume diets that exclude raw fresh fruits and vegetables 
[ 79 – 81 ], calling into the question the necessity of adhering to 
a low-microbial diet post-transplantation. 

 HSCT recipients should not consume any raw or under-
cooked meat, eggs, or seafood, and they and their caregivers 
should follow standard recommendations for food prepara-
tion and cleaning of utensils and surfaces [ 2 ]. Avoiding foods 
associated with listeriosis, including soft cheeses, hot dogs, 
turkey franks, and deli meats, is prudent for HSCT recipi-
ents. If these individuals eat leftovers, they should be 
reheated to steaming hot. Fast-food restaurants should also 
be avoided, especially in the early months after transplanta-
tion. HSCT recipients should also be reminded that naturo-
pathic medications may contain molds [ 2 ], especially if they 
are derived from plant substances. 

  Total parenteral nutrition (TPN)   may be necessary on a 
temporary basis for patients with severe mucositis or gastro-
intestinal GVHD. The issues  concerning   TPN in HSCT 
recipients have been reviewed [ 82 ]. Several studies have sug-
gested that the addition of glutamine may have a benefi cial 
effect in decreasing hospital stay and the incidence of posi-
tive blood cultures [ 82 ,  83 ]. Whether administration of intra-
venous lipids affects patients’ risk of infection remains 

unclear; several studies have  identifi ed   TPN as a risk factor 
for CLABSI [ 75 ], whereas one study showed no difference 
in bacteremia and fungemia rates with a moderate dose of 
intravenous lipids versus a low dose [ 84 ]. 

 With the recent legalization of marijuana for medical use 
in several states in the USA, use of marijuana for control of 
nausea, pain, and appetite stimulation will likely increase in 
the coming years. There have been several case reports in the 
literature of patients with hematopoietic malignancies devel-
oping invasive  Aspergillus  infections following regular mari-
juana use, as  Aspergillus  and other molds can contaminate 
natural preparations of the drug [ 85 ,  86 ]. Though there are as 
yet no formal guidelines addressing this issue, HSCT recipi-
ents and candidates should avoid marijuana, particularly in its 
inhaled form, to minimize risk of invasive mold infections.    

45.6     Control of Specifi c Health Care- 
Associated and Community-
Acquired Pathogens 

45.6.1     Legionella Species 

    Legionellosis (or Legionnaire’s disease, LD) should  be         con-
sidered in the differential diagnosis of HSCT recipients who 
develop pneumonia (AIII) [ 4 ,  46 ,  87 ]. The incubation period 
is 2–10 days. Thus, patients with laboratory-confi rmed LD 
who are hospitalized for more than 10 days before symptom 
onset have defi nite health care-associated legionellosis, and 
those who are hospitalized between 2 and 9 days before 
symptoms may have health care-associated infection. If LD 
is confi rmed in a patient hospitalized on the HSCT unit for 
all or part of the 2–10 days before illness onset or if two or 
more cases of proven LD occur in patients visiting an outpa-
tient HSCT clinic, the case(s) should be reported to the local 
or state health department if the disease is reportable in that 
region (AIII) (the reporting requirements of health depart-
ments can vary by region) and a thorough environmental and 
epidemiologic investigation should be performed by the 
infection control team (AI) [ 4 ,  46 ,  87 ]. This should include 
an assessment of cooling towers, hot water tanks, showers, 
and tap water faucets. In the United Kingdom, one survey of 
the water supplies of 85% of transplant units revealed 
 Legionella  species in 55% [ 88 ]. 

 HSCT centers should follow published recommendations 
regarding the prevention of nosocomial LD (BIII) [ 4 ,  46 ]. 
Only sterile water should be used to fi ll nebulization devices 
and to rinse respiratory-care equipment following cleaning or 
disinfection (BII) [ 46 ]. Use of large volume air humidifi ers 
that create aerosols should be avoided (DI), unless these 
devices are sterilized or subjected to daily high-level disinfec-
tion with sterile water (CIII) [ 46 ]. When a new hospital with 
an HSCT center is built, the cooling tower should be placed 
such that it is directed away from the hospital’s air intake sys-
tem and aerosol production should be minimized (BII) [ 46 ]. 
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Decorative fountains should not be installed in HSCT units or 
in areas frequented by HSCT recipients (BIII). A clonal out-
break of LD linked to a decorative fountain has been reported 
[ 89 ]. Since HSCT recipients are at higher risk for disease and 
death from  Legionella , periodic routine culturing for these 
organisms in water samples from HSCT center’s potable 
water supply should be considered (CIII) [ 4 ,  46 ,  90 ,  91 ]. 
However, the optimal methodology and cost-effectiveness of 
environmental surveillance measures for  Legionella  have not 
yet been determined. The goal should be to maintain the 
water system free of bacteria (AIII) [ 4 ,  46 ], and if  Legionella  
species are detected, the water supply should be decontami-
nated (AII) [ 92 ]. In this situation, patients should not take 
showers; instead, they should receive sponge baths with 
 Legionella -free water (BIII). In addition, water from faucets 
contaminated with  Legionella  species should not be used in 
the HSCT unit, in order to prevent the creation of infectious 
aerosols (DIII). Finally, HSCT recipients should use sterile 
water for drinking, brushing teeth, or fl ushing nasogastric 
tubes (BIII) to prevent acquisition of  Legionella  and other 
water-borne pathogens.    

45.6.1.1     Methicillin-Resistant Staphylococci 

     HSCT centers should  follow            published infection control 
guidelines to prevent health care-associated transmission of 
methicillin-resistant  S. aureus  (MRSA) [ 3 ,  93 – 96 ], including 
hand hygiene with either alcohol-based hand rub or soap and 
water before and after all contact with patients or potentially 
contaminated equipment or environment (AII); applying 
Standard Precautions to all patients at every encounter; use 
of Contact Precautions for patients colonized or infected 
with MRSA (AII); and compliance with standard environ-
mental cleaning with an effective disinfectant (BIII) [ 3 ,  5 ]. 

 Currently there is insuffi cient evidence to support routine 
screening of all HSCT recipients for MRSA or use of topical 
or systemic antimicrobial therapy for eradication of asymp-
tomatic MRSA colonization; these are active areas of 
research. If basic infection control practices fail to prevent 
high rates of MRSA infection, consideration should be 
given to implementation of the following adjunctive strate-
gies: collection of MRSA surveillance cultures on admis-
sion and serially throughout the hospitalization (BII) [ 97 ], 
with or without decolonization therapy (BII) [ 98 ]; routine 
bathing with chlorhexidine (BIII) [ 99 ]; cohorting of MRSA 
patients or placement of all such patients in single rooms; 
and designation of dedicated staff to the care of MRSA 
patients (CIII) [ 96 ]. 

 The optimal duration of Contact Precautions for patients 
is unknown, though studies have demonstrated that patients 
can remain colonized for extended periods of time. HSCT 
centers may use different discontinuation criteria for the 
removal of Contact Precautions, including continuation of 
such precautions until antimicrobial therapy for MRSA is 
complete and three consecutive screening cultures collected 

on separate days are negative (CIII) [ 95 ]. For patients with 
recurrent MRSA infections, eradication of organism carriage 
can be attempted using any and/or all of the following tech-
niques: application of 2% mupirocin calcium ointment to the 
nares, chlorhexidine bathing, or administration of systemic 
antibiotics, though none of these strategies have been shown 
to be consistently effective (CII) [ 100 ,  101 ]. High-level 
mupirocin resistant MRSA isolates have emerged in Europe, 
South America, and the Middle East [ 102 – 104 ], though they 
remain uncommon in the USA. Therefore, mupirocin use 
should be coordinated with the hospital infection control 
team to prevent incorrect use or overuse of this product, 
which may lead to antimicrobial resistance.      

45.6.1.2     Staphylococci with Reduced 
Susceptibility to Vancomycin 

      Fortunately,                staphylococci with reduced susceptibility to 
vancomycin are rare [ 105 ]. All HSCT centers should have 
laboratory facilities capable of performing antimicrobial sus-
ceptibility testing on all staphylococci (AII) [ 106 – 108 ]. In 
addition, routine surveillance for staphylococci with reduced 
susceptibility to vancomycin, which is defi ned as a vanco-
mycin minimal inhibitory concentration (MIC) of greater 
than or equal to 2 mcg/mL for  S. aureus  and of at least 4 mcg/
mL for coagulase-negative staphylococci, should be con-
ducted (AIII). If such isolates are identifi ed and confi rmed, 
infection control personnel should be notifi ed immediately 
and institute published guidelines for control of such isolates 
(BII) [ 107 ,  109 ,  110 ]. Current recommendations suggest that 
prudent use of antibiotics by HSCT centers, especially van-
comycin, is essential in preventing the emergence of resis-
tant staphylococci (AII). Antimicrobial use patterns in the 
facility should be monitored to prevent overuse of antimicro-
bials, including vancomycin (AII) [ 107 ,  109 ,  110 ].       

45.6.1.3     Vancomycin-Resistant Enterococcus 
(VRE) 

     VRE  infection   is  associated         with poor outcomes in HSCT 
recipients [ 111 ,  112 ]. To reduce the risk of VRE infection, 
care providers should limit the use and duration of treatment 
with vancomycin and anti-anaerobic agents (AII) [ 107 ,  113 –
 115 ]. Although oral vancomycin promotes overgrowth of 
VRE in the bowel, the risk of VRE acquisition should not be 
a major consideration when selecting oral vancomycin for 
the treatment of severe or recurrent  C. diffi cile  infection 
(BIII) [ 115 ]. 

 Patients colonized with VRE usually remain colonized for 
prolonged periods of time, which can extend beyond the 
index hospitalization [ 116 ,  117 ]. Furthermore, VRE can re-
emerge after previous negative cultures when the patient is 
exposed to antimicrobials [ 95 ]. For these reasons, Contact 
Precautions for HSCT recipients with prior VRE colonization 
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or infection should be continued during subsequent hospital 
admissions (AIII), though some centers do have protocols for 
removing VRE designations after a specifi ed number of nega-
tive surveillance cultures. The 1995 HICPAC Guidelines for 
preventing the transmission of VRE suggest three negative 
stool/perianal cultures obtained at weekly intervals as a crite-
rion for discontinuation of Contact Precautions [ 118 ,  119 ]. 
Adherence to the same infection control practices described 
in the MRSA section above is recommended to prevent VRE 
transmission in HSCT units (AII), including: hand hygiene; 
 applying      Standard Precautions to all patients at every encoun-
ter; use of Contact Precautions for patients colonized or 
infected with VRE; and compliance with standard environ-
mental cleaning with an effective disinfectant [ 3 ,  5 ]. 
Eradication of VRE carriage has not been adequately studied 
and should not be attempted (DIII). The effi cacy of surveil-
lance cultures for VRE to prevent health care transmission of 
this pathogen is unclear. If there is evidence of nosocomial 
transmission of VRE in a HSCT center, use of VRE rectal or 
stool surveillance cultures to identify colonized patients may 
be considered (CIII) [ 93 ].      

45.6.1.4     Multidrug-Resistant Gram-Negative 
Bacilli (MDR-GNB) 

     MDR-GNB are defi ned as GNB that are resistant to one or 
 more            classes of antimicrobial agents, including those that 
produce  extended-spectrum β-lactamases (ESBL)   and car-
bapenemases. In 2006, HICPAC published a detailed discus-
sion of MDR-GNB and recommendations for their prevention 
[ 95 ]. Thoughtful use of antimicrobial agents is essential to 
limit the development of MDR-GNB (BII). In addition, 
adherence to the same infection control practices described 
in the MRSA section above is recommended to prevent 
MDR-GNB transmission in HSCT units (AII), including: 
hand hygiene;  applying      Standard Precautions to all patients 
at every encounter; use of Contact Precautions for patients 
colonized or infected with MDR-GNB; and compliance with 
standard environmental cleaning with an effective disinfec-
tant [ 3 ,  5 ]. Successful control of MDROs has been docu-
mented in the USA and abroad using a variety of combined 
interventions. These include improvements in hand hygiene, 
use of Contact Precautions until patients are culture-negative 
for a target MDRO, active surveillance cultures, education, 
enhanced environmental cleaning, and improvements in 
communication about patients with MDROs within and 
between healthcare facilities. 

 The use of multiple concurrent control measures in these 
reports underscores the need for a comprehensive approach 
for controlling MDROs [ 120 ]. Evidence is mixed regarding 
whether active surveillance programs for MDR-GNB are 
 useful in addition to basic infection control practices. 
Several studies reported a decrease in ESBL-producing 
 Enterobacteriaceae  over a 6-year period using a multipronged 
approached that included surveillance cultures [ 121 ,  122 ]. 

Other reports suggest that routine surveillance cultures are 
not required to control nosocomial MDR-GNB transmission 
[ 123 ]. That said, the CDC now recommends that a single 
round of surveillance cultures be sent in high-risk settings 
(i.e., hospital settings in which patients are exposed to broad 
spectrum antibiotics) if previously unidentifi ed 
carbapenemase- producing GNB are isolated [ 120 ]. HSCT 
units suffering from high rates of MDR-GNB infection 
should implement and/or ensure basic infection control mea-
sures are in place. The use of active surveillance cultures as 
an adjunct to their standard infection control practices may 
also be considered (CIII).      

45.6.1.5     Clostridium Diffi cile-Associated 
Diarrhea (CDAD) 

     In the mid-2000s, an  epidemic            strain of  C. diffi cile  spread 
rapidly in hospitals. HSCT centers should follow published 
recommendations for prevention, control and treatment of 
CDAD (AI) [ 7 ,  124 ,  125 ]. The 2014 Updated Guidelines by 
SHEA, IDSA, the American Hospital Association (AHA), 
and the Association for Professionals in Infection Control 
and Epidemiology (APIC) emphasize the importance of lim-
iting inappropriate antimicrobial use in order to prevent 
CDAD in the hospital [ 7 ]. Patients with CDAD should be 
placed on Contact Precautions for the duration of their illness 
(BIII) [ 3 ,  7 ,  125 ], and placed in a private room, if possible [ 7 ]. 
HCWs entering the patient’s room should wear gowns (BIII) 
and gloves (AI) regardless of whether they anticipate touch-
ing the patient or anything in the environment [ 3 ,  7 ,  124 , 
 125 ]. The 2014 SHEA/IDSA/AHA/APIC Guidelines recom-
mend placing patients with diarrhea on Contact Precautions 
while  C. diffi cile  testing is pending to limit transmission at a 
time when bacterial shedding is greatest [ 7 ]. Contact 
Precautions should remain in place at least until the patient is 
asymptomatic (BIII) [ 124 ], or at least 48 hours thereafter [ 7 ]. 
A “test of cure” to determine whether Contact Precautions 
can be discontinued is discouraged (DII) [ 7 ,  124 ]. If there is 
evidence of ongoing transmission of  C. diffi cile  despite com-
pliance with basic prevention strategies, HSCT centers should 
consider maintaining Contact Precautions until hospital dis-
charge, even if diarrhea resolves sooner (CIII) [ 7 ]. The fol-
lowing practices are  not  recommended for prevention of 
nosocomial  C. diffi cile  transmission: routine stool surveil-
lance cultures or toxin assays for  C. diffi cile  among asymp-
tomatic patients or HCWs (DIII); culture of  C. diffi cile  from 
hand swabs of HCWs (EIII); and treatment of asymptomatic 
 C. diffi cile  carriers (EII) [ 7 ]. Furthermore, the prophylactic 
use of lyophilized  Saccharomyces boulardii  to prevent diar-
rhea among HSCT recipients receiving antibiotics is contra-
indicated, as it has been associated with development of  S. 
boulardii  fungemia [ 126 ]. 

 CDAD is one of the situations where hand washing with 
antimicrobial soap and water is preferred over alcohol-based 
hand rubs, as the latter are not sporicidal for  C. diffi cile.  
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 Proper hand washing technique, including washing for a 
minimum of 15–30 seconds, should be enforced (BI) [ 5 ]. 
 C. diffi cile  is more resistant than many organisms to standard 
disinfectants. An intervention study suggested that the use of 1 
to 10 hypochlorite solution was more effective as an environ-
mental disinfectant than was quaternary ammonium in the con-
trol of  C. diffi cile  in HSCT recipients [ 127 ]. The incidence of 
 C. diffi cile  diarrhea decreased from 8.6 to 3.3 cases per 1000 
patient-days when the disinfectant was changed to hypochlo-
rite and then increased again to 8.1 cases per 1000 patient- days 
when quaternary ammonium was again used [ 127 ]. The use of 
bleach-containing cleaning products for environmental disin-
fection should be considered if there is ongoing evidence of 
 C. diffi cile  transmission with standard procedures (BII). A vari-
ety of products with EPA-registered claim to activity against 
 C. diffi cile  are becoming available, including those that do not 
contain bleach. The optimal frequency and extent of cleaning 
with such agents remain uncertain, though at a minimum 
cleaning should be performed daily and when surfaces are 
visibly soiled; the agents should be applied for contact times 
recommended by the manufacturer. The 2008 Guideline for 
Disinfection and Sterilization in Healthcare Facilities gives fur-
ther recommendations regarding environmental cleaning, and 
disinfection of equipment such as colonoscopes, to prevent 
transmission of  C. diffi cile  [ 6 ].      

45.6.1.6     Community-Acquired Respiratory 
Virus Infections 

     CRVs can cause  signifi cant            morbidity and mortality in HSCT 
recipients, especially those in the preengraftment phase [ 128 , 
 129 ], and may produce health care-associated outbreaks if 
they are introduced into an HSCT center. Infl uenza, parain-
fl uenza, adenovirus, respiratory syncytial virus (RSV), and 
human metapneumovirus (hMP) can produce severe disease, 
although reported mortality rates have varied. Pulmonary 
copathogens are common, possibly accounting for some of 
the observed mortality in CRV-infected patients [ 130 ]. 

 Measures to prevent the introduction and spread of CRVs 
on the HSCT unit should be implemented (AIII) [ 46 ,  131 ]. 
To prevent health care-associated transmission, identifying 
HSCT recipients with respiratory virus symptoms and plac-
ing them under appropriate precautions is crucial. Patients 
should empirically be placed on Contact plus Droplet 
Precautions until a specifi c pathogen has been identifi ed, 
after which these precautions can be modifi ed based on the 
results (BIII). Droplet Precautions alone are appropriate for 
infl uenza, but RSV, parainfl uenza, and adenovirus require 
both Contact and Droplet Precautions. Primary or dissemi-
nated varicella infection requires Airborne plus Contact 
Precautions, though single dermatomal zoster only  requires 
     Standard Precautions [ 3 ]. When a patient at the HSCT center 
has a viral upper or lower respiratory tract infection, HCWs 
and visitors should follow all Standard and Transmission-
Based Precautions, with attention to hand hygiene before and 

after contact with a patient, after handling respiratory secre-
tions or objects contaminated with respiratory secretions, 
and before donning and after doffi ng gloves (AII) [ 5 ,  46 ]. 
This practice is important because transmission of most 
CRVs occurs by contact, especially from hand to nose and 
eye. In keeping  with      Standard Precautions, HCWs should 
wear a face mask that fully covers the front and side of the 
face while performing aerosol-generating procedures—such 
as bronchoscopy, endotracheal intubation, and open suction-
ing of the respiratory tract—to avoid contamination with 
respiratory secretions (AIII). For patients with suspected or 
known infl uenza, such procedures should be performed using 
Airborne Precautions [ 132 ]. In outpatient waiting rooms, 
patients with CRV infections should be separated from other 
patients and should be encouraged to use respiratory hygiene/
cough etiquette (BIII). Patients and their companions should 
be screened upon arrival for symptoms of CRV infections; 
those screening positive should be educated about proper use 
of facemasks, tissues, and hand hygiene, and should be pro-
vided with the supplies to implement these practices [ 132 ]. 

 To minimize the risk of CRV spread on the HSCT unit, 
HCWs and visitors should be screened for upper respiratory 
infection symptoms (BII), and if present, should be restricted 
from contact with HSCT recipients and from individuals 
undergoing conditioning therapy (BIII) [ 51 ,  52 ]. HCWs 
should be re-assigned to non-patient care duties (BIII) and 
visitors should refrain from visiting (AII) until symptoms 
resolve. For infl uenza in particular, HCWs should be 
excluded from work for 7 days following symptom onset 
(BIII) [ 132 ]. HCWs and visitors with infectious conjunctivi-
tis should be restricted from direct patient contact until 
drainage resolves (AII) [ 51 ]. 

 All HSCT recipients or candidates with signs and symp-
toms of possible CRV infection should be promptly tested 
for the presence of such viruses (BIII). Nasopharyngeal 
throat swabs, washes, or aspirates and bronchoalveolar 
lavage fl uid should be tested by viral culture, rapid antigen 
testing, or PCR (BIII). This strategy facilitates timely initia-
tion of Transmission-Based Precautions and, in some 
instances, preemptive treatment of certain CRVs to prevent 
disease complications [ 46 ]. Retesting of patients may be per-
formed to help determine whether patients have stopped 
shedding viruses following resolution of their symptoms 
(BIII). Prolonged CRV shedding may occur in HSCT recipi-
ents; viral shedding has been reported to last more than 22 
days for RSV, 4 months for infl uenza, and 2 years for adeno-
virus [ 133 – 136 ]. Appropriate isolation precautions should 
be maintained for at least the duration of illness (AII), and 
consideration should be given to continuing them for the 
duration of hospitalization or viral shedding to prevent noso-
comial transmission (CIII). 

 Routine virologic screening of asymptomatic HSCT can-
didates is performed by some HSCT centers to detect out-
breaks and implement infection control measures early, 
though there is insuffi cient data at present to recommend this 
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practice. During outbreaks of RSV in a HSCT unit, HCWs 
may be cohorted to minimize nosocomial transmission [ 54 , 
 137 ], though the 2009 Guidelines do not recommend this 
strategy for control of other CRV outbreaks. Two winter 
community RSV outbreaks were controlled using the fol-
lowing strategies on an adult bone marrow transplantation 
unit: identifi cation, isolation, and cohorting of RSV patients; 
use of masks and gloves; prompt therapy with aerosolized 
ribavirin; screening of visitors; restricting visitation by chil-
dren younger than 12 years of age and anyone with RSV 
symptoms; and restricting symptomatic hospital staff from 
working in the bone marrow transplantation unit [ 137 ]. 
Nasopharyngeal antigen testing of symptomatic individuals, 
Contact Precautions, and infection control education for 
HCWs controlled a parainfl uenza virus outbreak on a bone 
marrow transplantation unit [ 138 ]. Weinstock and colleagues 
reported an outbreak of infl uenza A on a 30-bed HSCT unit 
and described interventions implemented to terminate the 
outbreak and to prevent nosocomial infl uenza the following 
season [ 139 ]. These interventions included strict isolation of 
patients with infl uenza, reverse isolation of all other patients 
on the unit during the outbreak, more rapid laboratory turn-
around of diagnostic tests for infl uenza, restriction of visi-
tors, cohorting of HCWs assigned to the unit, universal 
antiviral prophylaxis of all patients and HCWs on the unit 
during the outbreak, and an enhanced infl uenza vaccine cam-
paign for HCWs the following season [ 139 ]. 

 HCWs and close contacts of HSCT recipients should be 
vaccinated yearly for infl uenza, using the inactivated vaccine 
rather than the live attenuated vaccine to eliminate the risk of 
vaccine virus transmission (AI) [ 56 ]. Under certain condi-
tions involving CRV outbreaks, infl uenza vaccine along with 
prophylactic antiviral treatment of a subgroup of patients, an 
entire unit, and/or family members and HCWs may be under-
taken, particularly in the case of an infl uenza outbreak that is 
not controlled with other measures or that involves an infl u-
enza strain that is not contained in the current vaccine (BIII) 
[ 1 ,  54 ,  139 ]. Some clinicians have recommended chemopro-
phylaxis for all HSCT recipients who are less than 24 months 
from transplantation, as well as for those beyond 24 months 
who are still receiving immunosuppressive therapy [ 2 ]. 
However, ongoing changes in antiviral resistance require that 
any prophylaxis decisions be based on updated CDC recom-
mendations regarding the strains and outbreaks that are 
occurring during a particular season [ 140 ].      

45.6.1.7     Adenovirus 

     Adenovirus  can            cause large outbreaks in acute and chronic 
care facilities, including outbreaks of highly symptomatic 
respiratory and gastrointestinal infection [ 141 ]. Transmission 
can occur in multiple ways, including inhalation of aerosol-
ized droplets, contact with contaminated surfaces, fecal–oral 
spread, exposure to infected tissue or blood, and rarely via 
contaminated water [ 142 ]. Strict infection control measures 

are required to prevent spread of this easily transmissible 
virus. Sputum and oral secretions of infected adults contain 
10 6 –10 7  viral particles/ml and the virus can survive up to 35 
days on surfaces. As few as fi ve virions are required to cause 
infection in immunocompromised adults [ 143 ], who can 
then asymptomatically shed the virus for months following 
infection. Patients with adenovirus gastroenteritis should be 
placed on Contact Precautions, while patients with respira-
tory illnesses, conjunctivitis, or disseminated disease require 
both Droplet and Contact Precautions to prevent nosocomial 
transmission [ 3 ]. Hand hygiene with either an alcohol-based 
rub or soap and water and standard environmental disinfec-
tants effectively kill the virus [ 144 ,  145 ].      

45.6.1.8     Viral Gastroenteritis 

     Like CRV, viral gastroenteritis  can            cause more severe dis-
ease in HSCT recipients than in normal hosts, and health 
care- associated outbreaks can develop if these pathogens are 
introduced into a HSCT unit. Commonly encountered patho-
gens include adenovirus (see above), norovirus, rotavirus, 
and astroviruses; all are spread via the fecal–oral route, and 
contact with infected persons and contaminated fomites. 
Compliance with hand hygiene, appropriate isolation pre-
cautions, and environmental cleaning are required to prevent 
nosocomial transmission of these pathogens (AII) [ 4 ]. At a 
minimum, isolation precautions should be maintained for 
the duration of the illness (AII), with consideration given to 
continuing these measures for the duration of the hospital-
ization or the duration of viral shedding, since HSCT recipi-
ents may asymptomatically shed virus following symptom 
resolution (CIII). 

   Rotavirus   is the most common cause of severe gastroen-
teritis in the pediatric population worldwide. Due to high 
concentrations of viral shedding in stool and the ability of 
the virus to persist in the environment for more than 10 days, 
environmental contamination is common [ 146 ,  147 ]. Health 
care-associated outbreaks of rotavirus have been traced to 
contaminated toys and hands [ 47 ,  148 ]. Contact Precautions 
are required to prevent transmission of rotavirus (AIII). 
Alcohol-based hand rubs effectively kill the virus and are 
suffi cient for hand hygiene, unless hands are visibly soiled. 
Prompt removal of soiled diapers and thorough environmen-
tal cleaning are essential to limit environmental contamina-
tion with rotavirus (AIII) [ 3 ].  

   Norovirus   is the most common cause of outbreaks of non- 
bacterial gastroenteritis, and now causes >50% of foodborne 
infections in the USA. This virus is easily transmissible and 
less than 100 particles are required to cause infection in nor-
mal hosts. Immunocompetent individuals continue to shed 
virus up to 72 hours following symptom recovery, whereas 
some immunocompromised hosts can shed virus for months 
to years following infection. Unlike rotavirus, alcohol-based 
hand rubs and standard disinfectant agents do not effectively 
kill norovirus [ 3 ,  149 ]. Multiple infection control measures 
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should be implemented to prevent transmission, including: 
hand washing with soap and water, Contact Precautions, 
wearing masks while cleaning areas contaminated by feces 
and vomitus, and minimal handling of soiled bedding and 
garments (BIII) [ 1 ,  8 ]. Per the 2011 HICPAC Guidelines for 
the Prevention and Control of Norovirus Gastroenteritis 
Outbreaks in Healthcare Settings, Contact Precautions should 
be maintained for at least 48 hours after symptom resolution, 
and consideration should be given to extension of these pre-
cautions and to cohorting infected individuals if they have 
medically complex conditions, such as HSCT recipients and 
candidates [ 8 ]. A hypochlorite-based cleaning agent should 
be used on non-porous environmental surfaces (BII) [ 150 ]. 
Environmental cleaning and disinfection should be performed 
at least daily, when items are visibly soiled, and following 
hospital discharge (BIII). Heat disinfection to 60 °C can be 
utilized for items that cannot be cleaned with bleach- based 
disinfectants [ 151 ]. HCWs with norovirus should be excluded 
from work at least 48 hours after symptom resolution [ 8 ]. In 
addition, staff cohorting protocols should be implemented in 
the event of a norovirus gastroenteritis outbreak [ 8 ].  

   Astroviruses   have caused outbreaks of viral gastroenteritis 
in hospitals, nursing homes, and daycare centers. The virus 
can survive in the environment for several months [ 4 ]. 
Contact Precautions and environmental disinfection are 
effective and should be implemented at HSCT centers during 
outbreaks (AII).       

45.6.1.9     Tuberculosis 

     Tuberculosis (TB)  may            reactivate in HSCT recipients in the 
face of immunosuppression. Though the 2009 Guidelines do 
not comment on TB prevention methods, the 2000 Guidelines 
recommended that HSCT candidates be screened by history 
and chart review for a history of exposure to tuberculosis 
(AIII). A tuberculin skin test (TST) using fi ve tuberculin 
units of either the Tubersol (Connaught-Aventis, Swiftwater, 
PA) or Aplisol (Monarch, Bristol, TN) formulations may be 
administered by the Mantoux method. This test result may 
be unreliable, however, because of the patient’s baseline 
immunosuppression. For immunocompromised hosts, a pos-
itive skin test is defi ned as 5 mm or more of induration [ 152 ]. 
HSCT candidates with a recently positive skin test or a previ-
ously positive skin test and no prior preventive therapy 
should have a chest radiograph and an evaluation for active 
tuberculosis (AI). Studies are mixed regarding the effi cacy of 
the interferon-γ-release assays (IGRA) in HSCT recipients. 
One study suggested that IGRA is a more sensitive and spe-
cifi c test than the TST for predicting active tuberculosis after 
transplantation in HSCT recipients [ 153 ], while a second 
found no difference in rates of positive IGRAs and TSTs and 
poor agreement between these test outcomes regardless of 
previous BCG vaccination [ 154 ]. 

 HSCT centers should adhere to published recommenda-
tions concerning the control of TB in health care facilities. 

These guidelines include the institution of Airborne 
Precautions and use of negative-pressure rooms for patients 
with suspected or confi rmed laryngeal or pulmonary tuber-
culosis (AII) [ 3 ]. When HCWs are caring for such patients, 
they should wear N95 respirators or Powered Air Purifying 
Respirators (PAPRs) during exposure to these potentially 
infected patients, including in airborne infection isolation 
rooms and when HEPA fi lters are deployed (AIII). To obtain 
a maximal benefi t in their use, HCWs should be fi t-tested 
and trained in the use of N95 respirators and/or PAPRs annu-
ally (AIII). 

 Vaccination with the Bacille Calmette-Guérin (BCG) vac-
cine is contraindicated in HSCT candidates and recipients 
because of the potential for disseminated and fatal infection 
due to BCG in immunocompromised hosts (EII) [ 155 ].        

45.7     Infection Control Surveillance 

   HSCT centers  should      follow standard guidelines for surveil-
lance of epidemiologically signifi cant nosocomial pathogens 
and their susceptibility patterns, including MRSA, VRE, 
MDR-GNB,  C. diffi cile , CRVs, and invasive mold infections 
(BIII) [ 3 ]. In the absence of clusters of infections, surveil-
lance cultures of the environment or of equipment or devices 
used for pulmonary function testing, the delivery of inhala-
tion anesthesia, or respiratory care are not indicated (DIII) 
[ 46 ]. In the absence of an outbreak of nosocomial fungal 
infection, HSCT centers should not perform routine fungal 
surveillance cultures of devices or dust in patient rooms 
(DIII). Routine sampling of air, ceiling tiles, ventilation 
ducts, and fi lters for mold detection is classifi ed as CIII, and 
thus it is optional [ 1 ]. However, infection control surveil-
lance for clinical cases of aspergillosis in HSCT recipients is 
advisable (BIII). An increase in the number of cases should 
trigger an investigation for potential environmental sources 
of mold exposure in the HSCT center (BIII). The ventilation 
system should also be evaluated to ensure appropriate fi ltra-
tion, air fl ow, and air pressure differentials (BIII) [ 9 ].    

45.8     Summary 

 In the decades since the performance of the fi rst bone marrow 
transplants, considerable experience has been gained. 
Advances in many areas have altered the topography of infec-
tion risk for the HSCT recipient. These include reduced inten-
sity conditioning, use of growth factors, prophylaxis and 
preemptive therapy for infections, identifi cation of emerging 
pathogens and techniques to facilitate their early diagnosis, 
availability of new and effective antimicrobials, and strategies 
for prevention and treatment of GVHD. Nevertheless, although 
agreement exists on general principles, basic issues such as 
optimal infection control measures remain unresolved to some 
extent. The 2009 Guidelines provide a comprehensive review 
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of literature up to that date. However, the relative paucity of 
 recommendations for levels AI, AII, BI, and E in the infection 
control guidelines is striking. Among the AI and AII recom-
mendations, most are global and generic recommendations 
that are derived from, and applicable to, other clinical settings. 
Therefore, there is a need for more evidence-based studies to 
defi ne optimal infection control practices in these high risk 
patients undergoing HSCT. For future developments, the 
reader is advised to consult the CDC website (  www.cdc.gov    ) 
for updated recommendations on infection control, prophy-
laxis, outbreaks, and emerging pathogens which may go 
beyond the recommendations cited in this chapter.     
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       Transplantation has been accepted as a treatment modality 
for terminal organ failure. Therapies used to prevent rejec-
tion suppress the immune system and as a result, the trans-
plant recipient is often at high risk of infection. Prolonged 
and frequent exposure to healthcare settings and multiple 
antibiotics may predispose the transplant recipient to coloni-
zation or infection with multidrug-resistant organisms. The 
use of good infection prevention and control practices is 
extremely important throughout the continuum of care for 
solid organ transplant (SOT) recipients. In the hospital set-
ting,  antimicrobial-resistant pathogens   often cause the infec-
tions identifi ed during admission or after discharge, resulting 
in increased morbidity and mortality. 

 This chapter reviews selected infection prevention and 
control practices that address common infections in trans-
plant recipients. The U.S.  Centers for Disease Control and 
Prevention (CDC)   has issued guidelines for the prevention of 
infection for hematopoietic stem cell transplantation (HSCT) 
recipients, but not specifi cally for SOT recipients. Pertinent 
guidelines on infection prevention and control issues have 
been developed by  the   CDC and the  Healthcare Infection 
Control Practices Advisory Committee (HICPAC)   to provide 
specifi c recommendations that are pertinent to all patient 
populations. Guidelines referenced in this chapter include the 
Guideline for Hand Hygiene in Health-Care Settings—2002 
[ 1 ], Guidelines for Preventing HealthCare- associated 
Pneumonia, 2003 [ 2 ], Guidelines for Environmental Infection 
Control in Health-Care Facilities, 2003 [ 3 ], Management of 
Multidrug-Resistant Organisms in Healthcare Settings, 2006 
[ 4 ], Guidelines for Isolation Precautions: Preventing 
Transmission of Infectious Agents in Healthcare Settings, 
2007 [ 5 ], and the Guideline for Disinfection and Sterilization 
in Healthcare Facilities, 2008 [ 6 ]. The  American Transplant 
Society   has published guidelines for the management and 
prevention of infections in organ transplant candidates and 
recipients which address specifi c aspects of infection control 
practices pertinent to transplantation [ 7 ]. The  Society for 
Healthcare Epidemiology of America (SHEA)   and the 

 Infectious Diseases Society of America (IDSA)   have also 
published a compendium of strategies to  prevent   healthcare-
associated infections (HAIs) in acute care hospitals [ 8 ]. 
These strategies, most recently revised in 2014, highlight 
basic prevention practices that are often referred to as “bun-
dles,”    guidance to infection control programs regarding 
implementation of these practices, as well as special 
approaches for infections that are not controlled using basic 
infection control practices. Despite the publication of expert 
guidance documents and guidelines some issues are still 
unresolved. The authors of this chapter describe some of the 
practices in their institutions, while acknowledging that dif-
ferent approaches to the same problem might exist. 

46.1     Healthcare-Associated Infections 

46.1.1     Prevention and Isolation Practices 

  Caregivers  must   maintain good infection prevention prac-
tices to minimize the transmission of infection in the health-
care setting. Invasive devices such as central venous catheters 
(CVCs), indwelling urinary catheters, and ventilators expose 
the patient to additional risks for infection. Most facilities 
have implemented infection prevention “bundles” designed 
to prevent these device-associated HAIs. Due to the success 
seen in reducing HAIs, the  Centers for Medicare and 
Medicaid Services (CMS)   issued new guidelines. After 
October 1, 2008, hospitals no longer receive additional pay-
ment for cases in which selected conditions were not present 
on admission, which include CVC-associated bloodstream 
infections and catheter-associated urinary tract infections [ 9 ]. 
What this means to hospitals is that claims are paid as though 
the secondary diagnosis was not present. These “Hospital-
Acquired Conditions”    (HACs) are considered “never events,” 
but may still be problematic in transplant recipients. Careful 
attention must be given to good hand hygiene practices and 
CVC care, as well as to practices that decrease the risk of 
catheter-associated urinary tract infection. As a protective 
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measure, patients may also be placed into protective precau-
tions to heighten the awareness of the caregivers to the poten-
tial for serious infection. 

 Whereas the 1991 Occupational Safety and Health 
Administration (OSHA) Bloodborne Pathogens Standard 
focused primarily on employee protection [ 10 ], the CDC and 
HICPAC have published numerous patient-focused guide-
lines and recommendations for the prevention of HAIs. 
Revised in 2007, the Guideline for Isolation Precautions: 
Preventing Transmission of Infectious Agents in Healthcare 
Settings 2007 [ 5 ] updated and expanded the  1996 Guideline 
for Isolation Precautions in Hospitals . The transition of 
healthcare delivery from primarily acute care hospitals to 
other healthcare settings (e.g., home care, ambulatory care, 
freestanding specialty care sites, and long-term care) created 
a need for recommendations that could be applied in all 
healthcare settings using common principles of infection 
control practice, but could be modifi ed to refl ect setting- 
specifi c needs. In this revision, the term “ nosocomial infec-
tions”   was replaced by “healthcare-associated infections” to 
better refl ect the changing patterns in healthcare delivery. It 
may be diffi cult to determine the exact site of exposure to an 
infectious agent and/or acquisition of infection as patients 
move through the healthcare delivery system. The SARS 
experience, and more recently, the experience with  Ebola 
virus disease  , highlighted the need to better prepare for new 
emerging pathogens and focused on the ways minor breaks 
in infection control technique resulted in infections being 
transmitted to healthcare professionals. Sections of this 
guideline were created as evidence mounted that environ-
mental controls could decrease the risk of fungal infections 
in severely immunocompromised patients. While the 
 Protective Environment (PE)   has been found to be of greatest 
benefi t for patients undergoing allogeneic hematopoietic 
stem cell transplants, there may be some lessons to be learned 
from successful implementation in this group of patients. 
Organizational characteristics (e.g., nurse staffi ng levels and 
composition, establishment of a safety culture) are also iden-
tifi ed as key components to promote adherence to recom-
mended infection control practices. Combining the universal 
precautions and body substance isolation precautions, con-
tact with human blood, body fl uids, secretions or excretions 
(except for sweat), nonintact skin, mucous membranes, and 
contaminated items requires the use of personal protective 
equipment, as part of standard precautions. Respiratory 
hygiene/cough etiquette, safe injection practices, and the use 
of masks during insertion of catheters or injection of material 
into spinal or epidural spaces via lumbar puncture proce-
dures were added to standard precautions in 2007. 
Transmission-based precautions are used, in addition to stan-
dard precautions, to prevent infections spread by airborne, 
droplet, and direct contact routes. Certain infections that had 
required disease-specifi c isolation precautions are now 
included under standard precautions. 

 Airborne precautions are used if a patient has a known or 
suspected infection with an agent that can be transmitted by 

evaporated droplets [droplet nuclei of <5 mm (micron)] that 
remain suspended in the air and that may be carried away 
from the infected patient. Measles, varicella, and tuberculo-
sis are the primary infections included in this category; a 
patient infected with any of these must be housed in a room 
with controlled ventilation. Specialized air fi lters and nega-
tive pressure in the room prevent the infectious droplet nuclei 
from entering the general air supply and infecting others. 

 Certain diseases, such as infl uenza and adenovirus, gener-
ate droplets larger than 5 mm. These larger-sized particles 
are too big to remain suspended in the air; therefore, no spe-
cial ventilation is required. Close contact with respiratory 
tract secretions is required for disease transmission, so masks 
should be worn by healthcare workers when they are work-
ing within 3 ft (0.9 m) of an infected patient to prevent the 
inhalation of infectious droplets. 

 Contact precautions are used to prevent the transmission 
of certain microorganisms that may be found on the patient’s 
skin or on inanimate objects in the patient’s environment. 
Included in this category are epidemiologically signifi cant 
organisms, such as methicillin-resistant  Staphylococcus 
aureus  (MRSA), vancomycin-resistant enterococci (VRE), 
 Clostridium diffi cile , and respiratory syncytial virus (RSV). 
Private rooms are recommended, but patients colonized or 
infected with the same organism(s) may be cohorted together, 
if necessary. If neither of these options is achievable, the 
immunosuppressive state of potential roommates should be 
evaluated. For example, placing a VRE-colonized patient 
with an otherwise healthy 30-year-old who has a broken leg 
would be preferable to placing that patient with a postopera-
tive transplant recipient who might become more easily col-
onized and infected. Contact precautions require gloves and 
gowns be worn for contact with the patient or potentially 
contaminated items and areas in the patient room. While the 
likelihood of transmission to other patients through contact 
with clothing is remote, caregivers are likely to touch their 
own clothing (e.g., lab coat pockets) and thus transmit the 
organism on their hands. The 2006 HICPAC/CDC guideline, 
The Management of Multidrug-Resistant Organisms in 
Healthcare Settings, recommends donning gowns and gloves 
upon room entry and discarding them before exiting the 
room of a patient with organisms that have been implicated 
in environmental transmission (e.g., VRE,  C. diffi cile , noro-
viruses and other intestinal tract agents, and RSV) [ 4 ]. 

 The 1975 CDC isolation techniques manual defi ned a pro-
tective isolation category to protect neutropenic or immuno-
suppressed patients. Whereas other isolation categories were 
designed to prevent the transmission of disease from an 
infected patient to others, the purpose of protective or 
“reverse” isolation is to protect the highly susceptible patient. 
Neutropenic precautions are practices designed to reduce 
microbial contamination in the patient’s environment. 
Because many infections in immunosuppressed patients are 
attributable to the patient’s endogenous fl ora, the use of spe-
cial environmental precautions is not recommended, except 
for allogeneic stem cell transplant recipients, for whom a 

D.B. Banach et al.



845

protective environment is necessary to minimize fungal 
spore counts in the environment and decrease the risk of 
invasive fungal infections [ 5 ]. To reduce the risk of infection, 
nursing care often focuses on skin integrity, indwelling intra-
venous devices, and good oral hygiene. 

 Isolation precautions for select organisms or disease syn-
dromes are presented in Table  46-1 . A complete list can be 
found in Appendix A of the CDC guideline on isolation pre-
cautions [ 5 ]. 

46.1.2        Defi nition of Healthcare-Associated 
Infections 

  The  National Nosocomial Infections Surveillance (NNIS) 
system  , a cooperative effort of the CDC and  participating 
  hospitals, began in 1970 with the purpose of creating a data-
base to track nosocomial infections in the USA. In 2005, the 
 National Healthcare Safety Network (NHSN)   was estab-
lished to integrate and supersede three surveillance systems 
at the CDC: the NNIS, the  Dialysis Safety Network (DSN)  , 
and the National Surveillance of Healthcare Workers 
(NaSH). Patient-specifi c event data are entered into this 
Web-based system by individual facilities but comparative 
results can be found on the NHSN Web site  (  http://www.cdc.

gov/nhsn    ) and are published annually in the  American 
Journal of Infection Control . Many states have mandated 
that HAIs be reported through NHSN to better evaluate the 
magnitude of HAIs. The public reporting of infection data is 
state specifi c, ranging from all infections being reported in 
Pennsylvania to more limited requirements, such as primary 
bloodstream infections only. CMS requires reporting of cer-
tain HAIs as part of pay for performance initiatives. 
Healthcare facilities use the standardized defi nitions created 
by the CDC, previously in the NNIS program and now in the 
NHSN [ 11 ], to classify HAIs, thereby enabling comparisons 
to national benchmarks. For device-associated infections, 
such as ventilator-associated pneumonia, central line- 
associated bloodstream infection (CLABSI), and catheter- 
associated urinary tract infections, rates should be calculated 
(the denominator is device-days and numerator is the num-
ber of infections recorded; result is multiplied by a factor of 
1000). Rates are thus recorded as the number of infections 
per 1000 device-days. HAI data are stratifi ed into types of 
patient care areas (e.g., medical ICU, medical/surgical ICU, 
and SOT specialty care area) to provide infection rates 
according to the risk factors of the patient population served 
[ 12 ]. Operative procedure codes available for identifi cation 
of  surgical site infection (SSI)   rates include liver, kidney, and 
heart transplant surgeries. Healthcare facilities reporting 

   TABLE 46-1.    Centers for disease control and prevention  isolation precautions   for selected infections   

 Infection  Precautions  Comments 

 Abscess, draining (minor)  Standard  Contact for major draining abscess 

 Adenovirus  Droplet, contact 

 Aspergillosis  Standard 

 Candidiasis  Standard 

 Cellulitis  Standard 

  Clostridium diffi cile   Contact  Private room preferred 

 Cytomegalovirus  Standard 

 Epstein–Barr virus  Standard 

 Fungus, endemic  Standard  Blastomycosis, coccidioidomycosis, histoplasmosis 

 Hepatitis, viral (HBV and HCV)  Standard 

 Herpes simplex virus  Standard 
 Contact 

 Encephalitis, recurrent mucocutaneous—skin/oral/genital 
 Disseminated or severe mucocutaneous 

 Infl uenza  Droplet 

 Legionnaires’ disease  Standard 

 Listeriosis  Standard 

 Multidrug-resistant organisms 
(MRSA, VRE, and MDR-GNB) 

 Contact  Gown and gloves recommended on entry into room 
 Private room preferred 

 Mycobacteria, nontuberculous  Standard 

 Nocardiosis  Standard 

 Parainfl uenza  Contact  Respiratory infection in infants and young children 

 Parvovirus B19  Droplet 

 RSV  Contact 

 Rotavirus  Contact 

 Tuberculosis  Airborne 
 Airborne, contact 

 Pulmonary and/or laryngeal 
 Extrapulmonary, draining lesion 

 Varicella-Zoster virus  Airborne, contact  Varicella (chickenpox), disseminated herpes zoster (shingles) 

 Zygomycosis (Mucor and Rhizopus)  Standard 

   Abbreviations :  HBV  hepatitis B virus,  HCV  hepatitis C virus,  MRSA  methicillin-resistant  Staphylococcus aureus ,  MDR-GNB  multidrug-resistant gram-
negative bacteria,  RSV  respiratory syncytial virus,  VRE  vancomycin-resistant enterococcus.  
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HAIs to NHSN can get a  standardized infection ratio (SIR)   
which is calculated by dividing the number of observed 
infections by the number of predicted (i.e., expected) infec-
tions. The number of predicted infections is calculated using 
infection probabilities estimated from multivariate logistic 
regression models constructed from NHSN data during a 
baseline period, which represents a standard population’s 
infection experience. NHSN provides a p value and 95% 
confi dence intervals to determine the statistical signifi cance 
of the SIR for the healthcare facility’s HAIs.   

46.1.3     Central Line-Associated Bloodstream 
Infections 

   A  general      increase has occurred in the incidence of blood-
stream infections caused by gram-positive bacteria, particu-
larly  Staphylococcus  species. Many infections with 
coagulase-negative staphylococci are related to the increased 
use of various indwelling central lines. CLABSI is one of the 
primary infections seen in the immunosuppressed patient, 
because normal skin fl ora may colonize long-term access 
devices. In 2011, the CDC published Guidelines for the 
Prevention of Intravascular Catheter-Related Infections to 
help address this issue [ 13 ]. The incidence of infection varies 
with the type and intended use of intravascular devices. The 
two main device types are short term or temporary devices 
and those that are used for long-term access. Every device 
has some advantages and some risks. Attention should be 
focused on preventing site infections and on providing edu-
cation for the patients and their caregivers if the catheter is 
not removed before hospital discharge. 

 The basic approaches to preventing CLABSI include the 
following [ 13 ]:

   Before insertion

    1.    Educate healthcare personnel involved in the insertion, 
care, and maintenance of CVCs on CLABSI 
prevention.   

   2.    Bathe ICU patients over 2 months of age with a 
chlorhexidine preparation on a daily basis.      

  At insertion

    3.    Use a catheter checklist to ensure adherence to inser-
tion practices.   

   4.    Perform hand hygiene before insertion or manipula-
tion of a CVC.   

   5.    Avoid the femoral vein for CVC access in adults, if 
possible.   

   6.    Use maximal sterile barrier precautions during CVC 
insertion.   

   7.    Use a chlorhexidine-based antiseptic for skin prepara-
tion in patients older than 2 months.   

   8.    Use ultrasound guidance for internal jugular catheter 
insertion.      

  After insertion

    9.    Daily assessment of the need for the CVC and prompt 
removal of unnecessary CVCs.   

   10.    Disinfect CVC hubs, connectors, and injection ports 
before accessing the CVC.   

   11.    Change transparent dressings and perform catheter 
care with a chlorhexidine-based antiseptic every 5–7 
days or immediately if the dressing is soiled, loose, or 
damp.   

   12.    Use antimicrobial ointments for hemodialysis cathe-
ter insertion sites.        

 Several varieties of catheters and cuffs coated or impreg-
nated with antimicrobial or antiseptic agents that reduce 
the risk of catheter-related bacteremia are available and 
have been shown to decrease the risk of CLABSI. Although 
catheters with chlorhexidine/silver sulfadiazine coatings, 
catheters impregnated with minocycline/rifampin or 
 platinum/silver, and silver-coated cuffs may provide 
 additional protection from skin fl ora [ 14 ,  15 ], they are 
more costly than the standard catheters and are recom-
mended only if CLABSI rates could not be controlled 
using the basic approaches. The use of antimicrobial 
 ointments for catheter insertion sites is no longer recom-
mended, except for hemodialysis catheter insertion sites. 
Chlorhexidine-impregnated dressings may be benefi cial in 
preventing CLABSI [ 16 ]. Daily chlorhexidine bathing 
may also reduce the rate of CLABSI in intensive care and 
bone marrow transplantation units [ 17 ,  18 ]. Although the 
routine replacement of catheters is unnecessary, the CVC 
site should be diligently monitored for evidence of infec-
tion. Guidewires should not be used for catheter exchange 
if any local redness, tenderness, or purulent material is 
present at the insertion site.    

46.1.4     Prevention of Exposure 
from Healthcare Workers and Visitors 

   Employees and visitors  may      also transmit infections to the 
transplant recipient. Healthcare workers should undergo an 
evaluation of their health history and immunization status at 
the beginning of their employment [ 19 ]. Vaccination of 
 healthcare workers      who have no history of varicella infection 
or who are seronegative is strongly encouraged, because var-
icella can be life threatening in the SOT recipient. All staff 
members should receive the infl uenza vaccine annually, and, 
if they have not already been immunized for hepatitis B, they 
should receive hepatitis B vaccine at employment. Healthcare 
facilities should have well-defi ned policies to establish when 
potentially infectious personnel should not have patient con-
tact. Employees should be encouraged to report any potential 
exposures or illnesses; human resource policies should per-
mit temporary reassignment or furlough from duty to mini-
mize the potential exposure of transplant recipients to 
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communicable infections. During the pretransplantation 
screening process, family members should be educated about 
infection prevention strategies and receive an annual infl u-
enza vaccination and ensure that their other vaccinations are 
up to date in order to better protect the transplant recipient 
[ 20 ]. Clinical personnel should monitor visitors for illnesses, 
such as colds, to prevent transmission. Posters may be dis-
played during fl u season as additional reminders.    

46.1.5     Fungal Infections 

   Despite the  establishment      of defi nition criteria, determining 
whether pneumonia is acquired in the hospital setting is one 
of the most diffi cult infections for the infection preventionist 
to classify. The CDC has three specifi c defi nitions of nosoco-
mial pneumonia [ 11 ]. No defi ned incubation period exists 
when fungal pneumonia is suspected, so the traditional 
“onset of infection 48 hours after admission” standard that 
separates community-acquired infections from hospital- 
acquired infections is not valid. The isolation of fungal spe-
cies from expectorated sputum may not be diagnostic, but 
clinicians often start antifungal therapy when they are 
encountered. These isolates could also represent transient 
colonization or a laboratory contaminant, not necessarily 
invasive disease [ 21 ]. Therefore, comparing fungal pneumo-
nia rates among hospitals is diffi cult. Because of the ubiqui-
tous nature of circulating fungal spores and of generally 
higher spore counts outdoors, determining whether a dis-
charged patient who is readmitted with invasive fungal pneu-
monia acquired the infection while he or she was in the 
hospital is challenging. Comparative data on the incidence of 
nosocomial fungal pneumonia are unavailable, and many 
institutions have attempted to develop their own defi nitions 
of hospital-associated fungal pneumonia. Table  46-2  details 
the case defi nitions at some of the authors’ institutions; an 
arbitrary hospitalization of 7 days prior to onset of infection 
is used to distinguish between hospital- and community- 
acquired fungal infections. A recent review of construction 
and renovation-related healthcare-associated fungal infec-
tions showed a decrease in number of outbreaks between 
2010 and 2014, which may be due to effectiveness of infec-
tion prevention measures, or because of the high number of 
previously reported outbreaks [ 22 ].  

46.1.6        Aspergillosis 

46.1.6.1     Environmental Concerns 

   Healthcare-associated  aspergillosis is      associated with the 
following three main mechanisms: airborne acquisition, 
which is typically secondary to contaminated ventilation 
systems; direct contact, through contaminated objects such 
as wound dressings; and airborne and contact, in which both 
mechanisms may be implicated, as is seen in sternal fungal 

osteomyelitis after sternotomy [ 23 ]. The hospital water sys-
tem may be a potential reservoir for  Aspergillus  and other 
molds, which are then aerosolized [ 24 ]. No “safe levels” for 
bioaerosols have been recognized, and standards for the fre-
quency of air sampling are also lacking. Rural outdoor air 
concentrations of fungi may be as high as 10,000 colony- 
forming units per cubic meter of air (CFU/m 3 ) without caus-
ing pulmonary infections in the general population. The 
establishment of a safe threshold limit in the indoor environ-
ment is problematic. Some studies have established a posi-
tive correlation between increased airborne spore counts and 
the incidence of invasive aspergillosis [ 25 – 27 ]. 

 Researchers have collected air samples to quantify the 
number of airborne spores. Open agar plates, which are com-
monly referred to as “settle plates,” should not be used to 
estimate the airborne concentration of fungal spores. The 
number of spores that settle on the agar due to the effects of 
gravity are presumed to be proportional to the airborne con-
centration, but are not reliable enough for routine use in 
facilities that perform organ transplants. Settle plates, how-
ever, may detect fungi aerosolized during medical proce-
dures (e.g., during wound dressing changes), as described in 
an outbreak of aspergillosis among liver transplant patients 
[ 28 ]. Air sampling methods using calibrated sieve impactors 
or centrifugal samplers are recommended to provide stan-
dardized counts, the results of which are expressed as CFU 
per cubic meter. Routine air sampling for fungi is not gener-
ally recommended. During construction or renovation or in 

   TABLE 46-2.    Case defi nitions   

 Term  Defi nition 

 Hospital-associated 
(nosocomial) infection 

 The patient has one or more positive 
cultures with the same pathogenic fungal 
species and clinical signs of infection and 
histopathologic or radiographic evidence 
of invasive fungal disease. 

 OR 
 Histopathologic or radiographic evidence of 

invasive disease with no microbiologic 
culture confi rmation may be considered 
an infection if the patient is treated with 
an antifungal agent. 

 Date of onset should be more than 7 days 
after admission with no evidence of 
active or incubating infection at the time 
of admission. 

 Colonization  Signifi cant isolate(s) that cannot be 
classifi ed as disseminated or locally 
invasive or if no systemic antifungal 
therapy is given. 

 Not signifi cant  One isolate of a fungal species from a 
nonsterile site, no systemic antifungal 
therapy, or no correlation of routine 
microbiologic and fungal cultures. 

 Community-acquired 
infection 

 Signs or symptoms of infection are present 
at the time of admission and the patient 
was not hospitalized within the prior 
2 weeks. 
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times when isolates of  Aspergillus  or other fungi are identi-
fi ed in patient cultures, air sampling may be performed to 
assess the relative level of spores in the environment. Outdoor 
samples may be collected as appropriate controls. Fungal 
colony types found in the indoor samples should be the same 
as those from outdoor samples, but with a tenfold (1 log) 
reduction in indoor counts due to air-handler fi ltration [ 29 ]. 
Indoor samples that have a predominance of a particular fun-
gus that is not in proportion to the outdoor samples may 
refl ect contamination of the indoor environment.    

46.1.6.2     Environmental Controls 

   The CDC guidelines  for      prevention of healthcare-associated 
pneumonia recommend protective environment units only 
for allogeneic HSCT recipient units; there are no specifi c 
recommendations for SOT recipients [ 2 ]. However, in 2003, 
the CDC published Guidelines for Environmental Infection 
Control in Healthcare Facilities which address specifi c con-
trols applicable to all patients, and include recommendations 
specifi c to organ transplant recipients [ 3 ]. It is beyond the 
scope of this review to detail all recommendations in that 
guideline but several specifi c infection types are  discussed. 
Facilities performing SOT surgeries should at minimum have 
contingency plans in case of disruption of HVAC services. 

 Specially designed isolation rooms that use laminar air 
fl ow (LAF) and/or high-effi ciency particulate air (HEPA) fi l-
tration may provide the cleanest air possible.  HEPA fi ltra-
tion  , which provides a minimum of 12 air changes per hour, 
often reduces fungal spore counts. HEPA fi lters remove 
99.97% of particles larger than 0.3 mm (micron).  HEPA   fi l-
ters may be installed within the room ventilation system to 
provide a highly fi ltered, positively pressurized room, or por-
table units may be placed in any patient room for additional 
air fi ltration. Patient rooms should be tightly sealed to pre-
vent contamination from outdoor sources, and their doors 
should remain closed to ensure positive pressurization. 
Reportedly, areas that use  HEPA   fi ltration and positive pres-
surization of patient rooms (fungal spore control ventilation) 
have total spore counts of less than 15 CFU/m 3 , with 
 Aspergillus  counts of less than 0.1 CFU/m 3  [ 29 ]. 

 Room design should focus on the use of easy-to-clean sur-
faces. The walls and horizontal surfaces should be smooth 
and nonporous to facilitate cleaning and to prevent entrap-
ment of bacteria and spores. Porous ceiling tiles, carpeting, 
and fabric window treatments, such as shades and curtains, 
should be avoided as they may attract dust particles. Some 
new designs available are house curtains or shades within 
two glass panels which minimize dust collection while still 
providing privacy and controlling light. Vinyl or plastic 
blinds are safe if they are frequently cleaned. 

 Hospitalized SOT recipients should not travel through 
areas under construction or renovation. Severely immuno-
compromised patients requiring transport out of the protec-
tive environment should wear a high-effi ciency respiratory 
protection mask, like N95, to prevent the inhalation of 

 particulates [ 2 ]. Transplant recipients should also avoid dusty 
construction or excavation and landscaping sites after dis-
charge. Historically, studies reported an association between 
the use of other protective isolation strategies, such as the 
restriction of fresh fruit and fl owers with a decrease in the 
incidence of infection. The length of hospital stay is declin-
ing dramatically, so the benefi ts of a protective environment 
are being reevaluated. The most important risk factor for 
invasive aspergillosis remains the patient’s underlying immu-
nosuppressive condition. High-risk patients may develop 
invasive aspergillosis even with low fungal spore counts [ 25 ].    

46.1.6.3     Construction Guidelines 

  Construction and  renovation   in the hospital are often associ-
ated with an increase in the number of cases of aspergillosis. 
At the beginning of renovation, airborne particulates and 
fungal spore counts may be exceptionally high because 
spores are dispersed into the environment during the demoli-
tion process. The  Facility Guidelines Institute   publishes 
guidelines for the design and construction of hospital and 
healthcare facilities [ 30 ]. Infection control personnel should 
be involved from the planning stages through project com-
missioning. Building owners are required to provide an 
 infection control risk assessment (ICRA)   to determine the 
potential risks of transmission of various infectious agents 
during the project. The  ICRA   is conducted by a panel with 
expertise in infection control and epidemiology, risk man-
agement, facility design, construction ventilation, and safety. 
An ICRA should be conducted during the early planning 
phase of the project, before construction begins, and con-
tinue through project construction and commissioning. 
Specifi c construction-related requirements mandated by  the 
  ICRA should be included in the contract documents. Many 
state health departments now require  the   ICRA submission 
before they will issue permits for hospital construction and 
renovation projects. When construction or renovation activi-
ties are planned in or near facilities that handle high-risk 
transplant recipients, even more strict protective guidelines 
and monitoring requirements may be established during the 
planning process [ 31 ]. Such guidelines help to defi ne the 
appropriate barriers and techniques for preventing the spread 
of dust and debris into other areas of the facility. Construction 
and housekeeping personnel should be trained in the dangers 
of aspergillosis, with an emphasis on control measures. 
Strategies for the prevention of nosocomial aspergillosis will 
control any other fungi that are transmissible by dust, such as 
the zygomycetes (e.g.,  Mucor  and  Rhizopus  species). 
Infection control interventions to prevent nosocomial asper-
gillosis were well illustrated during one construction- 
associated outbreak, in which the incidence of invasive 
aspergillosis rose from 3.18 to 9.88 cases per 1000 patient- 
days during the construction period [ 32 ]. The control mea-
sures that were used included portable HEPA fi ltration units, 
the installation of sealed windows and easy-to-clean tiles and 
shades, and the increased maintenance of the ventilation sys-

D.B. Banach et al.



849

tem. The introduction of portable HEPA fi lter units was the 
most important step in this undertaking. After the institution 
of control measures, the infection rate decreased to 2.91 
cases per 1000 patient-days. 

 When the construction activities are outdoors, the air 
intakes for the ventilation system may become heavily 
loaded with construction dust, potentially leading to an 
increased contamination of the indoor environment. An 
increased focus on fi lter maintenance is important, and suc-
cessful containment may be possible, as a bone marrow 
transplantation unit reported during construction in its vicin-
ity [ 31 ]. Maintaining the construction area at negative pres-
sure, establishing plastic sheeting or drywall barriers, and 
controlling access to construction zones prevented dust from 
contaminating patient areas.   

46.1.6.4     Surveillance for Fungal Healthcare- 
Associated Infection 

    If a case of nosocomial  aspergillosis is   suspected, it is crucial 
to look at the facility history of aspergillosis cases to assess 
 background      rates. An investigation of any ventilation defi -
ciency is very important [ 2 ]. If there is a good chance that the 
case is healthcare-associated, then an epidemiologic investi-
gation should be initiated in an effort to fi nd and eliminate 
the source.   Aspergillus fl avus    has frequently been identifi ed 
in reports of construction-related contamination of the indoor 
environment [ 33 ]. Arnow et al. [ 34 ] reported an increase in 
spore counts of  Aspergillus fumigatus  and  A. fl avus , with a 
mean of more than 1 CFU/m 3  associated with the opening of 
a new hospital. An environmental assessment identifi ed fun-
gal contamination of the carpet, fi reproofi ng material, and 
ventilation fi lters. Fungi may contaminate damp areas, dis-
colored ceiling tiles, and peeling wallpaper. Most studies 
documented decreased indoor spore counts after the institu-
tion of appropriate control measures [ 31 ,  33 ]. Sometimes, air 
sampling is recommended for the assessment of air contami-
nation after construction or HEPA fi lter changes and as part 
of an outbreak investigation. Repeat air samples may be col-
lected after an identifi ed source is decontaminated or 
removed. An environmental audit may also include periodic 
sampling. The role of fungal typing in the investigation of 
outbreaks is unclear; multiple fungal strains can cause 
healthcare-associated infections in one outbreak given the 
ubiquitous presence of fungi in the environment and the 
identifi cation of different serial Aspergillus strains by whole 
genome sequencing within a single patient [ 35 ] may limit the 
application of this epidemiological tool. 

  Aspergillus  species are certainly not the only signifi cant 
fungal pathogen found in the environment.  Fusarium  and 
 Trichosporon  species, the dematiaceous molds, zygomycetes, 
and normally innocuous soil and plant fungi may cause infec-
tions in the immunocompromised patient. Good housekeeping 
practices are vital in high-risk patient areas. These areas 
should be visually monitored to ensure that all dust is con-
tained and removed from the patient environment. If nosoco-

mial infections occur within an institution, the renovation of 
ventilation systems to provide highly fi ltered air for high- risk 
patient areas may be considered. Although antifungal pro-
phylaxis of patients may be useful, cases may still occur, 
necessitating the temporary closure of contaminated patient 
units or a suspension of transplant activities during hospital 
construction projects.      

46.1.7     Waterborne Infections 

   Researchers at  the      University of Arkansas for Medical 
Sciences reported the results of a MEDLINE search of medi-
cal literature published from 1966 through 2001 to determine 
the number of HAIs caused by waterborne pathogens. Forty- 
three outbreaks had been reported, including many nosoco-
mial outbreaks caused by  Pseudomonas aeruginosa  [ 36 ]. 
HAIs attributed to the use of contaminated water include 
those caused by  Legionella pneumophila P. aeruginosa; 
Aeromonas, Acinetobacter, Burkholderia, Enterobacter, 
Flavobacterium , and other  Pseudomonas species; T. gondii ; 
and  Serratia , Mycobacteria, and  Aspergillus  species. In 
2006, the Environmental Protection Agency (EPA) published 
the Long Term 2 Surface Water Treatment Rule (LT2 rule), 
which addresses strategies to reduce disease incidence asso-
ciated with  Cryptosporidium  and other disease-causing 
microorganisms in drinking water [ 37 ]. Individual state reg-
ulations or codes may identify requirements for maintaining 
hot water temperatures to protect patients from being scalded. 
Temperatures at the return should ideally be ≥124 °F 
(≥51 °C), and cold water temperature at <68 °F (<20 °C) in 
healthcare facilities [ 3 ].    

46.1.8     Legionellosis 

   Transplant  recipients      are considered to be at increased risk of 
developing  Legionella  pneumonia, commonly known as 
Legionnaires’ disease. Even after processing at water treat-
ment plants, small quantities of these aquatic bacteria may 
enter homes and buildings and may live in the biofi lm that 
lines the pipes. Legionella species multiply in warm water, 
with an ideal temperature range of 35–46 °C [ 38 ,  39 ]. 
Regulations concerning maximum water temperature, which 
are designed to prevent scalding accidents, often fall into 
this range, increasing the possibility that a facility will 
become contaminated with  Legionella  species and several 
other  species of nontuberculous mycobacteria, including 
 Mycobacterium xenopi  [ 40 ]. Traditionally, it was believed 
that infection was caused by the inhalation of contaminated 
aerosols generated by humidifi ers, air-conditioning units, 
cooling towers, and showers into the respiratory tract. The 
aspiration of contaminated water is an additional mechanism 
of transmission [ 41 ,  42 ]. Laboratory-confi rmed Legionellosis 
in a patient who has spent ≥10 days continuously in a 
 healthcare facility prior to the onset of illness is consid-
ered a defi nite case of healthcare-associated  Legionella  
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p neumonia; that which occurs in a patient who has spent 2–9 
days in a healthcare facility prior to the onset of illness is 
considered possible healthcare-associated Legionellosis [ 2 , 
 3 ]. The 2003 CDC guidelines for the prevention of nosoco-
mial pneumonia discuss issues of environmental monitoring 
and control. The recommendations state that facilities pro-
vide routine maintenance of their potable water systems and 
should consider the use of sterile water in immunocompro-
mised patients if  Legionella  is isolated from the water to 
reduce the incidence of legionellosis [ 2 ]. 

   L. pneumophila    strains may be more virulent than the non-
pneumophila strains. Advances in molecular fi ngerprinting 
techniques have been instrumental in associating patient iso-
lates with Legionella species cultured from a facility’s potable 
water supply. Furthermore, lawsuits have successfully linked 
nosocomial infection to perceived facility negligence [ 38 ].   

46.1.8.1     Environmental Monitoring 

   Culturing  plumbing      fi xtures, such as sink spouts, shower-
heads, ice machines, and drinking fountains, for  Legionella  
species can identify potential sources of the bacteria in high- 
risk patient areas. The degree of contamination (percent of 
positive fi xtures and quantity of bacteria present) varies sig-
nifi cantly from building to building. The type of hot water 
system, the water temperature, location, and building age all 
play a role in the colonization of pipes within a facility [ 43 ]. 
The monitoring and control of  Legionella  species in a health-
care facility require a team effort, in which the microbiology 
laboratory, infection prevention and control, and maintenance 
departments must work together to provide a safe environ-
ment for high-risk patients. The CDC does not recommend 
routine environmental culturing for  Legionella , but guidelines 
state that (1) this could be a component of  Legionella  preven-
tion in healthcare facilities that provide care to transplant 
recipients, (2) may be appropriate to identify the source of 
infection as part of an outbreak investigation, and (3) to assess 
the effectiveness of water treatment or decontamination pro-
tocols [ 2 ,  3 ]. No guidelines regarding culturing frequency or 
acceptable levels of positivity are available. Generally, each 
facility will establish a policy on environmental monitoring 
that is dependent on the patient population. Environmental 
investigation to identify the source of  Legionella  is recom-
mended when there is an outbreak, defi ned as one case of 
defi nite or two cases of possible healthcare-associated 
Legionnaires’ disease within a 6-month period [ 3 ].    

46.1.8.2     Legionella Control Measures 
in the Hospital 

   As a rule, if  signifi cant      quantities of  Legionella  species are 
isolated in a facility, control measures to reduce the level of 
colonization should be instituted. Systems that use holding 
tanks or heaters that allow water to stagnate in the bottom of 
the tank provide a reservoir for the multiplication of 

 Legionella  species. For immediate control of Legionella in 
the setting of an outbreak, thermal eradication (superheat 
and fl ush) or hyperchlorination of the water supply is recom-
mended [ 3 ]. Ongoing control of  Legionella  could be done 
with the use of copper/silver ionization systems, which 
release low concentrations of metal ions into the water distri-
bution system, ultraviolet light sterilization, or maintenance 
of an elevated water temperature or chlorine content [ 44 ,  45 ]. 
Point-of-use fi lters have been found to be effective in elimi-
nating  Legionella  and could be used without modifi cation or 
disinfection of the potable water system [ 46 ], though are not 
on the current guidelines. In transplant units, shower heads 
and tap aerators should be removed, cleaned, and disinfected 
monthly using a chlorine-based, EPA-registered product; a 
1:100 dilution of bleach may be used if no EPA-registered 
chlorine disinfectant is available [ 3 ]. In addition, large- 
volume room air humidifi ers that generate aerosols should 
not be used unless they are subjected to high-level disinfec-
tion and only sterile water is used. 

 Even when control mechanisms are in place, healthcare- 
associated legionellosis may occur. Disruptions in the water 
distribution system, such as water main breaks, the use of fi re 
hydrants, fl oods, and internal maintenance and construction 
disruptions, may cause changes in water pressure that disrupt 
the biofi lm within the potable water system [ 38 ]. When 
pieces of the biofi lm break free and enter the water supply, 
the water may appear cloudy or dirty. Local water authorities 
may issue water restrictions in the event of major contamina-
tion of the drinking water supply. Establishing water service 
disruption policies can be helpful for protecting immunosup-
pressed patients. Substitution of the appropriate bottled 
water is encouraged for drinking and for mouth care. Ice 
machine fi lters may become contaminated, so fi lters should 
be changed after restoration of water service [ 47 ]. Suspending 
showering until the water is determined to be safe may be 
necessary. When service is restored, all fi xtures should be 
fl ushed until the water appears clear. Tub bathing may be 
acceptable because little aerosolization of the water occurs 
during the bathing process. Bed baths or other systems that 
do not generate aerosols are recommended. 

 The American Society of Heating, Refrigerating, and Air- 
Conditioning Engineers (ASHRAE) Standard 188p [ 48 ] 
establishes minimum risk management requirements to con-
trol legionellosis in water building systems, including inpa-
tient healthcare facilities. An interdisciplinary designated 
team with the authority and responsibility to establish and 
implement a legionellosis risk management program, includ-
ing but not limited to facilities staff familiar with the building 
water system and infection prevention and control staff should 
be formed. Components of the program include (1) descrip-
tion of the potable and nonpotable water systems in the build-
ing in water fl ow diagrams, including all water sources, water 
treatment systems and control measures, water processing, 
and end use points such as sinks, showers, water features, and 
ice machines, (2) identifi cation of areas with higher probabil-
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ity of infection based on the intended water use and the vul-
nerability to infection of patients in these areas, (3) 
identifi cation of the control points where Legionella control 
measures can and should be put into place, (4) establishment 
of critical limits at the control points (e.g., temperature or 
chlorine level), (5) establishment of a monitoring system that 
includes the means, methods, and frequency for monitoring 
physical and chemical characteristics of the control measures 
to ensure they are within critical limits, (8) verifi cation that 
the program is being implemented and validation that the 
control measures are effective in controlling Legionella, 
including a determination of if, when, where and how envi-
ronmental cultures for Legionella are to be performed, and 
(9) documentation and communication of the plan.    

46.1.8.3     Recommendations for the Discharged 
Patient 

  In areas where  Legionella   species   have been identifi ed in the 
water supply, patients who rely on well or spring water should 
be encouraged to have their own water supply checked [ 43 ]. 
One mistaken assumption is that all bottled water is safer or 
healthier than tap water; however, many water products are 
not processed to reduce bacterial contamination. Products 
such as spring water that emphasize natural properties may 
actually contain more bacteria than do other water products.    

46.1.9     Antibiotic-Resistant Organisms: 
Vancomycin-Resistant Enterococcus, 
Methicillin-Resistant Staphylococcus, 
and Multidrug-Resistant Gram- 
Negative Bacteria 

  Infections caused  by   resistant organisms have emerged as a 
serious problem in hospitals all over the world. This is due in 
part to an increase in the nonselective use of broad-spectrum 
antibiotic agents for prophylaxis and treatment. The indis-
criminate use of antibiotics reduces the normal host fl ora, 
predisposing the patient to colonization with endemic 
multidrug- resistant organisms and  C. diffi cile . The emer-
gence of   Streptococcus viridans    that is highly resistant to 
penicillin has been associated with the use of β-lactam anti-
biotics in neutropenic cancer patients [ 49 ]. Centers that rou-
tinely use quinolone prophylaxis for neutropenic patients 
have reported coagulase-negative  Staphylococcus  and gram- 
negative blood isolates that are resistant to these agents 
[ 50 ,  51 ]. HAIs with resistant gram-negative organisms 
( Klebsiella species, Stenotrophomonas maltophilia,  and 
 Burkholderia cepacia ) are on the rise, a trend that may be 
related to the use of broad-spectrum antibiotics [ 52 – 54 ]. 
Gram-negative bacteria that produce extended-spectrum 
β-lactamases are becoming increasingly prevalent. 
Pretransplant broad-spectrum antibiotic use has been associ-
ated with post-transplant  infections caused by multidrug-

resistant organisms [ 55 ]. Antimicrobial stewardship programs 
and the use of local data to select appropriate treatments 
reduce the reservoir of multidrug-resistant pathogens within 
a medical facility. Reducing inappropriate antibiotic use by 
only prescribing an antibiotic when it is likely to be benefi cial 
to the patient, minimizing the treatment of colonization, 
using broad- spectrum antibiotics judiciously, and discontin-
uing unnecessary and lengthy treatment with antimicrobials 
are the essence of antimicrobial stewardship. The CDC 
launched the “Get Smart for Healthcare” initiative to guide and 
support antimicrobial stewardship programs in different set-
tings in order to improve antibiotic prescribing practices [ 56 ]. 

 Patients who have longer inpatient stays before transplan-
tation surgery may become colonized with multidrug- 
resistant organisms. Changes in the  United Network for 
Organ Sharing (UNOS)   allocation algorithm have resulted in 
an increased duration of preoperative hospitalization in some 
institutions. Data has demonstrated an increased number of 
cases of mediastinitis after heart transplantation caused by 
multidrug-resistant pathogens associated with an increased 
length of pretransplantation inpatient hospitalization prior to 
transplant [ 57 ]. 

 Active surveillance identifi es more patients colonized 
with resistant bacteria than clinical cultures alone, and this 
strategy can be used to control rates of colonization and 
infection due to resistant bacteria. The use of active surveil-
lance for MRSA and subsequent decolonization with mupi-
rocin has shown some effectiveness in reducing infections 
post liver transplantation [ 58 ] though some data have not 
demonstrated effectiveness [ 59 ]. Whereas the CDC guide-
line on the control of multidrug-resistant organisms recom-
mends active surveillance for MRSA and VRE if other 
approaches have failed to control transmission adequately 
[ 4 ], the SHEA guideline recommends the use of active sur-
veillance to identify patients colonized with MRSA and 
VRE among all high-risk patients [ 60 ]. Some states have 
mandated screening patients for MRSA. Active surveillance 
for MDR gram-negative organisms, including  carbapenem- 
resistant enterobacteriaceae (CRE)  , is recommended in cer-
tain high-risk situations in order to prevent spread of these 
highly resistant and potentially virulent organisms [ 61 ]. 
Although active surveillance is not done routinely in most 
centers, the role of active surveillance for CRE in solid organ 
transplant candidates and recipients is unclear, and is an area 
worthy of future study.  

46.1.9.1     Vancomycin-Resistant Enterococcus 

    Enterococci have become  a         signifi cant infection control 
problem for decades, which is evidenced by the 20-fold 
increase in nosocomial infections reported to the NNIS from 
1989 through 1993 [ 62 ]. Comparative data from the 1998 
reports showed an additional 55% increase in VRE infec-
tions compared with that from 1993 through 1997. Between 
January 2006 and October 2007, 33% of enterococcal 
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device-related healthcare-acquired infections reported to the 
NHSN were caused by VRE [ 63 ]. The enterococci differ 
from other streptococci in their relative resistance to penicil-
lins and cephalosporins and in their intrinsic low-level resis-
tance to aminoglycosides and lincosamide antibiotics [ 64 ]. 
They are also resistant to bile, they are considered normal 
enteric fl ora in adults, and they generally exhibit low viru-
lence. They may be isolated from the mouth, vagina, groin, 
and anterior urethra. The target of vancomycin in the cell 
wall is  D -alanyl-  D -alanyl, but, in VRE, this target is altered 
so that it has low affi nity to vancomycin [ 65 ]. Using molecu-
lar typing techniques, VRE strains have been identifi ed as 
comprising mainly three resistance phenotypes—van A, van 
B, and van C [ 64 ]. The van A phenotype is plasmid medi-
ated, and, by defi nition, it is resistant to high levels of vanco-
mycin and teicoplanin. The van B strains exhibit high-level 
resistance to vancomycin, but they are susceptible to teico-
planin. Class C shows constitutive low-level resistance to 
vancomycin; this is encountered in  Enterococcus gallinarum  
and  Enterococcus casselifl avus .    

   Risk Factors 

    Epidemiologic  analysis         has shown that enterococcal infec-
tion often originates from the patient’s colonizing fl ora. 
Intraabdominal and cardiothoracic surgery and manipulation 
of the urinary tract are the risk factors for enterococcal infec-
tion. Reportedly, the severity of illness is one of the main risk 
factors for the development of VRE bacteremia [ 66 – 70 ]. 
Critically ill patients in the intensive care unit or those with 
underlying medical conditions, including immunocompro-
mised patients residing on oncology and transplant units, are 
also at increased risk of colonization and infection with VRE 
strains. An increased length of hospitalization and antibiotic 
use contribute to the patient’s risk [ 70 ]. Although vancomy-
cin use is a predisposing factor for the acquisition of the 
organism, any antimicrobial agent that alters the normal 
gram-positive and anaerobic gut fl ora may allow VRE to 
fl ourish [ 66 ,  67 ]. In Europe, a glycopeptide (avoparcin) that 
is used in animal feeds has been associated with VRE in ani-
mals and humans. Antibiotics with antianaerobic activity 
have been shown to promote VRE high-density colonization 
both in animal models and in humans [ 70 ]. Both vancomycin 
and third-generation cephalosporins reportedly are indepen-
dently associated with VRE prevalence in 126 intensive care 
units in the USA [ 71 ]. Reports have demonstrated the  contact 
spread of the bacteria from patient to patient, both directly 
and indirectly via the hands of healthcare workers [ 72 ,  73 ]. 
Contaminated equipment and environmental surfaces are 
also sources for disease transmission [ 74 ]. 

 In the setting of solid organ transplantation, most VRE 
infections occur in the early post-transplant period, with a 
strong association with antimicrobial use and surgical, specifi -
cally biliary, complications. Liver transplant recipients who 
developed VRE bacteremia were compared retrospectively 

with transplant recipients who developed bacteremia with 
 vancomycin-sensitive enterococci (VSE)   [ 75 ]. VRE infection 
was associated with increased episodes of recurrent bactere-
mia and persistent isolation of the bacteria from the original 
site of infection. Whether VRE strains are more virulent than 
VSE is still a controversial issue, but, in that study, few cases 
of endovascular infection were encountered among the VRE 
patients and none among  the   VSE control patients. 

 The VRE colonization rate of patients awaiting liver trans-
plantation was reported to be 13% [ 76 ]. Another 18% 
became colonized after transplantation. Infection with VRE 
occurred in 23% of these patients. A recent meta-analysis 
demonstrated that post-transplant MRSA and VRE coloniza-
tion was signifi cantly associated with post-transplant MRSA 
and VRE infection [ 77 ]. Patients who were colonized with 
VRE either before or after transplantation had longer hospi-
tal and ICU stays. Those that acquired VRE after transplan-
tation also had higher 90-day mortality. 

 The fecal carriage of VRE has also been studied in an out-
break on a renal unit. The authors used restriction enzyme 
analysis and ribotyping to show that the outbreak isolate was 
clonally related [ 70 ]. VRE was isolated from the stool of 
15% of renal patients (i.e., those with end-stage renal dis-
ease), 5% of other patients in the hospital, and 2% of sam-
pled patients in the community with no history of 
hospitalization or antibiotic use. Many studies have used 
DNA analysis to show that nosocomial transmission is the 
primary route of VRE colonization among patients.      

   Infection Prevention and Control Measures 

    The  CDC Hospital Infection Control Practices Advisory 
Committee   developed guidelines for preventing the spread of 
VRE [ 78 ].  The         following four main points are crucial for 
prevention: (1) prudent vancomycin use, (2) an education 
program, (3) an effective microbiology laboratory, and (4) a 
multidisciplinary effort to control the organism. 

 The microbiology laboratory initiates the process of VRE 
control by promptly and accurately identifying the organism. 
Vancomycin resistance can be identifi ed through routine bac-
terial susceptibility testing or through polymerase chain reac-
tion (PCR) testing using primers to detect the vanA and vanB 
genes. When a vancomycin-resistant strain is identifi ed, the 
infection control department, the patient’s physician, and unit 
personnel should be notifi ed. Those patients who are colo-
nized or infected should be placed in single rooms, or they 
may be cohorted with other VRE-positive patients. Because 
the bacteria may colonize the intestinal tract, patients with 
poor personal hygiene or fecal incontinence may contaminate 
the environment with the bacteria. Patients may also contami-
nate their immediate environment by touching surfaces, such 
as bed rails, nurse call buttons, and television controls. This 
type of equipment may not be adequately disinfected after the 
patient leaves, increasing the risk of transmission for the next 
patient. The recommendation is that gloves and gowns should 
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be worn when one is entering the room of colonized patients, 
especially in endemic settings. Some groups report signifi -
cant decreases in VRE infection and VRE colonization after 
the institution of enhanced infection control measures in con-
junction with judicious restriction of certain antibiotics, such 
as vancomycin and third-generation cephalosporins [ 79 ,  80 ]. 

 Various reports have documented the isolation of VRE 
strains from environmental surfaces [ 72 ,  73 ,  81 ]. Noncritical 
items, such as stethoscopes or thermometers, should not be 
used with other patients unless they are thoroughly disin-
fected after use for a VRE patient. Dedicated equipment is 
preferred, but it may be shared among cohorted patients. 
Patients may be screened for VRE carriage by the collection 
of rectal swabs or stool for cultures or PCR testing to identify 
additional cases. This information is useful for determining 
transmission between roommates or to others on a unit where 
infected patients have been identifi ed. Despite the institution 
of contact precautions for carriers, the incidence of carriage 
may remain about the same [ 69 ]. VRE colonization may per-
sist for long periods [ 82 ]; therefore, colonized or infected 
patients may require continuous isolation until their dis-
charge. If a patient is being transferred to another facility, 
notifying the receiving institution about the patient’s VRE 
status so that the appropriate precautions are taken is impera-
tive. VRE-positive patients who are readmitted should be 
placed in contact isolation until surveillance cultures have 
been completed. 

 Concerns that a plasmid that carries the vancomycin resis-
tance gene could transmit this resistance to other gram- 
positive bacteria, particularly  S. aureus , do exist. Because of 
the multiple virulence factors associated with this pathogen, 
these infections would potentially be life threatening because 
the organism is already resistant to multiple antimicrobial 
agents. Vancomycin-resistant  S. aureus  (VRSA) has been iso-
lated. Seven cases of VRSA were identifi ed in the USA from 
2002 to 2006. All isolates were vanA positive. All patients 
had a prior history of MRSA and enterococcal infection or 
colonization. They all had severe underlying conditions and 
most had received vancomycin prior to VRSA infection. 
Proper isolation precautions were in place and  prevented per-
son-to-person transmission in all seven cases [ 83 ]. As of 
2014, 13 cases of VRSA have been identifi ed [ 84 ].      

46.1.9.2     Methicillin-Resistant  S. aureus  

    MRSA is a well- recognized         nosocomial pathogen causing 
signifi cant infections in all patient populations. Contact pre-
cautions are used to isolate patients with MRSA infection or 
colonization. Some controversy exists over the use of masks 
to enter MRSA patient rooms. Because patients with nasal 
colonization may spread the organism into the surrounding 
air, some advocate that caregivers don masks to prevent their 
acquisition of the organism, thus minimizing spread to other 
patients. Transmission on the hands of colonized staff mem-
bers may be increased if they touch their noses during patient 
care activities.    

   Risk Factors 

    As the Temple  University         experience illustrates [ 85 ], MRSA 
colonized patients are more likely to infect their surgical 
wounds. Researchers in a French study collected surveil-
lance cultures from liver transplant recipients. The analysis 
of the infection data found that MRSA infection occurred 
more frequently in the MRSA carriers (7 of 8 patients, 
87.5%) than in the MRSA noncarriers (8 of 79 patients, 
10.1%) ( P  < 0.001) [ 86 ]. Among liver transplant recipients, 
patients who underwent surgery within the prior 2 weeks 
were at markedly higher risk for MRSA infection [ 87 ]. A 
review of infections occurring from 1990 to 1998 in another 
liver transplant center in the USA showed that 23% of organ 
recipients became infected with MRSA, with signifi cant 
increases in the incidence and prevalence of patients infected 
with MRSA over time [ 88 ]. The primary sites of infection 
were the vascular catheter (39%), the wound (18%), the 
abdomen (18%), and the lung (13%). CMV seronegativity 
( P  = 0.01) and primary CMV infection were signifi cantly 
associated with MRSA infections ( P  = 0.005). Although rela-
tively uncommon, donor-derived MRSA transmission has 
been described following liver transplantation [ 89 ].     

   Infection Prevention and Control Measures 

    Quality improvement  programs         should be aimed at reducing 
HA-MRSA acquisition and infection rates and a multifacto-
rial approach towards decreasing MRSA transmission has 
been described [ 90 ]. The collection of surveillance cultures 
may be cost-effective in all patient populations, and the high- 
risk transplant recipient group may be an ideal starting point 
for the process. An MRSA control program involving liver 
transplant patients consisting of active surveillance, use of 
contact precautions and cohorting of colonized patients, 
treatment with intranasal mupirocin at the time of transplan-
tation, and education of patients and visitors on the impor-
tance of hand hygiene resulted in a decrease in the incidence 
of new MRSA colonization, MRSA bacteremias, and MRSA 
infections at other sites [ 58 ].      

46.1.9.3     Multidrug-Resistant Gram-Negative 
Bacteria 

    There is no  standard         defi nition for multidrug-resistant gram- 
negative bacteria (MDR-GNB). Included in this category are 
bacteria resistant to multiple classes of antibiotics, such as 
 P. aeruginosa  and  Acinetobacter baumanii , as well as 
Enterobacteriaceae (e.g.,  Escherichia coli  and  Klebsiella 
pneumoniae ) with extended-spectrum β-lactamases (ESBLs) 
that hydrolyze β-lactam antibiotics including extended- 
spectrum cephalosporins [ 4 ]. There has been a substantial 
increase in MDR-GNB, defi ned as being resistant to three or 
more antimicrobial classes [ 91 ,  92 ].  A. baumanii , which is fre-
quently resistant to multiple antibiotics including β-lactams, 
fl uoroquinolones, and aminoglycosides, is becoming increas-
ingly resistant to carbapenems, and isolates resistant to all 
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tested antibiotics have been reported [ 93 ]. Patients with infec-
tions due to MDR-GNB are more likely to experience delay in 
institution of effective antimicrobial therapy, have a higher 
mortality, and increased cost of care [ 94 ,  95 ]. 

 Extended-spectrum β-lactamases are usually found in 
 K. pneumoniae, K. oxytoca , and  E. coli , but have also been 
reported in  Citrobacter, Enterobacter, Proteus, Salmonella, 
Serratia , and other gram-negative bacteria [ 96 ]. Gram- 
negative bacteria with ESBLs are typically sensitive to the 
carbapenems, which are recommended as treatment for 
infections due to these organisms. Recently,  K. pneumoniae  
with a carbapenem hydrolyzing enzyme, which confers 
resistance to all carbapenems, have been reported, and this 
organism caused 8% of device and surgery-associated HAIs 
[ 63 ,  97 ]. Though named KPC ( K. pneumoniae  carbapene-
mase) as this was initially found in   K. pneumoniae   , KPC has 
been reported in other enterobacteriaceae, including  E. coli, 
Enterobacter  species, and  Serratia  [ 94 ,  98 ]. There is varia-
tion in the geographic distribution of ESBL-containing 
organisms. While it occurs sporadically in various states,     K. 
pneumoniae  with KPC has become endemic in the eastern 
United States and spread throughout the USA is increasing 
[ 99 ]. Infections caused by carbapenem-resistant enterobacte-
riaceae are associated with high mortality rates among liver 
transplant recipients [ 100 ]. 

 Resistance genes in gram-negative bacteria could be chro-
mosomal, or could be located in mobile genetic elements, 
such as plasmids and transposons, which can be transferred 
between different species [ 101 ]. Some of these gene ele-
ments may contain multiple genes encoding resistance to 
penicillins, cephalosporins, carbapenems, and aminoglyco-
sides conferring multidrug resistance [ 102 ]. Quinolone resis-
tance is usually due to chromosomal mutations and not 
usually transferable, but transferable quinolones resistance 
genes encoded on plasmids have been identifi ed, and 
recently, MDR- K. pneumoniae  with a plasmid containing 
resistance determinants for carbapenems, aminoglycosides, 
and fl uoroquinolones was reported [ 103 ].    

   Risk Factors 

     Risk factors for               colonization or infection with MDR-GNB 
are similar to those for MRSA and VRE and include advanced 
age, underlying diseases and severity of illness, transfer of 
patients from another institution particularly from a nursing 
home, prolonged hospitalization, gastrointestinal surgery or 
transplantation, presence of invasive devices such as CVCs, 
and exposure to antimicrobial drugs [ 104 ]. Prior solid organ 
or hematopoetic stem cell transplantation has been identifi ed 
as a risk factor for infections caused by carbapenem- resistant 
 K. pneumoniae  [ 105 ]. Bacteremia due to a KPC-2–producing 
 Enterobacter cloacae  and  Pseudomonas putida  has been 
reported in a liver transplant recipient [ 106 ]. 

 Automated susceptibility testing systems have limitations 
in detecting drug resistance in these organisms [ 97 ,  107 ]. 

Providers and clinical microbiology laboratories should be 
familiar with these organisms and ensure that organisms are 
tested using methods that will provide reliable susceptibility 
results. 

 Hospital outbreaks due to MDR-GNB have been reported 
[ 97 ,  108 ]. Similar to MRSA and VRE, many more patients 
may be colonized than infected, providing an unrecognized 
reservoir, and active surveillance screening may be neces-
sary to prevent cross-transmission.     

   Infection Prevention and Control Measures 

    Measures to control  the         spread of MDR-gram-negative bac-
teria are similar to other drug-resistant organisms which 
include (1) administrative support such as instituting auto-
matic alerts and provision for adequate hand hygiene facili-
ties, (2) education of personnel regarding MDROs and 
prevention methods, (3) judicious antimicrobial use, (4) 
surveillance, (5) contact precautions, and (6) enhanced envi-
ronmental cleaning. Published guidelines have specifi cally 
addressed infection control guidance for the prevention of 
infections caused by carbapenem-resistant organisms which 
addressees active surveillance of high-risk units and contacts 
with infected patients [ 61 ].       

46.1.9.4      C. diffi cile  Infection 

    Numerous factors  may         cause diarrhea in transplant recipients, 
including immunosuppressants, antibiotics, enteral nutrition, 
and other agents that affect bowel motility. The extended use 
of antimicrobials alters the bacterial fl ora of the gut, provid-
ing a niche for the multiplication of  C. diffi cile , an anaerobic, 
spore-forming, gram-positive rod that is resistant to many 
antimicrobial agents. Although the organism occurs as nor-
mal enteric fl ora in approximately 4% of adults, it may also 
cause severe gastroenteritis that manifests as either diarrhea 
or colitis.  C. diffi cile  produces the following two toxins: toxin 
A, or enterotoxin, and toxin B, or cytotoxin. These toxins act 
synergistically, resulting in cellular damage, hemorrhage, and 
the accumulation of fl uid in the colon. Most patients have a 
history of antibiotic usage before the onset of diarrhea.  C. dif-
fi cile  is the most common cause of healthcare- associated diar-
rhea, with higher rates of carriage, ranging from 15% to 30%, 
reported in hospitalized patients [ 109 ].  C. diffi cile -associated 
diarrhea occurs in 1–31% of SOT recipients [ 110 ]. 

 In 2011, there were an estimated 453,000 cases of   C. dif-
fi cile  disease (CDD)   in the USA resulting in over 29,000 
deaths [ 111 ]. One specifi c strain (NAP1/BI/027) has emerged 
that is more virulent and more resistant to antibiotics, par-
ticularly fl uoroquinolones. It produces more toxin A and 
toxin B, and produces a third toxin, binary toxin. The disease 
is more severe and has affected patients with no underlying 
risk factors  for   CDD [ 112 ]. Outbreaks have been associated 
with fl uoroquinolone use, though other antimicrobials have 
also been implicated [ 113 ,  114 ].    
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   Risk Factors 

    Although any  antibiotic         agent can affect the normal balance 
of the intestinal fl ora, clindamycin, penicillins, fl uoroquino-
lones, and the third generation cephalosporins have been par-
ticularly associated with the development of infection [ 115 , 
 116 ]. Other factors that alter the gut fl ora also increase the 
risks of carriage of the organism in the bowel and of disease. 
The use of stool softeners and antacids has been associated 
with increased carriage [ 117 ].  Diarrhea   has also been associ-
ated with older age, underlying disease, and enemas. 
Symptomatic patients usually have more risk factors, and 
certain intrinsic patient factors infl uence the relative risk of 
developing symptomatic infection [ 118 ]. In solid organ 
transplantation, most cases  of   CDD occur in the fi rst 3 
months of transplant, likely attributable to the increased rates 
of hospitalization and use of antibiotics during this time 
period [ 119 ].      

46.1.9.5     Healthcare-Associated Transmission 

    Documented      clusters of cases due to healthcare-associated 
transmission have frequently been associated with environ-
mental contamination with bacterial spores. In one study, 
21% of patients who were initially culture-negative admitted 
to a general ward acquired  C. diffi cile  while in the hospital; 
of these, 37% developed diarrhea [ 120 ]. The authors were 
able to prove transmission between patients with the use of 
an immunoblot technique, and they documented clustering 
in patient rooms with two occupants. Other authors have 
suggested other patterns of acquisition in situations in which 
no evidence of transmission to roommates exists [ 121 ]. One 
cluster investigation identifi ed two case strains of bacteria by 
restriction endonuclease testing, in which most of the strains 
were associated with abdominal surgeries performed by one 
surgical team [ 122 ]. 

 Because of spore production, this organism can survive 
well in the environment.  C. diffi cile  has been cultured from 
inanimate objects, such as medical instruments, toilets, bath-
room fl oors, and furniture [ 123 ]. Bacteria have been cultured 
from the hands of medical personnel, and strains isolated 
from medical staff caring for patients with  C. diffi cile  were 
confi rmed to be the same as those of the patient isolates [ 120 ]. 

 Patients may become colonized with  C. diffi cile  via trans-
mission through contact with other patients, contaminated 
rooms or equipment, or medical personnel carrying these 
bacteria on their hands. More environmental contamination 
with spores occurs in the room of a patient who  has   CDD, 
than with those with asymptomatic carriage. Nosocomial 
attack rates vary from facility to facility. Clinicians caring 
for transplant recipients should therefore be aware that noso-
comial transmission of  C. diffi cile  is a real possibility and 
that the early implementation of infection control measures 
may prevent the occurrence of other cases. 

 Detailed strategies for the prevention of   C. diffi cile    in hos-
pital settings have been published [ 124 ]. Patients should be 
placed in private rooms or cohorted with other infected 
patients. Symptomatic patients should be placed on contact 
precautions. Healthcare personnel should wear gloves and 
gowns when they enter the patient’s room. Patient transport 
outside the unit should be minimized if the patient has diar-
rhea to avoid contaminating other areas with the bacterial 
spores. Good hand hygiene is essential. Soap and water or 
alcohol hand sanitizer may be used in routine or endemic 
settings; soap and water is preferred for outbreak or hyperen-
demic settings. Staff members must observe proper proce-
dures, and visitors should be encouraged to wash their hands 
thoroughly before leaving the patient’s room. A dilute (1:10) 
hypochlorite solution or a product with an EPA-approved 
claim for  C. diffi cile  activity should be considered in units 
with high  C. diffi cile rates  [ 6 ]. During outbreaks, environ-
mental decontamination, isolation or cohorting of infected 
patients, and the limitation of clindamycin have signifi cantly 
reduced CDD [ 125 ]. The use of dedicated patient equipment 
or of disposables, such as rectal thermometers, may signifi -
cantly reduce the incidence of CDD in both acute and chronic 
care facilities and should be used whenever possible [ 126 ].    

46.1.9.6     Antimicrobial Therapy Issues 

   Although the  initial      step in the treatment of  C. diffi cile  is the 
discontinuation of the antibiotic agent(s) to allow the recolo-
nization of the gut with normal fl ora, oral metronidazole or 
oral vancomycin is often used to treat the infection [ 127 ]. A 
randomized double-blinded placebo-controlled study shows 
that patients with mild to moderate disease respond compara-
tively with either metronidazole or oral vancomycin. Patients 
with severe disease, however, had better clinical cures with 
vancomycin [ 128 ], and so vancomycin should be considered 
as the fi rst-line agent for patients with severe disease. Fecal 
microbiota transplantation has emerged as a promising treat-
ment for patients with frequent relapses of CDAD [ 129 ], 
however, its safety and effi cacy in the setting of organ trans-
plantation is unknown. Guidelines recommend against anti-
microbial prophylaxis for patients at risk for CDD, treatment 
of asymptomatic carriage, and test of cure [ 124 ].     

46.1.9.7     Outcomes 

  CDD has  been   reported to follow a more fulminant course in 
transplant recipients. A retrospective study of severe CDD 
showed that 13% of lung transplant patients had fulminant 
symptoms compared to 1.6% of all patients with CDD. Of 
those who required colectomy, 27% were transplant recipi-
ents, mostly lung transplants, though they actually had a bet-
ter survival than nontransplant recipients [ 130 ]. The authors 
stated that improved awareness, lower threshold for surgery, 
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and closer follow-up may have paradoxically improved the 
outcome in transplant recipients. A review of cystic fi brosis 
patients showed that those who had lung transplants tended 
to have a more complicated disease course [ 131 ]. Other stud-
ies did not show more complicated disease, relapse rates, or 
mortality from CDD in SOT recipients [ 132 ,  133 ].     

46.2     Community-Acquired Infections 

46.2.1     Tuberculosis 

   Overall  TB      incidence rate in the USA has been declining, but 
TB in foreign-born and racial/ethnic minorities has been 
much higher compared to US-born Caucasians [ 134 ]. The 
proportion of cases in foreign-born persons has been increas-
ing and accounted for 66% of cases reported in 2014, with 
Mexico, the Philippines, India, Vietnam, and China as the 
top 5 countries of origin [ 135 ]. Most cases of TB in foreign- 
born patients represented the reactivation of TB that had 
been acquired in the country of origin [ 136 ]. Between 1983 
and 1994, the authors treated 14 liver transplant recipients 
(0.5%) for active TB; the most important risk factor was 
birth in a foreign country with endemic TB [ 137 ]. 

  Multidrug-resistant (MDR) TB  , defi ned as resistant to at 
least isoniazid and rifampin, appeared in the USA and world-
wide in the 1990s, and required treatment with second-line 
anti-TB medications [ 138 ]. In the USA, the proportion of 
patients with  MDR   TB in those without previous TB has 
remained stable at 1% from 2009 to 2013. The percentage of 
MDR TB has remained below 1% in US-born cases, but of 
the total number of reported  primary   MDR TB, the propor-
tion occurring in foreign-born cases increased from 30.8% in 
1993 to 89.5% in 2013, accounting for 92% of primary MDR 
TB US cases in 2013 [ 135 ]. The CDC and World Health 
Organization (WHO) surveyed laboratories across the world 
and found that between 2000 and 2004, 20% of TB isolates 
were MDR and 2% were extensively drug- resistant (XDR) 
TB. The provisional defi nition of XDR-TB was an isolate 
resistant to isoniazid and rifampin and at least three or more 
of the six main classes of second-line drugs [ 138 ]. The defi -
nition was revised in October 2006 and XDR-TB is that 
which is resistant to isoniazid and rifampin, and resistant to 
any fl uoroquinolone and at least one of three injectable sec-
ond-line drugs (amikacin, kanamycin, and capreomycin) 
[ 139 ]. From 1993 to 2011, 63 such cases were reported in the 
USA, 17 of which occurred in 2000–2006 [ 140 ]. 

 TB prevalence in the community and the presence of 
MDR- and XDR-TB [ 141 ] heighten the possibility that an 
immunosuppressed individual will be exposed to a case of 
active TB. Transplant recipients are susceptible to infection 
with  M. tuberculosis  species, and the progression to active 
disease can be quite rapid, similar to the experiences of 
patients infected with HIV [ 142 ]. In April 2007, three 
patients received organs from a 46-year-old US-born man 

with history of seizure disorder, alcoholism, homelessness, 
and incarceration, who was initially hospitalized for pre-
sumed aspiration pneumonia [ 143 ]. The two kidney recipi-
ents developed fever 6–7 weeks after transplant and cultures 
grew  M. tuberculosis  which matched the donor’s  M. tubercu-
losis  isolate which grew from CSF postmortem.   

46.2.1.1     Isolation 

   In the transplant unit,       instituting appropriate isolation as 
quickly as possible when active TB is a possibility is essen-
tial. Patients who have an increased potential for TB should 
be placed in isolation rooms if active disease is even a remote 
possibility. In a 1990 nosocomial outbreak of TB that occurred 
among renal transplant recipients, the disease was transmitted 
from the source patient to fi ve other patients on the same unit. 
The institution of airborne precautions was delayed because 
the TB infection had an atypical presentation in this patient 
[ 144 ]. Restriction fragment length polymorphism analysis 
confi rmed the strain. Mortality in this patient group was 50%, 
with the shortest incubation time between exposure and active 
infection being approximately 5 weeks. 

 It is important to have a high index of suspicion for TB 
disease, in order to prevent transmission by prompt place-
ment of suspect patients in an airborne infection isolation 
(AII) room until active TB is ruled out [ 145 ]. Airborne pre-
cautions can be discontinued when infectious TB is consid-
ered unlikely and either (1) another diagnosis is made that 
explains the patient’s illness, or (2) 3 sputum specimens col-
lected at 8-hour intervals, at least one of which is collected in 
the early morning, are AFB smear-negative. The Xpert MTB/
RIF assay is an FDA-approved nucleic acid assay (NAA) 
that detects the presence of TB and rifampin resistance in 
sputum specimens; the negative predictive value for the pres-
ence of AFB smear positive TB is 99.7% after 1 negative 
assay and 100% after 2 negative assays [ 146 ]. CDC recom-
mendations of 3 negative sputum specimens prior to discon-
tinuation of airborne precautions in patients with suspected 
TB allow for the use of AFB smear, or NAA, or a combina-
tion of the two [ 147 ]. For patients with TB, decisions regard-
ing discontinuation of AII require 3 negative sputum smears 
and clinical criteria. 

 The CDC guidelines describe ventilation system require-
ments for TB isolation rooms [ 145 ]. These include engineer-
ing controls to contain any droplet nuclei to prevent 
dissemination outside the patient’s room. The AII room must 
be at negative pressure to the corridor, and exhaust air must 
be vented to the outside of the building or fi ltered through 
HEPA fi lters before it is recirculated. The AII room should 
have a permanently installed visual mechanism to monitor 
the pressure differential between the room and the corridor 
when occupied by patients with suspected or confi rmed TB 
[ 30 ]. An ultraviolet germicidal irradiation device can be 
installed to irradiate the air in the conduit so bacteria are 
inactivated. There should be more than or equal to six air 
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changes per hour. New or renovated healthcare facilities 
should construct the AII room with more than or equal to 12 
air changes per hour. Facilities may have to replace or retrofi t 
their ventilation system to fulfi ll the safety criteria. This ven-
tilation design is also required for varicella isolation. All 
employees must use a National Institute for Occupational 
Safety and Health (NIOSH)-approved fi t-tested N95 respira-
tor or powered air-purifying respirator when they enter the 
room of a patient with active or suspected TB.    

46.2.1.2     Diagnosis 

   Active infection in the  transplant      recipient may not present 
with the traditional symptoms found in the general popula-
tion [ 85 ]. Pulmonary infi ltrates or pleural effusion may con-
stitute TB infection without the other typical symptoms. 
Many transplant candidates with terminal organ failure are 
anergic, and after transplantation, most recipients remain or 
become anergic secondary to immunosuppressive agents that 
are administered to prevent organ rejection. Therefore, the 
use of the tuberculin skin test (TST) to monitor transplant 
recipients rarely provides useful information. Important 
information is provided when conversion from negative to 
positive tuberculin skin testing occurs, but negative results 
do not rule out infection. Furthermore, the value of the 
anergy testing is in question and is no longer recommended 
to be done routinely [ 145 ,  148 ]. Even when the patient reacts 
to one of the other antigens and his or her TST test is nega-
tive, the patient may still have latent infection or even active 
TB. Disseminated TB occurs more frequently in transplant 
recipients because the major host defense against TB is cell- 
mediated immunity [ 85 ]. 

 TST testing of close family members may provide addi-
tional information on the patient’s potential to spread this 
infection. In recent years, in vitro interferon gamma release 
assays (IGRAs) became available for diagnosis of latent TB 
(QuantiFERON TB test (Qiagen, Germany) and T-SPOT.TB 
test (Oxford Immunotec, UK)). These tests measure 
γ-interferon production when lymphocytes are incubated with 
synthetic peptides that simulate some proteins present in MTB 
[ 149 ,  150 ]. These tests are more specifi c than TST for detec-
tion of MTB infection, with much less false positive results 
related to previous BCG administration and previous expo-
sure to atypical mycobacteria. Both tests are approved by the 
U.S. Food and Drug Administration. The CDC recommends 
using these tests for the same indications as the TST [ 145 ]. 

 Fluorescent microscopy for the evaluation of acid-fast 
bacillus (AFB) smears and radiometric culture methods pro-
vide important diagnostic information, which may lead to 
the earlier initiation or discontinuation of patient isolation. 
Many microbiology laboratories now use rapid testing meth-
ods to detect and confi rm TB, including nucleic acid ampli-
fi cation tests for detection of MTB in smear-positive and 
smear-negative respiratory specimens and DNA probes for 
species identifi cation [ 151 ].    

46.2.1.3     Post-exposure Follow-Up 

   If transplant recipients  are      exposed to a person with active 
TB, a contact investigation should be initiated. Recent TST 
or IGRA results and chest radiographs taken before the 
exposure may be used for baseline data. Additional TST test-
ing should be performed 8–10 weeks after the exposure to 
evaluate for skin test conversion. Prophylactic isoniazid 
(INH) therapy should be considered for the prevention of the 
disease if the exposure is considered signifi cant. If the source 
patient has a strain of TB that is either documented or sus-
pected to be drug resistant, the use of alternative prophylac-
tic regimens should be considered [ 152 ]. Prophylactic 
regimens for multidrug-resistant TB are not well established. 
In the past, the authors have used pyrazinamide with levo-
fl oxacin after such an exposure occurred among organ trans-
plant recipients [ 153 ]. This regimen was associated with a 
high rate of discontinuation of the medication due to the 
adverse drug effects. 

 An international debate regarding the use of BCG vaccine 
for the prevention of TB spread has been ongoing. In the 
USA, indication for its use rarely exists [ 154 ]. Disseminated 
BCG disease is a risk in immunocompromised patients, 
including transplant recipients. 

 In June 2000, the CDC and the  American Thoracic Society 
(ATS)   formulated some new recommendations regarding TB 
prophylaxis and introduced two terms [ 155 ]. The fi rst term is 
“targeted tuberculin testing” (i.e., TB testing by TST place-
ment of patients at high risk for the development of TB). The 
second term is “latent TB infection” (i.e., patients who have 
been infected with TB but who have not developed TB dis-
ease). Chemoprophylaxis or preventive therapy is termed the 
“treatment of latent TB infection.” 

 A skin induration of 5 mm or more after TST testing is 
considered positive for the following patient categories: 
patients infected with HIV, patients receiving immunosup-
pressive agents including transplant recipients, patients with 
recent contact with active TB, and patients who have an 
abnormal chest radiograph that is consistent with old 
TB. These patients are at high risk and are candidates for 
treatment of latent TB [ 145 ]. 

 Three regimens for the treatment of latent TB infection 
exist. These are as follows:

    1.    INH for 9 months   
   2.    Rifampin for 4 months   
   3.    INH and rifapentine for 12 weeks     

 INH and rifapentine are convenient as the long half-life of 
rifapentine allows for once weekly dosing; the CDC recom-
mends directly observed treatment with this regimen [ 156 ]. 
The clinician should note, however, that these regimens could 
have risks when used in SOT recipients. Cases of severe INH 
hepatitis have been reported [ 157 ]. Severe liver injuries, 
resulting in the death of fi ve patients, occurred as a result of 
the rifampin–pyrazinamide combination [ 158 ] and it is no 
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longer recommended. Rifampin has also been associated 
with the severe rejection of solid organs, due to its interac-
tions with cyclosporine and tacrolimus [ 159 ].     

46.2.2     Varicella-Zoster Virus 

   Varicella is a  highly      infectious virus and up to 90% of sero-
negative household contacts may become infected after 
infection in the family.   

46.2.2.1     Isolation 

   The infection  control      management of VZV in the  immuno-
suppressed   population involves some diffi cult issues. 
Varicella is transmitted via the airborne route during the pri-
mary infection (chickenpox) as virus particles are released 
from the airways of the patient into the environment. 
Transmission may also occur after direct contact with moist 
vesicles. Transmission of the virus usually starts 1–2 days 
prior to rash onset and lasts until the skin lesions are crusted. 
CDC guidelines require both airborne and contact  precautions 
for patients with varicella and disseminated zoster [ 5 ]. One 
of the most diffi cult tasks for infection control is to defi ne 
“disseminated” zoster for instituting room isolation. In local-
ized dermatomal zoster, transmission occurs primarily 
through direct contact with the skin lesions, and only stan-
dard precautions are necessary. 

 In the immunosuppressed host, even small number of 
moist lesions and possibly respiratory secretions may con-
tain enough viral particles to transmit the infection to other 
susceptible individuals through airborne routes or the shed-
ding of the viral particles from skin lesions into the sur-
rounding air. An adult cadaveric renal transplant recipient 
who occupied a private room adjacent to a patient with zoster 
developed fatal hepatitis after the nosocomial transmission 
of primary varicella infection [ 160 ]. Using PCR, Sawyer 
et al. confi rmed VZV DNA in 82% of air samples collected 
in varicella patient rooms and in 70% of air samples col-
lected in zoster patient rooms [ 161 ]. In a few samples, the 
virus was detected outside the door of negatively pressurized 
isolation rooms. Although this may represent a failure of the 
ventilation system to maintain negative pressurization of the 
room or of staff members leaving the door to the room open, 
obviously aerosolization of the viral particles does occur. 
The virus was also detectable up to 6 days after the onset of 
rash with the use of the same technique.    

46.2.2.2     Patient Screening 

   Varicella infection  in      susceptible immunosuppressed patients 
may result in visceral disease, and it is associated with high 
mortality. In a series of three adult liver transplant recipients 
who developed varicella hepatitis, one patient died after devel-
oping adult respiratory distress syndrome and disseminated 

intravascular coagulation [ 162 ]. The introduction of a vaccine 
has signifi cantly reduced varicella-zoster morbidity and mor-
tality. Its use has been expanded since 1999 to include HIV-
infected children with CD4 percentage of 15–24% and adults 
with CD4 count of at least 200 cells/μL [ 163 ]. There are two 
vaccines currently available: Varivax, a single-antigen vari-
cella vaccine, and ProQuad, a combination of varicella and 
MMR vaccines. The latter contains more virus than the for-
mer vaccine [ 164 ].  Varicella   vaccine is contraindicated in the 
transplant recipients, because it is made from a live, attenu-
ated virus. However, the experience with leukemic children 
has shown that the vaccine is safe and effective [ 163 ]. Some 
reports have also demonstrated that the live, attenuated vac-
cine is safe and effi cacious in susceptible pediatric kidney 
transplant recipients [ 165 ]. Researchers in that study adminis-
tered the vaccine at candidacy; the results showed a reduced 
incidence of varicella after transplantation. There are also 
some reports of vaccination after transplantation. In one of 
these, seroconversion occurred in 20 of 31 (64.5%) children; 
7 required multiple doses and only minor local skin reactions 
were observed [ 166 ]. The risk that healthy individuals will 
develop a rash after vaccination and transmit it to an immuno-
suppressed patient is low, and, therefore, vaccinating suscep-
tible individuals, including healthcare workers, living in the 
same household with transplant recipients is not contraindi-
cated [ 164 ]. The vaccine manufacturer does recommend that 
healthcare workers who develop vesicles should not care for 
susceptible individuals. Although some have hypothesized 
that the vaccine strain of virus may not be capable of causing 
secondary infections, a few such cases have been documented 
[ 167 ,  168 ]. The general consensus is that the benefi ts of vac-
cination of household contacts of immunocompromised indi-
viduals outweigh the very low risk of transmission of the 
vaccine virus to the transplant recipient.  Varicella vaccine   is 
also used in healthy persons as a post-exposure preventive 
measure, mostly in unvaccinated children, ideally within 3–5 
days after exposure [ 169 ].    

46.2.2.3     Post-exposure Management 

   Transplant  coordinators      must frequently evaluate the expo-
sure of a transplant recipient to an individual with “possible” 
chickenpox. Most commonly, the exposure occurs after con-
tact with a family member, usually a child. Defi ning the 
nature of the exposure by duration, proximity, and disease 
progression is an important step in the assessment process. 
Direct exposure is one that occurred face-to-face indoors. 
The duration of signifi cant exposure is not clear; some 
experts say exposure for more than 5 min is signifi cant, 
though others state that more than an hour is needed [ 163 ]. 

 Documentation concerning each patient’s varicella-zoster 
immune status must be easily accessible. Most adult patients 
are seropositive for VZV even if they do not recall having had 
chickenpox. After exposure to a patient with VZV infection 
the CDC’s Advisory Committee on Immunization Practices 
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(ACIP) currently recommends VariZIG  administration   be 
considered for seronegative immunocompromised patients 
and certain other groups such as pregnant women and their 
newborns, for whom complications of disease could be life 
threatening [ 170 ]. 

  VariZIG   is expected to provide maximum benefi t when 
administered as soon as possible after exposure, although it 
can be effective if administered within 10 days after expo-
sure [ 170 ]. Although breakthrough infection  after   varicella- 
zoster immunoglobulin (VZIG) administration was common, 
its use ameliorated the severity of the disease. In one study in 
a SOT pediatric population receiving VZIG (median age of 8 
years), 55% developed varicella, but only 4% developed 
severe disease [ 171 ]. The usual dosage is 125 units for each 
10 kg of weight, up to a maximum of 625 units. If another 
exposure occurs more than 3 weeks after the administration 
of the VZIG dose, an additional dose of VZIG should be 
administered to provide continued passive immunity [ 169 ]. 
Patients who get monthly high-dose IVIG (>400 mg/kg) are 
protected if the last dose was given less than 3 weeks before 
exposure [ 161 ]. Because varicella immune globulin could 
prolong the incubation period by ≥1 week, patients given 
VariZIG should be monitored for signs or symptoms of vari-
cella for 28 days after exposure. Antiviral therapy should be 
started as soon as signs or symptoms of varicella occur. 
 Acyclovir      may also prevent or attenuate infection after VZV 
exposure and may constitute a valid alternative, especially in 
those cases that come to medical attention more than 10 days 
after exposure. Some authors have advocated using it with 
VZIG in cases where life-threatening VZV infection is pos-
sible, such as in children with renal disease who are receiv-
ing steroids [ 172 ]. Acyclovir is FDA approved for the 
treatment of varicella in healthy children. The  American 
Academy of Pediatrics (AAP)   recommends consideration of 
acyclovir treatment of individuals at risk of moderate or 
severe varicella [ 173 ]. The value  of      acyclovir as a prophylac-
tic agent in the immunocompromised host is unclear; 
VariZIG is recommended after exposure of these individuals 
to VZV. There is limited data to support the use of acyclovir 
for post-exposure prophylaxis in healthy children [ 174 ] 
though some experts support this approach in immunocom-
promised patients, particularly if VariZIG is unavailable.     

46.2.2.4     Staff Considerations 

   Not all  susceptible      healthcare workers who report exposure 
to VZV develop chickenpox. In one report, the incidence of 
varicella after exposure approached 10% [ 175 ]. Susceptible 
healthcare workers who report such exposures should be fur-
loughed from work from the 8th to the 21st day after expo-
sure. This is based on the average incubation period of 14 
days and the knowledge that transmission may occur up to 5 
days before and 6 days after the onset of the rash [ 176 ]. 
Susceptible healthcare workers who are exposed to VZV put 
their transplant recipients at risk, but their furloughed 

absences also have cost implications and cause disruptions of 
patient care [ 177 ]. Therefore, CDC recommends the vaccina-
tion of susceptible healthcare workers if no contraindications 
are identifi ed [ 178 ]. Healthcare workers who receive acyclo-
vir prophylaxis may exhibit a longer incubation period before 
the development of a rash. Maintaining accurate records of 
employee data concerning vaccination or a previous history 
of chickenpox is important. Susceptible employees should be 
actively encouraged to receive varicella vaccine.     

46.2.3     Respiratory Viruses 

    Most respiratory  tract         viral infections are seasonal, are more 
prevalent in children than in adults, and are transmitted by 
droplets rather than aerosols. Coughing, sneezing, or talking 
may generate droplets that are not usually projected farther 
than 3 ft (0.9 m) from the source patient. Special ventilation 
is not required for inpatient isolation. In the hospital setting, 
suctioning respiratory secretions and performing bronchos-
copy may also generate droplets. The most common respira-
tory viral infections include RSV, infl uenza, parainfl uenza, 
and adenovirus. The infection control aspects of respiratory 
viral infections are similar, and RSV is described here as an 
example. In recent years, the importance of these viruses in 
SOT recipients has received more recognition, as has the real-
ization that these viruses cause signifi cant morbidity [ 179 ]. 
These viral infections could be followed by superinfection 
with bacterial pathogens, leading to bacterial pneumonia, and 
they have also been associated with acute and chronic rejec-
tion, particularly in lung transplantation [ 180 ,  181 ]. In recent 
years the introduction of sensitive molecular techniques for 
clinical diagnosis of respiratory viruses has allowed not only 
early detection of these viruses [ 182 ], but also puts emphasis 
on other viruses like rhinovirus and metapneumovirus [ 183 ].    

46.2.3.1     Respiratory Syncytial Virus 

   Overview 

   Respiratory syncytial virus ( RSV) is an         RNA virus that causes 
upper and lower  respiratory   tract infections, usually before 3 
years of age. Reinfection is common, but, in the healthy host, 
it is self-limited and generally mild. Outbreaks in the com-
munity usually occur seasonally, with peaks in the late spring 
and autumn that last until winter [ 184 ]. There is variability of 
onset of infection from year to year as well as between vari-
ous regions in the USA [ 185 ]. For example, in Florida, the 
RSV season comes earlier and lasts longer [ 186 ]. The virus 
may be spread in nurseries, causing severe respiratory infec-
tion in infants who have underlying medical conditions, such 
as bronchopulmonary dysplasia, congenital heart disease, or 
prematurity [ 187 ].  Viral shedding   usually lasts for a week, but 
this period may be longer in infants who are younger than 1 
month of age or in those with pneumonia [ 188 ]. Nosocomial 
infections often parallel outbreaks in the community. 
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 RSV can survive drying, and it can stay viable for 6 hours 
on surfaces and fomites, including gloves [ 189 ]. Transmission 
occurs by direct contact with a person who sheds the virus in 
the form of droplets or from contact with contaminated 
hands, handkerchiefs, eating utensils, or other articles. Viral 
particles may be inoculated into the eyes and nasal mucosa 
by touching these areas with contaminated hands [ 189 ]. 
Therefore, nosocomial outbreaks may occur not only from 
patient to patient but also from caregivers or visitors having 
a “cold” [ 190 ,  191 ]. 

 Immunocompromised patients may develop lower tract 
lung infection with pneumonia. RSV may infect SOT recipi-
ents [ 192 ,  193 ]. In recent years, cases have been reported not 
only in pediatric SOT populations [ 194 ] but also in adults 
presenting with respiratory symptoms [ 195 ]. Two liver trans-
plant recipients younger than 15 months of age were intu-
bated when symptoms began soon after transplantation, but 
they later died from RSV pneumonia [ 193 ]. This may sug-
gest the direct inoculation of the virus in the lower respira-
tory tract, bypassing the upper airways. Ribavirin, 
administered orally or intravenously, may reduce the mor-
bidity and mortality due to RSV, infl uenza B, and parainfl u-
enza [ 196 ]. Nevertheless, its routine use has not been 
recommended because of possible toxicity to exposed 
healthcare providers (the inhalation form) and because of 
ongoing debate regarding its defi nitive benefi cial effects. 

 There is no vaccine available for RSV prevention. 
 Palivizumab  , a humanized murine anti-RSV monoclonal 
antibody, can be given as a monthly IM injection beginning 
prior to and continuing through the RSV season (typically 
November to April in the northern hemisphere) for prophy-
laxis in infants and children at risk for severe RSV infection 
[ 197 ]. In a survey of pediatric solid organ transplant centers 
in the USA, almost 50% of responding centers use palivi-
zumab prophylaxis [ 198 ].    

   Infection Prevention and Control Measures 

   Infection control  measures         should be promptly instituted to 
prevent nosocomial transmission. Contact precautions should 
be used for infants, young children, and immunosuppressed 
individuals. Gloves and gowns should be used when entering 
the room of patients with RSV, parainfl uenza, or adenovirus 
to prevent contact with respiratory secretions. Mask and eye 
protection is necessary if procedures that generate vaporiza-
tion of respiratory secretions are expected [ 2 ]. In outbreaks, 
cohorting of symptomatic patients while emphasizing hand 
hygiene may reduce transmission to others. Successful 
cohorting requires the early diagnosis of RSV when the epi-
demic is starting in the community. Shell vial cultures and 
rapid antigen detection by immunofl uorescent assay (IFA) or 
enzyme-linked immunosorbent assay (ELISA) have greatly 
accelerated the diagnosis, compared with viral isolation tech-
niques [ 199 ,  200 ]. More recently, more institutions have used 
PCR for the diagnosis of respiratory viruses, a molecular 
technique which is more sensitive [ 182 ,  201 ].     

46.2.3.2     Other Respiratory Viruses: Infl uenza, 
Parainfl uenza, and Adenovirus 

     Other respiratory  viral            infections that usually manifest as 
self-limited upper respiratory tract illness may result in 
potentially life-threatening lower respiratory infections in 
immunocompromised patients. At the University of 
Pittsburgh Medical Center,  infl uenza   was more prevalent 
among lung transplant recipients than it was among other 
organ recipients [ 202 ]. Secondary bacterial pneumonia 
occurred in 17% of the patients with infl uenza. Other compli-
cations occurred in three patients, including myocarditis, 
myositis, and bronchiolitis obliterans. Reports of transplant 
recipients who received the infl uenza vaccine but who devel-
oped infl uenza despite vaccination have been published 
[ 203 ]. This is due to the suboptimal response of transplant 
recipients to protein vaccines, and it raises the question of the 
use of antiviral chemoprophylaxis in the future. During the 
H1N1 April 2009 infl uenza A pandemic, of the reported 237 
solid organ transplant recipients with H1N1, 32% developed 
pneumonia, 16% were admitted to ICU, and 4% died [ 204 ]. 
Organ recipients, their families, and the healthcare providers 
must realize the importance of receiving the annual inacti-
vated infl uenza vaccine to reduce the risk of disease trans-
mission. CDC, the Advisory Committee on Immunization 
Practices (ACIP), and the HICPAC recommended that all US 
healthcare workers get annual infl uenza vaccine [ 205 ]. The 
 live, attenuated infl uenza vaccine (LAIV)   administered as a 
nasal spray is not recommended for immunocompromised 
patients but may be given to close contacts of immunosup-
pressed individuals, though persons caring for patients in a 
protective environment should avoid contact with such 
patients for at least 7 days after receipt  of   LAIV [ 206 ]. 

  Parainfl uenza   and  adenoviruses   may also cause life- 
threatening infection, and they may also be spread nosoco-
mially [ 207 ,  208 ]. Rapid identifi cation of these respiratory 
viruses, especially in pediatric wards, will help in cohorting 
staff and patients when an epidemic is recognized in the 
community [ 209 ]        

46.2.4     Rotavirus and Viral Gastroenteritis 

46.2.4.1     Overview 

     Viral gastroenteritis  is            usually a  self-limited syndrome   in the 
healthy host. Several viruses are associated with gastroen-
teritis, including rotavirus, norovirus, enteric adenovirus, 
caliciviruses, enteric coronavirus, and astrovirus [ 210 ]. 
Rotaviruses and noroviruses are the most epidemiologically 
signifi cant agents of the gastroenteritis viruses, causing 
endemic and epidemic disease throughout the world. In par-
ticular, the rotaviruses have been associated with outbreaks 
in children and in developing countries where they have been 
associated with high mortality rates [ 211 ]. The symptoms 
often include vomiting, diarrhea, and dehydration. Fever 
may be present. Dehydration may be severe enough to 
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require hospitalization for intravenous fl uid replacement. 
The incubation period ranges from 1 to 3 days, with symp-
toms usually lasting less than 1 week. The transmission of 
rotavirus occurs through the fecal–oral route, with maximum 
 viral shedding   in the stool occurring 2–5 days after the onset 
of diarrhea. Nosocomial infections have been associated 
with the insuffi cient use of appropriate infection control 
measures. Rotavirus infections represent between 20% and 
40% of the cases of nosocomial diarrhea in children [ 212 , 
 213 ]. There has been an association between rotavirus gas-
troenteritis and rejection of small bowel allograft but this 
may have been related to decrease in immunosuppressive 
agents due to diarrhea [ 214 ,  215 ]. In the USA, most infec-
tions occur in children between the ages of 6 and 24 months 
after maternal antibody protection wanes [ 216 ]. Infections 
occur more frequently between October and April. Usually, 
the virus produces a self-limited diarrhea; however, prema-
ture infants and transplant recipients may develop severe dis-
ease [ 210 ]. Although rotaviruses do not generally cause 
bloody stool, fecal occult blood loss has been reported in 
pediatric liver transplant recipients [ 217 ].      

46.2.4.2     Healthcare-Associated Transmission 

     Rotaviruses can  remain            viable in water and on dry inanimate 
objects and hands for many days. An investigation in day 
care centers with rotavirus outbreaks demonstrated the virus 
by PCR on toys (39%) and environmental surfaces (21%) 
[ 217 ]. Rotavirus may be transmitted to the patients by aero-
sols. Contamination of inanimate objects occurs not only by 
feces but also by aerosols generated by bedpan cleaning 
[ 211 ]. Patient-to-patient transmission may result in mini- 
epidemics within the hospital [ 210 ]. Adult contacts of 
patients with rotavirus may exhibit subclinical illness [ 213 ]. 
Infection control measures should be instituted promptly 
whenever patients are incontinent or develop diarrhea. 
Standard precautions are adequate unless the patient is 
incontinent or diapered; contact precautions should be added 
in such cases. Good hand hygiene is essential, with glove and 
gown usage for patient contact if fecal contamination is 
likely. Cleaning of room surfaces with an EPA-registered 
hospital disinfectant is adequate for cleaning of surfaces in 
the patient’s room [ 5 ]. The institution of infection control 
measures interrupted an outbreak in a pediatric oncology 
ward that was presumed to have occurred through contami-
nated toys [ 218 ]. These included contact precautions, and the 
daily cleaning of playroom with a dilute bleach solution.      

46.2.4.3     Vaccination 

       The fi rst  rotavirus vaccine                  approved in 1998 in the USA was 
the Rotashield (Wyeth–Lederle Vaccines and Pediatrics), 
which was taken off the market 1 year later because of its asso-
ciation with intussusception [ 219 ]. In February 2006, a new 
vaccine, RotaTeq (Merck and Co.), was licensed in the USA. 

This is an oral live vaccine which was developed from human 
and bovine virus and has not been associated with intussus-
ception [ 220 ]. It is given in three doses at 2, 4, and 6 months 
with completed administration by 32 weeks of age. A second 
vaccine Rotarix (GlaxcoSmithKline) was licensed in April 
2008. It is live attenuated oral vaccine and is given to infants 
in two doses at 2 and 4 months infants. The two vaccines are 
equivalent. Although the original studies have not shown an 
association, post-licensure studies did demonstrate low risk 
of intussusception in certain populations [ 221 ], and support 
for use of the vaccine is universal. Between November 2007 
and May 2008, delayed onset and reduced rate of rotavirus 
infection was observed [ 222 ], attributed to the introduction 
of the rotavirus vaccine. There are no data available regard-
ing the safety and effi cacy of this vaccine in immunosup-
pressed infants. It is believed that infants who live in the 
same household with immunosuppressed patients can still be 
vaccinated despite the small risk of transmission of the vac-
cine rotavirus [ 219 ].          

46.3     Summary 

 Good infection prevention and control practices are essential 
for protecting highly susceptible transplant recipients. 
Quality management and patient safety initiatives have 
become driving forces in providing better patient outcomes. 
Insurers are interested in infection data to identify programs 
that have superior patient results. All of these process 
improvement initiatives are balanced by the evaluations of 
cost-effectiveness. Although some preventive measures, 
such as LAF, are highly effective, they may be too costly for 
routine use if they provide no additional benefi t to the patient. 
While scientists are validating the use of new strategies, a 
renewed focus on best practices, including such basic con-
cepts as hand hygiene, cleaning, disinfection, and preventing 
infections, is essential.     
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47.1           Introduction 

 Over the last 40 years the numbers of solid organ (SOT) and 
hematopoietic stem cell transplant (HSCT) patients have 
increased rapidly. The most attention, until recently, has 
been focused on preventing infections occurring during the 
early phase after transplantation usually through antimicro-
bial chemoprophylaxis. As the results of transplantation 
have improved, the numbers of long-term survivors 
increased. Many patients remain immunosuppressed for a 
long time either due to the interaction between the graft and 
the host, i.e., GVHD in HSCT recipients or by the immuno-
suppressive therapy given to prevent graft rejection in SOT 
recipients. 

 Immunizations are important for two main reasons. 
Obviously, the most important is the need to protect the 
recipient against serious infections that may occur during the 
early or late post-transplant period. However, another reason 
is the public health point of view namely to avoid having 
individuals vulnerable to important infectious agents, for 
example, measles and who can serve as sources of infection 
in the community. Both reasons require analysis of risks and 
benefi ts for the transplant recipient.  

47.2     Hematopoietic Stem Cell 
Transplantation 

47.2.1     Allogeneic HSCT 

47.2.1.1     Transfer and Persistence of Immunity 
in Allogeneic HSCT Recipients 

   After an  allogeneic   HSCT, the immune system of the 
 recipient is replaced by the immune system of the donor. 
The  immune   defi ciency is caused by a combination of 
the preparative  regimen   given before HSCT, GVHD,    and 
immunosuppressive therapy given after the transplantation. 

Many studies have shown that immunity to some infectious 
agents can be transferred by the graft and be detectable in the 
patient early after the HSCT [ 1 – 8 ]. Thus, it would make 
sense to immunize the donor pre-donation to improve the 
transfer of immunity. Studies have shown that pretransplant 
vaccination of the donor with tetanus toxoid, diphtheria tox-
oid, hepatitis B virus,  Haemophilus infl uenzae  type B (HIB), 
and pneumococcal conjugate vaccine increase the probabil-
ity of transfer of B-cell immunity by the stem cell graft [ 5 , 
 9 – 11 ]. The clinical effects resulting from the transfer of 
donor immunity have been best studied for hepatitis B virus 
[ 9 ,  12 ]. Case reports suggest that transfer of immunity from 
an HBV immune donor can clear detectable virus from an 
HBV- antigen and DNA positive recipient [ 13 ,  14 ]. Whether 
this transferred immunity can prevent a primary infection is 
unknown. It has also been shown that transfer of donor 
immunity is only of a fi nite duration unless also the recipient 
is vaccinated early after transplantation [ 6 ,  9 ]. 

 There are no effective and safe vaccines available for most 
infections that are common and serious early after allogeneic 
HSCT. The infections for which pre-transplant vaccinations 
could be considered are infl uenza, HIB, pneumococci, and 
varicella-zoster virus (VZV). Molrine et al. showed that 
donor immunity to pneumococci can be transferred and early 
post-transplant vaccination with the conjugated pneumococ-
cal vaccine (PCV) improved the immune response [ 10 ]. In 
contrast, donor immunization with the 23-valent polysaccha-
ride vaccine did not improve the recipient immunity [ 11 ]. 
Ambati et al. studied infl uenza vaccine pre-transplant with 
either the donor or the recipient vaccinated followed by 
recipient vaccination at 6 months after transplantation [ 15 ] 
and showed some positive effect of vaccinating the recipient 
but no effect of vaccinating the donor. However, it is possible 
that an earlier post-transplant vaccination could have been 
benefi cial. 

 Another infection for which transfer of donor immunity 
could be of importance is CMV. There are vaccines in devel-
opment that might be used in future studies. 
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 There are several practical problems such as the timing of 
donor vaccination to give optimal conditions for immunity 
transfer. Furthermore, the ethical aspects of donor vaccina-
tion have to be considered, for example, to vaccinate chil-
dren or unrelated donors with the aim to improve transfer of 
a specifi c immunity to the recipient when no effi cacy data 
from donor vaccination exist. 

 Despite that transfer of specifi c immunity after allogeneic 
HSCT does occur, the long-term presence of specifi c anti-
bodies after HSCT is not only dependent on the donor’s 
immune status but also on the recipient’s immune status 
before HSCT [ 6 ,  16 ,  17 ]. In most patients specifi c B-cell 
immunity is usually progressively weakened over time and 
an increasing number of patients becomes susceptible to 
infections such as tetanus [ 3 ,  17 ], poliovirus [ 18 – 20 ], and 
measles [ 16 ,  21 ] during extended follow-up. The loss of pro-
tective immunity is more rapid in patients who were immu-
nized against measles compared to those who became 
immune after natural measles disease (Figure  47-1 ) [ 16 ]. 
Thus, the intensity of the original antigen challenge is of 
importance for the duration of specifi c immunity after HSCT.

   The T and B cell immunity post-transplant must have been 
at least partially reconstituted for a vaccine to induce a clini-
cally relevant immune response. B cell counts, which are 
very low in the fi rst 1–3 months after HSCT, return to normal 
by 3–12 months post-transplant. In patients treated with 
rituximab post-transplant, B cell recovery is generally 
delayed for at least 6 months [ 22 ]. T cell counts are low in 
the fi rst 1–3 months post HSCT. Thereafter, the recovery of 
T cells is infl uenced by patient age at HSCT, T-cell depletion 
of the graft, and eventual chronic GVHD. The technology of 
allogeneic HSCT is developing rapidly with the introduction 
of new stem cell sources (cord blood stem cells) and new 
donor categories (haplo-identical donors). Data are still lim-

ited regarding vaccination responses in these subgroups of 
allogeneic HSCT patients and current recommendations do 
not differentiate between these different subgroups [ 23 ,  24   ].   

47.2.2     Studies of Immunizations 
in Allogeneic HSCT Recipients 

 Severe infections frequently occur early after HSCT when 
immunizations are ineffective. It would therefore be logical 
to immunize candidates before HSCT. Although most stud-
ies show that adult patients with hematological malignancies 
respond poorly to vaccination, vaccination prior to transplant 
may improve immunity [ 25 ], and guidelines suggest admin-
istering inactivated vaccines prior to HSCT if there is an 
interval of ≥2 weeks before initiation of immunosuppressive 
therapy [ 23 ,  24 ]. 

 A T-cell response  after   vaccination can be induced 2–6 
months after HSCT while antibody responses usually do not 
develop  until   6–12 months after HSCT. Vaccines based on pro-
tein antigens such as tetanus toxoid or conjugated- 
polysaccharide- vaccines are able to elicit immune responses 
earlier after HSCT than polysaccharide-based vaccines. GVHD 
and/or its treatment might decrease T-cell and antibody 
responses to vaccines although studies show limited differences 
in responses in patients with or without chronic GVHD [ 20 ]. 

 Current recommendations for vaccination of HSCT recip-
ients are shown in Table  47-1 . These are based on a recent 
consensus document [ 23 ,  24 ]. It should be recognized that 
risk/benefi t and cost/benefi t ratios might be different in dif-
ferent countries. The local epidemiological situation for cer-
tain infections such as measles or yellow fever as shown by 
recent outbreaks might make vaccination with a live vaccine 
the preferred option despite the risk for side effects.
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  FIGURE 47-1.     Kaplan-Meier probability   for immunity in patients who had previous measles disease or who were immunized against measles. This 
research was originally published in Blood. Ljungman P, Lewensohn-Fuchs I, Hammarstrom V, Aschan J, Brandt L, Bolme P, et al. Long-term immunity 
to measles, mumps, and rubella after allogeneic bone marrow transplantation. Blood. 1994;84(2):657–63. © the American Society of Hematology.       
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47.2.2.1       Inactivated Vaccines 

   Infl uenza Vaccine 

    Infl uenza A and  B    infections   can be severe and life threaten-
ing in HSCT recipients and can occur  several   years after 
HSCT [ 26 – 29 ]. Only limited data exist in patients having 
received reduced intensity conditioning regimens [ 30 ] and 
there is almost no data in patients receiving cord blood or 
haplo-identical grafts. Existing data in children are also lim-
ited. In addition, with one exception, studies report the effect 
of the vaccine in inducing antibody responses and not pro-
tection against infection or indeed severe disease. 

 When vaccination should be initiated after HSCT depends 
in part on when an infl uenza outbreak is likely to occur in 
the patient’s community. It has been shown that the time 
after HSCT is important for vaccine effi cacy; patients vac-
cinated later after HSCT have better responses [ 31 – 33 ]. 
Engelhard et al. studied the antibody response to two doses 
of infl uenza virus vaccine in 35 allogeneic bone marrow 
transplant recipients (adults and children), who received a 
T-depleted transplant and vaccinated between 2 and 82 
months after transplantation [ 34 ]. No patient vaccinated 
before 6 months from transplantation responded while more 
than 60% of the patients responded when vaccinated more 
than 2 years after HSCT. The second vaccine dose had only 
a marginal effect. In a study by Pauksen et al., the response 
rates were similar in patients vaccinated between 4 and 12 
or >12 months after HSCT. Several studies were performed 
in HSCT recipients with the pandemic H1N1 vaccine. Issa 
et al. studied 82 patients vaccinated a median of 19 months 
after transplantation (2.5–94 months) with one dose of un-

adjuvanted vaccine [ 35 ]. Protective titers were found in 
51% of the patients with better responses seen in patients 
vaccinated later after HSCT (OR 1.79/year) and poorer 
responses if the patient had received rituximab during the 
last year [ 35 ]. Engelhard et al. studied 55 patients vacci-
nated a median of 27 months (1–290 months) with two 
doses of an AS03-adjuvanted vaccine (Pandemrix, GSK). 
The protection rate after two doses was 48.7% and the sero-
conversion rate 41.9% [ 31 ]. Factors infl uencing seroconver-
sion was the lymphocyte count and donor type but there was 
no effect of time after HSCT [ 31 ]. De Lavaillade et al. stud-
ied 26 allogeneic HSCT recipients receiving two doses of 
the same adjuvanted vaccine at a median time from HSCT 
of 39 months (6–127 months) [ 33 ]. The seroprotection rates 
were 45% and 73% after one and two doses, respectively, 
and signifi cantly lower than in healthy controls. There was a 
positive effect of longer time after HSCT. Dhédin et al. 
reported similar immune responses after two doses of adju-
vanted pH1N1 vaccine compared to natural infection [ 36 ]. 
No increased risk for side effects was found in any of the 
studies. Dhédin et al. reported, however, that four patients 
developed worsened chronic GVHD [ 36 ]. 

 For inactivated infl uenza vaccine data regarding the effec-
tiveness of a second dose in older children and adults have 
given confl icting results [ 31 ,  33 ,  37 ]. Children younger than 9 
years of age who are receiving infl uenza vaccine for the fi rst 
time require two doses administered 4 or more weeks apart. 
However, despite suboptimal immune responses, there might 
still be clinical effectiveness of vaccination. Machado et al. 
found that infl uenza vaccination performed at least 6 months 
after SCT had an effi cacy in preventing infl uenza of 80% [ 30 ]. 

   TABLE 47-1.     Vaccinations in   stem cell transplant patients   

 Vaccine  Schedule  Comments 

 Pneumococcal conjugate vaccine (PCV13)  Three doses starting at 3–4 months 
after HSCT 

 A booster with either PCV13 or polysaccharide 
vaccine (PPV23) might be given 

 Haemophilus group B conjugate  3 doses starting at 3–6 months 

 Meningococcal conjugate  Two doses given at 6–12 months  Follow national recommendations 

 Tetanus toxoid  3 doses starting at 6 months  Full dose 

 Diphtheria toxoid  3 doses starting at 6 months  Full dose (D) 

 Pertussis  3 doses to children <7 years  Full dose (P) 

 BCG  Not recommended  Risk/benefi t ratio does not favor vaccination 

 Other live bacterial vaccines  Not recommended  Risk/benefi t ratio does not favor vaccination 

 Inactivated infl uenza vaccine  Yearly staring at 4–6 months depending 
on season 

 Children <9 years should receive two doses. 
Family members and staff 

 Inactivated poliovirus vaccine  Three doses started at 6 months 

 Hepatitis B virus  Three doses started at 6 months  The indication for HBV vaccination depends on the 
epidemiological situation for HBV in the country 

 Hepatitis A virus  Can be started at 6 months  Safe, can be considered in patients that might 
become exposed 

 MMR  1–2 doses started at 24 months  Only to patients without GVHD or ongoing 
immunosuppression 

 Varicella  Usually not indicated. Not before 24 months 
after HSCT 

 To seronegative patients without GVHD or ongoing 
immunosuppression 

 Zoster vaccine 
 Other live viral vaccines 

 Usually not indicated 
 Not before 24 months after HSCT 
 Usually not indicated 

 To seronegative patients without GVHD or ongoing 
immunosuppression. 

 Risk/benefi t ratio has to favor vaccination. 
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 Even in cases where there is no serological response, 
T-cell responses may be elicited that possibly may prevent 
serious disease [ 33 ,  38 ,  39 ]. It is also possible that adju-
vanted vaccines might improve immune responses although 
no controlled trial has been performed [ 39 ]. 

 Yearly infl uenza vaccination is recommended to all allo-
geneic HSCT patients from 4 months after HSCT if there is 
a community outbreak and yearly thereafter [ 23 ,  24 ,  40 ]. 
Live attenuated infl uenza vaccine should not be used because 
the safety and effi cacy of this vaccine in HSCT patients has 
not been established and an inactivated vaccine alternative 
exists. It is also recommended to immunize family members 
and hospital staff thereby reducing the risk for transmission 
of the infection to the patient  [ 40 ].  

   Hepatitis B Virus (HBV) Vaccine 

   HBV   infection is a major cause of morbidity in many parts of 
the world. One specifi c problem occurs when a seronegative 
HSCT patient is scheduled to receive a HBsAg positive mar-
row graft since these patients might develop severe HBV pri-
mary HBV infections after the HSCT [ 41 ]. Immunization 
against HBV in normal individuals usually requires three 
injections spread over a couple of months to ensure protec-
tive immunity. This might cause a problem when scheduling 
a HSCT. Furthermore, a subset of 5–15% of normal individ-
uals will not respond to HBV immunization. No data exists 
regarding eventual protective effi cacy of pretransplant 
immunization of the marrow recipient. 

 Immunization with HBV vaccine early after HSCT is 
likely to be ineffective unless the donor is immunized. The 
immunization of the marrow donor allows a transfer of 
immunity to the recipient [ 9 ,  12 ]. A transferred donor immu-
nity can be long-lasting in at least 50% of the patients but 
revaccination of the recipient after HSCT is needed to obtain 
long-term immunity [ 42 ]. Vaccinated patients are signifi -
cantly less likely to experience HBV reactivation compared 
to unvaccinated controls [ 43 ,  44 ]. Vaccination with HBV is 
recommended to allogeneic HSCT recipients from 6 to 12 
months after HSCT but should be combined with antiviral 
prophylaxis  [ 45 ].  

   Pneumococcal Vaccines 

  Fatal infections  with   pneumococci can occur both early and 
late after transplantation [ 46 ]. The risk for severe infections is 
increased in patients with chronic GVHD [ 47 – 49 ]. Protective 
immunity against pneumococci is mediated through antibod-
ies directed against polysaccharides from the bacterial cap-
sule. Two types of pneumococcal vaccines are licensed in 
most countries: conjugate vaccines (PCV) either containing 
10 or 13 serotypes and a polysaccharide vaccine containing 
23 serotypes (PPV23). PCV is more immunogenic than 
PPV23. However, the spectrum of protection is narrower 
since the vaccine contains fewer serotypes. Immunization 
with PPV23 can elicit antibody responses 6–12 months after 
HSCT in patients without GVHD but has been ineffective in 

eliciting adequate immune responses in patients with chronic 
GVHD [ 50 – 54 ]. In particular the specifi c IgG2 responses 
have been poor [ 54 ,  55 ]. The immune response was not sig-
nifi cantly improved by two doses of pneumococcal vaccine 
as compared to one dose [ 50 ]. Children given pneumococcal 
polysaccharide vaccines had short-lived responses and low 
avidity [ 56 ] in contrast to adults in whom the avidity was 
good [ 57 ]. The functional capacity of the vaccine induced 
antibodies has also been studied. Parkkali et al. studied the 
opsonophagocytic activity against pneumococcal subtype 
19 F and found that it was poor [ 58 ]. 

 Three prospective trials demonstrate good antibody 
responses with the use of PCV7. Cordonnier et al. performed 
a randomized, controlled non-inferiority trial comparing 
vaccination with three doses of PCV7 given at 3 or 9 months 
after HSCT and there was no difference in the response rates 
between the two groups although patients in the early group 
lost immunity more rapidly especially those with chronic 
GVHD [ 59 ]. Molrine et al. performed a randomized study 
with PCV7 comparing pretransplant vaccination of the 
patients and their donors or no vaccination pretransplant. All 
patients thereafter received three doses of the vaccine at 3, 6, 
and 12 months after transplantation. The majority of patients 
(72–100% for different serotypes) developed protective anti-
body protection at 12 months after HSCT [ 10 ]. There was 
also an improved response (67% vs. 36%) to the fi rst dose. 
Kumar et al. [ 60 ] conducted a randomized study comparing 
PPV23 versus PCV7 given to the donors before transplant 
and to the recipients 6 months post-transplantation. Rates of 
response at 12 months were low in both groups but better 
with PCV7. Meisel et al. immunized 53 children with 3 
monthly PCV7 doses starting 6–9 months after transplanta-
tion [ 61 ]. A response (antibody titres ≥0.5 μg/ml) was noted 
in 74% of patients. A prospective uncontrolled trial studied 
the effect of four doses of the PCV13 and showed strong 
immune responses to the fourth dose. However, this dose 
resulted in an increased rate of side effects [ 62 ]. There was 
no benefi cial effect of a subsequent dose of PPV23 but this 
dose was probably given too early after the fourth PCV dose 
to be ideal. It is also most likely necessary to give additional 
pneumococcal vaccine doses during follow-up of HSCT 
recipients to maintain immunity to pneumococci but the 
exact schedule needs to be defi ned by further studies [ 63 ]. 

 The current recommendations are to use PCV and start 
vaccinating 3–6 months after HSCT. In patients with chronic 
GVHD a fourth dose is recommended while in patients with-
out chronic GVHD, a dose of PPV23 is recommended to 
broaden the immune response    [ 23 ,  24 ].   

47.2.2.2      H. infl uenzae  Type B Vaccine 

    H.    infl uenzae    can also cause severe infections in allogeneic 
HSCT  recipients   although fatal infections seem to be rare. 
Vaccination with conjugated HIB vaccine can elicit protective 
immune responses [ 50 ,  51 ,  53 ]. However, the time after HSCT 
is important since it was reported that early vaccination gave 
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poorer responses in transplanted children [ 64 ]. Immunization 
with the HIB vaccine is indicated to all allogeneic HSCT 
recipients [ 45 ,  65 ,  66 ]. 

   Tetanus Toxoid, Diphtheria Toxoid, 
and Poliovirus Vaccine 

 Most  HSCT   patients  will    lose    immunity   to tetanus toxoid, 
diphtheria toxoid, and poliovirus during extended follow-up. 
Tetanus is a rare but life-threatening disease preventable by 
immunization. Sporadic cases of diphtheria do occur in 
many countries. Although the efforts to eradicate polio have 
been successful in many parts of the world, small outbreaks 
still occur in non-immune populations. Thus, there are good 
reasons for having an immunization strategy against these 
infections in HSCT recipients. 

 Several studies of immunization with these vaccines have 
been published [ 17 – 20 ,  67 ]. A new primary schedule with 
repeated doses of these vaccines is needed to obtain stable 
protective immunity [ 17 – 19 ]. Good and lasting immune 
responses can be obtained when immunizations are given at 
6 months after HSCT [ 20 ,  67 ]. Gerritzen et al. immunized 
children before HSCT followed by revaccination already at 6 
weeks after HSCT. Thirty percent of the patients responded 
to early immunization [ 68 ]. 

 The inactivated poliovirus vaccine should be used to pre-
vent a vaccine induced paralytic disease. It is also important 
that the inactivated vaccine is used in family members to 
HSCT patients and in hospital staff caring for these patients 
since transfer of the live vaccine virus from an immune com-
petent to an immunosuppressed individual has been reported. 

 The vaccination of allogeneic HSCT recipients with three 
doses of tetanus toxoid, diphtheria toxoid, and inactivated 
poliovirus vaccine starting at 6–12 months after HSCT is 
recommended to all allogeneic HSCT recipients [ 45 ,  65 ,  66 ].  

   Pertussis Vaccine 

  HSCT   recipients might be vulnerable to complications from 
pertussis due to pulmonary damage from chemotherapy and/
or TBI, although the documentation for severe infections is 
limited [ 69 ,  70 ] even in the absence of chronic GVHD. In 
young children, it is logical to vaccinate against pertussis 
together with diphtheria, and tetanus since many available 
vaccines include the pertussis component (DTaP) some with 
added HIB and IPV components. 

 The immune response to vaccines containing low amounts 
of pertussis antigen (Tdap) has been shown to be poor [ 71 ]. In 
view of this, vaccines containing higher pertussis content are 
recommended. Whether combination vaccines have the same 
effect in adults as in young children have not been studied.  

   Other Killed Vaccines 

  Vaccination   with a tetravalent meningococcal polysaccharide 
vaccine can elicit good responses in HSCT recipients both 
against serogroup A and C [ 72 ]. Mahler et al. studied the tetra-

valent conjugated meningococcal vaccine in 46 patients, 
mainly children, at a median of >2 years after HSCT [ 73 ]. The 
response rate to the different serotypes varied between 30% 
and 52%. Seven of 46 patients (15% responded to all serotypes 
and 35% did not respond to any serotype). Sixteen patients got 
a second dose and 50% responded against all serotypes. 

 Current recommendation state that HSCT patients should 
receive meningococcal vaccine if recommended to the 
 general population in the country where the patient resides 
[ 23 ,  24 ,  40 ]. 

 There is no data with the human papillomavirus (HPV) 
vaccine but studies are needed since papillomavirus-induced 
tumors are more common after HSCT than in a normal 
population. 

 Hepatitis A is a severe infection in many parts of the world 
and the vaccine is inactivated. Thus, vaccination could be indi-
cated. However, limited data is available in HSCT recipients  .   

47.2.2.3     Live Vaccines 

   Measles, Mumps, and Rubella (MMR) Vaccine 

   Measles is still  an   important infection in many parts of the 
world. Until recently, the  good   vaccination coverage in the 
general population in Europe and USA reduced the risk  for 
  outbreaks and thereby the risk  for   transfer to HSCT recipi-
ents. However, during the last decade the vaccination rates of 
children in many countries decreased and many outbreaks 
have been reported [ 74 ,  75 ]. Many patients will become 
seronegative to measles during an extended follow-up espe-
cially if previously vaccinated [ 16 ,  21 ]. This is important 
since occasional severe and also fatal measles infections 
have been reported in HSCT recipients [ 76 ,  77 ]. During a 
large outbreak in Brazil, one of eight patients with measles 
developed interstitial pneumonia but all survived [ 21 ]. 

 The available measles vaccines are live, attenuated and 
usually combined with rubella, and mumps vaccines (MMR). 
These vaccines are not recommended for use in immuno-
compromised patients since serious side effects are possible. 
Immunization can only be considered in allogeneic HSCT 
patients without chronic GVHD or ongoing immunosuppres-
sion. Data indicates that measles vaccine can be given safely 
to such patients at 2 years after HSCT [ 78 ]. During an epi-
demic in Brazil, patients were immunized at 1 year after 
HSCT and no severe side effect was observed [ 79 ]. The 
reported effect of vaccinations varies between different stud-
ies with a higher response rate in adults than in children [ 78 , 
 80 – 82 ]. A second dose might therefore be needed in chil-
dren. Earlier vaccination can be contemplated if the epide-
miological situation in the community indicates that there is 
a signifi cant risk for measles. In such situations, it is likely 
that the risk/benefi t ratio will favor early vaccination. 

 The risk for severe rubella infection after allogeneic HSCT 
is likely to be low. However, with more patients undergoing 
transplantation after reduced intensity conditioning regimens, 
the pregnancy potential for patients is likely to increase. 
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The risk for severe mumps disease seems to be very low after 
HSCT. The indication for mumps vaccination is therefore 
weak. However, most vaccines are combination vaccines 
including measles, mumps, and rubella (MMR) and single 
measles vaccine is diffi cult to fi nd in most countries. Current 
recommendations are therefore that MMR vaccine is used but 
it should not be given earlier than 2 years after HSCT and 
only to patients not having chronic GVHD or ongoing immu-
nosuppression [ 45 ,  65 ].  

   Varicella-Zoster Virus (VZV) Vaccine 

  Primary   VZV infections can be very severe early after allo-
geneic transplantation.    The existing vaccine is live and atten-
uated and shall therefore not be used early post-transplantation. 
A seronegative patient should, if possible, be immunized 
before transplantation if enough time can elapse from the 
vaccination to the transplant procedure. There is no data 
allowing assessment of the minimum interval that is needed 
between immunization and transplantation but recent recom-
mendations state an interval of at least 4 weeks [ 23 ,  24 ]. This 
strategy has not been formally studied although it is likely 
that children with acute leukemia, who have been immunized 
with the varicella vaccine, have subsequently undergone 
allogeneic HSCT. Vaccination of seronegative family mem-
bers to allogeneic SCT recipients is also recommended [ 83 ]. 
A few uncontrolled studies have been performed and reported 
that varicella vaccination is safe and can result in seroconver-
sion if performed >2 years after HSCT in patients without 
chronic GVHD, or ongoing immunosuppression [ 84 – 86 ]. 

 A high proportion of HSCT patients develop herpes zoster 
that occasionally becomes severe. Redman et al. used heat-
inactivated varicella vaccine and showed no reduction in the 
risk of developing herpes zoster but a reduced severity of the 
herpes zoster in the immunized group [ 87 ]. Issa et al. gave 
one dose of zoster vaccine to 58 allogeneic HSCT recipients 
and did not note any signifi cant side effects [ 88 ]. Inactivated 
vaccines are currently in late clinical development. The 
immune response in allogeneic HSCT recipients was poor in 
a phase II study with a heat-treated vaccine [ 89 ]. A recent 
study of a subunit vaccine showed promising results in 
healthy elderly and should be evaluated in HSCT recipients 
as well [ 90 ]. Due to the proven effi cacy and safety of acyclo-
vir prophylaxis [ 91 ], vaccination with the live zoster vaccine 
is not recommended during at least the fi rst years after HSCT.  

   Other Live Vaccines 

 Other live vaccines are typhoid, BCG, and yellow fever. 
 Yellow fever   is a life threatening infection primarily occur-
ring in Central- and South America and southern and central 
Africa. The vaccine is live and attenuated. Rio et al. have 
presented three patients who were immunized at 5 years after 
BMT without severe side effects [ 92 ] and this experience has 
since then been expanded to 25 patients without any serious 
side effects (B Rio, personal communication). Immunization 

could be considered in patients who must visit areas where 
yellow fever is endemic. It seems likely that the same limita-
tions are indicated as for other live virus vaccines. 

 Both live and inactivated vaccines against  S. typhi  exist. 
Therefore, use of the live vaccine should be avoided. BCG 
vaccine can cause severe infections in patients with depressed 
T-cell function and is not recommended in HSCT recipients  .   

47.2.2.4     Long-Term Follow-Up 
After Vaccinations 

 Limited data  is   available regarding long-term persistence of 
immunity after vaccination of  HSCT   recipients. Figure  47-2  
shows own unpublished data for immunity at 4–12 years after 
vaccination against poliovirus type 1 with three doses of inac-
tivated vaccine at 12, 13, and 18 months after allogeneic HSCT.

   Cordonnier et al. studied antibody levels at 10 years after 
vaccination in patients previously participating in a random-
ized study of PCV7 followed by PPV23 and showed no sig-
nifi cant decrease in antibody levels compared to 24 months 
after HSCT although with signifi cant variability between dif-
ferent subtypes [ 63 ].   

47.2.3     Autologous Bone Marrow 
Transplantation 

47.2.3.1     Persistence of Immunity in Autologous 
HSCT Recipients 

    In autologous  HSCT    recipients   the immune system is 
depressed by high doses of chemo- and radiotherapy but 
there is no immunological disparity between the graft  and   
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  FIGURE 47-2.     Geometric mean neutralization titers   (± SE) against 
poliovirus type 1 in allogeneic HSCT patients during long-term 
follow-up.       
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the patients. The immune regeneration is, in most patients, 
quicker than after allogeneic HSCT and even more so after 
peripheral blood stem cell transplantation. Early severe 
infections caused by pneumococci and infl uenza have been 
reported [ 28 ,  46 ]. Less is known about late immune defi -
ciency after autologous compared to allogeneic HSCT. 
Nordöy et al. reported that patients who had undergone 
autologous HSCT for lymphoma had persistent abnormali-
ties in lymphocyte subsets for several years after the trans-
plantation [ 93 ]. Previous treatment especially with anti- B- cell 
antibodies will negatively infl uence the immune reconstitu-
tion and responses to vaccination after autologous HSCT. 

 Several studies have shown that also autologous HSCT 
recipients will lose protective immunity to tetanus, poliovi-
rus, and measles during extended follow-up [ 19 ,  94 – 97 ]. 
Similar to allogeneic HSCT recipients, poor responses to 
immunization are elicited if immunizations are given early 
after transplantation [ 32 ,  34 ]. One option in autologous 
HSCT recipients could be to immunize the patient either 
before stem cell harvest or just before the transplantation. 
Immunization against HBV elicited protective immune 
response when one dose was given before and one dose early 
after autologous HSCT [ 98 ]. However, the seroconversion 
was only transient in one-third of the responding patients. 
Immunization with conjugated  H. infl uenzae  type B vaccine 
and tetanus toxoid before marrow harvest followed by immu-
nization at 3, 6, 12, and 24 months after autologous HSCT 
improved the antibody titers to both antigens already at 3 
months after the transplantation    [ 99 ].   

47.2.4     Immunization of Autologous HSCT 
Recipients 

   Fewer studies  of    immunization   have been performed in 
autologous than in allogeneic HSCT recipients. Most pub-
lished recommendations do not differentiate between alloge-
neic and autologous HSCT recipients. Therefore, if no 
specifi c knowledge exists regarding autologous HSCT recip-
ients, the recommendations are based on those given for allo-
geneic HSCT recipients. 

  Infl uenza     The  response   to  vaccination   is likely to be subop-
timal early after transplantation [ 32 ,  34 ]. In one study, no 
patient responded if the immunization was performed earlier 
than 6 months after autologous HSCT [ 34 ] and in a study that 
added GM-CSF to infl uenza vaccination, an antibody 
response was elicited in less than half of the patients vacci-
nated during the fi rst year after HSCT [ 32 ]. It has been shown 
that rituximab blocks the immune response to infl uenza vac-
cine for at least 6 months after HSCT and probably longer in 
many patients [ 100 – 102 ]. Despite these limitations infl uenza 
virus immunization is recommended from 6 months after 
autologous stem transplantation and yearly thereafter [ 45 ].  

  Pneumococcal Vaccines     Hammarström et al. showed 
that the majority of a group of autologous  HSCT   patients 
transplanted for various diagnose retained normal anti-
body levels  to   pneumococci [ 54 ]. In contrast Nordöy et al. 
showed in a group of lymphoma patients that the patients 
had lower antibody levels compared to controls already 
before HSCT [ 97 ]. However, there was no signifi cant fur-
ther loss of immunity after the transplant. Autologous 
HSCT patients are less prone than allogeneic patients to 
develop severe pneumococcal infections. Most infections 
occur early after the transplantation when the response to 
immunization is poor [ 46 ]. Vaccination before stem cell 
harvest with PCV7 resulted in signifi cantly higher anti-
body levels at all studied time points up to 12 months after 
HSCT. However, there is no advantage vaccinating the 
patients before the stem cell harvest with PPV23 [ 11 ]. The 
response to a single dose of pneumococcal vaccination is 
poor regardless of the stem cell source [ 50 ,  103 ] and 
remains decreased compared to controls for several years 
after transplantation for lymphoma [ 97 ]. It is likely that 
treatment with rituximab will negatively infl uence the 
response to pneumococcal vaccination but it has not been 
systematically studied. Vaccination with the PCV7 has 
been shown to be effective and induced protective anti-
body levels in >60% of autologous HSCT patients [ 104 ]. 
Vaccination with PCV13 is  recommended starting at 3–6 
months after autologous HSCT [ 23 ,  24 ].  

  HIB Vaccine     Immunizations with two doses of the conju-
gated HIB vaccine induced a  protective    immune   response in 
80% of HSCT recipients [ 50 ]. The immune response might 
be improved by immunizing the patient before the stem cell 
harvest. Immunization with a conjugated HIB vaccine 
before the harvest followed by immunization at 3, 6, 12, and 
24 months after autologous HSCT improved the antibody 
titers already after the dose given at 3 months after the trans-
plantation [ 99 ].  

  Tetanus Toxoid, Diphtheria Toxoid and Poliovirus 
Vaccine     Autologous HSCT recipients have an increased 
 risk   compared  to   the normal population to lose protective 
immunity to poliovirus [ 95 ,  97 ], diphtheria [ 97 ], and tetanus 
[ 96 ].  Reimmunization    with   repeated doses of inactivated 
poliovirus vaccine, diphtheria toxoid, and tetanus toxoid 
effectively restores protective immunity in autologous HSCT 
recipients [ 19 ,  95 ,  97 ,  103 ,  105 ]. There was no difference in 
response in autologous HSCT or peripheral blood stem cell 
graft recipients [ 103 ]. Vaccination with reduced dose pertus-
sis vaccine (Tdap) failed to induce immune responses in 
most autologous HSCT recipients [ 106 ]. Immunization with 
tetanus toxoid, diphtheria toxoid, and inactivated poliovirus 
is recommended after autologous HSCT   [ 23 ,  24 ].  
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47.2.4.1     Live Attenuated Vaccines 

   Measles, Mumps, and Rubella Vaccine 

   Children  previously   immunized to measles before autolo-
gous HSCT frequently  become   seronegative during follow-
 up, but adults who before autologous HSCT experienced 
natural measles disease usually remain immune to measles 
during follow-up after transplant [ 94 ].  The   risk for side 
effects after immunization  seems   to be low [ 94 ]. Earlier 
vaccination could be considered in high-risk epidemiologi-
cal situations. Due to the lower risk to lose specifi c immu-
nity in adults, determination of the antibody level and 
vaccination only of seronegative patients could be consid-
ered [ 65 ]. No data exists regarding effi cacy and safety of 
mumps and rubella vaccines after autologous HSCT but are 
likely to be similar to the situation for measles vaccine. 
MMR vaccination is recommended for children and sero-
negative autologous patients not earlier than 24 months 
after HSCT [ 23 ,  24 ]. Two doses are recommended in chil-
dren <9 years old.  

   Varicella-Zoster Virus Vaccine 

 No studies have  been   done with the varicella vaccine  specifi -
cally   in seronegative autologous HSCT patients. A small 
study showed seroconversion and no severe side effects in 
seronegative allogeneic and autologous HSCT recipients 
[ 84 ]. Sasadeusz et al. gave one or two doses of the live vari-
cella vaccine 4.5–6 months after HSCT. The immune 
responses were rather poor but no severe side effects occurred 
[ 107 ]. Based on lack of information, varicella vaccination is 
not recommended during the fi rst 2 years after autologous 
HSCT [ 23 ,  24 ,  45 ]. 

 The only commercially available zoster vaccine is live and 
attenuated. Issa et al. vaccinated 52 autologous HSCT recipi-
ents around 2 years after transplantation and did not note any 
signifi cant side effects [ 88 ]. There is, however, one death 
reported with the vaccine strain 4 years after autologous 
HSCT in patient with untreated NHL relapse [ 108 ]. The 
safety of live varicella or varicella-zoster vaccines after 
autologous HSCT must be balanced against other options 
such as acyclovir/valacyclovir prophylaxis. 

 Another possibility could be the use of inactivated vac-
cines after autologous HSCT. Redman et al. gave three doses 
of a heat-inactivated vaccine to a mixed group of stem cell 
transplant patients and was able to show a reduced severity 
but no reduction of the frequency of herpes zoster [ 87 ]. Hata 
et al. have published results of a randomized study in lym-
phoma patients, who had undergone an autologous trans-
plant [ 109 ]. Four doses of vaccine were given, one before 
and three after HSCT. The risk for zoster was signifi cantly 
reduced in the vaccinated group (13%) compared to the non- 
vaccinated group (33%;  p  = 0.01). Furthermore, it was shown 
that vaccination improved the specifi c CD4+ response to 
VZV. There are now two different vaccines in development; 

one inactivated and one subunit vaccine. Stadtmauer et al. 
reported on a phase I/II placebo-controlled study in which 
121 adult patients were vaccinated with three doses of the 
adjuvanted subunit varicella vaccine [ 110 ]. Patients receiv-
ing the vaccine had improved CD4+ and antibody responses 
compared to those given placebo. Mullane et al. studied four 
doses of the heat-inactivated vaccine. The vaccine was able 
to induce both antibody and cell-mediated immune responses   
[ 89 ]. Phase III studies are ongoing.     

47.3     Solid Organ Transplant 
Recipients 

 The need  for   immunization SOT recipients arises from three 
components each causing a suppression of the immune sys-
tem: the immunosuppressive activity of the underlying dis-
ease, for example, chronic renal failure, rejection of the 
organ graft, and the immunosuppressive therapy given after 
the transplantation. If possible, vaccinations should be given 
to candidates according to age appropriate schedules when 
the likelihood of an immune response is higher than after the 
SOT [ 23 ,  24 ]. The optimal time to begin vaccine administra-
tion after transplant is not defi ned. The immunosuppressive 
therapy is often most intense during fi rst couple of months 
and might infl uence the effect of vaccination. However, this 
has not been well studied. A summary of the current recom-
mendations is shown in Table  47-2 .

47.3.1       Immunizations 
Given Before Transplantation 

47.3.1.1     Hepatitis B Virus 

  HBV can be   transmitted either by a hepatitis  B   antigen posi-
tive organ graft or through blood transfusions. HBV vaccina-
tion is recommended in HBV negative patients before 
SOT. However, the effi cacy of HBV vaccine is lower in 
patients on hemodialysis [ 111 ,  112 ] and in patients with end- 
stage liver disease compared to healthy controls [ 113 ,  114 ]. 
In contrast, HBV vaccine elicited an immune response in 
73% of children with biliary atresia awaiting liver transplan-
tation [ 115 ]. Different schedules have been used attempting 
to improve the response to vaccinations including acceler-
ated dose schedules and double strength dosages [ 116 – 119 ]. 
The seroconversion rates in the different studies varied from 
31% to 62%. Factors associated with better responses were 
young age [ 116 ], a milder grade of liver disease [ 116 ], and 
specifi c HLA-types [ 116 ]. Besides poor responses to vacci-
nation, the antibody levels decreased rapidly after liver trans-
plantation so that up to 35% of the patients who had 
seroconverted became seronegative [ 116 ,  117 ]. Despite the 
less than optimal responses, pretransplant immunization is 
recommended [ 120 ]. 
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 Pre-transplant vaccination combined with  lamivudine 
therapy   has been shown to be effective to prevent primary 
HBV infection in patients receiving liver grafts from either 
anti-HBC- or anti-HBc+ donors. Two of 60 patients (one 
from each donor cohort) developed a primary HBV infection 
during a median follow-up of almost 5 years [ 121 ]. Another 
possible indication for HBV vaccination would be to prevent 
reinfection of a liver allograft in HBV positive patients. 
However, this strategy has been ineffective [ 122 ].  

47.3.1.2     Hepatitis A Virus 

 Hepatitis A virus (HAV) can  cause   decompensation and 
death in patients with chronic liver disease. Therefore, vac-
cination can be an  important   protective strategy. Patients 
with chronic liver or renal disease awaiting transplantation 
are able to respond to An HAV vaccination although the 
results are not as good as in normal individuals [ 123 ].  

47.3.1.3     Varicella-Zoster Virus 

  Varicella-zoster virus   can  cause   severe and potentially fatal 
disease in patients after organ transplantation. It is important 
to consider the vaccination of seronegative patients awaiting 
organ transplantation. Varicella vaccine given to uremic chil-
dren awaiting renal transplantation was shown to be safe and 
reduced the post-transplant risk for varicella in pre- 
vaccination seronegative patients [ 124 ]. A follow-up study 
showed that the protection was long-lasting with 42% of the 
patients still having antibodies at more than 10 years after 
immunization. Furthermore, the risk for varicella was lower 
and the disease was signifi cantly less severe in immunized 
than in non-immunized patients [ 125 ]. Similar results were 
seen in a study of children with chronic liver disease awaiting 

transplantation with a vaccination effi cacy of 100% and no 
severe vaccine associated side effects [ 126 ].  

47.3.1.4     Tetanus and Diphtheria Toxoid 

 Impaired vaccination responses have been reported to teta-
nus and diphtheria toxoid in dialysis patients. One  year   and 
 fi ve    years   after vaccination 35% and 32%, respectively, of 
patients were protected against diphtheria [ 127 ]. 65% of 
patients were protected against tetanus at 12 months after 
transplantation [ 127 ]. Children should if possible complete 
their primary vaccination schedule before transplantation. 
Boosters (Tetanus-reduced diphtheria; Td) can be considered 
to adults and older children.  

47.3.1.5     Pertussis Vaccine 

 The  incidence   of pertussis  is   increasing in many countries 
and acellular pertussis vaccine is included in the primary 
vaccination schedule together with diphtheria and tetanus in 
many countries (DTaP). Although no data exists in solid 
organ transplant candidates, it is recommended that the pri-
mary DTaP schedule should be completed before transplan-
tation if necessary by an accelerated schedule. A dose of 
tetanus-reduced diphtheria-acellular pertussis vaccine 
(Tdap) could be considered in adults and older children 
instead of only Td although no effi cacy data exist for the 
pertussis component.  

47.3.1.6     Pneumococcal and HIB Vaccines 

 Immunizations  against    S. pneumoniae   and    H. infl uenzae  is 
recommended for children candidates for a SOT [ 128 ,  129 ]. 
 For   children below the age of 2 years, the conjugated (PCV7) 

   TABLE 47-2.     Recommendations   for immunizations in solid organ transplant recipients   

 Vaccine 
 Recommendation 
before transplantation 

 Recommendation 
after transplantation  Comments 

  Killed vaccines  

 Haemophilus group B conjugate  Yes  Yes  Age appropriate 

 Hepatitis A virus  Yes  Depending on serostatus  Liver transplant recipients 

 Infl uenza (inactivated)  Yes  Yes 

 Hepatitis B virus  Yes  Depending on serostatus  Seronegative recipients 

 Pneumococcal conjugate 
 Pneumococcal polysaccaride 

 Yes 
 Yes 

 Yes 
 Yes 

 Age appropriate 
 Age appropriate 

 Meningococcal conjugate  Yes  Yes  Age appropriate 

 Poliovirus (inactivated)  Yes  Yes  Age appropriate 

 Papilloma virus  Yes  Yes  Age appropriate 

 Tetanus, diphtheria, and pertussis  Yes  Yes  Age appropriate 

  Live vaccines  

 MMR  Yes  Not recommended  Age appropriate 

 Varicella vaccine  Yes  Not recommended  Before transplantation in seronegative patients 

 Zoster vaccine  Possibly; age appropriate  Not recommended 

 Other live vaccines (rotavirus, yellow fever)  Possibly  Not recommended 
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vaccine is recommended and if necessary in an accelerated 
fashion [ 130 ]. In older children, an additional dose of PPV23 
to broaden the immune response can be considered although 
there is currently no data with such a strategy [ 130 ].  

47.3.1.7     Measles-Mumps-Rubella Vaccines 

 MMR  vaccinations   have been given  to   infants awaiting renal 
transplantation with good responses to vaccination [ 131 ]. 
88% of the patients developed immunity to all three compo-
nents of the vaccine. Analyzing the components separately, 
89% developed immunity to measles, 88% to mumps, and 
100% to rubella.   

47.3.2     Immunization 
Given After Transplantation 

47.3.2.1     Killed Vaccines 

   Hepatitis B Virus Vaccine 

 The effi cacy of  HBV    vaccination    was   reported to be low after 
solid organ transplantation with response rates between 5 and 
15% [ 132 ,  133 ]. It was, however, reported that pediatric liver 
transplant patients can achieve good vaccination responses 
(70% seroconversion; [ 134 ]). The type of immunosuppres-
sion infl uences the vaccination response in that patient receiv-
ing triple immunosuppression (cyclosporine, corticosteroids, 
and azathioprine) responded less well than patients receiving 
cyclosporine only [ 134 ]. HBV vaccinations as protection 
against reactivation in patient transplanted for HBV cirrhosis 
have been used in two studies giving different results. 
Sanches-Fueyo et al. reported good results with this strategy 
using double dose of HBV vaccine [ 135 ] while Angelico 
et al. reported poor results with a similar strategy [ 136 ]. Two 
studies with vaccines including experimental adjuvants have 
given promising results with response rates of 50–80% in 
liver transplant recipients transplanted for HBV-related disor-
ders [ 137 ,  138 ]. A booster with conventional vaccine might 
improve long-term retainment of immunity [ 139 ].  

   Hepatitis A Virus 

 Vaccination  results   after liver or renal transplantation are 
poorer compared to  healthy   individuals [ 140 ,  141 ] and anti-
body levels decrease more rapidly [ 141 ]. In a study including 
kidney transplant recipients in South Korea, 52 patients 
received two doses of HAV vaccine and the seroconversion 
rate was only 27% with lower serum creatinine and higher 
hemoglobin being positive predictors for response [ 142 ].  

   Infl uenza 

  Infl uenza    can   cause severe infections in SOT patients [ 26 ,  27 ] 
as shown by the experience during the 2009 H1N1 pandemic 
[ 143 ]. Results of immunization vary with the age of the 

patients. Adults have poorer antibody responses to infl uenza 
vaccinations than immune competent controls after renal 
transplantation [ 144 ,  145 ], liver transplantation [ 146 ,  147 ], 
and heart transplantation [ 148 ,  149 ]. In contrast, studies have 
shown normal responses to infl uenza immunization in chil-
dren after renal [ 150 ,  151 ] [ 151 ,  152 ] and liver transplanta-
tion [ 153 ]. The type of immunosuppression given 
post-transplant infl uences the response. In lung transplant 
recipients, mycophenolate mofetil was associated with a 
poorer and sirolimus with a better vaccination response 
[ 154 ]. It has been suggested that intradermal vaccination can 
improve the immune response in renal transplant patients 
[ 155 ] but a randomized study did not fi nd an improved effect 
except in subgroups [ 156 ]. Despite that systematic reviews 
have shown that SOT patients respond more poorly to infl u-
enza vaccine than healthy controls [ 157 ,  158 ], vaccinated 
transplant patients had a lower risk for infl uenza like illness 
and laboratory-verifi ed infl uenza compared non-vaccinated 
controls [ 157 ]. Furthermore, Magnani et al. reported that vac-
cination of heart transplant recipients can reduce the propor-
tion of patients developing infl uenza-like symptoms [ 159 ]. 

 Several studies have shown no increased risk for graft 
rejection after infl uenza vaccination [ 135 ,  146 ,  148 ,  149 , 
 159 – 163 ]. A large cohort study of >50,000 renal transplant 
recipients instead showed a reduced risk for allograft loss 
and death during the fi rst year after transplantation in patients 
receiving infl uenza vaccine [ 164 ]. Although a possible 
immunizing effect cannot be entirely excluded, the benefi ts 
with infl uenza vaccination are far greater than the possible 
risks [ 165 ]. 

 Annual inactivated infl uenza vaccine is therefore recom-
mended to SOT recipients. Infl uenza vaccination is also rec-
ommended also to transplant candidates. No data exist with 
the live attenuated vaccine and it should therefore not be 
used [ 23 ,  24 ,  165 ].  

   Pneumococci and HIB 

 The HIB  vaccine   was reported being similarly effective in 
renal  transplant    recipients   as in controls [ 166 ]. There have 
been confl icting reports regarding the effi cacy of the PPV23 
after transplantation. In some studies it was reported to be 
similar to healthy controls after liver transplantation [ 167 ], 
heart transplantation [ 148 ,  167 ], and renal transplantation 
[ 168 ] while in other studies, the antibody responses were 
reported being suppressed after heart transplantation [ 169 ] 
and liver transplantation [ 170 ]. Furthermore, it was reported 
that antibody levels declined faster than in controls [ 170 ]. 
Kumar et al. compared PCV7 and PPV23 in a double-blind, 
randomized study in renal transplant recipients. There was a 
trend to short term better responses after vaccination with 
PCV7 but at 3 years after vaccination, there was no difference 
and the titers had decreased signifi cantly and similarly 
between the two vaccine groups [ 171 ,  172 ]. The same group 
reported no improvement by giving PCV7 followed by PPV23 
(prime-boost strategy compared to PPV23 alone) [ 173 ].  
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   Tetanus and Diphtheria Toxoid 

 In children,  who   had undergone renal transplantation,     immu-
nity   to diphtheria was found in 38% and to tetanus in 90% 
[ 174 ]. Thus, immunity to tetanus seemed to be more d than 
immunity to diphtheria. A booster vaccination gave protec-
tive antibody levels to diphtheria in 95% if the patients but at 
12 months only 76% remained protected [ 174 ]. All patients 
became protected against tetanus with antibody levels com-
parable to those reached in normal children. Boosters with 
tetanus and diphtheria (Td) are recommended following SOT.  

   Papillomavirus Vaccine 

 SOT patients are  at   higher risk for human papillomavirus- 
 related   genital warts, cervical cancer, and other anogenital 
malignancies. A small study in adolescent kidney and liver 
transplant recipients showed a 100% response rate to vacci-
nation with the quadrivalent HPV vaccine [ 175 ]. Indications 
for vaccination against papillomavirus should be the same as 
for the general population but due to an increased rate of 
warts, the quadrivalent vaccine might be preferable in SOT 
candidates and recipients [ 23 ,  24 ].  

   Other Vaccines 

 No studies have been performed in solid organ transplant 
patients with meningococcal conjugate vaccine. However, 
the risks with these vaccines are negligible and vaccination 
could be considered as appropriate for age and the epidemio-
logical situation. 

 In a phase II study, a  gB    based   CMV vaccine given to 
seronegative patients receiving grafts from CMV seroposi-
tive donors given before and twice after liver and renal trans-
plant patients was able to induce specifi c antibodies and was 
furthermore associated with fewer days of CMV viremia and 
fewer days of ganciclovir therapy [ 176 ]. A study performed 
in heart transplant patients reported lower vaccine response 
to tick-borne encephalitis vaccine compared to healthy 
 controls [ 177 ].   

47.3.2.2     Live Vaccines 

 Immunization  with    live vaccines   is not recommended fol-
lowing SOT due to the risk for vaccine associated complica-
tions. Varicella vaccine has, however, been given to small 
groups of seronegative transplant recipients after transplan-
tation and existing data suggest safety and reasonable effec-
tiveness. A small study of varicella vaccination in renal 
transplanted children has been published showing good sero-
logic responses and no severe side effects [ 178 ]. Weinberg 
et al. vaccinated 16 seronegative liver and intestine trans-
planted children 8.5 months to 5.5 years after transplantation 
[ 179 ]. Five patients developed mild side effects 3 of whom 
were given acyclovir. 87% developed both humoral and 
 cell-mediated immune responses and no patient has during 

follow-up developed varicella despite fi ve reported expo-
sures. Similarly, Khan et al. reported seroconversion in 20/31 
of varicella vaccinated pediatric liver transplant recipients 7 
of whom required repeated doses [ 180 ]. In a study of 16 
pediatric liver and small bowel transplant recipients, 87% of 
the patients developed both humoral and cell-mediated 
immunity [ 179 ]. Three of the 16 patients were given acyclo-
vir for vaccine induced rash. However, there are also reports 
of signifi cant varicella virus disease after varicella vaccina-
tion to SOT recipients [ 181 ,  182 ] and further studies are 
needed to assess both effi cacy and safety of this approach. 

 A small series of liver transplant patients immunized with 
measles vaccine showed a rather poor response (7 of 18 
immunized seroconverted) but no vaccine associated side 
effects were found [ 183 ]. Khan et al. retrospectively ana-
lyzed 26 liver transplanted children receiving MMR vaccine 
and 19 seroconverted although 18 needed repeated doses 
[ 180 ]. Only minor side effects were seen. Additional studies 
are needed to assess safety especially of MMR vaccination. 
Two case reports have been published of measles-associated 
encephalopathy in children with renal grafts [ 184 ]. 

 There is no data regarding vaccination with other live vac-
cines such as rotavirus, yellow fever, or BCG either to candi-
dates or after transplantation. However, infants awaiting 
transplantation can be vaccinated with live rotavirus vaccine 
according to national guidelines. This vaccine should not be 
administered after SOT.       
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   Adoptive Immunotherapy for Infection Control 
Using Antigen-Specific Donor- Derived T Cells 
After Transplantation                     
     Hermann     Einsele     ,     Götz-Ulrich     Grigoleit     , and     Stephan     Mielke    

48.1           Potential of Adoptive 
Immunotherapy for Prevention or 
Treatment of Infections 
After Allografting 

  From an  evolutionary   perspective it was the immune systems 
major role to distinguish between “friend and foe” leaving 
the role of the foe largely to viral, bacterial, parasitic, or 
other microbiological invaders. In contrast, today’s under-
standing of cellular immunotherapy puts a clear focus on the 
treatment of malignancies. This may be partly due to the fact 
that its most successful offspring, the transplantation of an 
allogeneic immune system has been providing cure to 
patients with otherwise fatal hematological and lymphatic 
diseases for several decades by now. However, from a 
broader perspective immunotherapy should be regarded as 
the transfer of cellular compartments of an autologous, allo-
geneic or xenogeneic immune system offering the opportu-
nity to provide long-lasting benefi cial effects to the recipient. 
These desired effects may include anti-malignant or anti- 
infectious properties or both and may also restore the host’s 
immunological integrity in cases of imbalance such as 
immunodefi ciency, GvHD, or autoimmune disorder. 
However, a primary function of the cellular immune system 
is to afford protection against pathogens such as viruses 
compromising the host’s integrity. Therefore, allogeneic 
hematopoietic stem cell transplant (HSCT) and solid organ 
transplant (SOT) recipients who receive immunosuppressive 
therapy, which interferes with cellular immune functions, are 
prone to severe and potentially fatal infections, so efforts to 
restore protective immune responses by cellular immuno-
therapy are benefi cial. Due to the conceptual attraction of 
immunotherapeutic approaches to infections in transplant 
recipients and the success of immunotherapy in experimen-
tal animal models and based on novel cell selection tech-
nologies, efforts to translate the basic principles that have 

been established in animal model studies to the clinical treat-
ment of infections has made major progress. The objective 
of this chapter is to review the principles underlying cellular 
immunotherapy and the increasing number of strategies to 
apply adoptive immunotherapy for infections that are preva-
lent in immunocompromised transplant recipients. 

 Transplant recipients are vulnerable to progressive infection 
following the acquisition of a primary viral infection and from 
the reactivation of viruses that have previously established a 
latent or persistent infection in the host. Acute infection with 
seasonal respiratory viruses, such as infl uenza virus, respira-
tory syncytial virus (RSV), and parainfl uenza virus, is a cause 
of serious infection in immunocompromised hosts during peri-
ods when infections with these viruses are prevalent in the 
community [ 1 – 5 ]. Infection of transplant recipients with such 
respiratory viruses can be self-limiting, as observed in immu-
nocompetent hosts, but it often progresses to severe pneumoni-
tis and death [ 1 – 3 ,  5 ]. Studies in murine models suggest that 
both B-cell and T-cell immunity are important for preventing 
and resolving these infections, but the unpredictable occur-
rence of these outbreaks and the antigenic diversity of the caus-
ative viruses make them less attractive as candidates for studies 
of cellular immunotherapy to restore potentially protective 
immune responses [ 6 ,  7 ]. 

 Historically, a more prevalent problem for transplant 
recipients has been the acquisition of primary infections with 
cytomegalovirus (CMV) and Epstein–Barr virus (EBV), 
both of which could be transmitted to previously unexposed 
recipients by blood products and/or the hematopoietic stem 
cells or a solid organ transplant. If the transplant donor and 
recipient are both seronegative for CMV, the use of blood 
products from CMV-seronegative donor for transfusion can 
prevent primary infection of the recipient [ 8 ]. However, 
CMV-seronegative or EBV-seronegative HSCT or SOT 
recipient receiving hematopoietic stem cells or an organ 
from a CMV-seropositive or EBV-seropositive donor is at 
risk for the development of progressive disease caused by 
these viruses. 
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 The reactivation of endogenous latent viruses of the herpes 
group, including herpes simplex virus (HSV), varicella- zoster 
virus (VZV), CMV, EBV, human herpesvirus 6 (HHV-6), and 
potentially HHV-8, also results in signifi cant morbidity and 
mortality in immunocompromised transplant recipients [ 8 –
 11 ]. The administration of ganciclovir for CMV infection 
either prophylactically to prevent reactivation or after reacti-
vation when it is detected by culture, antigenemia, or poly-
merase chain reaction (PCR) methodology is highly effective 
for preventing diseases in both allogeneic HSCT and SOT 
recipients, but it frequently causes neutropenia, especially 
after HSCT [ 12 – 17 ]. Studies in HSCT recipients have also 
demonstrated that the use of ganciclovir early after transplan-
tation to prevent CMV disease may be associated with a delay 
in the reconstitution of CMV-specifi c T-cell immunity and 
with an increased incidence of late-onset CMV disease (dis-
ease occurring more than 100 days after transplantation) [ 18 –
 22 ]. New antiviral agents (brincidofovir (CMX001) and 
letermovir) to be used for prophylaxis might have an impact 
on the incidence of CMV infection and early and late disease 
posttransplant [ 23 – 30 ]. Anti-CD20 antibody therapy has been 
successful in some patients with EBV- induced lymphoprolif-
erative disorder (EBV-LPD) [ 31 ], but the emergence of CD20 
negative B cells and PTLD in a subset of patients treated with 
anti-CD20 suggests that additional options to treat EBV-LPD 
are needed. Thus, although antiviral drugs constitute an impor-
tant advance for the prevention or resolution of herpes viral 
infections, especially those occurring in the early posttrans-
plantation period, the long-term control of persistent herpesvi-
ruses may require the host to mount and maintain an adequate 
immune response to the respective pathogen .  

48.2     Effector Cell Populations 
and Control of Viral Infection 

   The development  of   cellular immunotherapy  for   individual 
viral infections should be predicated on an understanding of 
the nature of the host response that provides protective immu-
nity in immunocompetent hosts. After acute infection with a 
pathogen, the healthy host mounts a multifaceted and coordi-
nated immune response. The cellular components of this 
response can be broadly divided into the following two cate-
gories: (1) effector cells that are not antigen specifi c, such as 
natural killer (NK) cells and macrophages, which may be 
important in the initial containment of infection and (2) effec-
tor cells that express surface receptors that convey a high 
degree of specifi city for antigens expressed by the virus, such 
as αβ+ T cells, γδ+ T cells, and antibody-producing B cells. 

 NK cells recognize and lyse target cells expressing low lev-
els of class I major histocompatibility complex (MHC) mole-
cules, and they might be expected to participate in the host 
response against viruses, such as CMV, HSV, and adenovirus, 
which downregulate the expression of class I MHC molecules 
in the infected cell [ 32 – 35 ]. NK cells exhibit antiviral activity 
in vivo, as studies in mice and in humans with selective NK 

defi ciency have demonstrated, and they may be important dur-
ing the early phase of infection prior to the development of 
virus-specifi c T cells [ 36 ,  37 ]. However, viruses such as CMV 
express genes that inhibit NK cell activation and lysis of the 
infected cells, potentially limiting the effi cacy of NK cells in 
established infection [ 38 ]. In some reports, the administration 
of activated NK cells in patients with malignant disease has 
been associated with signifi cant toxicity [ 39 ]; in others, NK 
cell transfer was extremely well tolerated even in the setting of 
haploidentical stem cell transplant (SCT) [ 4 – 42 ]. 

 γδ+ T cells that recognize virus-infected cells have been 
identifi ed, and these could be of benefi t in adoptive immuno-
therapy [ 43 ,  44 ]. There is an increasing evidence that γδ T 
cells have potent innate antitumor and anti-infective activity 
[ 45 ]. Long-lasting expansion of Vdelta2(−)γδ T cells is a hall-
mark of CMV infection in kidney transplant recipients. γδ 
Tcell clones have been derived from several transplanted 
patients, and Vdelta1(−), Vdelta3(+), and Vdelta5(+) T-cell 
clones expressing diverse Vgamma chains, but not control 
Vgamma9Vdelta2(+) T clones, displayed strong reactivity 
against CMV-infected cells, as shown by their production of 
tumor necrosis factor (TNF)-α. Vdelta2(−) βδ T lymphocytes 
could also kill CMV-infected targets and limit CMV propaga-
tion in vitro. Their antiviral reactivity was specifi c for CMV 
among herpesviridae and required T-cell receptor engage-
ment, but did not involve class I MHC molecules or 
NKG2D. Vdelta2(−) γδ T lymphocytes expressed receptors 
essential for intestinal homing and were strongly activated by 
intestinal tumor, but not normal, epithelial cell lines. High fre-
quencies of CMV- and tumor-specifi c Vdelta2(−) γδ T lym-
phocytes were found among patients’ γδ T cells. In conclusion, 
Vdelta2(−) γδ T cells may play a role in protecting against 
CMV and tumors, probably through mucosal surveillance of 
cellular stress, and represent a population that is largely func-
tionally distinct from Vgamma9Vdelta2(+) T cells [ 46 ,  47 ]. 

 The consensus from studies in animal models of experi-
mental infection is that the induction and maintenance of 
virus-specifi c CD4+ and CD8+α β + T-cell responses are 
suffi cient and often essential for the resolution of infection 
[ 48 ,  49 ]. Furthermore, α β + T cells provide immunologic 
memory that may be of major signifi cance in settings where 
the patient will experience repeated exposure to the virus or 
where the virus has established a latent infection in the host 
[ 50 ,  51 ]. The methodology for isolating polyclonal and 
clonal populations of α β + T cells with defi ned specifi city for 
viral antigens is well established for several viruses that 
cause disease in transplant recipients [ 52 ]. Therefore, strate-
gies for developing adoptive cellular immunotherapy for 
transplant recipients have primarily focused on the use of 
virus-specifi c α β + T cells [ 53 ,  54 ]. 

 Experiments performed in animal models to examine the 
cellular requirements for an effective host response to viral 
infection have included a detailed analysis of the contributions 
of class II MHC-restricted CD4+ T helper (TH) cells and class 
I MHC-restricted CD8+ cytotoxic T lymphocytes (CTLs). 
Initially, the adoptive transfer of purifi ed T-cell subsets or 
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T-cell clones to augment individual responses or the adminis-
tration of monoclonal antibodies to deplete the activity of a 
single T-cell subset was used as a strategy for the examination 
of the antiviral activity of CD4+ and CD8+ T cells [ 53 – 56 ]. 
Later studies used gene knockout mice rendered defi cient in 
expression of class I or class II MHC molecules and that thus 
were unable to generate CD8+ or CD4+ T cells, respectively 
[ 57 – 59 ]. The results of these experiments demonstrated that, 
depending on the dose, route, timing, pathogenesis, virulence, 
and type of challenge virus, either CD8+ or CD4+ virus-spe-
cifi c T cells could provide protective immunity to the virus 
challenge and could resolve acute infection [ 55 – 59 ]. This 
analysis in animal models demonstrated the crucial role of 
CD8+ and CD4+ antiviral T cells and provided important 
insights into the cooperation between these subsets. These 
studies also suggested that the development of adoptive immu-
notherapy in humans should be guided by an understanding of 
the antiviral activity of CD4+ and CD8+ T-cell subsets for 
individual viruses  .  

48.3     Effector Mechanisms of αβ+ T 
Cells 

 Basic studies of T-cell biology have provided insight into the 
effector mechanisms used by CD4+ and CD8+ T cells to 
resolve viral infections. 

48.3.1     CD4+ αβ+ T Helper Effector 
Functions 

   Antigen   recognition by virus-specifi c CD4+ T cells involves 
an interaction between the αβ+ T-cell receptor and the class 
II MHC heterodimer containing a peptide fragment derived 
from a viral protein in its binding groove [ 60 ,  61 ]. The 
expression of class II MHC is primarily restricted to profes-
sional antigen-presenting cells (APCs), such as dendritic 
cells (DCs), macrophages, and B cells, but it can be induced 
on other cell types, including endothelial cells. The antigens 
presented to CD4+ T cells are usually endocytosed by the 
APCs and then degraded by proteolysis in endosomal com-
partments where the resulting peptides encounter and bind to 
class II MHC molecules that traffi c to the cell surface. 
Because the viral antigens can be obtained by endocytosis at 
the site of infection or in the draining lymph nodes, the APC 
does not actually need to be infected with the virus to acti-
vate the CD4+ TH cells. Several viruses, including human 
immunodefi ciency virus (HIV), CMV, EBV, and measles, do 
productively infect cells bearing class II MHC molecules, 
and, in this circumstance, endogenously synthesized viral 
proteins may also enter the class II processing pathway and 
then directly activate CD4+TH cells [ 61 ,  62 ]. 

 A primary function of activated CD4+ TH cells is the pro-
duction of cytokines that orchestrate a local and systemic 
host response to the pathogen by autocrine and paracrine 

effects. In addition, CD4+ T cells also condition professional 
APCs through the interaction of CD40 and the CD40 ligand, 
which results in APC maturation and superior stimulation of 
T cells [ 63 ,  64 ]. Mature differentiated CD4+ TH cells can be 
categorized into TH1, TH2, and a newly discovered TH17 
subset with distinct profi les of cytokine production and dif-
fering functional roles in the immune response [ 65 ,  66 ]. 
Interferon-γ (IFN-γ) and interleukin-12 (IL-12) in the milieu 
favor the development of the TH1 phenotype; IL-4 and IL-10 
promote the development of the TH2 phenotype; and IL-6, 
transforming growth factor (TGF)-β, IL-21, and IL-23 pro-
mote the development of the TH17 phenotype [ 66 – 69 ]. The 
participation of TGF-β in the differentiation of TH17 cells 
places the TH17 lineage in close relationship with CD4(+)
CD25(+)Foxp3(+) regulatory T cells (Tregs), as TGF-α also 
induces differentiation of naive T cells into Foxp3(+) Tregs 
in the peripheral immune compartment. 

 The CD4+ TH1 subset produces IL-2, IFN-γ, and TNF, 
and it preferentially promotes cell-mediated immune 
responses [ 63 ]. IL-2 activates and induces the proliferation of 
NK cells, and it is the major growth factor for CD8+CTLs 
[ 70 – 72 ]. Indeed, in an animal model of persistent viral infec-
tion, the ability to mount a virus-specifi c CD4+ TH cell 
response was essential for sustaining virus-specifi c CD8+ 
CTL responses [ 73 ]. IFN-γ and TNF activate nonspecifi c 
effector cells, such as macrophages and NK cells, exert direct 
inhibitory effects on virus replication, and promote the resis-
tance of uninfected cells to viral infection [ 74 ,  75 ]. The TH1 
subset of CD4+TH cells produces IL-4, IL-5, and IL-10, and 
promotes the development of humoral immunity and the acti-
vation and differentiation of eosinophils and mast cells [ 76 , 
 77 ]. The investigation of the differentiation, effector function, 
and regulation of TH17 cells has opened up a new framework 
for understanding T-cell differentiation, and the role of this 
TH subset in antiviral immunity remains to be elucidated. 

 Although little information exists concerning the role of 
distinct CD4+ TH cell subsets in the immune response to 
individual viral infections in humans, insights derived from 
murine models suggest that the subtype of CD4+ T cells used 
in adoptive therapy may affect its effi cacy and safety. For 
example, in a murine model of infl uenza infection, the trans-
fer of an infl uenza-specifi c CD4+ TH1 clone was protective, 
whereas the transfer of an infl uenza-specifi c TH2 clone 
failed to confer protective immunity [ 78 ]. In the RSV model, 
RSV-specifi c TH1 and TH2 cells exhibited antiviral activity 
and promoted clearance of virus, but the TH2 cells induced 
an eosinophil-rich infi ltrate in the lungs and worsened the 
morbidity [ 79 ]. Studies of the antiviral properties of TH17 
cells that appear to have a role in autoimmunity and are 
important for fungal and bacterial infections [ 80 – 83 ] are 
only now beginning. Recent studies in mice suggest that in 
some circumstances, a TH17 response may promote viral 
persistence [ 84 ]. These results indicate that, depending on 
the viral infection being treated, the selection of CD4+ T 
cells for use in therapy may be a decisive factor in its success 
or failure. 
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 Tregs defi ned by the expression of the Foxp3 transcription 
factor represent yet another T-cell subset that plays a crucial 
role in balancing infl ammation and antigen-specifi c immune 
responses. In chronic infectious diseases, Tregs dampen 
infl ammation to limit tissue damage, but they can also inhibit 
ensuing effector immunity, thereby impairing pathogen 
clearance. Chronic persistent infections by human pathogens 
such as parasites, viruses, and (myco) bacteria can all result 
in the induction of both CD4(+) and CD8(+) Tregs. However, 
among the many different subsets of Tregs that are induced, 
mostly CD4(+) Tregs have been studied. A remarkably 
increased frequency has been observed at the site of infec-
tion, supporting a role in pathogen containment. Various 
populations of DCs are central to the orchestration of this 
control. Antigen specifi city has been demonstrated for sev-
eral pathogen-derived antigens and the related Tregs. A bet-
ter understanding of the induction and activity of Tregs is 
relevant for the design of better vaccines that optimally 
induce effector immunity without coinduction of excessive 
Treg activity  [ 85 – 88 ].  

48.3.2     CD8+ αβ+ Cytotoxic T-Lymphocyte 
Effector Functions 

  CD8+ cytotoxic T  cells   recognize peptides bound to class I 
MHC molecules on the surface of cells [ 89 ]. The antigenic 
peptides displayed with class I MHC are primarily derived by 
the proteolytic cleavage of intracellular proteins by the proteo-
some complex [ 90 ] and are then transported from the cytosol 
into the endoplasmic reticulum (ER) by a heterodimeric pro-
tein complex termed the “transporter associated with antigen 
presentation” (TAP) [ 91 ]. In the ER, the peptides bind to the 
class I MHC heavy chain, leading to the formation of a stable 
trimolecular peptide–class I H chain–β2 microglobulin com-
plex that is transported via the Golgi apparatus to the cell sur-
face. Because class I MHC molecules are constitutively 
expressed or they are inducible in most cell types, CD8+ CTLs 
serve as the surveillance mechanism for detecting and elimi-
nating virus-infected cells; these appear to be required for the 
clearance and resolution of most viral infections [ 48 ]. 

 The interaction between the T-cell receptor and the rele-
vant class I–peptide complex usually results in the direct 
lysis of the target cell and the production of TH1-type cyto-
kines, including IFN-γ and TNF. However, in contrast to 
CD4+ TH1 cells, differentiated effector CD8+ CTLs, many 
of which have lost CD28 expression, produce reduced 
amounts of IL-2 following antigen stimulation, and they are 
dependent on IL-2-producing CD4+ TH for proliferation 
[ 92 ,  93 ]. The lytic signal delivered by CD8+CTLs involves 
the directed exocytosis of cytolytic granules containing per-
forin and serine esterases (granzymes) or Fas–Fas ligand 
(FasL) interactions [ 94 ]. Perforin disrupts the cytoplasmic 
and nuclear membranes of the target cell, facilitating the 
entry of the granzymes that induce DNA fragmentation and 
ensuring the destruction of the target cell and the cessation of 

virus replication. Activated CD8+CTLs also express FasL, 
and they may induce programmed cell death in virus-infected 
target cells expressing Fas. 

 The contribution of cytolytic granules to the antiviral 
activities of CD8+CTLs has most clearly been demonstrated 
in the murine lymphocytic choriomeningitis virus (LCMV) 
model. Mice with a disruption in the perforin gene cannot 
induce the membrane injury to lyse the target cell [ 95 ]. CD8+ 
T cells from perforin-defi cient mice inoculated with LCMV 
proliferate in response to the virus challenge but exhibit only 
weak LCMV-specifi c cytolytic activity in vitro, an effect 
possibly mediated by Fas–FasL interactions [ 95 ]. Perforin- 
defi cient mice fail to clear LCMV infection in vivo, illustrat-
ing the necessity for perforin-mediated lytic events for the 
resolution of this infection  [ 95 ].  

48.3.3     Cytomegalovirus-Specifi c T-Cell 
Immunity and Cytomegalovirus 
Disease in Immunosuppressed 
Transplant Recipients 

    CMV is a  ubiquitous   herpesvirus  that   infects 50–90 % of the 
population.  Primary   infection in immunocompetent hosts is 
largely unrecognized except as an occasional cause of mono-
nucleosis, and viral persistence is not associated with any 
clinical sequelae. However, in patients with iatrogenic or 
acquired immunodefi ciency, the reactivation of CMV in 
CMV-seropositive hosts or the acquisition of primary CMV 
infection from blood products or the donated organ often 
leads to progressive infection and visceral disease and 
 represents a major obstacle to a successful outcome for 
transplant recipients. 

 The clinical manifestations of CMV infection may differ, 
depending on the type of transplant and associated clinical 
factors. SOT recipients who are CMV-seronegative and who 
receive an organ from a CMV-seropositive donor often 
develop a CMV syndrome consisting of fever, leukopenia, 
hepatosplenomegaly, myalgia, and occasionally pneumonitis 
[ 96 ,  97 ]. Reactivation of CMV in seropositive SOT recipi-
ents may also progress to visceral infection, especially in 
those patients who require intense therapy with immunosup-
pressive drugs to treat episodes of rejection. Allogeneic 
HSCT recipients who develop primary infection or reactiva-
tion with CMV may also develop fever and leukopenia, but 
interstitial pneumonitis or enteritis are the most common 
manifestations of CMV disease in these patients [ 9 ]. 

 A critical role for αβ+ T cells in human CMV (HCMV) 
infection was fi rst suggested by studies in the murine cyto-
megalovirus (MCMV) model. MCMV is genetically distinct 
from HCMV, but the pathogenesis of infection in immuno-
suppressed mice is similar to that for HCMV. In the MCMV 
model, the transfer of CD8+MCMV-specifi c CTLs alone 
was suffi cient to protect mice from fatal CMV infection, 
although the administration of CD4+ TH cells was essential 
for eliminating salivary gland infection [ 98 – 100 ]. The 
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administration of CD8+ CTLs specifi c for the MCMV major 
immediate–early protein alone were suffi cient to provide 
protective immunity from lethal virus challenge, suggesting 
that restoring even a limited repertoire of the host CTL 
response can be therapeutically benefi cial [ 98 ]. 

 The hypothesis that progressive HCMV infection in HSCT 
and SOT recipients is related to a quantitative defi ciency of 
virus-specifi c αβ+ T-cell responses has been examined in 
several studies. Quinnan et al. [ 101 ] showed that the recov-
ery of cytolytic activity for CMV-infected fi broblasts in sam-
ples of peripheral blood lymphocytes obtained from 
allogeneic HSCT and renal transplant recipients was associ-
ated with the resolution of CMV infection. Subsequent stud-
ies have cultured the peripheral blood lymphocytes from 
allogeneic HSCT recipients in vitro to distinguish more 
clearly the recovery of CD4+ and CD8+CMV-specifi c T-cell 
responses and to improve the sensitivity for detecting these 
responses [ 102 ,  103 ]. In all of the published reports, a cor-
relation was observed between the presence of MHC- 
restricted αβ+ T-cell responses to CMV and protection from 
the subsequent occurrence of CMV disease, supporting the 

concept that αβ+ T-cell responses are an essential component 
of protective immunity to CMV [ 53 ,  54 ]. 

 Analyses using newer technologies developed for the 
direct quantitation of antigen-specifi c T cells, such as intra-
cellular cytokine staining or staining with tetrameric human 
leukocyte antigen (HLA) class I–peptide complexes, have 
further confi rmed the role of CMV-specifi c T cells in con-
trolling CMV infection. In healthy CMV-seropositive indi-
viduals, up to 40 % of all T cells in the peripheral blood can 
be specifi c for CMV [ 104 ], underlining the importance of a 
strong CMV-specifi c cellular immunity for containing per-
sistent CMV infection. 

 These methods have also been applied to analyses of 
T-cell responses after allogeneic stem cell transplantation. 
Fluorochrome-conjugated tetrameric complexes of HLA-A2 
molecules loaded with the epitope NLVPMVATV (NLV) 
derived from the CMV protein pp65 were utilized to quan-
tify CMV-specifi c CD8αβ+ T cells in HLA-A*0201–posi-
tive recipients after allogeneic stem cell transplantation 
(Figure  48-1 ). In patients given allografts from a sibling in 
which both the patient and the donor were seropositive for 

  FIGURE 48-1.     Reconstitution   of cytomegalovirus (CMV)-specifi c T-cell responses and viral load after T-cell transfer. Patient number 4 had a high 
viral load at the time of T-cell transfer, but on day 15 after transfer, viral load had decreased to 800 viral copies per milliliter of blood. At day 38 
when the virus had been cleared entirely, the reconstitution of CMV-specifi c lymphoproliferation and CMV peptide-specifi c A*0201- restricted 
CD8+ T cells was also shown by intracellular IFN-γ and tetramer staining.       
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CMV before stem cell transplantation, the recovery of CMV- 
specifi c CTLs was rapid, reaching up to 21 % of all CD8αβ+ 
T cells [ 105 ]. Early reconstitution was not observed if either 
the donor or recipient was seronegative for CMV. In the 
recipients of transplants from unrelated volunteer donors, the 
recovery of CMV-specifi c CTLs was delayed in comparison 
to that observed in the recipients of transplants from siblings, 
and no CTLs were observed within the fi rst 100 days after 
transplantation [ 105 ]. Recovery of CMV-specifi c CTLs to 
levels greater than 10 cells/μL blood was associated with 
protection from CMV disease [ 105 ,  106 ]. Furthermore, the 
absolute number of A2-NLV-specifi c CD8+ T cells in the 
grafts correlated inversely with the number of preemptive 
ganciclovir courses that were administered. In contrast, 
CMV-seropositive patients receiving a transplant from a 
CMV-seronegative donor displayed a delayed reconstitution 
of CMV-specifi c CD8+ T cells [ 96 ]. Thus, the CMV serosta-
tus of the donor, as well as the enumeration of CMV-specifi c 
CD8+ T cells in the graft, may identify SCT recipients at risk 
for developing CMV disease    [ 107 ].

48.3.4        Specifi city of CD8+ αβ+ 
Cytomegalovirus-Specifi c T Cells 

   The  CMV genome   may encode more than  200   proteins in 
permissively infected cells, providing a large number of 
potential antigens that could be presented to CD8+ cytotoxic 
T cells. Defi nition of the specifi city of CTL responses in indi-
viduals with protective immunity to CMV is a critical prelude 
to the development of effective adoptive immunotherapy to 
ensure that the T cells selected for use in therapy represent the 
protective responses in immunocompetent hosts. CMV 
expresses its genes in a temporal sequence, with discrete 
phases of gene expression that are called the immediate early 
(IE), early (E), and late (L) phases [ 108 ]. Infected cells 
expressing a limited array of viral proteins can be prepared by 
the timed addition of inhibitors that block viral protein or 
RNA synthesis; this methodology was used to determine 
whether CTLs preferentially recognized proteins produced at 
IE, E, or L stages of the replicative cycle. Surprisingly, the 
introduction of an RNA synthesis inhibitor to target cells just 
prior to virus exposure to prevent the production of newly 
synthesized viral proteins after viral entry did not prevent the 
recognition of these infected cells by CD8+ CMV-specifi c 
CTL lines and most CTL clones isolated from healthy CMV-
seropositive individuals [ 109 ]. This demonstrated that expres-
sion of the viral gene in the target cell was not required to 
sensitize the cell for lysis and that the virion proteins intro-
duced into the target cell cytosol following viral entry, rather 
than newly synthesized IE, E, or L proteins, were important 
target antigens of the host CTL response. The specifi city of 
the CD8+ CMV-specifi c CTLs that recovered after allogeneic 
bone marrow transplantation and their association with pro-
tection from subsequent CMV disease were similarly ana-

lyzed, and these CTLs were also specifi c for epitopes derived 
from structural virion proteins [ 108 ]. 

 The contribution of individual virion proteins as antigens 
for CTL was assessed by pulsing peptide fragments of puri-
fi ed proteins onto target cells or by infecting target cells with 
recombinant vaccinia viruses encoding a single CMV gene. 
Reportedly, the matrix protein pp65 is the most frequent tar-
get of the major host response, although strong responses to 
a second matrix protein pp150 do occur in some individuals 
[ 110 – 112 ]. Insight into the biologic importance of CTLs for 
structural virion proteins was suggested by studies evaluat-
ing the ability of these CTLs to kill CMV-infected cells at 
different stages of the replication cycle. CMV-infected target 
cells are rapidly sensitized (<1 h after virus inoculation) for 
lysis by CD8+ CTLs specifi c for pp65 or pp150, and the 
infected cell remains a target throughout the entire replica-
tive cycle. Thus, these CTLs should be effective in limiting 
virus dissemination after reactivation by promptly eliminat-
ing the newly infected cells. However, the rapid recognition 
of structural proteins such as pp65 and pp150 is not observed 
with CTLs specifi c for virus envelope gB protein. CTLs spe-
cifi c for gB lyse CMV-infected cells poorly at all stages of 
the replicative cycle, and, in CMV-seropositive individuals, 
these are present at a substantially lower frequency than are 
the CTLs for pp65 or pp150 [ 112 ,  113 ]. The fact that CTLs 
specifi c for pp65 and/or pp150 are maintained at an extremely 
high frequency for life in healthy CMV-seropositive indi-
viduals suggests that, even in immunocompetent hosts, virus 
reactivation occurs intermittently but remains subclinical 
because of rapid control by the host immune response. 

 An HCMV deletion mutant that is deleted of the four viral 
genes that are responsible for interfering with class I MHC 
presentation has also been used for analysis of CMV-specifi c 
CTLs in normal CMV seropositive individuals. With this 
approach, a large fraction of the CD8;+ CTL response was 
found to be specifi c for viral antigens expressed during the 
IE and E phases of virus replication and presented by fi bro-
blasts infected with RV798 but not wild-type CMV [ 114 , 
 115 ]. Similar results were obtained with the use of overlap-
ping peptide panels spanning the entire CMV genome [ 116 ]. 
Thus, reconstitution of T-cell immunity in immunodefi cient 
patients by cell therapy or by vaccination may need to target 
multiple viral antigens to completely restore immunologic 
control of CMV  .  

48.3.5     Specifi city of CD4+ αβ+ 
Cytomegalovirus-Specifi c T-Cell 
Responses 

   CD4;+ TH responses  to   antigen preparations extracted  from 
  CMV-infected cells are readily demonstrable in healthy 
CMV-seropositive individuals. Recombinant gB, pp65, IE2, 
p52, and IE1 CMV proteins have been generated and used to 
determine the specifi city of CD4;+ TH responses. Detectable 
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responses occurred to all the antigens studied, with approxi-
mately 70 % of the individuals tested responding to gB, 
pp65, and IE2, and a smaller proportion responding to IE1 
and the DNA-binding protein p52 [ 117 – 120 ]. This data, and 
studies with peptide panels [ 105 ], suggest that considerable 
diversity exists in the CD4;+ TH response to CMV. 

 Animal model studies have illustrated the potential impor-
tance of characterizing the cytokine profi le of the CD4;+ TH 
cells that are going to be used in adoptive immunotherapy to 
improve the safety and effi cacy of therapy. The cytokine pro-
fi le of CD4;+ CMV-specifi c TH clones isolated from CMV- 
seropositive individuals has been analyzed; all of the clones 
tested produced IL-2 and IFN-γ characteristic of TH1 cells, 
but many also produced IL-4 consistent with an overlapping 
phenotype. Whether the phenotype of these cells can be fi xed 
to a TH1 or TH2 pattern in vitro, and if this will be necessary 
for the safety and/or effi cacy of immunotherapy with CD4;+ 
CMV-specifi c T cells remain to be determined  .  

48.3.6     Immune Evasion Strategies Used 
by Herpesviruses 

  Several  viruses   have evolved strategies for evading recogni-
tion by the host immune response, and the identifi cation of 
the mechanisms utilized by these viruses should assist in 
selecting the appropriate effector cells to use for restoration 
of protective immunity in adoptive immunotherapy. 
Herpesviruses can enter a latent state that allows the virus to 
persist even during the height of the immune response, 
although the cellular sites of latency and the status of viral 
gene expression in such cells are not completely defi ned 
[ 108 ,  121 ]. 

 Once the virus reactivates from latency and initiates repli-
cation, the infection is likely to progress in the absence of a 
host response to limit dissemination. One strategy that CMV 
uses to elude the destruction of permissively infected cells 
by CD8+CTLs is to inhibit the cellular processes involved in 
delivering class I MHC molecules bearing antigenic peptides 
to the cell surface. Studies of cells replicating CMV have 
demonstrated a reduced surface expression of class I MHC at 
the E and L stages of the replicative cycle [ 101 ]. The mecha-
nisms involved in the downregulation of class I MHC were 
elucidated with the identifi cation of four viral genes—US2, 
US3, US6, and US11—that interfere in a coordinated fash-
ion at discrete steps in the antigen-presentation pathway 
[ 122 – 126 ]. These virus-encoded proteins collectively 
impede the effi cient presentation of viral proteins expressed 
after the IE stage of replication and provide a biologic basis 
for the relative immunodominance of CD8+ CTLs directed 
against structural virion and IE proteins that are presented 
before this global blockade in class I antigen presentation. 

 The  IE protein   is produced in abundance immediately 
after infection before the decline in cell surface class I MHC 
expression. Conceptually, this would be a good antigen to 

target in adoptive immunotherapy, and IE-specifi c T cells 
can be isolated from many CMV-seropositive donors [ 113 ]. 
Surprisingly, IE-specifi c CTLs fail to lyse permissively 
infected target cells even if virus replication is arrested at the 
IE stage of replication [ 113 ]. One study demonstrated that 
the pp65 protein that is introduced into the cytosol after 
virion entry and before IE synthesis selectively interferes 
with the presentation of IE peptides [ 127 ]. It remains to be 
determined whether these immune evasion strategies that 
interfere profoundly with CTL recognition in vitro are as 
effective in vivo. It would seem prudent to utilize T cells for 
adoptive therapy that are specifi c for structural virion pro-
teins and IE proteins since these are typically the dominant 
responses in healthy donors. 

 The early and sustained decrease in surface class I MHC 
expression in CMV-infected cells should enhance their sus-
ceptibility to recognition by NK cells and suggests a poten-
tial role for this effector population in eliminating 
permissively infected target cells. Although no homology 
exists between the genes encoding HCMV and mouse CMV 
(MCMV) that modulate the expression of class I MHC, both 
viruses effectively use analogous and redundant gene func-
tions to inhibit antigen presentation [ 128 ]; the studies of 
interactions with NK cells have used murine models. NK 
lymphocytes monitor the expression of class I MHC mole-
cules by different cell surface receptors, which transduce 
signals leading to the inhibition or activation of the NK cells. 
The following three groups of inhibitory NK receptors screen 
cells for downregulated expression of class I MHC mole-
cules: (1) the killer cell immunoglobulin (Ig)–like receptors 
in primates, (2) the lectin-like receptors Ly49 in rodents, and 
(3) the heterodimer of CD94 and NKG2A molecules shared 
by rodents and primates [ 129 ]. However, these three families 
of class I MHC-specifi c receptors contain stimulatory recep-
tors as well (e.g., KIR2DS and KIR3DS, Ly49D and Ly49H, 
and NKG2C and NKG2E). In addition, NK cells express a 
variety of other receptors that recognize nonclassic MHC 
molecules and non-MHC-related proteins [ 130 ,  131 ]. 

 Binding of the C-type lectin receptor NKG2 to its ligand 
can overcome inhibitory signals [ 132 ]. The NKG2D homodi-
mer is a potent activating receptor in both humans and mice; 
it is expressed not only on NK cells but also on activated 
macrophages (in mice) and γδ+ T cells, where it functions as 
a coactivating receptor [ 133 ]. Murine NKG2D interacts with 
the following two cell surface ligands that are related to class 
I MHC molecules: (1) Rae-1 and (2) H-60 [ 134 ,  135 ]. 
MCMV glycoprotein 40 (gp40) was recently shown to 
downregulate H60, a high-affi nity ligand for NKG2D recep-
tors, thereby inhibiting NK cell activation. The deletion of 
m152 abolishes this function, rendering otherwise resistant 
virus- infected cells susceptible to NK cells. 

 The arsenal of stealth tactics used by HCMV also extends 
to the evasion of NK recognition. CMV encodes UL18, a 
molecule that is homologous to class I MHC; when UL18 is 
expressed on the cell surface, it delivers an inhibitory signal 
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to the NK cell and prevents NK-mediated lysis [ 38 ]. The 
ligands for NKG2D in humans, such as class I MHC chain- 
related chain A (MICA) and class I MHC chain-related chain 
B (MICB), can be induced by cellular stress [ 136 ]; malig-
nant transformation; or infection with herpesviruses, includ-
ing CMV [ 137 ]. However, CMV infection downregulates 
MICB through the expression of UL16 [ 131 ,  138 ], but MICA 
expression is retained and costimulates NKG2D expressing 
CMV-specifi c CD8+ T cells even in situation where class I 
MHC molecules are downregulated  [ 132 ].   

48.4     Clinical Studies of Adoptive 
Immunotherapy 
with Cytomegalovirus-Specifi c T 
Cells 

   The investigation  of   adoptive immunotherapy with CMV- 
specifi c T cells  is   diffi cult for some subgroups of transplant 
recipients. For CMV-seropositive recipients of a stem cell 
graft from a CMV-seronegative donor generation of CMV- 
specifi c T cells is diffi cult. Isolating and expanding autolo-
gous virus-specifi c T cells before transplantation for use in 
immunotherapy after SCT is technically diffi cult because of 
the extremely low precursor frequency of such cells in the 
peripheral blood in the absence of prior natural infection. One 
potential strategy would be to induce virus-specifi c T-cell 
responses in the CMV-seronegative recipient or CMV- 
seronegative donor by vaccination before transplantation and 
then to isolate these cells for use in therapy as augmentation 
of the endogenous response during the period of posttrans-
plant immunosuppression. The increasing availability of safe 
and effective vaccines for eliciting CMV-specifi c T-cell 
responses will help to further develop this strategy [ 138 ]. 

 There are two alternative approaches: a selection of virus- 
specifi c T cells from a partially matched seropositive third- 
party donor which was successfully demonstrated before but 
could be hampered but a limited time of persistence follow-
ing adoptive transfer. CTL lines with partial HLA matches 
from CTL banks were successfully administered to patients 
with a PTLD after solid organ transplantation, with a trend of 
better responses with higher number of CD4+ T cells infused 
and closer HLA matching between donor and recipient 
[ 139 ]. In addition, successful transfer of CMV-specifi c T-cell 
lines from a third-party donor only matched for 1 HLA-allele 
was reported after haploidentical HCT [ 140 ]. 

 Another strategy is to boost endogenous HCMV-specifi c 
T-cell reconstitution by donor monocyte-derived DCs pulsed 
with HCMV peptides as shown successfully in ten patients 
after allogeneic SCT [ 141 ]. No side effects or induction/
aggravation of acute GVHD were observed. In the setting of 
HLA-identical allogeneic HSCT, the CMV-specifi c T cells 
that will be used for posttransplantation immunotherapy 
should be derived from the donor because the immune sys-

tem that develops in the host after transplantation is derived 
from donor hematopoietic cells. 

 Recipients of HSCTs from a CMV-seropositive donor pro-
vide the most favorable setting for the investigation of CMV-
specifi c T-cell therapy because T cells with reactivity for 
CMV antigens can be readily isolated from the donor by 
in vitro stimulation with autologous APCs expressing CMV 
antigens. The generation of polyclonal populations of CMV- 
reactive T cells from the donor is technically feasible, but 
these polyclonal populations may also contain T cells that 
are not reactive with CMV, including T cells that could 
 recognize recipient minor histocompatibility antigens. Thus, 
one concern with the use of polyclonal donor T cells for 
adoptive transfer is the potential for inducing graft-versus- 
host disease (GVHD). Indeed, researchers have frequently 
observed GVHD when polyclonal T cells are administered to 
HSCT recipients to treat EBV-induced lymphomas [ 142 ]. 
This potential problem could be avoided if individual CMV- 
specifi c T-cell clones or highly enriched populations of 
CMV-specifi c T cells are isolated and selected. 

 The fi rst evaluation of adoptive immunotherapy with 
virus-specifi c T cells in humans was performed in allogeneic 
HSCT recipients. The study examined the safety and immu-
nomodulatory properties of administering CD8+ class I 
MHC-restricted CMV-specifi c cytotoxic T-cell clones [ 143 ]. 
CD8+ CTLs were selected for initial investigation because 
the data from animal models of CMV infection and reconsti-
tution studies in humans suggested that CD8+ CTLs were 
necessary and suffi cient for protective immunity [ 18 ,  102 ]. 
CD8+ CMV-specifi c T-cell clones were isolated by limiting 
dilution cloning from polyclonal T-cell lines established 
from the bone marrow donor. Clones that were αβ+ T-cell 
receptor, CD3+, CD8+, and CD4+ and that recognized epit-
opes derived from structural virion proteins in the context of 
class I MHC were selected for intravenous administration to 
the recipient. Fourteen patients were treated with four esca-
lating doses of CMV-specifi c T cells beginning 28–42 days 
after HSCT. No serious acute toxicities occurred, even at the 
highest cell dose in any of the 14 patients treated, and the 
patients did not require hospitalization for the infusions. Two 
patients experienced minor side effects that included tran-
sient fever and chills [ 144 ]. CTL responses were evident 
within 2 days after the fi rst infusion, and they increased with 
each subsequent infusion such that the responses measured 2 
days after the fourth infusion were equivalent to those pres-
ent in peripheral blood lymphocytes obtained from the 
healthy donor [ 144 ]. 

 Patients who recovered CD4+ CMV-specifi c TH cell 
responses maintained strong CD8+ CTL responses. New 
techniques such as the peptide-MHC multimer technology as 
well as the cytokine capture assay have been developed that 
allow the easier selection of CMV-specifi c T cells for use in 
therapy. To avoid generation of virus-specifi c cell lines by 
repetitive stimulation and long-term in vitro culture which 
interfers with in vivo persistence and proliferation novel 
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strategies for direct cell selection without the necessity of 
long-term culture were developed. 

 The fi rst technology, which was transferred to the clinic, 
was the isolation of Ag-specifi c T cells from the blood of 
CMV-seropositive donors based on the interferon γ (IFNγ) 
secretion of T cells after ex vivo stimulation with viral anti-
gens [ 145 ]. Using these technologies 18 patients after allo 
SCT from HLA-mismatched/haploidentical or HLA- 
matched unrelated donors were treated for chemorefractory 
CMV-infection with polyclonal CMV-specifi c T cells gener-
ated by ex vivo stimulation with CMVpp65 antigens fol-
lowed by isolation of IFNγ-producing cells. After the transfer 
of a mean of 21 × 10 3 /kg CMVpp65-specifi c T cells 83 % of 
patients cleared the viral infection or showed a signifi cantly 
reduced viral load. The viral control was associated with 
in vivo expansion of CMV-specifi c T cells in 12 of 16 evalu-
able patients [ 146 ]. 

 Following the introduction of novel multimer techniques 
such as tetramers and pentamers for the identifi cation and 
quantitation of antigen-specifi c T cells, a modifi cation of this 
technology—the streptamers were established for antigen- 
specifi c T-cell selection and transfer under GMP conditions 
[ 147 ,  148 ]. The high purity of this selection technology 
allows successful transfer of virus-specifi c T cells with a 
very low risk of alloreactivity [ 148 ]. In spite of the fact that 
often only low doses of streptamer-selected donor-derived T 
cells can be isolated with this technology the strong pathogen- 
specifi c T-cell expansion mediated effective anti-HCMV 
activity [ 149 ]. The transfer of CMV-specifi c CD4+ T cells 
was shown to be effective in inducing CMV-specifi c CD8+ 
T-cell responses and reducing CMV DNA load (Figure  48-2 ) 
[ 145 ]. This study extended the results of previous studies 
that suggested that T-cell infusions comprising predomi-
nantly the CD4 subset may be effi cient for the control of 
CMV viremia in immunosuppressed patients. A single infu-

sion of T cells resulted in the clearing of CMV viremia in 5 
of 7 patients, and a second infusion was associated with reso-
lution of viremia in an additional patient, with 6 of 7 patients 
achieving resolution of CMV. This study along with others 
illustrates the critical requirement for the presence of CD4+ 
T cells in the control of many chronic viral infections  .

48.5        T-Cell Immunotherapy 
for Posttransplantation Epstein–
Barr Virus Infections 

   EBV  infects   approximately 90 % of  the   adult population, and 
it establishes persistent latent infection in the oropharyngeal 
and gastric epithelium and in B lymphocytes [ 150 ]. The 
establishment of latency appears to be an important mecha-
nism for immune evasion by EBV. The viral genome persists 
in latently infected cells as an episome, and three distinct 
forms of EBV latency have been distinguished on the basis 
of the expression of different viral proteins [ 131 ]. The 
EBNA-1 protein is expressed in all EBV-associated malig-
nancies, and, therefore, it would be an attractive target anti-
gen for a host T-cell response. However, the expression of 
EBNA-1 protein is also essential for all three forms of EBV 
latency, suggesting a mechanism for preventing the presenta-
tion of this protein to CD8+ CTLs must exist. The presence 
of a region containing repetitive sequences of glycine and 
alanine in the EBNA-1 protein prevents the processing and 
presentation of EBNA-1, rendering this protein invisible to 
host CD8+ CTLs [ 152 ]. 

 In immunocompetent hosts, EBV infection can be associ-
ated with the later development of malignancies, including 
Burkitt lymphoma, a proportion of cases of Hodgkin disease, 
and nasopharyngeal carcinoma [ 137 ]. These EBV-associated 
malignancies in immunocompetent hosts typically express 
very few EBV proteins and exhibit decreased expression of 
class I MHC molecules and an absence of adhesion mole-
cules to evade immune recognition [ 153 ]. 

 In immunodefi cient hosts, such as allogeneic SOT and 
HSCT recipients and patients with acquired immunodefi -
ciency syndrome, EBV infection of B lymphocytes induces 
their proliferation, and this can progress to a monoclonal 
immunoblastic lymphoma [ 154 – 158 ]. These EBV-associated 
lymphoproliferations in immunodefi cient hosts typically 
occur in recipient’s B cells in solid organ transplantation and 
in the B cells from the donor in hematopoietic stem cell 
transplantation. Several EBV proteins that are targets of the 
CD8+ CTL response in healthy immunocompetent hosts are 
expressed in the EBV-infected proliferating B cells, and 
these cells are not defi cient in expression of class I MHC or 
adhesion molecules. Indeed, the phenotype is strikingly sim-
ilar to that of EBV-transformed B cells (EBV lymphoblas-
toid cell lines [EBV-LCL]) that spontaneously grow from 
blood cultures of EBV-seropositive individuals if T cells are 

  FIGURE 48-2.     Decrease   in cytomegalovirus (CMV) load following 
T-cell therapy. The viral load of all seven patients with detectable 
CMV DNA at the time of T-cell transfer is presented (virus copies 
per milliliter of blood). In three patients (numbers 1, 5, and 8), virus 
load increased again; patient number 5 responded to a second T-cell 
infusion.       
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depleted from the culture or if cyclosporin A is added [ 159 ]. 
Thus, the pathogenesis of EBV lymphomas in immunodefi -
cient hosts appears to refl ect the absence of suffi cient T-cell 
immunity to control reactivation of EBV [ 160 ], and adoptive 
immunotherapy with EBV-specifi c T cells has the potential 
to restore the requisite effector cells in the host to promote 
tumor regression   [ 161 ]. 

48.5.1     Epstein–Barr Virus-Specifi c T-Cell 
Immunity and the Pathogenesis 
of Epstein–Barr Virus-Induced 
Lymphoproliferation 

   The major  recognized   clinical  syndrome   of EBV reactiva-
tion in immunodefi cient hosts is EBV-LPD, which usually 
occurs in those individuals who are the most severely immu-
nosuppressed. Thus, patients receiving T-cell-depleted bone 
marrow to prevent GVHD or T-cell-specifi c antibodies to 
treat organ rejection or GVHD are at high risk for EBV-LPD 
[ 162 – 168 ]. Among the recipients of allogeneic T-cell- 
depleted bone marrow, the risk of EBV-LPD varies from 
11 % to 26 %, depending on the method of T-cell depletion 
and the type of posttransplantation immunosuppression 
[ 161 ,  168 ]. Recipients of unmodifi ed bone marrow rarely 
(1 %) develop EBV-LPD unless they require intense post-
transplantation immunosuppression with anti-T-cell mono-
clonal antibodies or antithymocyte globulin (ATG) to treat 
GVHD. 

 The type of SOT and the intensity of immunosuppression 
infl uence the risk of EBV-LPD in SOT recipients. Those who 
are EBV-seronegative and who then acquire EBV as a pri-
mary infection from the donor organ or blood products are at 
particularly high risk of developing EBV-LPD after trans-
plantation, presumably because these individuals have no 
pre-existing T-cell immunity to EBV [ 158 ,  169 ]. The inci-
dence of EBV-LPD increases for all SOT recipients if 
T-lymphocyte antigen (OKT3) is used as prophylaxis or 
therapy for rejection episodes [ 166 ]. Assessing EBV load by 
PCR has been found to be useful in predicting the subse-
quent occurrence of EBV-LPD [ 170 ], and interventions 
using the anti-CD20 antibody or T-cell therapy as immuno-
therapy are increasingly being used preemptively in patients 
with a rising EBV DNA load in the peripheral blood [ 171 ]. 

 A strong EBV-specifi c CD8+ cytotoxic T-cell response is 
elicited in immunocompetent hosts following primary infec-
tion with EBV, and it correlates with the resolution of the 
clinical manifestation of EBV. Reconstitution of EBV- 
directed T-cell responses is essential for controlling the pro-
liferation of EBV transformed B cells. However, even after 
autologous peripheral blood stem cell transplantation, EBV- 
directed cellular immune reconstitution can take up to 6–12 
months [ 172 ]. Lucas et al. [ 173 ] analyzed the temporal 
recovery of EBV-specifi c cytotoxic T-cell responses after 
unmodifi ed or T-cell-depleted hematopoietic stem cell trans-

plantation using EBV-transformed B lymphocytes as stimu-
lator cells [ 173 ]. Profound defi ciencies of EBV-specifi c 
cytotoxic T cells were observed 3 months after  transplantation 
in most individuals, but they were recovered in most patients 
by 6 months after transplantation [ 173 ]. The relative fre-
quencies of T cells specifi c for different EBV peptides in 
HSCT recipients closely refl ect those of their respective 
donors. 

 Most cases of posttransplantation EBV-LPD develop in 
the fi rst 4 months after transplantation, coincident with the 
most severe defi ciency of EBV-specifi c CTLs. Moreover, 
those patients who develop EBV-LPD have weak or unde-
tectable EBV-specifi c cytolytic activity [ 167 ,  168 ,  173 ]. 
These observations combined with the occasional spontane-
ous regression of established EBV-LPD after a reduction in 
the intensity of immunosuppressive drug therapy suggest a 
critical role for T cells in preventing the outgrowth of EBV- 
infected B cells. 

 Insights into the roles of different effector populations in 
controlling EBV-LPD have also been derived from studies in 
severe combined immunodefi cient (SCID) mice inoculated 
intravenously or subcutaneously with EBV-transformed 
LCL. Depending on the route of inoculation, these mice 
develop disseminated or localized EBV lymphomas, and they 
have been used as models for assessing the roles of αβ+ T-cell 
subsets and NK cells in promoting tumor regression. In this 
model, the infusion of CD8+ EBV-specifi c T-cell lines or 
clones delayed or completely prevented the outgrowth of 
EBV lymphoma. CD4+ EBV-specifi c TH cells also mediated 
protection in some instances; however, NK or lymphokine- 
activated killer (LAK) cells were ineffective [ 174 – 176 ]. 
Studies in mice with established subcutaneous EBV lympho-
mas have demonstrated that the infusion of EBV-specifi c 
CTL lines results in the preferential migration of the infused 
T cells to the sites of tumors and to tumor regression   [ 177 ].  

48.5.2     Specifi city of αβ+ CD8+ and CD4+ 
Epstein–Barr Virus-Specifi c Cytotoxic 
T Lymphocytes 

   EBV-specifi c CD8+  CTL   responses can  be   readily elicited 
from EBV-seropositive donors in vitro using autologous 
EBV-LCL as stimulator cells. Only a minority of these EBV 
transformed B cells undergoes full EBV replication and lytic 
infection. Most cells express only six EBV nuclear antigens 
(EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C, and 
EBNA-LP) and two membrane antigens (LMP-1 and LMP- 2) 
[ 153 ,  154 ]. These eight EBV antigens are also expressed in 
the infected B cells in EBV-LPD in immunosuppressed hosts. 
Vaccinia recombinant viruses encoding these individual EBV 
proteins have been constructed and used to assess the speci-
fi city of EBV-reactive CTLs elicited after the stimulation of 
peripheral blood lymphocytes with EBV-LCL. In most of the 
individuals studied, one or more of the EBNA-3A, EBNA-3B, 
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and EBNA-3C antigens were immunodominant, with lesser 
responses against EBNA-2, EBNA-LP, LMP-1, and LMP-2 
[ 178 ,  179 ]. Notably, EBNA-1 was not recognized as a target 
antigen by any of the EBV-specifi c CD8+ CTLs. 

 Detailed studies of the role of individual EBV proteins 
expressed in EBV-LCL as target antigens for CD4+ EBV 
specifi c TH cells have been performed [ 151 ]. In contrast to 
CD8+ T cells, CD4+ T cells can recognize EBNA-1-positive 
targets. In healthy EBV-seropositive individuals, 0.5 % of all 
peripheral blood CD4+ TH1 cells can be specifi c for EBNA- 
1, which may represent an interesting target for adoptive 
immunotherapy with antigen-specifi c CD4+ T cells   [ 180 ].  

48.5.3     Clinical Studies of Adoptive 
Immunotherapy with Epstein–Barr 
Virus-Specifi c T Cells 
in Posttransplantation Epstein–Barr 
Virus Lymphoproliferative Disorder 

   EBV-LPD occurs  more   frequently  in   SOT recipients than in 
HSCT recipients [ 167 ]. However, in allogeneic HSCT recip-
ients, the marrow donor can be used as a source of T cells for 
immune reconstitution. This strategy was fi rst evaluated in a 
study by Papadopoulos et al. [ 142 ] in which fi ve recipients of 
T-cell-depleted bone marrow transplants who had developed 
EBV-LPD received infusions of peripheral blood mononu-
clear cells (PBMCs) from their EBV-seropositive donors. 
The dose of T cells administered was 1 × 10 6  CD3+ cells/kg, 
and this therapy resulted in the complete regression of EBV- 
LPD in all fi ve patients within 30 days; three of the fi ve 
patients became long-term survivors [ 142 ]. The authors 
reported that both acute and chronic GVHD were observed 
consistent with the presence of alloreactive T cells, as well as 
EBV-reactive T cells, in the infused cell population. The 
patients receiving this therapy experienced dramatic 
increases in circulating EBV-specifi c CTLs that were consis-
tent with the rapid expansion of this subset after antigen 
stimulation in vivo. Fourteen additional patients have been 
treated with cell doses as low as 1 × 10 5  cells/kg, and 17 of 19 
(89 %) of these patients have had complete eradication of the 
EBV-LPD [ 176 ]. The incidence of acute and chronic GVHD 
was 16 % and 42 %, respectively [ 176 ]. 

 The administration of EBV-specifi c CD4+ and CD8+ 
T-cell lines that exhibit cytolytic activity for EBV-LCL has 
been used for the treatment and prevention of EBV-LPD 
after T-cell-depleted hematopoietic stem cell transplantation 
[ 181 ]. The enrichment of polyclonal CD4+ and CD8+ T 
cells for EBV reactivity by in vitro culture has been effective 
in eliminating GVHD as a toxicity of the therapy [ 182 ,  183 ]. 
In these studies, researchers transduced the T-cell lines with 
a retroviral vector encoding neomycin phosphotransferase to 
permit an analysis of the persistence and migration of T cells 
after adoptive transfer. These studies have demonstrated that 

the infusion of gene-marked T cells in a dose of 1 × 10 8  cells/
m 2  induces the regression of established EBV-LPD and that 
it prevents the development of EBV-LPD in susceptible indi-
viduals. Moreover, the marked T cells persisted for more 
than 18 months after infusion, suggesting that the coinfusion 
of CD4+ and CD8+ T cells may result in the establishment 
of immunologic memory [ 182 ]. In addition, therapeutic effi -
cacy has been demonstrated by the adoptive transfer of EBV 
specifi c CTLs to allogeneic unrelated SCT recipients during 
periods of increasing EBV viral load [ 31 ,  184 ], as well as to 
patients suffering from chronic EBV infection [ 185 ]. 

 For all immunotherapy, a hypothetic concern has been that 
mutations in virus-specifi c antigens may lead to viral escape. 
Researchers reported a patient who developed lymphoma 
after marrow transplantation in spite of having received 
donor-derived EBV-specifi c CTLs. Sequence analysis of the 
gene coding for the two CTL epitopes in the tumor virus 
revealed a 245 base pair deletion that had removed these 
CTL epitopes. Escape mutants may be a serious problem 
when CTL therapy is directed against unstable tumor cell-
derived targets [ 186 ]. 

 An updated analysis Doubrovina et al. [ 187 ] update the 
experience of EBV-specifi c donor-derived adoptive T-cell 
therapy after allo SCT. Forty-nine patients received EBV- 
specifi c T-cell lines from the SC third-party donor on day 4 
posttransplant. > 70 % of patients responded associated with 
a strong proliferation of EBS-specifi c T cells. The group at 
Baylor College summarized the experience with the transfer 
of EBV-specifi c T cell lines after allo SCT [ 188 ]. None of 
101 patients who received the transfer prophylactically 
developed EBV-LPD, whereas 11 of 13 patients treated with 
EBV-specifi c T-cell lines for proven LPD achieved a com-
plete remission. Gene marked EBV-specifi c T cells were 
detectable up to 9 years after the transfer  .  

48.5.4     Current Technologies of Enriching 
Virus-Specifi c T Cells 

48.5.4.1     Selection Strategies for Multipathogen- 
Specifi c T Cells 

  The de novo  cell   surface expression of the TNF-receptor 
 family   member CD137 (4-1BB) or CD154 identifi es recently 
activated, but not resting, human CD4+ and CD8+ memory 
T cells. Maximum CD137 as well as CD154 expression level 
is uniformly observed in both T-cell subsets at 24 h after 
stimulation with antigen [ 189 ,  190 ]. In experiments with 
CMV- and EBV-reactive T cells the specifi city of CD137 
and/or CD154 expression by costaining with peptide/HLA 
tetramers could be confi rmed. Substantial proportions of 
CD137+ as well as 154+ T cells did not produce IFN-γ, sug-
gesting that CD137 and CD154 detects a broader repertoire 
of antigen-specifi c T cells. Activated CD137+ and/or 
CD154T cells could be easily purifi ed by immunomagnetic 
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selection and expanded in vitro thereafter. This CD137- and/
or CD154-based enrichment method was capable of isolat-
ing twofold higher numbers of antiviral CD4+ and CD8+ T 
cells compared to the IFN-γ secretion assay. The CD137 
and/or CD154 assay is most attractive for the simultaneous 
targeting of antiviral TH and effector cells in monitoring 
studies and adoptive immunotherapy trials. 

 Using peptide pools covering relevant CMV, EBV, adeno-
virus as well as Candida- and aspergillus-specifi c immuno-
dominant antigens we [ 191 ] were able to select 
multipathogen-specifi c donor T cells using the CD154 selec-
tion strategy and depleting effi ciently alloreactive T cells .   

48.5.5     Obstacles to Effective T-Cell Therapy 
for Herpesviruses 

   Despite  considerable   success in  the   development and appli-
cation of T-cell therapy after transplantation, several chal-
lenges remain. The effi cacy of adoptive immunotherapy in 
humans can be limited by the failure of Ag-specifi c T cells, 
particularly CD8+ T cells, to persist in vivo. Poor persistence 
may be due in part to the immunosuppressive drugs that 
many patients receive, but may also refl ect intrinsic qualities 
of the infused T cells, a rather tolerogenic immune environ-
ment of the host as well as a lack of support from CD4+ 
lymphocytes. The pool of lymphocytes from which CD8+ T 
cells for adoptive immunotherapy can be derived includes 
naive T cells and antigen-experienced memory T cells, which 
can be divided into central memory and effector memory 
subsets that differ in phenotype, homing, and function. 
Central memory cells express CD62L and CCR7, which pro-
mote migration into LNs and proliferate rapidly if reexposed 
to antigen. Effector memory cells lack CD62L, enabling 
migration to peripheral tissues, and exhibit immediate effec-
tor function. In response to antigen stimulation, both mem-
ory subsets proliferate and differentiate into CD62L-cytolytic 
effector T cells that express high levels of granzymes and 
perforin but are short lived. Thus acquisition of an effector 
phenotype during culture has been suggested as a reason for 
the poor survival of transferred T cells. 

 Recent work in nonhuman primates has demonstrated that 
the derivation of effector T-cell clones affects their persis-
tence after adoptive transfer, and the ability to establish dura-
ble immune memory. CMV-specifi c CD8+ T-cell clones 
derived from central memory T cells, but not effector mem-
ory T cells, persisted long-term in vivo, reacquired the phe-
notype and function of memory T cells, and occupied 
memory T-cell niches. These results demonstrate that clon-
ally derived CD8+ T cells isolated from central memory T 
cells are distinct from those derived from effector memory T 
cells and retain an intrinsic capacity that enables them to sur-
vive after adoptive transfer. These results could have signifi -
cant implications for the selection of T cells to expand or to 
engineer for adoptive immunotherapy of human infections or 

malignancy [ 192 ]. New strategies using sequential positive 
and negative selection based on the streptamer technology 
allow to successfully enrich for antigen-specifi c central 
memory T cells which will allow long-term engraftment 
after adoptive transfer to the patient. 

 An additional issue is that isolating donor-derived T cells 
for immunotherapy remains diffi cult when the allogeneic 
donor lacks specifi c immunity, such as in the case of sero-
negative recipients of EBV-seropositive organ grafts or of 
CMV-seropositive patients receiving a stem cell graft from a 
CMV-seronegative donor  .  

48.5.6     Potential Future Application 
of Adoptive T-Cell Therapy for Other 
Infectious Complications 
After Transplantation 

48.5.6.1     Adenovirus Infection 

  Adenoviruses can  establish   acute  and    persistent   infections 
that are generally mild and subclinical in the healthy popula-
tion but that can be severe or even fatal in immunocompro-
mised hosts. The importance of adenovirus as a cause of 
disseminated disease has remained underappreciated. 
Recently, however, the overall importance of this virus has 
been emphasized, primarily in pediatric patients after stem 
cell transplantation, and studies of host immunity to adeno-
virus have been initiated. 

 An intracellular cytokine secretion assay revealed 
adenovirus- specifi c T cells in 171 healthy control persons 
and 59 immunosuppressed long-term renal transplant recipi-
ents [ 194 ]. The responding T cells were CD4+ TH cells that 
showed a considerably homogenous expression of markers 
characteristic of antigen-experienced memory and/or effec-
tor cells of the TH1 phenotype. Using the cytokine-capture 
assay, adenovirus-specifi c CD4+ and CD8+ T cells were 
successfully isolated from stem cell donors [ 193 ] and trans-
ferred to patients with refractory adenovirus infections post-
transplant [ 194 ]. Increasing knowledge about the T-cell 
epitope for adenovirus-specifi c T cells will further help to 
improve monitoring and manipulation of adenovirus-specifi c 
immune responses posttransplant [ 195 – 198 ]. 

 In a recent publication [ 199 ] for 30 patients with Adv dis-
ease and/or viremia Adv Hexon-specifi c T cell lines were 
selected by stimulation with Hexon-derived peptides and the 
cytokine catch assay. Complete viral clearance was observed 
in 86 % of patients with Adv-specifi c T cell responses. Again 
after cell selection based on the cytokine-catch assay no 
acute toxicity or induction of GvHD was observed.  

48.5.6.2     Fungal Infections 

   T cells play  a   potential role in the host  defense   against fungal 
infections. Recently, CD34-derived DCs were shown to 
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demonstrate an increase in the fl uorescent intensity of 
HLADR, CD80, CD86, and CD54, as well as an increased 
production of IL-12 upon exposure to  Aspergillus fumigatus  
[ 200 ]. The activated DCs stimulated proliferation of the 
autologous lymphocytes, producing high levels of IFN-γ but 
not IL-10. Moreover, DCs generated from CD34+ progeni-
tors collected prior to stem cell transplantation also partially 
restored the in vitro antifungal proliferative response of lym-
phocytes obtained from patients at 1 month after transplanta-
tion, indicating that ex vivo-generated DCs may be useful in 
restoring or enhancing the antifungal immunity after stem 
cell transplantation. 

 In the mouse model, the group from Luigina Romani has 
demonstrated that pulmonary DCs are able to internalize the 
conidia and hyphae of  A. fumigatus  through distinct phago-
cytic mechanisms and recognition receptors, discriminate 
between the different forms of  A. fumigatus  in terms of cyto-
kine production, undergo functional maturation upon migra-
tion to the draining lymph nodes and spleen, and instruct local 
and peripheral TH cell reactivity to the fungus [ 201 ]. The 
phagocytosis of the conidia induced IL-12 production, 
whereas that of hyphae induced IL-4 and IL-10 production. 
The same group reported that DCs transfected with yeast or 
hyphal RNA induced protective immunity to  Candida albi-
cans  in a hematopoietic transplantation model. DCs trans-
fected with yeast but not hyphal RNA expressed fungal 
mannoproteins on the surface, underwent functional matura-
tion, and produced IL-12 but not IL-4. These cells were also 
capable of inducing TH1-dependent antifungal resistance 
when they were delivered subcutaneously in nontransplanted 
mice in vivo, and they helped to accelerate the functional 
recovery of  Candida specifi c  IFN-γ-producing CD4+ donor 
lymphocytes in mice that underwent allogeneic bone marrow 
transplantation. These results indicate the potential effi cacy of 
DCs pulsed with fungal RNA as a fungal vaccine [ 202 ]. 

 Researchers have investigated the importance of cytokine 
dysregulation as a risk factor for the development of invasive 
fungal infections in a murine haploidentical bone marrow 
transplantation model [ 203 ]. At 2 weeks after transplanta-
tion, high levels of TH2 cytokines and impaired production 
of TH1 cytokines were associated with a high susceptibility 
to disseminated and mucosal  C. albicans  infections, whereas 
at 5 weeks after transplantation a predominant production of 
TH1 cytokines was associated with resistance to infection. 
In addition, the therapeutic ablation of IL-4 and IL-10 
increased resistance to invasive candidiasis. The potential 
additive antifungal effect of adjuvant treatment with 
 immunostimulatory cytokines or the antagonism of TH2 
cytokines is further supported by clinical observations, such 
as the successful management of rhinocerebral zygomycosis 
in non neutropenic patients by a combination of granulo-
cyte-macrophage colony-stimulating factor, antifungal ther-
apy, and surgical treatment [ 204 ]. 

 With the growing body of evidence that T cells are impor-
tant in the host defense against  Aspergillus  T cells, tech-

niques to select and adoptively transfer anti- Aspergillus  TH1 
cells are being evaluated to reduce infectious mortality in 
HSCT recipients. Rapid methods for the clinical-scale gen-
eration of functionally active anti- Aspergillus  T cells accord-
ing to GMP conditions using  Aspergillus  antigens are being 
developed [ 205 ].  Aspergillus -specifi c T cells can also be 
selected using the IFN-γ secretion assay [ 205 ] as well as 
multipathogen-specifi c T cells including Candida- and 
Aspergillus-specifi c T cells [ 191 ,  206 ]. Recent experiments 
[ 207 ,  208 ] indicate that also NK cell infusions might mediate 
antifungal activity and would be applied clinically. 

 The Perugia group successfully transferred  Aspergillus- 
specifi c  T cells to patients after haploidentical HSCT with 
documented invasive aspergillosis and demonstrated 
improved control of this devastating infection when com-
pared to historical control patients receiving antifungal phar-
macological treatment    [ 209 ].    

48.6     Summary 

 Considerable progress has been made in understanding the 
immunobiology of viral infections in immunocompromised 
hosts. Insights derived from animal models and human stud-
ies have provided the rationale for investigating immunother-
apy with αβ+ T cells to restore responses considered essential 
for protective immunity to CMV and EBV. Ongoing studies 
will address the role of adoptive immunotherapy in the pre-
vention and treatment of adenovirus and invasive fungal 
infection. The use of genetically modifi ed T cells has been 
evaluated clinically, and it offers the potential for improving 
the safety and effi cacy of immunotherapy and for removing 
obstacles to its successful use. Although these studies are in 
the early stages and they present considerable technical chal-
lenges, the results suggest that cellular immunotherapy will 
be a fruitful area for investigation in the future.     
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       Viral infections are common following solid organ and 
hematopoietic stem cell transplantation, as detailed in other 
chapters. While cytomegalovirus (CMV) remains the most 
prominent virus in transplantation, and the clinical manifes-
tations and complications of infection with other herpesvi-
ruses (e.g., herpes simplex virus, Epstein–Barr virus, and 
human herpesviruses 6 and 8) are well described, improve-
ments in diagnostic techniques have led to the recognition of 
a number of additional viruses with potential pathogenicity 
in the immunocompromised host. Outbreaks of emerging 
viruses, the resurgence of vaccine-preventable viral infec-
tions, and the identifi cation of viruses which cause self- 
limited infection in immunocompetent children but 
signifi cant disease in transplant recipients have highlighted 
the breadth of pathogens in this patient population. Some of 
these emerging and unusual viral pathogens are discussed in 
alphabetical order below. 

49.1     Astrovirus 

  Astrovirus   is a common cause of viral gastroenteritis 
throughout the world and has been a cause of outbreaks of 
diarrheal disease in schools, hospitals, nursing homes, and 
military bases [ 1 – 3 ]. Several recent reports have highlighted 
the impact of this RNA virus on immunocompromised hosts. 
In addition to its role in gastroenteritis in these patients, one 
astrovirus subgroup (VA1/HMO-C) has been reported to 
cause encephalitis in allogeneic hematopoietic stem cell 
transplant (HSCT) recipients and children with X-linked 
agammaglobulinemia [ 4 ,  5 ]. Molecular techniques including 
reverse-transcription polymerase chain reaction (RT-PCR), 
RNA sequencing, and next-generation sequencing have 
demonstrated the presence of this subgroup in the cerebro-
spinal fl uid (CSF) and brain tissue of infected patients. 
Immunohistochemical staining on biopsy tissue has con-
fi rmed the presence of invasive infection. There are no 
known antiviral treatments available, and central nervous 

system (CNS) infection has been fatal in the cases reported 
to date. Additional study is needed to determine the preva-
lence of astrovirus infection in transplanted patients.  

49.2     Bocavirus 

  Bocavirus   is a human parvovirus that causes upper and lower 
respiratory tract infection, gastroenteritis, and encephalitis in 
children [ 6 ,  7 ]. Infection is most common in the late fall and 
winter, and most commonly presents with rhinorrhea, fever, 
cough, wheezing, or diarrhea. Thirty percent of children 
develop hypoxia, and a variety of radiographic fi ndings have 
been reported, including peribronchial cuffi ng, lobar infi l-
trates, and pleural effusions. Nosocomial infection has 
occurred [ 8 ]. Bocavirus infection has been reported in the fi rst 
few weeks following hematopoietic stem cell transplantation, 
presenting with fever, rhinorrhea, cough, diarrhea, and hypoxia 
[ 9 ]. Virus has been detected in high quantities in plasma, naso-
pharyngeal aspirates, and stool. Fecal shedding occurs for sev-
eral weeks to months after clinical resolution of infection [ 10 ]. 
Severe and prolonged diarrhea has been described in liver 
transplant and hematopoietic stem cell recipients [ 11 ]. It has 
been suggested that bocavirus, like respiratory syncytial virus 
(RSV) and parainfl uenza, may play a role in the development 
of bronchiolitis obliterans, a manifestation of chronic rejection 
in lung transplantation [ 12 – 14 ]. To date, there are no data on 
antiviral effi cacy against bocavirus.  

49.3     Chikungunya Virus 

  Chikungunya virus  , a mosquito-borne alphavirus transmitted 
by  Aedes aegypti  and  Aedes albopictus , is a tropical infection 
which has caused epidemic disease in India, Thailand, 
Malaysia, Madagascar, and Reunion Island [ 15 ,  16 ]. It is 
endemic in eastern, central, and southern Africa. In 2013, 
chikungunya was reported in St. Martin, with epidemic 
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spread throughout the Caribbean, Central America, South 
America, and Florida, where infection spread locally via  A. 
aegypti  [ 17 ]. 

 After an incubation period of 2–4 days, infection presents 
with high fever, headache, myalgias, and arthralgias, and can 
resemble dengue. Arthralgias are typically symmetric and 
involve large joints, particularly in the legs and arms. Frank 
arthritis may also occur in the interphalangeal joints, wrists, 
and ankles. Half of patients also develop a rash, which can be 
maculopapular, petechial, or bullous and is most commonly 
located on the trunk, with occasional involvement of the face, 
extremities, palms, and soles. Ocular pain has also been 
reported. Rarely, meningoencephalitis, myocarditis, or hepa-
titis can occur. Symptoms resolve in 7–10 days, although 
arthralgias and joint stiffness may persist for weeks to months 
after fever resolves. Severe manifestations of infection with 
fatal outcomes have been reported in patients with underly-
ing diabetes, lung disease, or chronic neurologic conditions. 

 Laboratory fi ndings include lymphopenia, thrombocyto-
penia, elevated transaminases, and hypocalcemia. Diagnosis 
may be made serologically or by RT-PCR. IgM antibodies 
develop as fever resolves, typically 1 week after symptom 
onset. There is currently no known effective antiviral therapy 
for chikungunya. 

 During a widespread outbreak of infection on Reunion 
Island in the Indian Ocean, organ and tissue donors were 
screened for the presence of chikungunya infection [ 18 ]. 
Corneal donors were found to have serologic and PCR evi-
dence of infection in serum and corneal tissue. Transmission 
of infection with corneal transplantation is presumed to 
occur. There have been no reports of transmission of chikun-
gunya in solid organ or stem cell transplantation to date 
although with reports of infection in Asia, Europe, and North 
America in travelers from endemic areas, the risk of trans-
mission and the clinical course of infection in these patients 
require further study.  

49.4     Coronavirus 

  In February 2003  a   worldwide outbreak of severe respiratory 
infection occurred, infecting more than 8000 patients over 
several months in 29 countries, most severely affecting 
southern China, Hong Kong, and Canada, with well- 
described healthcare-associated outbreaks [ 19 – 26 ]. Eighty 
percent of those affected were previously healthy, with no 
comorbid conditions. The outbreak began in Guangdong 
Province, China, in November 2002 and with global travel 
spread rapidly to multiple continents. The infection of 
numerous health care workers and the rapidly fatal course of 
infection, even in healthy hosts, were remarkable. Named 
Severe Acute Respiratory Syndrome (SARS), this infection 
was quickly determined to be due to a new strain of corona-
virus, a group of viruses known to cause human disease since 
the 1960s [ 27 ]. 

 Patients initially noted high fever, myalgias, headache, 
and cough, and subsequently became dyspneic [ 19 ,  20 ,  25 , 
 28 ]. A productive cough was seen in nearly one third of 
patients, while rash and lymphadenopathy were absent. 
Lymphopenia, thrombocytopenia, mild elevation of trans-
aminases, prolonged prothrombin time with elevated 
D-dimers, elevated lactate dehydrogenase (LDH) and cre-
atine kinase (CK), and hyponatremia were common lab fi nd-
ings [ 25 ]. Chest radiographs revealed focal airspace 
consolidation or ground glass opacities, initially without the 
interstitial infi ltrates most characteristic of viral pneumoni-
tis, with lower lung fi eld predominance [ 22 ,  25 ]. Pleural 
effusions and mediastinal lymphadenopathy were generally 
absent. Histopathologic fi ndings in lung biopsies and at 
autopsy included diffuse alveolar damage consistent with 
adult respiratory distress syndrome (ARDS), with signifi cant 
alveolar edema, minimal infl ammation, and no viral 
inclusions. 

 Treatment included corticosteroids and intravenous or oral 
ribavirin. Although published data are not yet available in 
humans, animal models suggest that monoclonal antibody to 
SARS coronavirus (SARS-CoV) is effective in decreasing 
viral replication and improving outcomes [ 26 ]. The overall 
case fatality rate during the SARS epidemic was nearly 10% 
[ 19 ]. A novel coronavirus was rapidly isolated and identifi ed 
as the cause of SARS and sequenced, allowing for RT-PCR 
and serologic testing to be developed [ 29 ,  30 ]. 

 During the SARS outbreak in Toronto, a liver transplant 
recipient was fatally infected while visiting a medical center 
for an outpatient clinic visit nearly 10 years posttransplant 
[ 31 ]. Disseminated infection was described in a lung 
 transplant recipient in whom virus was detected in lungs, 
bowel, lymph nodes, liver, kidney, skeletal muscle, and 
brain at autopsy [ 32 ,  33 ]. Tissue viral loads were signifi -
cantly higher in transplant recipients than in their immuno-
competent counterparts [ 34 ]. The last of the nearly 8000 
reported cases of SARS-CoV was reported in May 2004, 
after which no additional cases have been reported, for 
unclear reasons. 

 In September 2012, initial reports of infection with another 
novel human coronavirus began in Saudi Arabia, with rapid 
spread to neighboring Egypt, Iran, Jordan, Kuwait, Lebanon, 
Qatar, Oman, Yemen, and the United Arab Emirates, then to 
other continents with airline travel [ 35 ].  Middle East 
Respiratory Syndrome Coronavirus (MERS CoV)   has been 
reported to cause severe respiratory tract infection in adult 
patients, with a mortality rate as high as 60%, most com-
monly in those with diabetes mellitus and end stage renal 
disease [ 36 ]. After a median incubation period of 5 days 
(range, 2–14 days), patients often present with fever, cough, 
dyspnea, and diarrhea after close contact with an infected 
case and/or travel from an area where infection is active. 
Coryza, headache, nausea, vomiting, and abdominal pain 
have also been reported [ 37 ]. Laboratory fi ndings include 
thrombocytopenia, leukopenia, lymphopenia, and elevated 

S.A. Fischer



913

transaminases and LDH. Coinfection with other respiratory 
viruses has been reported [ 38 ]. As with SARS-CoV, health 
care workers are at risk for infection [ 39 ,  40 ]. Dromedary 
camels have been reported to harbor infection in the Arabian 
Peninsula, although the mode of transmission of infection 
has not yet been elucidated [ 41 ]. 

 Several cases of MERS CoV infection have been reported 
in hematopoietic stem cell and solid organ transplant recipi-
ents, who have developed bilateral pulmonary infi ltrates 
with respiratory failure, acute renal failure, leukopenia, 
thrombocytopenia, and elevated transaminases, at times 
without fever [ 36 ,  42 ]. 

 While diffi cult to grow in cell culture,    MERS CoV may be 
diagnosed by RT-PCR on respiratory secretions. Virus has 
been detected with these techniques in urine and stool as 
well. To increase the yield of testing, it is recommended that 
multiple specimens from different sites (e.g., nasopharyn-
geal swab, sputum, BAL fl uid, serum, and stool) be tested 
using RT-PCR, which is available from the CDC and local 
health departments in the USA [ 37 ]. Due to the risk of trans-
mission of infection to health care workers, contact and air-
borne precautions are recommended in caring for the 
suspected MERS-CoV infected patient [ 39 ,  40 ]. 

 While there have been no randomized, controlled clinical 
trials of antivirals against MERS-CoV, ribavirin and myco-
phenolate mofetil (an immunosuppressive agent used 
 commonly in transplantation) have in vitro activity against 
the virus [ 43 ]. Ribavirin (in combination with interferon 
α-2b) has demonstrated promise in decreasing lung injury 
and viral replication in rhesus macaques infected with 
MERS-CoV [ 44 ]. A retrospective cohort study describ-
ing the use of ribavirin and interferon α-2a in twenty 
patients with severe infection demonstrated an early 
 survival benefi t [ 45 ]. 

 Whereas coronaviruses made world headlines with the 
SARS epidemic in 2002–2004 and the MERS-CoV emer-
gence in 2012, coronaviruses OC43 (group 1) and 229E 
(group 2) have been known for decades to cause upper respi-
ratory tract infections during the fall and winter months. 
Coronavirus NL63 (group 1) has been reported to cause 
upper and lower respiratory tract infections in immunocom-
petent hosts in the Netherlands, and coronavirus HKU1 
(group 2) has been reported to cause pneumonia in Hong 
Kong and France [ 21 ]. Non-SARS coronaviruses have 
recently been associated with severe lower respiratory tract 
infections in hospitalized patients, including lung and liver 
transplant recipients [ 46 ]. Coronavirus 229E has been iso-
lated from hematopoietic stem cell transplantation recipients 
with fever and cough associated with interstitial and alveolar 
pulmonary infi ltrates [ 46 ]. Pancytopenia may be present. 
Radiographic infi ltrates are most commonly interstitial, 
although 28% are alveolar. Pleural effusions may be present, 
and pneumothorax has been noted in a minority of patients. 
Diagnosis may be made by culture in human hepatoma 
HUH7 cell line, or by RT-PCR  [ 46 ,  47 ].  

49.5     Hepatitis E 

 Hepatitis E is endemic in developing countries and has been 
reported to cause epidemic disease in Asia, Africa, and Latin 
America via fecal–oral transmission [ 48 ]. Travel-related 
infection has been reported in those returning from endemic 
areas with poor sanitation. Recent reports have highlighted 
the important role of this infection in transplant recipients. 

  Hepatitis E virus (HEV)   is an RNA virus with four major 
genotypes with presumed reservoirs in pigs, wild boars, deer, 
and mollusks [ 49 ,  50 ]. Seroprevalence surveys indicate that 
infection in blood donors, even in France and the USA, is 
signifi cant; in some areas, hepatitis E is more prevalent than 
hepatitis A [ 51 ,  52 ]. Epidemics of infection have been 
described from ingestion of contaminated water, mollusks, 
and undercooked deer, boar, or pig meat [ 53 – 55 ]. Blood 
transfusion-transmitted infection has also been described 
[ 56 – 59 ]. After an incubation period of two to nine weeks, 
patients develop jaundice, abdominal pain, anorexia, and 
nausea. Fever and chills may occur as well, although rash is 
unusual. Diagnosis can be made by RT-PCR detection of 
HEV RNA, which is present between 2 and 6 weeks after 
infection, as symptoms occur [ 60 ]. IgM antibodies develop 
as symptoms resolve, approximately 4 weeks after infection. 
Elevated transaminases occur, peaking approximately 6 
weeks after infection. While viremia resolves within 6 weeks 
of infection, virus remains detectable in stool for several 
weeks after viremia resolves and IgG appears. Serum IgG 
antibodies persist for years after acute infection. 

 Approximately 10% of patients with acute HEV infection 
develop fulminant hepatitis with acute hepatic failure; the 
presence of pregnancy or underlying chronic liver disease 
(e.g., chronic hepatitis C infection or cirrhosis) increases the 
risk for severe infection [ 61 ,  62 ]. Histopathologic fi ndings 
on liver biopsy include lymphocytic infi ltration of portal 
 triads. Chronic hepatitis appears to be rare in immunocom-
petent hosts. 

 Disease in organ transplant recipients has been character-
ized by a high incidence of chronic infection (in up to 60% 
of acutely infected patients) with progressive fi brosis and 
eventual cirrhosis [ 63 – 66 ]. Reactivation of infection has 
been described in liver and allogeneic HSCT recipients, in 
whom nearly half of infections became chronic [ 67 – 69 ]. 
Liver transplant recipients appear to be at increased risk for 
chronic infection resulting from reactivation of HEV after 
transplantation, as well as acute graft hepatitis from reactiva-
tion or primary infection [ 70 ]. Extrahepatic manifestations 
of infection in transplant recipients have included glomeru-
lonephritis and neurologic involvement [ 69 ,  71 ]. 

 There are no FDA-approved therapies for HEV infection, 
although decreasing immunosuppression appears to have 
helped control viremia in some chronically infected trans-
plant recipients. In small studies, interferon alpha and ribavi-
rin have been reported to decrease viremia in these patient 
populations [ 72 ,  73 ].  
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49.6     Lymphocytic Choriomeningitis 
Virus 

  Lymphocytic choriomeningitis virus (LCMV)   gained notori-
ety as a pathogen in solid organ transplantation in 2005, 
when the fi rst two outbreaks of donor-transmitted infection 
were described [ 74 – 76 ]. Additional donor-transmitted out-
breaks have recently occurred in the USA and Australia [ 77 –
 80 ]. Four clusters of donor-derived infection have occurred 
in the USA to date. 

  LCMV   is a rodent-borne Old World arenavirus that causes 
asymptomatic or mild, self-limited illness in the immuno-
competent host. Rodents, especially common house mice, 
laboratory mice, and hamsters, often acquire infection con-
genitally, resulting in lifelong, asymptomatic excretion of 
virus in urine, saliva, and feces [ 81 – 84 ]. Human infection 
occurs via direct contact with infected rodents or aerosolized 
infected excreta (e.g., with cleaning soiled cage bedding). 
Symptoms described in immunocompetent humans include 
fever, headache, and myalgias, with CSF fi ndings consistent 
with aseptic meningitis (e.g., lymphocytic pleocytosis). In 
the normal host, infection is self-limited and carries a mor-
tality rate of less than 1% [ 85 ]. 

 In the transplant clusters, infection with LCMV has been 
fatal in more than 80% of cases [ 74 ,  78 ,  80 ]. Patients have 
presented within the fi rst month posttransplant with fever, 
diarrhea, abdominal pain, and dyspnea. Rash, headache, 
lethargy, hypotension, and the presence of pulmonary infi l-
trates are variable. Thrombocytopenia and anemia have been 
present, with variable peripheral leukocyte and lymphocyte 
counts. Acute hepatitis with elevated transaminases has been 
noted, as well as coagulopathy with prolonged protimes. 
Patients have developed rapidly progressive multisystem 
failure with encephalopathy prior to death. In one cluster, 
while the donor had no evidence of infection in multiple tis-
sues tested, a pet hamster present in the donor’s home for 
several weeks prior to donation was found to have LCMV in 
multiple tissues [ 74 ]. Virus isolated from the hamster was 
identical to that isolated from the infected transplant recipi-
ents. The survivor in that cluster, a kidney recipient, was 
treated with discontinuation of all immune suppression 
except corticosteroids and with intravenous ribavirin. Similar 
approaches have been used in more recent cases [ 80 ]. 

 With four donor-derived infection outbreaks in the USA 
alone, LCMV infection is likely more common than previ-
ously recognized in transplant recipients. Detailed workup of 
potential organ donors with aseptic meningitis or meningo-
encephalitis may prevent transmission in some cases. 
Whether LCMV infection occurs posttransplant in recipients 
with exposure to pet hamsters or house mice is unknown.  

49.7     Metapneumovirus 

 Human  metapneumovirus   is a single-stranded RNA para-
myxovirus of worldwide endemicity that causes respiratory 
tract infection in children, the elderly, and immunocompro-
mised adults, with outbreaks reported in long-term care 
facilities [ 86 – 90 ]. Infection occurs in the late winter and 
early spring (January through April), similar to the seasonal-
ity of respiratory syncytial virus (RSV). Upper and lower 
respiratory tract symptoms, including rhinorrhea, sore throat, 
cough, dyspnea, and fever, have been described. 

 Infection has been described following lung and heart–
lung transplantation, resulting in acute pneumonia with dif-
fuse alveolar damage and hyaline membrane formation [ 91 , 
 92 ]. Lung transplant recipients with metapneumovirus 
pneumonia have a 14% mortality rate and are at higher risk 
for acute and chronic rejection [ 92 ,  93 ]. In renal transplant 
recipients, pneumonitis due to metapneumovirus has been 
reported 3 years posttransplant [ 94 ]. In one study of HSCT 
recipients, human metapneumovirus was isolated via 
RT-PCR in 26% of symptomatic patients undergoing bron-
choscopy and carried a mortality rate of 80% [ 95 ]. Infection 
occurred within the fi rst few weeks following transplant, 
and was characterized by fever, nasal congestion, and 
cough, with rapid development of hypoxia, hypotension, 
and progressive pneumonia, with diffuse alveolar hemor-
rhage in three of fi ve patients [ 94 – 96 ]. Pleural effusions 
and nodular infi ltrates may be seen, which may help dif-
ferentiate infection from RSV. Coinfection with RSV, rhi-
novirus, and CMV has been described following lung 
transplantation [ 97 ]. 

 Ribavirin has been demonstrated to decrease human meta-
pneumovirus replication in the lungs in a mouse model [ 98 ], 
and intravenous ribavirin has been effective in the  treatment 
of several lung transplant recipients with metapneumovirus 
infection [ 99 ].  

49.8     Measles 

  Measles   outbreaks have occurred in multiple states in recent 
years, with an attack rate of greater than 90% among suscep-
tible patients, including unvaccinated children and adults 
[ 100 – 108 ]. Affected patients develop fever, cough, and 
coryza, associated with a characteristic rash. Infection may 
be complicated by pneumonia, encephalitis, or dissemina-
tion, with signifi cant mortality noted in solid organ and 
HSCT recipients [ 109 ]. Infection has been associated with 
waning immunity and is diagnosed serologically. There are 
no data on antivirals for treatment of measles.  
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49.9     Mumps 

  Mumps   has been increasingly reported in the USA, with 
more than 10,000 cases reported in a large multistate out-
break in 2005–2006 [ 110 – 116 ]. Patients present with acute 
onset of unilateral or bilateral parotitis; infection may be 
complicated by orchitis, oophoritis, pancreatitis, mastitis, 
meningitis, and encephalitis [ 117 ]. Infection may be diag-
nosed serologically or via PCR [ 118 ,  119 ]. No antivirals 
have been investigated in the treatment of mumps. Enhanced 
efforts at immunization against measles and mumps pre-
transplant as well as active surveillance posttransplant are 
warranted. 

 As a result of the re-emergence of these vaccine- 
preventable viruses, recent guidelines suggest vaccination 
with the measles, mumps, and rubella (MMR) vaccine 2 
years following hematopoietic stem cell transplantation in 
patients without evidence of graft-versus-host disease [ 120 , 
 121 ]. If at all possible, patients undergoing solid organ trans-
plantation who do not have evidence of protection against 
measles and mumps (e.g., positive IgG antibody to each) 
should be vaccinated prior to the initiation of immunosup-
pressive therapy.  

49.10     Norovirus 

  Noroviruses   are caliciviruses that cause over 20 million cases 
of gastroenteritis annually in the USA and over half of all 
epidemics of gastroenteritis worldwide [ 122 – 129 ]. Infection 
is acquired via consumption of contaminated foods (includ-
ing raw oysters, fruit, and vegetables) or via ingestion of or 
swimming in contaminated water, with spread via fomites 
and from person to person [ 130 – 145 ]. Infection is extremely 
contagious and often spreads rapidly as a result of prolonged 
fecal shedding in affected patients after resolution of symp-
toms. Outbreaks of infection have been described in multiple 
settings including military barracks, restaurants, hospitals, 
long-term care facilities, schools, and cruise ships [ 122 ]. 

 Infection may be asymptomatic or present with the sudden 
onset of nausea, vomiting, and diarrhea after an incubation 
period of less than 48 h. Some studies have suggested that 
vomiting is more common in children, with diarrheal symp-
toms predominating in infants and adults [ 138 ,  148 ]. 
Infection is most common in the winter months, with symp-
toms lasting 1–7 days [ 122 ,  142 ,  148 ]. Attack rates in some 
outbreaks have been 50–90%, with health care workers at 
substantial risk for infection [ 127 ,  130 ,  137 – 139 ,  144 – 147 ]. 

 Noroviruses cannot be cultured in vitro, but RT-PCR and 
enzyme immunoassay (EIA) assays are available for diagno-
sis in stool specimens [ 148 – 150 ]. 

 Norovirus infection in solid organ transplant recipients is 
common, and marked by risk for chronic and relapsing infec-
tion [ 150 ]. Infection presents with watery diarrhea, which 
can cause volume depletion and acute renal failure in renal 
transplant recipients [ 126 ,  142 ,  149 ,  151 ]. Patients may be 

symptomatic for months and may shed virus in stool for 
years. Hematopoietic stem cell transplant recipients have 
been reported to develop acute and chronic diarrheal disease 
from norovirus infection, which has been associated with the 
subsequent development of chronic GVHD [ 151 ,  152 ]. 
Receipt of cord blood, induction with fl udarabine, and 
receipt of alemtuzumab have been reported to be risk factors 
for norovirus infection in this setting. Nosocomial outbreaks 
of infection in HSCT units have resulted in infection of staff 
and patients, with sepsis from bacterial translocation compli-
cating several cases [ 152 ,  153 ]. 

 Treatment of norovirus infection in transplant recipients 
has not been investigated in randomized, controlled trials to 
date. Reduction of immunosuppression resulted in clearance 
of infection in one intestinal transplant recipient with norovi-
rus infection [ 154 ]. There are no available antiviral therapies 
to date. Noroviruses are highly resistant to disinfectants, 
propagating prolonged transmission in many environments.  

49.11     Parvovirus B19 

  Parvovirus B19   infection is common, with 60–90% of adults 
having serologic evidence of prior infection [ 155 ]. In chil-
dren, parvovirus infection causes erythema infectiosum, a 
febrile illness with a characteristic “slapped cheek” rash. 
Adults with acute parvovirus infection develop a fl u-like ill-
ness, sometimes with resultant arthropathy. A pathogen of 
erythroid progenitor cells, parvovirus B19 causes severe 
anemia in patients with underlying hemolytic disorders and 
hydrops fetalis in pregnancy. In recent years, neurologic 
involvement including meningoencephalitis has been 
described, which may be more common in immunocompro-
mised hosts [ 156 ,  157 ]. 

 In transplant recipients, anemia is the most common pre-
sentation of infection. Fever occurs in 25% of patients and 
arthralgia or rash occurs in less than 10% of those affected 
[ 158 ]. Pancytopenia may be present. Other manifestations 
described in the transplant population include hepatitis, 
myocarditis, pneumonitis, encephalitis, meningitis, periph-
eral neuritis, and collapsing glomerulopathy [ 155 ,  157 – 160 ]. 
Those with CNS infection may develop sequelae including 
seizures, cognitive defi cits, stroke, and muscle wasting [ 157 ]. 
Donor-transmitted infection has been described, presenting 
with allograft dysfunction, fever, arthralgia, and pancytope-
nia, often without a rash [ 161 – 164 ]. Chronic or recurrent 
anemia may be seen posttransplant, as well as pure red cell 
aplasia [ 165 ,  166 ]. Parvovirus B19 infection has also been 
associated with the subsequent development of thrombotic 
microangiopathy in kidney transplant recipients, including a 
cluster of cases in Iran; hemophagocytic lymphohistiocyto-
sis has also been described in this population [ 167 ,  168 ]. The 
signifi cance of the frequent fi nding of parvovirus DNA in 
renal allografts pre- and posttransplant is under investigation 
[ 169 ]. In other transplant populations, parvovirus may be 
associated with chronic cellular allograft rejection [ 170 ]. 
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 Diagnosis of parvovirus B19 infection may be made by 
serology, PCR, or bone marrow examination in immuno-
competent hosts. The yield of serologic testing (especially 
IgM) is limited in transplant recipients who may not mount 
an adequate antibody response to infection, so that RT-PCR 
on blood, bone marrow, or other involved tissues is necessary 
to detect infection in many cases [ 155 ]. 

 Infection may respond to intravenous immunoglobulin 
(IVIg), with relapses occurring in up to 25% of immunosup-
pressed hosts [ 155 ]. There are no published data on the use 
of antivirals in parvovirus infection.  

49.12     Polyoma Viruses (KI, WU, 
and Merkel Cell Carcinoma 
Polyomaviruses) 

 Human  polyoma viruses   such as BK virus and JC virus are 
well known pathogens in transplantation and are discussed 
elsewhere. In recent years three additional polyoma viruses 
have been described as potential pathogens in immunocom-
promised hosts. Like BK and JC, these viruses frequently 
cause asymptomatic primary infection in healthy patients 
and are capable of establishing latent infection which can be 
reactivated in the setting of immune suppression. KI and WU 
viruses (named for the institutions in which they were dis-
covered, Karolinska Institutet and Washington University) 
have been isolated in children with acute respiratory symp-
toms including wheezing as well as in the setting of pneumo-
nia [ 171 ,  172 ]. Respiratory infection has also been described 
in HIV-infected patients, in whom higher viral loads have 
been demonstrated in those with lower CD4 counts [ 173 ]. 

 KI and WU polyomaviruses have been isolated in naso-
pharyngeal, sputum, and bronchoalveolar lavage specimens 
in hematopoietic stem cell and solid organ transplant recipi-
ents [ 174 ,  175 ]. These viruses have also been detected in 
transbronchial biopsy specimens in lung transplant recipi-
ents, who in many cases were asymptomatic. Coinfection 
with other viral and bacterial pathogens has been reported. 
RT-PCR results should be interpreted with caution in trans-
plant recipients, in whom severe infection has not been 
described to date. There are no available data on the role of 
decreasing immunosuppressive therapy or the use of antivi-
ral agents in the development or treatment of infection with 
KI and WU polyomaviruses. 

 Merkel cell carcinoma is a neuroendocrine malignancy of 
the skin which is most common in immunocompromised 
hosts including transplant recipients [ 173 ,  176 ]. Over 80% of 
these tumors contain a polyoma virus named  Merkel Cell 
polyomavirus (MCPyV)  ; virus has also been found in respi-
ratory secretions in asymptomatic transplant recipients. 
Further study of each of these polyomaviruses is ongoing in 
the transplant population.  

49.13     Rotavirus 

  Rotavirus  , the most common cause of enteritis worldwide 
and a common pathogen in healthy children under the age of 
3, has become increasingly recognized as a pathogen in pedi-
atric and adult recipients of solid organ transplants [ 177 ]. 
Epidemics have occurred through fecal–oral transmission, 
primarily in the winter and spring. Affected patients present 
with watery diarrhea, nausea, vomiting, abdominal pain, 
and, in some cases, gastrointestinal bleeding from colonic 
ulcers. Infection may be diagnosed by antigen detection in 
stool specimens using ELISA, latex agglutination, or quanti-
tative PCR. Infection is generally self-limited with weaning 
immunosuppression during the acute phase of illness. There 
are no published data on antiviral activity against rotavirus; 
treatment remains symptomatic. 

 Rotavirus has been associated with a high risk of acute 
cell-mediated rejection in intestinal transplant recipients, 
which has been proposed to be related to poor absorption of 
immunosuppressive agents in the setting of vomiting and 
diarrhea, as well as immune reactivation of gastrointestinal 
tract-associated lymphocytes in the setting of infection 
[ 178 ]. In HSCT recipients, rotavirus infection may be dif-
fi cult to differentiate clinically and histopathologically 
from GVHD. 

 In 1998, a live, oral, tetravalent rhesus–human reassort-
ment rotavirus vaccine (RotaShield, Wyeth-Ayerst 
Laboratories, St. David, PA) was licensed and recommended 
for routine immunization of infants in the USA; it was volun-
tarily withdrawn from the market in 1999 due to its associa-
tion with intestinal intussusception noted in postmarketing 
surveillance [ 179 – 181 ]. Two additional Rotavirus vaccines 
have been studied (RotaTeq, Merck & Company, Whitehouse 
Station, NJ; Rotarix, GlaxoSmithKline Biologicals, 
Rixensart, Belgium). Both vaccines are oral and contain live 
virus, and are thus contraindicated in highly immunocom-
promised patients. Fecal virus shedding has been noted with 
both vaccines, with transmission of vaccine-associated virus 
to household members noted with Rotarix [ 181 ]. 

 Current vaccination guidelines in immunocompromised 
hosts recommend that HSCT and solid organ transplant 
recipients not receive this live virus vaccine. Household con-
tacts of patients with immune defi ciency may be vaccinated, 
but the transplant recipient should not change diapers for 4 
weeks after vaccination, the usual duration of viral shedding 
in stool [ 182 ].  

49.14     West Nile Virus 

  West Nile virus (WNV)   was initially isolated from a febrile 
patient in the West Nile Province in Uganda in the 1930s and 
has been enzootic in Africa, Asia, the Middle East, and parts of 
the Mediterranean and Europe, causing asymptomatic disease 
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or a self-limited febrile fl u-like illness [ 183 ]. This fl avivirus 
was fi rst detected in the northeastern USA in 1999 and has 
caused outbreaks of infection in the late summer and early 
fall throughout the USA since then [ 184 ,  185 ]. Birds are the 
primary reservoir of infection. Mosquitoes acquire lifelong 
infection after biting viremic birds, spreading infection from 
their salivary glands to other species, including humans, with 
a subsequent bite. In human infection, the incubation period 
is 2–14 days [ 186 ]. While approximately 80% of infections 
are asymptomatic, 20% of patients develop West Nile fever, 
characterized by fever, malaise, anorexia, nausea, myalgias, 
headache, and occasionally lymphadenopathy [ 187 ]. One in 
150 symptomatic patients develops meningitis and/or 
encephalitis [ 188 ]. Meningitis presents with photophobia, 
phonophobia, meningismus, and hyperrefl exia; CSF analysis 
reveals a lymphocytic pleocytosis (<500 leukocytes/mm 3 , 
glucose usually normal). Patients with encephalitis develop 
altered mental status, cranial nerve palsies, seizures, and 
movement disorders. A minority of patients develop rapid 
asymmetric weakness that may progress to fl accid paralysis 
mimicking poliomyelitis, associated with hyporefl exia or 
arefl exia [ 184 ,  189 ,  190 ]. Acute neuromuscular respiratory 
failure may develop, which carries a mortality rate of more 
than 50% [ 188 ]. Hemorrhagic fever characteristic of other 
fl aviviruses has also been described [ 191 ]. The presence of 
severe weakness and hyporefl exia in a patient with meningo-
encephalitis should raise the suspicion of WNV infection. 
MRI may demonstrate meningeal or periventricular enhance-
ment, sometimes mimicking ischemic changes [ 186 ]. 

  Transmission of WNV   via dialysis has been suggested 
[ 192 ], and transmission via blood transfusion and organ 
transplantation has been well documented [ 193 – 197 ]. In 
immunocompromised hosts, central nervous system involve-
ment is common, although CSF pleocytosis may be minimal 
[ 198 – 200 ]. Community-acquired infection has been reported 
following solid organ transplantation, occurring 2 months to 
10 years posttransplant [ 185 ,  199 – 202 ]. A study of WNV 
infection during an outbreak in Toronto noted that liver, kid-
ney, and heart transplant recipients had 40 times the risk of 
symptomatic infection as normal hosts [ 203 ]. In all cases, the 
recipients had participated in outdoor activities without the 
use of insect repellant or other personal protective measures. 
Fever often preceded neurologic symptoms. A delayed sero-
logic response was noted in the transplanted cohort in which 
infection carried a mortality rate of 25%, versus 9% in the 
general population. In a Colorado outbreak in 2003, 11 trans-
plant recipients (4 kidney, 2 liver, 2 kidney/pancreas, 1 lung, 
and 2 HSCT) developed infection requiring hospitalization 
[ 204 ]. Ten (91%) developed meningoencephalitis, one devel-
oped acute fl accid paralysis without encephalitis, and three 
patients had meningoencephalitis and paralysis. Two patients 
died (18% mortality), and three suffered signifi cant neuro-
logic sequelae. It appears that transplant recipients are more 
likely to develop meningoencephalitis in the setting of acute 

West Nile virus infection than immunocompetent hosts, per-
haps with a higher mortality rate. Prolonged infection can 
also occur [ 205 ]. 

 Several cases of  WNV   infection have been reported in 
HSCT recipients [ 206 ,  207 ]. Infection occurred 3–5 months 
posttransplant in the most well-described cases, after 
engraftment but while on calcineurin inhibitor-based pro-
phylaxis or treatment of chronic graft-versus-host disease. 
Fever, lethargy, progressive bilateral extremity weakness, 
and hyporefl exia or arefl exia were present. CSF contained 
0–6 white blood cells/μL; IgG and IgM were negative in 
CSF and blood in most cases. Diagnosis of WNV infection 
was made by PCR performed on serum and CSF. All of the 
described patients died. 

  Diagnosis   of WNV infection in immunocompetent hosts 
may be made serologically or via RT-PCR. An IgM antibody 
capture assay is available and becomes positive in CSF 3–5 
days after onset of symptoms in nonimmunosuppressed 
hosts [ 202 ,  207 ], before serum antibody develops; CSF IgG 
appears approximately 5 days later. Antibody presence may 
be confi rmed with viral neutralization studies. IgM antibod-
ies may persist in serum for up to 12 months after infection 
resolution, and IgG may persist for years. As in the hemato-
poietic stem cell recipients noted above,  immunocompromised 
patients demonstrate delayed seroconversion, making diag-
nosis of acute infection diffi cult at times. Nucleic acid test-
ing in plasma and/or CSF is the most useful diagnostic test in 
this setting [ 208 ]. 

 There are no antiviral agents that have proven effi cacy in 
 the   treatment of WNV infection. Ribavirin possesses in vitro 
activity but demonstrates poor clinical effi cacy [ 186 ,  209 ]. 
IVIg with high titers of anti-WNV antibodies (e.g., from 
Israel, where infection is endemic) has demonstrated signifi -
cant clinical benefi ts in animal models, although antibody 
titers are low in immune globulin derived from the US 
donors, which have proven ineffective in treating acute infec-
tion [ 184 ,  210 ,  211 ]. A report of successful treatment of 
donor-transmitted WNV infection in a liver transplant recipi-
ent by reducing immunosuppression and administering 
plasma from seropositive blood donors has been published 
[ 212 ]. Overall case fatality rates of infection with WNV are 
4–20% [ 189 ,  192 ], with signifi cantly higher rates in trans-
plant recipients. 

 Unlike the case in other neuroinvasive viral infections, the 
severity of initial clinical presentation does not predict  the 
  prognosis of WNV infection [ 187 ,  190 ,  213 ]. Survivors fre-
quently suffer from prolonged fatigue, myalgias, cognitive 
defi cits, memory loss, and tremors. Parkinsonism, excessive 
somnolence, and postural instability are reported. Phase I tri-
als of a vaccine have been promising [ 214 ]. Transplant recip-
ients should be educated about the transmission of West Nile 
virus and urged to remove any stagnant water collections and 
to use insect repellant when outdoors at dusk during the later 
summer and fall in order to prevent infection.  
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49.15     Conclusion 

 Viruses remain the most signifi cant and elusive pathogens 
infecting patients following solid organ and hematopoietic 
stem cell transplantation. The days of “it’s just a virus” are 
clearly behind us, as immunosuppression has changed, post-
transplant longevity is increasing, and molecular diagnostic 
methods have dramatically improved [ 215 ]. Serology may 
be of limited value in immunocompromised hosts in the 
diagnosis of acute infection as well as in detecting reactiva-
tion of latent infections. Multiplex, quantitative real-time 
PCR assays are now available to detect multiple viruses, 
including panels of PCRs for detection of respiratory viruses 
and CNS pathogens [ 216 ,  217 ]. These sensitive techniques 
are being evaluated carefully in transplant populations for 
their specifi city and for their potential utility as markers of 
early infection with surveillance monitoring. The impact of 
community-acquired respiratory viral infections on the 
development of acute rejection and bronchiolitis obliterans 
in lung transplantation appears to be signifi cant and warrants 
further study [ 218 ,  219 ]. Continued vigilance in detecting 
emerging viral infections and continued study of potential 
antiviral therapies in the transplant population will likely 
improve patient survival.     
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50.1           Introduction 

 As their overall health improves after transplant, transplant 
recipients may wish to experience foreign travel (including 
visiting friends and relatives). Such travel may entail expo-
sures to endemic and sometimes unexpected pathogens. 
Transplant recipients are more likely to have complications 
from travel-related infections, are less likely to develop pro-
tection from vaccines, and are at higher risk for having drug 
interactions when they take new medications [ 1 ]. In addition, 
active infections and vaccines are immunomodulatory and 
could potentially impact immunologic tolerance. This review 
will summarize the medical literature regarding travel medi-
cine and travel-related vaccines in the adult transplant recipi-
ent population. “Transplant tourism” (involving travel of 
either the organ donor or recipient strictly for purposes of 
organ transplantation) will also be covered here. 

 A  travel medicine   specialist familiar with their immuno-
compromised state and medications should see transplant 
recipients who wish to travel. Optimal care of this vulnerable 
population should include up-to-date, comprehensive advice 
and education on travel medicine, and various methods of 
protection. Travel health specialists for complex patients 
should confer with the traveler’s other physicians (i.e., trans-
plant physicians) as needed to develop an appropriate plan. 
Three surveys of transplant centers found insuffi cient rates of 
pre-travel counseling and intervention, and signifi cant rates 
of illness in transplant recipients during foreign travel. In a 
survey of 267 solid organ transplant (SOT) recipients at the 
University of Toronto, 95 (36%) indicated that they had trav-
eled outside Canada and the USA; 66% of travelers sought 
pre-travel advice, primarily from their transplant physician. 
In general, many of the recommended preventative measures 
were overlooked: 63% traveled to areas where hepatitis A is 
endemic, but only 5% had received hepatitis A immuniza-
tion; 50% traveled to dengue- and malaria- endemic areas, 
but only 25% adhered to mosquito prevention measures; and 
10% reported behaviors that exposed them to blood or body 

fl uids [ 2 ]. A review at the Mayo Clinic, Rochester, Minnesota 
found that of 1130 solid organ transplant recipients, 303 
(27%) reported travel outside of the USA or Canada after 
their transplant; 49 solid organ transplant recipients (16%) 
traveled to destinations at higher risk for infectious diseases. 
Travelers to these destinations were more likely to be male 
(73% vs. 54% of low-infection risk travelers,  P  = 0.018) or 
born outside the USA or Canada (29% vs. 6%  P  < 0.0001) 
[ 3 ]. Liver recipients were more likely to travel than other 
organ recipients. 96% of travelers reported that they did not 
seek specifi c pre-travel healthcare before their trip. 24 travel-
ers (8%) required medical attention because of illness; illness 
was more likely among travelers to high-infection risk (18%) 
than low-risk (6%) destinations,  P  = 0.004. Another cross-
sectional, descriptive study of 290 Dutch kidney transplant 
recipients evaluated their travel health knowledge, attitudes, 
and practices while staying abroad. 34% had traveled outside 
Western Europe and Northern America; 22% of these travel-
ers did not seek pre-travel health advice and 29% were ill 
during their most recent journey [ 4 ].  Transplant physicians   
were most frequently consulted for pre-travel advice (53%). 
Four of seventeen ill recipients (24%) were hospitalized, 
refl ecting the high morbidity of travel-related disease in 
transplant recipients. 

 Optimizing the timing of travel may limit complications. 
Transplant recipients more than 2 years post-HSCT and who 
are not on immunosuppressive drugs and without graft- 
versus- host disease, or solid organ transplant recipients more 
than 1 year after transplant without heavy doses of immuno-
suppression or recent treatment for rejection are less immuno-
compromised and could be better able to face the risks 
associated with travel [ 5 ]. The spectrum and details of immu-
nocompromise seen in transplant recipients are expansive [ 5 , 
 6 ]. Those who also have AIDS with low CD4 counts, active 
leukemia or lymphoma, generalized malignancy, aplastic ane-
mia, graft-versus-host disease, congenital immunodefi ciency, 
or those who have received recent radiation therapy, treatment 
for rejection after SOT, or signifi cantly immunosuppressive 
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medications. Patients with chronic hepatic disease, chronic 
renal disease, diabetes, asplenia, and nutritional defi ciencies 
are generally considered moderately immunocompromised, 
depending on the details of their disease. 

 In general, many of the recommendations for  vaccination   
are the same in immunocompromised and non- 
immunocompromised hosts, with a few exceptions [ 1 ,  7 ]. 
When possible, vaccination for travel after transplant should 
be started several months before the trip, to allow time for 
further serologic evaluation and/or possible additional boost-
ers. Emergency travel may present a potentially high-risk 
situation in which passive immunization could be used, such 
as administration of intramuscular immunoglobulin (i.e., 
gamma globulin) to protect against hepatitis A virus and 
other infections. To optimize the immunologic response, 
immunocompromised hosts should be vaccinated during 
periods of no or low exogenous immunosuppression when 
possible, i.e., before solid organ transplant, or well after 
HSCT. Vaccination may be avoided in the initial 3–6 months 
after SOT or hematopoietic stem cell transplant (HSCT), 
since this is usually their period of highest immunosuppres-
sion [ 8 – 10 ] when vaccines are less likely to trigger a robust 
immune response, and also to avoid confusion with early 
graft dysfunction or rejection. Whether vaccinations could 
contribute to acute rejection or graft-versus-host disease has 
been an area of debate, although this seems unlikely based 
on the available data. 

 Measurement of antibody titers following immunization 
may sometimes be useful. In general, a fourfold increase in 
titer is often considered evidence of seroconversion, and 
titers above a certain levels are considered evidence of sero-
protection; both of these concepts were derived from data in 
normal hosts. Transplant recipients are less likely to have a 
signifi cant immunologic response, although partial protec-
tion may be useful. Immune responses to vaccination also 
wane more rapidly. Booster doses of vaccine are occasion-
ally administered to those with lower or undetectable anti-
body titers, but such practices have not been subjected to 
rigorous trials nor evaluated for protective effi cacy.  

50.2     Routine Vaccines 

 Adults often miss standard vaccines [ 11 ] and transplant 
recipients are no exception [ 12 ]. Some physicians, perhaps 
concerned about causing harm, may elect to skip vaccination 
of this vulnerable population. Annual recommendations for 
routine adult vaccinations, including immunizations for 
immunocompromised individuals, are available through the 
Advisory Committee on Immunization Practices and the 
Centers for Disease Control and Prevention website; other 
recent publications also have helpful travel-related guide-
lines for immunocompromised hosts [ 1 ,  6 ,  13 – 19 ]. Table   50-1   
includes information on both routine and travel-related  vac-
cinations   in immunocompromised hosts.

   HSCT recipients lose immunologic memory of previous 
exposure to infectious agents and vaccines, and therefore 
need to be revaccinated. There are numerous collaborative 
guidelines for revaccination after HSCT [ 20 – 22 ]. Standard 
recommendations for revaccination after HSCT include 
diphtheria and tetanus toxoids, pertussis vaccine, 
 Haemophilus infl uenza  type B conjugate, 23-valent polysac-
charide and 13-valent conjugate pneumococcal vaccine, 
inactivated infl uenza and polio vaccines, and live attenuated 
measles–mumps–rubella vaccine, as well as others [ 23 ]. 
Re-immunization protocols may vary among transplant cen-
ters but should be considered in all recipients. 

  Tetanus      is   rare in the industrialized world, where vaccina-
tion rates are quite good; it has a much higher prevalence in 
resource-poor regions, although is still rare among travelers. 
Tetanus boosters are routinely recommended for SOT and 
HSCT recipients and should be up-to-date before traveling. 
 Diphtheria      is common in resource-poor   regions with 5–10% 
mortality among normal hosts despite therapy. A diphtheria 
antibody level of >0.1 IU/mL suggests adequate protection. 
Patients with a lower titer and those vaccinated more than 10 
years prior to travel should be revaccinated before entering 
an area in which diphtheria is endemic or resurgent. For 
immunocompromised travelers entering high-risk areas, 
diphtheria antibody levels may be measured a month or more 
after vaccination. Acellular pertussis vaccine is included in 
the combination vaccine with tetanus and diphtheria called 
Tdap. This has not been studied in immunocompromised 
hosts thus far, but could be considered for use in the appro-
priate setting [ 7 ]. 

 Vaccination against infl uenza should occur annually in 
most immunocompromised hosts [ 7 ,  24 ]. Vaccination may 
be delayed in those who underwent transplantation, treat-
ment of rejection, or other profound immunosuppression in 
the past few months, balancing the risks of infection with the 
likelihood of developing an immune response. Given the 
year-round infl uenza activity in the tropics, it may be prudent 
to vaccinate all immunocompromised travelers to those areas 
if they were not vaccinated within the past year. Infl uenza 
immunity wanes and it is not known whether such travelers 
should be given booster vaccines prior to travel.  Pneumococcal   
vaccine should be given to immunocompromised hosts [ 24 ], 
and it may be sensible to vaccinate before travel. Data sug-
gests that immunity to pneumococcal vaccine wanes more 
rapidly in renal transplant recipients, and conjugate vaccine 
does not improve the durability of response when compared 
with the polysaccharide vaccine [ 25 ]. Current guidelines rec-
ommend the use of conjugate pneumococcal vaccine fol-
lowed by the polysaccharide vaccine [ 24 ,  26 ]. 

  Measles   is a global illness, with approximately 30 million 
cases annually, resulting in approximately 750,000 deaths. 
 Measles vaccination   in the USA is usually performed with a 
trivalent live viral vaccine (measles–mumps–rubella [MMR] 
vaccine). Live vaccines are generally contraindicated in 
immunocompromised individuals [ 5 ,  7 ,  15 ,  24 ,  27 ,  28 ]. 
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Although some pediatric data suggests vaccination may be 
immunogenic and without complications [ 29 ,  30 ]. Prior to 
travel to endemic areas, documentation of serologic evidence 
of immunity against measles, mumps, rubella, and varicella 
should be considered in transplant recipients. Immune glob-
ulin should be considered for measles-susceptible, immuno-
suppressed travelers who travel to measles-endemic countries 
and are at risk for exposure [ 31 ]. In general, MMR could be 
given to patients at least 24 months after HSCT and not on 
immunosuppressive medications [ 7 ,  21 ,  22 ]. 

 Immunization against  hepatitis B   before travel may be 
indicated for certain immunocompromised hosts, including 
those living in endemic areas for extended periods, those 
with new sexual partners while traveling, or who are likely 
to need transfusions or medical procedures. Compared 
to the immune response following immunization pre- 
transplantation [ 15 ,  27 ], the effi cacy of standard hepatitis B 
vaccination is reduced after transplantation (with response 
rates of 5–15%) [ 32 ]. In comparison, 20 liver transplant 
patients given extra doses of hepatitis B vaccine with one of 
two new adjuvants demonstrated a serologic response rate of 
80% [ 33 ]. A group of 24 renal transplant patients who did not 
respond to intramuscular vaccine had an overall response 
rate of 63% to a series of eight intradermal vaccinations fol-
lowed by an intramuscular vaccination [ 34 ]. For immuno-

compromised adults, some authorities recommend 
immunization with a vaccine containing 40 mcg of hepatitis 
B surface antigen (i.e., two 1 mL Engerix-B ®  vaccines, each 
containing 20 mcg, or a special formulation of 
Recombivax-HB ® ) given at one site, in a three- or four-dose 
schedule [ 35 ], although this regimen has been predominantly 
evaluated in dialysis patients. In a cohort of 292 recipients of 
unrelated or related allogeneic hematopoietic cell transplants 
given recombinant hepatitis B vaccine, 64% of patients sero-
converted; in multivariate analyses, response was adversely 
affected by age older than 18 years and history of prior 
chronic graft-versus-host disease but not by donor type or by 
use of T-cell depletion, adoptive immunotherapy, or ritux-
imab [ 36 ]. Interestingly, 89% of the non-responders mounted 
a threefold or greater rise in polio titers following 3 doses of 
inactivated poliovirus, thus the response to vaccination can 
be variable. 

  Varicella      is less common in childhood in the tropics, espe-
cially in rural areas, and thus it is more common for an adult 
to have chickenpox than in the higher latitudes. Varicella 
(Varivax  ®  ) and varicella zoster (Zostavax  ®  ) vaccines are 
lower and higher doses, respectively, of the attenuated live 
Oka strain of varicella and in general their use should be 
deferred in transplant recipients until there is more data 
regarding their safety [ 24 ]. When possible, patients who are 

   TABLE 50-1.    Vaccination  in   transplant recipients   

 Vaccine  Recommendation 

  Routine vaccines  

 Infl uenza-parenteral  Yearly 

 Infl uenza-intranasal a   Contraindicated in patients/family members 

 Pneumococcal polysaccharide & conjugate  Recommended, with boosters 

 Tetanus/diphtheria/pertussis  Recommended 

 Human papilloma virus  Recommended 

 MMR a   Contraindicated 

 Varicella a   Contraindicated 

 Varicella zoster a   Contraindicated 

  Vaccines for selected transplant recipient travelers when indicated by destination and/or circumstances  

 Bacille Calmette-Guerin a   Contraindicated 

 Hepatitis A  Recommended when indicated 

 Hepatitis B  Recommended when indicated 

 Japanese encephalitis  Recommended when indicated 

 Meningococcal polysaccharide  Recommended when indicated 

 Meningococcal conjugate  Recommended when indicated 

 Polio (OPV) a  (oral)  Contraindicated in patients/family members 

 Polio (IPV) (injectable)  Recommended when indicated 

 Rabies  Recommended when indicated 

  Salmonella typhi  Ty21a a  (oral)  Contraindicated 

 Typhim Vi (injectable)  Recommended when indicated 

 Yellow fever a   Contraindicated 

  Adapted from “Advising Travelers with Specifi c Needs: The Immunocompromised Traveler” in Centers for 
Disease Control’s “Health Information for International Travel” [ 5 ], the “Advisory committee on immuniza-
tion practices recommended immunization schedule for adults aged 19 years or older--United States, 2015” 
[ 24 ], “Travel medicine and transplant tourism in solid organ transplantation” [ 1 ], and the “2013 IDSA 
Clinical Practice Guideline for Vaccination of the Immunocompromised Host” [ 7 ]. 
  a  Live, attenuated.   
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seronegative for varicella should be vaccinated with two 
separate doses of varicella vaccine at least 1–3 months before 
undergoing exogenous immunosuppression, i.e., pre-solid 
organ transplant. There are several small studies in carefully 
selected pediatric SOT recipients given varicella vaccine, but 
similar data has not yet been shown in adult SOT recipients. 
One pilot study of 9 autologous HSCT recipients who were 
seropositive for varicella and who were vaccinated 3–4 
months after HSCT with the Oka strain demonstrated a boost 
in varicella-specifi c cellular immunity as measured by lym-
phocyte proliferation, without signifi cant systemic side 
effects [ 37 ]. One of the nine subjects developed varicella 
zoster at 3 months after vaccination. Heat-killed varicella 
vaccine was shown to be effective in HSCT recipients when 
given before and during the fi rst 90 days after transplant but 
is not available outside of research settings [ 38 ].  

50.3     Travel-Associated Infections 
and Recommended 
Immunizations 

50.3.1     Hepatitis A 

 The risk of    hepatitis A      in non-immune travelers in resource- 
poor regions has been estimated to be 1 in 1000 per week for 
those on a usual tourist route, and 1 in 200 for those on more 
adventuresome travel [ 39 ]; a recent Swiss study showed 
much lower rates, with an actual incidence of hepatitis A in 
travelers to countries of high or intermediate risk of trans-
mission of 3–11 per 100,000 person-months abroad for all 
travelers [ 40 ]. Hepatitis A could be a devastating illness in 
immunocompromised hosts. Pooled immunoglobulins, given 
as intramuscular gamma globulin, are 85–90% effective at 
protecting against hepatitis A infection, although this effect 
only lasts for 3–6 months (dependent on dose given). Some 
transplant recipients with hypogammaglobulinemia are 
given routine immunoglobulin repletion with intravenous 
immunoglobulin (IVIG); this dose is much higher (0.66 mL/
kg, delivering at least ~100 mg/kg immunoglobulin) than the 
dose used for gamma globulin (0.02 mL/kg, the dose recom-
mended for 3 months protection against Hep A, which deliv-
ers ~3 mg/kg immunoglobulin) and such patients would not 
need additional antibody protection. The preparations are 
similar, although IVIG has had immune aggregates removed 
such that it can be given safely intravascularly. 

 Hepatitis A vaccine is less effective in solid organ trans-
plant recipients. In a study of 37 hepatitis A seronegative 
liver transplant recipients who were given hepatitis A vac-
cine 6 months apart, only 8% had seroconverted at 1 month 
following vaccination, and only 26% at 7 months (1 month 
after the second vaccination) [ 41 ]. In another study, zero of 
eight liver transplant recipients responded to the two doses of 
vaccine given 2 months apart [ 42 ]. In a third trial, liver and 

renal transplant recipients (39 in each group) received 2 
doses of hepatitis A vaccine 6 months apart [ 43 ]; response 
after the primary dose occurred in 41% of the liver transplant 
patients and 24% of the renal transplant patients, while after 
the second dose, the respective conversion rates were 97 and 
72%. A recent study of kidney transplant recipients showed 
a seroconversion rate of only 27% after two doses of vaccine 
[ 44 ]. Discrepancies between studies may be explained by 
differences in patient selection, severity of liver disease, 
immunosuppressive medications, and type of vaccine used. 
Importantly, organ transplant recipients have a more rapid 
antibody decline than controls: 2 years after vaccination, 
only 59% of liver transplant and 26% of renal transplant 
recipients who had seroconverted retained protective titers 
[ 45 ], in contrast to mathematical models of vaccination in 
normal hosts which predict antibodies to persist for at least 
20–25 years [ 46 ]. Hepatitis A vaccine has not been well 
studied in the HSCT population, although a recent publica-
tion showed a seroconversion rate of 77% [ 47 ]. 

 Overall, hepatitis A vaccine among transplant recipients 
results in attenuated rates of immunologic response and 
shortened durability. Use of higher or three or more doses of 
hepatitis A vaccine has not been studied in the immunocom-
promised population. If there is enough time before travel, it 
may be useful to vaccinate SOT recipient travelers with two 
doses of hepatitis A vaccine 6–12 months apart when the 
transplant recipients are at least a year after transplantation 
and are on a modest dose immunosuppressive regimen; titers 
could be checked to document seroconversion. SOT recipi-
ents who do not have adequate time before travel or do not 
respond to immunization should be given   intramuscular 
immunoglobulin prior to travel [ 5 ].  

50.3.2     Salmonella enterica serovar Typhi 

 An estimated   21 million cases and 222,000 typhoid-related 
deaths occur annually worldwide, according to the WHO 
(  http://www.who.int/immunization/diseases/typhoid/en/    ). 
Approximately 400 cases of typhoid fever are reported in the 
USA each year, with 90% related to international travel, of 
which >75% involved India, Bangladesh, or Pakistan [ 48 ]. 
Severe complications can occur in immunocompromised 
individuals during infection with   Salmonella enterica  serovar 
Typhi      and they should be immunized against typhoid prior to 
travel to endemic areas. There are currently two vaccines 
commonly available: the injectable polysaccharide vaccine 
(Typhim Vi ® , Aventis Pasteur SA), and the oral live, attenu-
ated vaccine Ty21a (Vivotif ® , Berna). The live oral typhoid 
vaccine has not been shown to cause disseminated disease; 
however, for theoretical reasons, the inactive parenteral vac-
cine should preferentially be administered to immunocom-
promised individuals. While data are minimal in 
immunocompromised hosts, the immune response in immu-
nocompromised hosts to either typhoid vaccine is usually 
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poor. A study of HIV positive patients vaccinated with the 
injectable polysaccharide vaccine found lower levels of anti-
body against  Salmonella enterica  serovar Typhi in vacci-
nated HIV-infected individuals compared with vaccinated 
healthy controls; the antibody responses in patients with 
CD4 cell counts of <200 cells/mm 3  were signifi cantly lower 
compared with patients with ≥200 cells/mm 3 , with geomet-
ric mean titers of antibodies to the  Salmonella  Vi antigen of 
4 versus 35 arbitrary units (versus 106 in healthy volunteers), 
suggesting that HIV-infected individuals, even after vaccina-
tion, are more susceptible to an infection with  Salmonella 
typhi  when traveling to countries with a high incidence of 
typhoid fever [ 49 ]. Typhoid vaccination has not been well 
studied in HSCT and SOT recipients. As a relatively well- 
tolerated vaccine in general [ 50 ], and given the signifi cant 
morbidity and mortality with typhoid fever, it may be pru-
dent to vaccinate these populations with the   injectable vac-
cine when they travel to endemic areas [ 48 ].  

50.3.3     Polio 

  Poliomyelitis        caused by wild-type poliovirus has been eradi-
cated from the Western hemisphere; wild-type virus exists in 
sub-Saharan Africa and South Asia. Outbreaks of vaccine- 
associated poliomyelitis occasionally occur, due to neuro- 
virulent reversion of live attenuated poliovirus from the oral 
polio vaccine. Vaccine-associated outbreaks of poliomyelitis 
have recently occurred in Hispaniola (Haiti and the 
Dominican Republic), the Philippines, Madagascar, and 
Cape Verde. Worldwide, two forms of the polio vaccine are 
available: the orally administered, live, attenuated virus 
(OPV or Sabin), and the injected inactivated poliovirus vac-
cine (IPV or Salk). Since attenuated vaccine strain poliovi-
ruses may spread through fecal–oral contact, transplant 
recipients and household contacts of immunocompromised 
individuals should not receive OPV. OPV is no longer dis-
tributed in the USA and Canada. Travelers should have 
received a primary series of polio vaccine during childhood 
and at least one booster as an adult. Some authorities recom-
mend booster immunization if more than 10 years have 
elapsed since administration of the last polio vaccine, espe-
cially for individuals traveling to areas of the world with a 
polio outbreak or with circulating wild-type polio viruses. 

 The longevity of the response to revaccination with polio-
virus after allogeneic stem cell transplant was studied in 134 
patients who were given three doses of trivalent inactivated 
polio vaccine starting 12 months after HSCT and who sur-
vived at least 5 years after vaccination with a mean follow-up 
of 8 years (range, 1–19 years) [ 51 ]. 21 (15.6%) patients 
became seronegative to at least one of the poliovirus sero-
types during follow-up; in multivariate analysis, the only risk 
factor for loss of immunity was younger patient age, and 
there was a strong trend for patients with chronic graft- 
versus- host disease to lose immunity more rapidly. All 14 

patients given a booster dose of an inactivated poliovirus 
vaccine responded. Poliovirus immunity was thus shown to 
be retained long term after revaccination in most patients 
after allogeneic SCT. Response to vaccination after SOT has 
not been well studied, although should be considered in any-
one traveling   to an endemic regimen.  

50.3.4     Meningococcus 

    Meningococcal disease      has high case-fatality rates (5–15%). 
In the USA, a quadrivalent polysaccharide ( Neisseria menin-
gitidis  A, C, Y, W-135) vaccine has traditionally been used; 
a similar protein conjugate vaccine was more recently 
approved for use. The meningococcal vaccine is indicated 
for individuals traveling to areas of the world with known 
outbreaks of invasive meningococcal disease, those traveling 
to the meningitis belt of sub-Saharan Africa (especially dur-
ing the dry winter months of December through June), and 
for those traveling to Saudi Arabia for the Muslim pilgrim-
ages of  hajj  or  umra , where proof of vaccination is required. 
The response of solid organ transplant recipients to immuni-
zation with the quadrivalent protein meningococcal vaccine 
is poor, less than 50% were able to mount an immune 
response [ 52 ]. The majority of 44 patients who were given 
the vaccine 8 or 20 months after HSCT had signifi cant 
immune responses to serogroups A and C; these responses 
were higher in individuals 20 months after transplantation 
than 8 months after transplantation and declined sharply over 
the fi rst 6–12 months after vaccination suggesting revaccina-
tion should be considered for those at risks of exposure to 
meningococcal infection [ 53 ]. Data in pediatric patients after 
HSCT [ 54 ] suggests a good response to meningococcal sero-
group C vaccination, while a less robust response was seen in 
pediatric oncology patients [ 55 ], especially those on chemo-
therapy or with lower B cell counts. Whether booster doses 
or combinations of polysaccharide and protein conjugate 
vaccinations are indicted is not clear for meningococcal vac-
cination; a study of pneumococcal polysaccharide and pro-
tein conjugate vaccinations in pediatric SOT did not show 
signifi cant boosting [ 56 ]. A recently developed serogroup B 
vaccine may provide additional protection [ 57 ]. As trans-
plant recipients are more likely to have signifi cant morbidity 
and mortality from meningococcal disease, vaccination 
would seem prudent for those with potential exposure  ; safety 
and effi cacy remain to be ascertained.  

50.3.5     Yellow Fever 

    Yellow fever     , a mosquito-borne viral hemorrhagic fever with 
a high case-fatality rate, occurs in tropical regions of South 
America and sub-Saharan Africa and kills an estimated 
30,000 people every year. Case fatality may surpass 20% in 
normal hosts; no specifi c treatment exists. Yellow fever may 
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be a risk for travelers to endemic countries. The yellow fever 
vaccine contains a live attenuated viral strain and is distrib-
uted only through Department of Public Health-certifi ed vac-
cination centers, including travel clinics and some county 
health departments. 

 As a general rule, the yellow fever vaccine should not be 
given to immunosuppressed individuals [ 5 ,  15 ,  58 – 60 ]. 
While a few mildly immunosuppressed travelers have toler-
ated the vaccine (including individuals with early HIV infec-
tion or a distant history of hematological malignancy not 
currently being treated with immunosuppressive agents) 
[ 61 – 64 ], complications including death have been reported 
in immunosuppressed individuals [ 5 ,  65 ]. Optimally, the 
immunocompromised traveler should avoid regions where 
yellow fever is endemic, or decrease risk by avoiding travel 
to those regions during peak season (i.e., January–March in 
Brazil, and July–October in rural West Africa) [ 5 ]. Transplant 
recipients should understand the risks of travel and minimize 
exposure to mosquitoes. When vaccination is deferred, a 
physician’s letter stating contraindications to vaccination is 
acceptable to most governments. Such letters should bear the 
stamp of an offi cial, approved yellow fever immunization 
center. Some countries may deny entry without immuniza-
tion [ 5 ]. Family members of immunosuppressed persons 
may receive yellow fever vaccine. 

 When given prior to transplant, yellow fever vaccine has 
been shown to provide protection after SOT; in a series of 53 
SOT recipients (including 29 kidney and 18 liver recipients) 
vaccinated prior to transplant, all but one (98%) had protec-
tive titers of neutralizing antibodies at a median duration of 3 
years (range, 0.8–21 years) after transplant [ 66 ], suggesting 
adequate protection. However, the Advisory Committee on 
Immunization Practices 2015 guidelines, which state that a 
single primary dose of yellow fever vaccine provides long-
lasting protection and is adequate lifetime protection for 
most travelers, recommend that HSCT recipients who had a 
dose of yellow fever vaccine pre-transplant and who are suf-
fi ciently immunocompetent to be safely vaccinated (gener-
ally, more than 2 years out from HSCT, without GVHD, and 
not on immunomodulatory therapy [ 5 ]) should be revacci-
nated before their next travel to yellow fever virus endemic 
regions, as prior immunity   wanes signifi cantly [ 67 ].  

50.3.6     Rabies 

 Many   travelers are at an increased risk of exposure to rabid 
animals while traveling. Long-term travelers, individuals 
expecting intense animal exposure, and individuals who 
plan to be far from medical care should be considered can-
didates for pre-travel immunization against  rabies     . Since 
transplant recipients may not mount adequate antibody 
responses to the rabies vaccine (titers >0.5 IU/mL are con-
sidered adequate), some authorities recommend administra-
tion of human rabies immunoglobulin (HRIG) after all 
at-risk exposures (normally, HRIG is only given to previ-

ously non-immunized individuals) [ 68 ]. Intradermal admin-
istration of rabies vaccines may result in variable immune 
responses even in immunocompetent individuals and is not 
recommended by most authorities. Data are minimal in SOT 
and HSCT recipients. One study of seven HIV+ patients 
with low CD4 T lymphocyte counts (<200 cells/uL) found 
poor neutralizing antibody responses to pre- and post-expo-
sure rabies vaccination (even with doubling of the intrader-
mal doses of cell- culture rabies vaccine); three HIV-infected 
patients with higher CD4 T lymphocyte counts (range 295–
472 cell/uL) tended to have better antibody responses to 
post-exposure rabies vaccination [ 69 ]. Since transplant 
recipients may be less likely than others to participate in 
adventure travel or to spend long amounts of time away 
from civilization, vaccination should be considered in   those 
with signifi cant risks factors, and careful post-exposure pro-
phylaxis is strongly advised.  

50.3.7     Japanese Encephalitis 

  Japanese encephalitis (JE)      may cause up to 10,000 deaths 
annually in Asia. Immunization against Japanese encephali-
tis should be considered for individuals with intense rural 
travel in areas of Asia endemic for JE, especially during peri-
ods of increased transmission [ 70 ]. The JE vaccine is an 
inactivated viral vaccine (although can be live attenuated, 
which should be avoided in transplant patients on active 
immunosuppression) and estimated to be 80–90% effective; 
hypersensitivity reactions in immunocompetent individuals 
occur in 0.6% of recipients and include generalized urticaria 
and/or angioedema, and less rarely neurologic adverse reac-
tions including acute disseminated encephalomyelitis. The 
effi cacy of the JE vaccine is largely unstudied in adult trans-
plant recipients. In a trial in Thailand in pediatric HSCT 
recipients, 9/18 (50%) seroconverted at 3 months after a live 
attenuated single JE vaccination, although only 3/9 of these 
patients had sustained protective titers; 7/9 (78%) serocon-
verted at 3 months after a second JE vaccine injection, and 
all of these patients sustained protective titers at 12 months 
[ 71 ]. Another study showed that 7/8 pediatric living donor 
liver transplant recipients seroconverted when given inacti-
vated JE vaccine >1 year after transplant [ 29 ]. 

 Since this vaccine is more likely to elicit systemic reactive 
side effects, careful observation after administration with an 
eye to transplant graft function would be prudent.  

50.3.8     Bacille Calmette-Guerin 

   Bacille Calmette-Guerin ( BCG     ) is one of the most com-
monly administered vaccines in the world; a live, attenuated 
strain of  M. bovis , it is used to prevent tuberculosis, espe-
cially in infants and children. BCG is rarely given in the 
travel medicine setting, and should be deferred in immuno-
compromised hosts, as they can develop a disseminated 
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infection. No specifi c prophylaxis other than infection con-
trol measures have been shown to be helpful in the immuno-
compromised population. IC hosts may wish to wear masks 
when in healthcare settings in areas endemic for tuberculo-
sis. Pre- and post-travel tuberculosis skin tests with the puri-
fi ed protein derivative (PPD) or the newer 
gamma-interferon-based testing may be helpful, although 
they are more likely to be falsely negative in the immuno-
compromised   population.   

50.4     Vaccination of Close Contacts 
of  Immunocompromised Hosts      

 Close contacts of transplant recipients could transmit some 
live, attenuated vaccine strains to the immunocompromised 
host. In general, certain live viral vaccines (including oral 
polio, nasal infl uenza, and smallpox vaccines) should be 
deferred from use in close contacts of immunocompromised 
hosts. Administration of other live vaccines such as measles, 
mumps, rubella, yellow fever, oral Salmonella, varicella 
(Varivax  ®  ) [ 72 ], and zoster (Zostavax  ®  ) vaccines are less 
likely to be transmitted and may be given to close contacts of 
immunocompromised hosts. If a rash develops with varicella 
vaccine, the immunocompromised host should avoid direct 
contact with the rash.  

50.5      Non-Vaccine Preventable Illness   
and Immunocompromised Hosts 

    Diarrhea      is  the most common illness of travelers, affecting 
10–60% of travelers to developing regions. Travelers’ diar-
rhea may be life threatening to travelers with compromised 
immune systems. Dehydration may compromise renal func-
tion, and markedly increase toxicity of immunosuppressive 
agents such as tacrolimus. Complications of diarrhea may 
include bacteremia, metastatic seeding, and altered intestinal 
absorption (with concomitant alterations in the absorption of 
oral immunosuppressive medications). The oral cholera vac-
cine, available outside of the USA, has not been studied in 
immunocompromised hosts but has been safe in populations 
of healthy people and may provide protection. Prior to inter-
national travel, organ recipients should be instructed in 
appropriate food and water precautions. In general, SOT 
recipients should be cautioned to drink boiled or bottled 
water and other beverages, and to avoid food sold by street 
vendors and raw foods (except fruit and vegetables that can 
be peeled). If transplant recipients develop diarrhea for more 
than 1–2 days while traveling, especially with fever, vomit-
ing, and/or bloody stools, they should consider seeking med-
ical attention, and they should carry appropriate self-treatment 
such as ciprofl oxacin or azithromycin. Due to microbial 
resistance, trimethoprim–sulfamethoxazole is generally 

ineffective against travelers’ diarrhea. There are no data 
regarding the use of antimotility agent in transplant recipi-
ents with diarrhea, but such agents may serve to delay clear-
ance of toxins from the gut. In the gastrointestinal tract, 
bismuth subsalicylate (i.e., Pepto-Bismol) is converted to 
salicylic acid and insoluble bismuth salts; transplant recipi-
ents with decreased renal function may be at higher risk for 
salicylate toxicity. Prophylaxis against bacterial traveler’s 
diarrhea with daily antibiotics is rarely indicated and should 
only be considered for short-term use, after considering the 
risks of antibiotic resistance,  Clostridium diffi cile  colitis, 
potential for   drug interactions and side effects. 

  Respiratory infections   are the second most common infec-
tion affecting travelers [ 39 ].  Endemic fungal pulmonary 
infections  , such as histoplasmosis and coccidioidomycosis 
in North America, and penicilliosis due to  Penicillium 
marneffei  infection in Southeast Asia, could be acquired dur-
ing travel [ 73 ]. SOT recipients are at higher risk for invasive 
fungal infection, and should avoid activities such as spelunk-
ing and excavating, activities that have been associated with 
exposure to  Cryptococcus neoformans  or endemic fungi. 
The appropriate use of masks may be helpful. For those with 
signifi cant exposure to tuberculosis, pre- and post-travel 
testing may be indicated. Interferon-gamma release assays, 
i.e., Quantiferon TB or T SPOT TB, have been shown to be 
more sensitive than tuberculosis skin testing in transplant 
recipients [ 74 ]. 

 Travel to the tropics has been shown to result in higher 
rates of multidrug-resistant Enterobacteriaceae, with travel 
to these regions posing a risk factor for colonization with 
such organisms during the fi rst 3 months after return, but not 
beyond [ 75 ]. A survey of travelers from the Netherlands 
found that 30% acquired extended-spectrum β-lactamase- 
producing Enterobacteriaceae during travel [ 76 ]. Such expo-
sure could be a concern for transplant patients who are more 
vulnerable to infection. 

   Malaria and dengue fever   are the most common arthropod- 
borne illnesses of travelers. Most cases of dengue fever are 
self-limited in the normal host; the risk for complications in 
transplant recipients is unknown. Malaria is a signifi cant risk 
for all travelers to endemic areas. Prophylaxis against malaria 
should be based on the travel itinerary; the CDC Yellow 
Book provides country-specifi c guidelines. Transplant recip-
ients should be instructed on ways to minimize insect bites, 
including use of repellents containing DEET ( N , N -diethyl-3- 
methylbenzamide), bed nets, protective  clothing, and 
permethrin- impregnated clothing. 

 Travelers to endemic regions may contract parasitic infec-
tions such as  Strongyloides stercoralis  infections, when lar-
vae from contaminated soil penetrate skin or mucous 
membranes. Unlike other intestinal parasites,  Strongyloides  
can replicate inside the human host, which allows the per-
petuation of autoinfection;  Strongyloides  infection may per-
sist for decades.   Strongyloides  infection      can fl ourish in the 
setting of immunosuppression, resulting in hyperinfection. 
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Travelers should wear socks and shoes to avoid contact with 
this and other pathogens. Swimmer’s itch (due to  Schistosoma  
spp.), cryptosporidiosis, and other parasitic infections can be 
prevented by avoiding swims in non-chlorinated fresh water. 

 Transplant recipients have a markedly increased risk of 
skin cancer that correlates with the intensity of sun exposure, 
and it is important to recommend the use of hats, sunglasses, 
protective clothing (also useful for arthropod-borne infec-
tions), and sun protection lotions with ultraviolet A and B 
protection. 

 Travelers who rapidly ascend to altitude are at risk for alti-
tude sickness. Acetazolamide accelerates acclimatization 
and decreases the risk of altitude sickness [ 77 ]; its use in 
organ transplant recipients is unstudied. Travelers to high 
attitude should be advised to avoid vigorous activities for the 
fi rst few days at altitude. Acetazolamide should be offered to 
those travelers ascending rapidly to greater than 2500 m 
since there is at least a 15–25% risk of altitude sickness. 

 Drug interactions are of particular concern in transplant 
recipients, and they should be cautioned about using new 
medications that may be given by unknowledgeable practi-
tioners or purchased “over the counter.”  Chloroquine   can 
increase serum levels of cyclosporine and perhaps sirolimus 
and tacrolimus. Data are limited regarding other possible 
interactions between travel-associated drugs and immuno-
suppressive medications (Table  50-2 ). Short courses of cip-
rofl oxacin or azithromycin for travelers’ diarrhea seem 
unlikely to have a major impact on cyclosporine levels.

   Acquisition of new virus should be avoided, either by safer 
sex practices, use of clean needles and syringes or avoidance 
of blood transfusions in foreign countries. Sterile needles and 
syringes may be given to a traveling transplant recipient with 
a physician’s letter stating they are for medical use. Patients 
with end-stage renal disease, either prior to or after organ 
transplant, and who undergo hemodialysis in resource-lim-
ited countries, where suboptimal infection control policies 

pose a risk of exposure to blood-borne viruses, are at signifi -
cant risk of acquiring new viral infections A number of cases 
of hepatitis C have been reported in Western travelers to the 
Indian subcontinent, Tenerife, Saudi Arabia, Singapore, and 
Slovakia [ 78 ,  79 ]. Such exposures may have an impact on 
policies in transplant centers regarding evaluation of those on 
the waiting list for solid organ transplant [ 80 ]. 

 Educational topics for traveling transplant  patients   are 
covered in Table  50-3 , and many of these points should be 
emphasized both  during travel medicine visits and by the 
transplant clinicians discussing travel.

50.6        Transplant Tourism 

 Medical tourism has emerged as a global health care phe-
nomenon, estimated at $60 billion worldwide in 2006 [ 81 ]. 
 Transplant tourism, defi ned   as travel with the intent of 
receiving or donating a transplanted organ, has grown tre-
mendously in the past decade. While “emotionally related” 
transplants may be occurring in these regions, the majority is 
likely to be for payment to the donor, also known as “ com-
mercial transplants  .” A review of US national waiting list 
data identifi ed 373 foreign transplants (173 directly noted; 
200 from data validation); most (89.3%) were kidney trans-
plants, and male sex, Asian race, resident and nonresident 
alien status, and college education were signifi cantly and 
independently associated with foreign transplant in 35 coun-
tries, led by China, the Philippines, and India [ 82 ]. Numerous 
international transplant organizations, including The 
Transplantation Society and The International Society of 
Nephrology, have made major efforts to decrease such pur-
chase and sale of organs on ethical grounds [ 83 ]. The prac-
tice of “transplant tourism” is relatively common and 
increasing, nonetheless, and transplant clinicians should be 
aware of the infectious disease risks [ 84 ,  85 ]. 

   TABLE 50-2.    Interactions between transplant and travel-related medications   

 Calcineurin inhibitors (CNI)  Trimethoprim/sulfamethoxazole  Sirolimus, everolimus 

 Azithromycin  May ↑CNI levels 

 Mefl oquine  May ↑CNI levels  May increase risk of cardiac toxicity, QT 
prolongation, torsades de pointes or cardiac arrest 

 May ↑ sirolimus 
levels 

 Atovaquone-proguanil  May increase risk of proguanil of bone marrow 
toxicity 

 Doxycycline  May ↑CNI levels  May ↑ sirolimus 
levels 

  Chloroquine    May ↑CNI levels  May increase risk of cardiac toxicity, QT 
prolongation, torsades de pointes or cardiac arrest 

 Ciprofl oxacin, levofl oxacin  May increase risk of cardiac toxicity, 
QT prolongation, torsades de 
pointes or cardiac arrest 

 Primaquine  May ↑CNI levels 

 Sulfadoxine/pyrimethamine  May ↓CNI levels  May increase risk of bone marrow toxicity 

 Acetazolamide  May ↑CNI levels 

  Signifi cant interactions of travel medicines and azathioprine, mycophenolate mofetil, and corticosteroids have not been reported; signifi cant interactions of 
transplant medicines and diphenoxylate hydrochloride and atropine sulfate tablets or loperamide have not been reported; minimal data available. Adapted 
from MicroMedex ®  DrugReax ®  interactive drug interactions and Lexi-Comp OnlineTM interaction analysis.  

C.N. Kotton



933

 A meta-analysis comparing the risks of participating in 
transplant tourism by acquiring a kidney abroad to the risks 
associated with domestic  kidney transplant   demonstrated 
that transplant tourists are signifi cantly more likely to con-
tract cytomegalovirus, hepatitis B, HIV, post-transplantation 
diabetes mellitus, and wound infection than those receiving 
domestic kidney transplant, with lower patient- and graft- 
survival rates [ 86 ]. Many of these organ transplants are not 
recorded in databases, so the incidence of infection is 
unknown. The extent and quality of the pre-transplant evalu-
ation of the donor and recipient is likely to be quite variable. 
When serologic evaluation is performed, the quality of the 
testing may be substandard. A signifi cant number of foreign- 
born transplant recipients will return to their country of ori-
gin for organ transplants, and are at risk both for reactivation 
of latent infections as well as acquisition of new indigenous 
infections; knowledge of the specifi c infections existing in 
those regions, as outlined in a recent review [ 87 ], can direct 
further evaluation. Documentation and communication with 
the transplant center may be limited, and prophylaxis against 
infection may be imperfect [ 88 ]. 

 Rates of hepatitis B, HIV, and other infections may be 
much higher in certain regions, including Asia. One review 
found new, transplant-related infections of HIV at rates of 
4–6% and hepatitis B at rates of 2–12% in recipients who had 
undergone commercial transplants in foreign countries [ 88 ]. 
In a study comparing 540 patients who had received com-
mercial renal transplants in India between 1978 and 1993 
with 75 recipients of emotionally related renal transplants 
performed at two participating institutions in the Middle 
East, they found that graft-survival rates were similar, but that 
there was a higher incidence of human immune defi ciency 
virus (HIV) infection (5% vs. 0%), and hepatitis B virus 
infection rate (8% vs. 1%) [ 89 ]. A case report from England 
documents de novo hepatitis B infection in a patient who 
received a renal transplant in India, with subsequent infection 
of 4 patients in England (due to breaks in infection control 

practices), including another renal transplant recipient and 
his wife [ 90 ]. 

 Several institutions in more  industrialized countries   have 
described their experience with transplant tourism, and the 
subsequent risks of infection. A series from Turkey com-
pared 115 patients who had been commercially transplanted 
in various countries (India (106 cases), Iraq (7 cases), and 
Iran (2 cases)) and subsequently seen at their center for post- 
transplant care between 1992 and 1999 with those with a 
living related transplant performed at their center [ 35 ]. The 
post-transplant course in the commercially transplanted 
recipients was more complicated, with infections caused by 
malaria (10 cases), invasive fungal infections and tuberculo-
sis (5 cases each), and pneumonia due to various opportunis-
tic pathogens. A  survey   of 16 patients in Australia who 
underwent commercial renal transplantation abroad found 
higher rates of infectious complications, including 2 who 
acquired hepatitis B at the time of the transplant and subse-
quently died from the infection [ 88 ]. A review of 10 patients 
who underwent evaluation for transplant in Minnesota and 
subsequently had transplants abroad (8 in Pakistan (all 
Somali origin), one in China (Chinese origin), and one in 
Iran (Iranian origin)) found that complications were primar-
ily infectious, with six potentially life-threatening infections 
in four patients, including severe wound infection, 
 Acinetobacter  bacteremia/sepsis, central nervous system 
 Aspergillus  infection, severe urosepsis in 2, and CMV infec-
tion [ 91 ]. A survey of 18 patients who traveled from western 
Scotland to Pakistan from 2000 to 2007 for renal transplant 
found that overall, they did relatively well, with one case of 
malaria, and no cases of hepatitis B, hepatitis C, or HIV 
infection [ 92 ]. A review of 33 kidney transplant recipients 
who traveled abroad for transplant and returned to University 
of California, Los Angeles had post-transplantation out-
comes compared with a matched cohort of patients who 
underwent transplantation at UCLA [ 93 ]. Most patients trav-
eled to their region of ethnicity with the majority undergoing 
transplantation in China (44%), Iran (16%), and the 
Philippines (13%). Seventeen (52%) patients had infections, 
with nine requiring hospitalization. One patient lost her graft 
and subsequently died from complications related to donor- 
contracted hepatitis B. Almost all of these studies report 
reduced graft and patient survival, higher infectious compli-
cations, and higher rates of rejection. 

 When these transplant recipients return to transplant cen-
ters in industrialized countries, it is prudent to consider 
screening them for blood-borne pathogens, including HIV, 
HBV, and HCV, as well as bacteremias, urinary tract infec-
tions, and other endemic pathogens depending on their 
 clinical course (malaria, tuberculosis, Chagas disease, etc.). 
Optimizing their post-transplant prophylaxis against 
 infection and obtaining further information about their 
 surgical procedure(s) and immunosuppression may also 
help optimize their care.  

   TABLE 50-3.     Educational topics for   transplant recipients who wish 
to undergo travel   

 Timing of travel after transplant (>1 year for SOT, >2 years for allo-HSCT) 

 Destination and level of risk of infectious complications, availability of 
medical care for transplant patients 

 Clean food and water; administrations of antibiotics and hydration with 
signifi cant diarrhea 

 Mosquito and insect precautions 

 Avoiding blood-borne infections from transfusions, injections, tattoos, 
and avoiding sexually transmitted diseases 

 Carry extra transplant medications, fi rst aid kit 

 Sun protection 

 Drug interactions and risks of fake medications 

 Risk of  Vibrio  infections from ocean water (especially with liver disease) 

 Notify clinicians about recent travel if ill upon return 
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50.7     Conclusion 

 Every year there are more transplant recipients with an 
increasing variety of immunologic defi cits. As their health 
improves, they may wish to travel more frequently. Research 
on vaccines and transplant recipients in recent years has been 
quite helpful in eliciting the potential immunogenicity and 
safety of various vaccines in this population. Hopefully 
within the next 5 years we will begin to understand more of 
the immunology in these hosts, which should allow for better 
vaccination. Improved vaccines, the ability to safely give 
adjuvants to boost immunogenicity, and more selective 
immunosuppression may allow for better protection of trav-
elers in this vulnerable population. 

 In summary:

•    Transplant recipients are increasing in number, as is the 
extent of global travel, thus this issue will continue to 
expand. Further studies are needed and will help guide 
clinical management. Prior to foreign travel, it is prudent 
to have transplant recipients seen by travel medicine spe-
cialists familiar with this complex and vulnerable popula-
tion. Travel vaccines should be guided by the details of 
the travel in combination with details of the immunosup-
pressive regimen.  

•   Transplant recipients are more vulnerable to infection and 
are less likely to have a strong immunologic response to 
immunization. Vaccination either before undergoing 
immunosuppression, or optimizing the time of vaccina-
tion after immunosuppression, may help optimize the 
immunologic response.  

•   Routine immunization is important to consider and may 
have been overlooked or avoided in this population. 
Routine immunization should be considered before 
patients undergo solid organ or stem cell transplant. In 
addition, booster doses should be considered, especially 
after HSCT.  

•   Although not generally evidence based, additional or 
higher doses of certain vaccines may result in better pro-
tection, as has been demonstrated with hepatitis B vaccine 
in immunocompromised hosts.  

•   Immunoglobulin may provide protection against hepatitis 
A, measles, and other illnesses when the recipient is less 
likely to have an immunologic response, vaccination is 
contraindicated, or does not have enough time to develop 
protection.  

•   Evaluation of serologic response after vaccination may 
provide an index of seroprotection and may help guide the 
use of additional vaccinations. Serologic response is 
 primarily a measure of humoral immunity and does not 
generally include information on cellular immunity. Even 
in situations where the antibody titers are low or undetect-
able, these subjects may be more protected than those that 
were never vaccinated (i.e., even minimal immunity may 
be better than none).        
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51.1           Introduction 

 The human microbiota  refers   to the collective of microor-
ganisms inhabiting the human body, and the human microbi-
ome refers to the aggregate of microbial genomes from that 
consortium. These complex populations harbor a vast 
amount of microbe-to-microbe diversity, but also vary 
greatly from person-to-person and body site-to-body site [ 1 ]. 
Close ties exist between these microbes and the human they 
inhabit, performing essential tasks that are mutually benefi -
cial. Given the dependence of human hosts on these microbes 
for continued health, it may not be surprising that many 
human diseases have been found to be related to disturbances 
of the microbiome. Disorders with observed links to the 
microbiota span many medical disciplines, including 
 Clostridium diffi cile  infection, infl ammatory bowel disease, 
obesity, type 2 diabetes, asthma, eczema, and autism [ 2 – 6 ]. 
The full extent by which the microbiome is linked to human 
health may not yet be fully realized. 

 Study of the human microbiota has been made more fea-
sible through signifi cant advances in molecular approaches 
which allow researchers to profi le microbial communities in 
great detail. Previous approaches that relied on microbio-
logic culture provide a biased and incomplete view, consist-
ing of a very small subset of microorganisms comprising the 
microbiota. DNA sequencing data can now be obtained from 
entire microbial communities simultaneously in parallel 
fashion, at a fraction of the cost compared with conventional 
sequencing methods [ 7 ]. These approaches have allowed for 
large scale endeavors such as the Human Microbiome 
Project, which seeks to comprehensively characterize and 
catalogue the human microbiome [ 1 ], but also smaller stud-
ies at the individual investigator level. 

 The earliest and most commonly used approach is to tar-
get and sequence the 16S rRNA gene, a conserved region 
which can be used to identify bacteria and differentiate to 

species level. Similarly, ITS1 and ITS2 regions have been 
used as targets for fungal identifi cation [ 8 ]. Metagenomic 
studies, in which the entirety of DNA of an entire commu-
nity is sequenced, can be accomplished using shotgun 
sequencing, in which millions of random genomic fragments 
are sampled from a microbial community. These methods 
are more expensive and require more sequencing depth com-
pared with targeted sequencing of 16S or ITS1, but can pro-
vide data on functional content of microbes. 

 The data resulting from amplicon sequencing  and   whole 
metagenome  sequencing   can be analyzed using a variety of 
methods. Sequences can be matched to reference sequences 
to infer taxonomic classifi cation or functional content, and/
or grouped into clusters of similar sequence identity referred 
to as  operational taxonomic units (OTUs)  . The relative abun-
dance of various  OTUs   can be used to calculate estimates of 
overall diversity in the sample. Shotgun reads can be assem-
bled to determine functionality by matching to functional 
databases [ 9 ]. 

 In addition to DNA sequencing, advances in mass spec-
trometry methods have given rise to metabolomics, in which 
the complete set of small molecule metabolites in a particular 
environment are quantitatively measured. This technology 
has also been applied to microbiome studies, often comple-
menting sequencing data and providing further understand-
ing of microbial dynamics and its relationship to host. 

 In the setting of hematopoietic stem cell transplantation 
(HCT) and  solid organ transplantation (SOT)  , the microbi-
ome has been studied for clinical relevance, using the 
approaches described above, and has shown itself to be an 
exceedingly important factor in the outcomes of transplant 
recipients. This chapter will provide an overview of the 
structure and function of the human microbiota, including 
characteristics of its most important and notable members. 
With this foundation, the relevance of the microbiota in the 
transplantation setting will be reviewed.  
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51.2     Overview of Human Microbiome 

 An adult human body is home to approximately 100 trillion bac-
teria, distributed over several body sites [ 10 ]. Each geographic 
body site represents a specifi c microbial niche, each with a dis-
tinctive composition and based on surrounding environmental 
factors [ 1 ]. The microbiome within the gastrointestinal tract is 
the most well-studied ecosystem, which has demonstrated 
numerous orchestrated interactions with the host, as well as the 
clearest links to human health. Moreover, the  intestinal microbi-
ota   is the largest and houses the greatest variety of bacteria, many 
of which are not found in any other environment. 

 The host intestinal tract exerts infl uence and control over 
the composition of the microbiota by producing factors 
designed to resist pathogens and favor benefi cial commensal 
bacteria, including antimicrobial peptides such as  defensins   
[ 11 ]. Immune systems specifi c to the intestinal tract serve to 
resist translocation and systemic dissemination of bacteria 
into outside tissues; these include gut-associated lymphoid tis-
sues, such as Peyer’s patches, dendritic cells, and specifi c T- 
and B-cell subsets [ 11 ]. The mucus layer produced by Goblet 
cells also helps to provide further protection against dissemi-
nation. In turn, healthy commensal members of the intestinal 
microbiota help to modulate these host mechanisms, contrib-
uting to microbial stability within the gut lumen. 

 Under normal circumstances, the  intestinal microbiota   is 
largely comprised of anaerobic bacteria that are essentially 
non-pathogenic and serve a variety of functions that are ben-
efi cial to the human host, such as absorption and breakdown 
of nutrients, production of short chain fatty acids and vitamins, 
amino acid synthesis, detoxifi cation of foreign substances, 
maintenance of mucosal wall integrity, and stimulation and 
development of host immunity [ 11 ,  12 ]. An important function 
of the healthy microbiota is to promote colonization resis-
tance, which allows the microbial community to resist over-
growth or infection by pathobionts [ 13 ]. Many commensal 
organisms in the gut exhibit this behavior, suggesting a deep 
and long-lived relationship with their human hosts. 

 To gain an understanding of the  structure and function   of the 
human microbiome, an overview of the bacterial phylogeny of 
typical microbiome inhabitants is useful. Figure  51-1  shows  a 
  phylogenetic tree of common intestinal bacteria. At the phylum 
level, the four most abundant groups are Firmicutes, 
Bacteroidetes, Actinobacteria, and Proteobacteria. Of these, 
Firmicutes and Bacteroidetes have the highest abundance; nor-
mally, at least 90 % of all intestinal bacteria belong to one of 
these phyla in human adults. Actinobacteria and Proteobacteria 
are less abundant but almost always present in a stable gut 
microbiome. These four phyla are described briefl y here.

51.2.1       Firmicutes 

    Firmicutes      are the most abundant phylum in the gastrointes-
tinal tract, typically occupying over half of the microbiota in 
healthy adults. Included are potential pathogens such as  C. 

diffi cile ,  Staphylococcus aureus ,  Streptococcus  spp., and 
 Enterococcus faecium . Most members are Gram-positive, 
but in some cases can be Gram-negative, and metabolically 
can range from aerobic to obligately anaerobic. 

  Clostridia   represent the largest class within Firmicutes, 
which house a large number of Gram-positive spore-forming 
obligate anaerobes. Phylogenetic studies have shown great 
heterogeneity in these bacteria, and have shown that older 
classifi cations of these bacteria were fl awed, bringing to light 
several misclassifi cations, and at times necessitating revisions 
of taxonomic classifi cation within these bacteria. One phylog-
eny-based grouping approach divides Clostridia into approxi-
mately 20 clusters, numbered I through XIX, and can be used 
to differentiate and describe these microbes [ 14 ]. These groups 
demonstrate several lines of divergence within the evolution-
ary phylogeny of Clostridia, which form the basis of heteroge-
neity among these bacteria. For the most part, potentially 
pathogenic Clostridia seem to largely reside exclusively 
within two clusters: Cluster I, which includes toxin-producing 
bacteria such as  Clostridium perfringens , and Cluster XI, 
which includes  C. diffi cile  and  Clostridium sordellii . The 
remaining clusters, however, constitute a signifi cant portion of 
the healthy commensal microbiota. In particular, Clostridium 
clusters IV and XIVa, whose members span the families 
Ruminococcaceae and Lachnospiraceae, are most abundant 
and appear to be critically important members. These groups 
perform benefi cial functions such as degradation of complex 
sugars.  Faecalibacterium prausnitzii  of cluster IV, for exam-
ple, has been well studied for its ability to degrade sugars in its 
various forms to short chain fatty acids such as butyrate [ 15 ]. 
Furthermore, these bacteria can modulate infl ammation 
through several mechanisms, such as induction of regulatory 
T-cells [ 16 ,  17 ]. Lachnospiraceae, a family which includes 
 Clostridium scindens , have been shown to have suppressive 
effects on  C. diffi cile  infection [ 18 ,  19 ]. 

  Non-clostridial members of Firmicutes   include the genera 
 Streptococcus ,  Enterococcus , and  Staphylococcus , which are 
known for their potential for pathogenicity and are respon-
sible for a great many human infections. Antibiotic resistant 
forms such as MRSA and VRE are particularly diffi cult chal-
lenges in the clinical setting. Under normal circumstances, 
these exist in relatively low abundances, and may even par-
ticipate in breakdown of nutrients [ 20 ]. However, expansion 
and domination can occur in the setting of microbiota pertur-
bation  , leading to several important infections, such as 
bloodstream infection during HCT [ 21 ].  

51.2.2     Bacteroidetes 

  Bacteroidetes      are Gram-negative anaerobic bacteria that typi-
cally inhabit the gut microbiota in high abundance, and include 
members such as  Bacteroides  spp. and  Prevotella  spp. These 
bacteria are highly suited for the gut; some members, such as 
 Bacteroides fragilis , can only be found exclusively in the 
 gastrointestinal tract of humans. This is evidenced by the fact 
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that Bacteroidetes are specifi cally selected for colonization 
by host immunity; stable residence in the gastrointestinal 
tract is dependent on host–microbe interactions such as toll 
like receptors [ 11 ,  22 ]. Established Bacteroidetes, in turn, 
induce the homeostasis of regulatory T-cells [ 23 ], making 
them the most stable. 

 Bacteroidetes perform essential metabolic conversions 
important for the host, perhaps most notably the fermenta-

tion of complex carbohydrates, with the resulting produc-
tion of short chain fatty acids, which are absorbed and 
utilized by the host and other bacteria for energy and main-
tenance of gut health [ 24 ,  25 ]. Bacteroidetes offer protec-
tion against  C. diffi cile  infection: individuals with recurrent 
CDI were defi cient in Bacteroidetes, and replenishment of 
Bacteroidetes with fecal microbiota transplantation resulted 
in durable cure [ 26 ,  27 ].  

Firmicutes
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  FIGURE 51-1.     Phylogenetic tree of   most common bacteria found in the human microbiome.  Colored circles  represent single bacterial species, size 
refl ects the approximate mean intestinal abundance observed in HCT recipients. Species labels are listed in  black  for notable or particularly abun-
dant members.  Outer labels  represent the bacterial classifi cation at phylum level;  middle labels  show several bacterial groups at the family level. 
Clostridium clusters and viridans group streptococci are also labeled; note that these are not true taxonomic classifi cations.       
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51.2.3     Proteobacteria 

 The  Proteobacteria      phylum is perhaps best known for contain-
ing many well-known Gram-negative intestinal pathogens, 
such as Enterobacteriaceae, a family of bacteria that includes 
 Escherichia coli  and  Klebsiella pneumoniae , and  Citrobacter 
freundii . Other known pathogens within Proteobacteria include 
 Pseudomonas aeruginosa ,  Acinetobacter baumannii , and 
 Stenotrophomonas maltophilia . The predilection for various 
forms of antibiotic resistance in these bacteria has given rise to 
some of the most diffi cult-to-treat infections in humans. 

 Despite its pathogenic members and wide genetic variety 
observed in culture, Proteobacteria represent only approxi-
mately 1 % of a stable gut microbiota, under normal circum-
stances [ 28 ]. However, under aberrant conditions, potentially 
pathogenic members can bloom, increasing in abundance to 
become dominant in the microbial     space, which can enable 
certain Proteobacteria to become pathogenic.  

51.2.4     Actinobacteria 

 The  Actinobacteria      phylum is a group of Gram-positive bac-
teria that colonize several body sites including gastrointes-
tinal tract and skin. Familiar members of this phylum 
include  Bifi dobacterium  spp.,  Propionibacterium acnes , 
 Corynebacterium  spp.,  Gardnerella vaginalis ,  Actinomyces 
israelii ,  Nocardia asteroides , and  Mycobacterium tuberculosis . 
Though some are implicated in infections, Actinobacteria in gen-
eral are highly adapted to stable colonization within humans 
[ 29 ]. In the intestinal tract, members such as  Bifi dobacterium  
spp. appear early in gut colonization, occupying a signifi cant 
portion of the intestinal microbiota during infancy. Given their 
observed benefi cial impact on human health, some are formu-
lated in probiotics. These bacteria perform a variety of metabolic 
functions that are benefi cial to the host, including fermentation 
of simple and complex sugars, deconjugation of primary bile 
acids to secondary bile acids, and protein degradation [ 28 ]. 

 Other functions of Actinobacteria may be relevant in 
HCT; these bacteria also are known to promote mucosal bar-
rier integrity, enhance secretory IgA, induce regulatory 
T-cells, and promote colonization resistance against poten-
tial pathogens such as Enterobacteriaceae and  C. diffi cile  
[ 17 ,  30 – 34 ]. These benefi ts may have been refl ected in pre-
liminary observations in HCT; recipients with greater abun-
dances of Actinobacteria were observed to have improved 
outcome in one study [ 35 ].   

51.3     The Microbiome 
in Hematopoietic Stem Cell 
Transplantation (HCT) 

 In the transplant setting, allogeneic HCT recipients have 
been the most extensively studied for clinical ties to the 
microbiome, particularly in the  intestinal tract  . This is in part 

related to the fact that the gut is  seemingly   at the center of 
many transplant-related complications. During HCT, recipi-
ents are subjected to combination of chemotherapy, total 
body irradiation, and broad-spectrum antibiotics, which sig-
nifi cantly impact host immunity, damage intestinal epithelial 
linings, and disrupt previously stable microbe communities. 
These simultaneous insults help explain the frequency of 
 complications   such as bloodstream infections,  C. diffi cile  
infection, and graft-versus-host disease. 

 The importance of the  intestinal microbiota   in HCT is sup-
ported by the observation that patients with  low   bacterial 
diversity at the time of stem cell engraftment are signifi -
cantly more likely to die over the next 3 years compared to 
those with higher diversity microbial communities [ 35 ]. One 
prospective study showed an association between microbial 
diversity and transplant-related mortality that was indepen-
dent of other established risk factors such as disease status, 
pre-transplant comorbidity, and myeloablative intensity. 
However, the specifi c details and potential mechanism of 
this observed link are still unknown. 

 Disruption of the intestinal microbiota primarily occurs 
during the early phase of HCT (Figure  51-2 ), shortly after 
administration of conditioning chemotherapy and radiation, 
along with antibiotics, given either prophylactically or as 
treatment [ 21 ]. The degree by which the microbiome is 
affected during this period varies greatly from person-to- 
person, even among recipients undergoing treatment of simi-
lar intensity. Some of this heterogeneity can be explained by 
antibiotic administration. Ultimately however, the factors 
infl uencing the degree to which a recipient’s microbes can 
resist the disruption of microbial diversity during transplant 
are still relatively unresolved. The consequences arising 
from the perturbation of the intestinal microbiota can be seen 
in several infectious and non-infectious complications of 
allogeneic HCT; some are discussed below.

51.3.1        Vancomycin-Resistant Enterococcus 
(VRE) Bloodstream Infections   

     VRE bloodstream infections   have increasingly become a 
major cause  of   bloodstream infection in patients with severe 
or prolonged absolute neutropenia, such as in the pre- 
engraftment phase of HCT [ 36 – 40 ]. VRE has become the 
most common pre-engraftment bloodstream infection at 
many transplant centers [ 39 ]. 

 Numerous studies indicate that antibiotic administration, 
particularly treatments with activity against anaerobic bacte-
ria, is the primary driver of VRE colonization [ 41 – 43 ]. In 
this setting, VRE has a remarkable ability to densely popu-
late the small and large bowel, quickly occupying over 98 % 
of the intestinal microbiota niche [ 44 ]. 

 Intestinal domination of the microbiota by VRE is fre-
quently observed in HCT, and has the notable consequence 
of systemic infection during pre-engraftment neutropenia. 
Longitudinal study of the intestinal microbiota in alloge-
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neic HCT has shown that VRE expansion precedes VRE 
bloodstream infection [ 21 ]. This expansion, in turn, is fre-
quently preceded by prior administration with metronida-
zole, a drug with potent anti-anaerobic activity. This 
indicates that antibiotic disruption of healthy anaerobic 
microbiota (e.g., Bacteroidetes, Clostridium clusters IV 
and XIVa) is a fast and effective route by which VRE can 
achieve intestinal domination of the intestinal tract. The 
premise that anaerobic killing leads to VRE expansion is 
not a new one; a number of older studies using culture-
based approaches demonstrate similar fi ndings in other 
populations [ 41 – 43 ]. 

 Interestingly, unlike metronidazole, administration of 
intravenous vancomycin is not clearly correlated with VRE 
colonization. In fact, intravenous vancomycin is less disrup-
tive of the microbiota [ 21 ]; this may be related to the fact that 
gut penetration of intravenous vancomycin is often relatively 
low, especially if only given for several days [ 45 ,  46 ]. 

 An ongoing subject for study is to determine if the micro-
biota can be protected against VRE domination, through 
colonization by specifi c robust commensal members. Some 
preclinical murine data indicate that colonization with 
 Barnesiella  spp., a group of Gram-negative anaerobes within 
phylum Bacteroidetes, is strongly resistant to VRE    domina-
tion, and can be transplanted to a naïve gut to confer protec-
tion against domination [ 47 ].  

51.3.2      Gram-Negative Bloodstream 
Infections      

 Systemic bloodstream infection with Gram-negative bacte-
ria such as Enterobacteriaceae is of particular concern in 
patients with severe and/or prolonged neutropenia, which 
includes the pre-engraftment period in HCT. Prophylactic 
administration of fl uoroquinolones can reduce the incidence 
of this infection, and is practiced at many transplant centers 
[ 48 ,  49 ]. Highly antibiotic resistant Gram-negative infec-
tions such as carbapenem-resistant Enterobacteriaceae 
(CRE) are of particular concern, and nosocomial transmis-
sion of these pathogens has been studied and documented, 
using detection of single-nucleotide polymorphisms using 
whole-genome sequencing [ 50 ]. However, transmission and/
or colonization with Proteobacteria does not necessarily 
result in infection, and a robust microbial community can 
exert colonization resistance to resist expansion of these 
potential pathogens and maintain them at low abundances. 

 Study of the intestinal microbiota in HCT demonstrated 
that prophylactic fl uoroquinolone administration markedly 
reduced the incidence of intestinal expansion by Gram- 
negative bacteria [ 21 ]. Furthermore, intestinal domination 
by aerobic Gram-negative bacteria is associated with subse-
quent development of Gram-negative bacteremia, providing 
confi rmation of the gut origin of these infections. 

  FIGURE 51-2.    Changes in  microbial   diversity within the intestinal tract during allogeneic HCT. Diversity of intestinal bacteria, quantifi ed 
by Shannon index, is shown for 439 fecal specimens ( circles ) collected serially from 94 patients over the course of transplantation. 
Intestinal diversity decreases during this time (moving average shown as  solid black line  with 95 % confi dence interval). Taur Y, Xavier 
JB, Lipuma L, et al., Intestinal domination and the risk of bacteremia in patients undergoing allogeneic hematopoietic stem cell transplan-
tation, Clin Infect Dis, 2012, 55(7):905–14, by permission of Oxford University Press.       
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 The manner and circumstances in which Gram-negative 
bacteria achieve intestinal domination remains an active area 
of investigation. Intestinal infl ammation and neutrophil 
recruitment into the gut may be contributing factors [ 51 – 53 ]. 
Commensal families such as Porphyromonadaceae, which 
resides within the Bacteroidetes phylum and contains 
 Barnesiella  spp. described in the prior section, offers some 
evidence that it may provide some degree of colonization 
resistance against pathogenic Gram-negative bacteria [ 54 ].  

51.3.3       Viridans Group Streptococcal 
Bloodstream Infections   

  Viridans   group streptococci are known to cause a particu-
larly severe, life-threatening, toxic shock-like syndrome 
under certain settings of severe or prolonged neutropenia. 
Risk of this infection is very much determined by conditions 
and practices favoring oral mucositis, such as pre- engraftment 
phase of HCT and administration of high-dose cytosine ara-
binoside [ 55 ]. Since viridans group streptococci are known 
to be particularly abundant in the upper part of the gastroin-
testinal tract [ 28 ], systemic dissemination during neutrope-
nia is most likely during administration of chemotherapy 
agents that favor upper gut mucosal damage [ 56 ]. Centers 
encountering this infection have adopted prophylaxis strate-
gies to prevent these infections, such as administration of 
penicillin or vancomycin [ 57 ,  58 ]. Administration of intrave-
nous vancomycin during the peri-transplant period in allo- 
HCT is currently a routine practice in some centers, and 
appears to be extremely effective [ 58 ], though current treat-
ment guidelines for fever and neutropenia recommend 
against the routine use of Gram-positive agents such as van-
comycin for prophylaxis [ 59 ]. 

 It is notable that intravenous vancomycin provides effec-
tive prophylaxis against infection by viridans group strepto-
cocci, despite the fact that intestinal domination nonetheless 
occurs in approximately 40 % of HCT recipients, based on 
one study [ 21 ]. As discussed previously, intravenous vanco-
mycin does not penetrate well into the gut lumen [ 45 ], so 
protection against viridans group streptococcal infections 
presumably takes place at the level of blood, in systemic cir-
culation.  This contrasts with fl uoroquinolone prophylaxis 
against Gram-negative infections, where effects on the 
microbiota can be clearly seen.  

51.3.4      C. diffi cile  Infection 

 There is little doubt that   C. diffi cile  infection (CDI)      results 
   from disruption of the intestinal microbiota, due to antibiotic 
administration and other perturbations.    In HCT recipients, 
rates of CDI are generally felt to be very high in comparison 
with other patient populations; reported CDI rates typically 
range from 12 % to 18 %, but can range greatly from as low 

as 5 % to as high as 30 % [ 60 – 66 ]. This may in part be a 
refl ection of the degree of microbiota dysbiosis experienced 
by these patients. 

 Examination of the fecal samples of patients during HCT 
indicates that about 40 % of patients are asymptomatically col-
onized with toxigenic  C. diffi cile  at the start of HCT [ 66 ]. It is 
from this pool of pre-colonized recipients that CDI occurs, sug-
gesting that the high rates of infection in this population cannot 
readily be explained by nosocomial transmission. 

 The exact factors and mechanisms that determine the risk 
of vegetative growth and toxin production by  C. diffi cile  in 
the transplant setting and other populations are still unclear. 
Patients in the non-transplant setting with recurrent CDI 
demonstrate relatively reduced microbial diversity in their 
feces [ 67 ]. Thus, as a means to restore this lost diversity, 
fecal microbiota transplantation (FMT) has gained notoriety 
as an effective way to cure patients with recurrent CDI, often 
succeeding in instances where other treatments have failed 
[ 26 ]. There are now several published forms of evidence for 
the effectiveness of FMT [ 27 ,  68 ,  69 ], including a random-
ized clinical trial demonstrating substantial benefi ts in the 
form of a durable cure [ 70 ]. 

 Examination of the microbiota composition for evidence 
of protective elements against CDI has brought to light sev-
eral commensal candidates that may have potential for 
 treatment in the form of bacteriotherapy.  Bifi dobacteria  spp. 
and  Lactobacillus  spp., both commonly formulated in com-
mercial probiotic formulations, have shown some degree of 
evidence that they could offer protection from CDI [ 33 ,  71 , 
 72 ]. However, these data are still considered limited, and 
CDI guidelines have not recommended the use of currently 
formulated probiotics [ 73 ]. 

 Commensals from the Bacteroidetes phylum may have 
durable protective effects against CDI; in patients with recur-
rent CDI who were cured using FMT, examination of the 
microbiota before and after the procedure revealed that the 
most obvious microbial change was signifi cant colonization 
with Bacteroidetes, where it had been previously completely 
lacking [ 26 ,  27 ]. Further evidence can be seen in fi daxomi-
cin, which was shown to be non-inferior to oral vancomycin 
for the treatment of CDI, but with fewer observed recur-
rences [ 74 ]. This difference has been attributed to the fact 
that fi daxomicin specifi cally is capable of sparing  Bacteroides  
spp. during treatment. 

 Members of family Lachnospiraceae (Clostridium cluster 
XIVa) have also demonstrated potential for protection 
against CDI. Colonization with one strain of Lachnospiraceae 
was able to confer colonization resistance against CDI in 
mice [ 18 ]. In a subsequent study, a mathematical model con-
structed from microbiota data from HCT recipients with and 
without CDI revealed highly distinctive protective effects 
from  C. scindens , another member of Lachnospiraceae. 
Colonization of mice with  C. scindens  conferred protection 
against CDI [ 19 ]. The mechanism of protection was shown 
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to occur through production of secondary bile acids which 
were previously thought to inhibit vegetative growth of    
 C. diffi cile  [ 75 ,  76 ].  

51.3.5     Graft-Versus-Host Disease (GVHD) 

 As early as the 1970s, the gut   microbiota has been suspected 
to play a role in mediating outcomes in allogeneic HCT, par-
ticularly  GVHD     . Early studies in mice and humans sug-
gested a link between the intestinal fl ora and propensity for 
graft-versus-host disease [ 77 ,  78 ]. This led to the practice of 
total or selective gut decontamination and environmental 
protection through laminar airfl ow isolation, which were 
done routinely at transplant centers in the hopes of prevent-
ing transplant-related complications. This was based on sev-
eral initial studies which were promising [ 79 ,  80 ]. However, 
these practices failed to demonstrate consistent benefi t over 
time in subsequent studies [ 81 – 83 ], and have largely fallen 
out of favor at most transplant centers. 

 More recently there has been renewed interest in fi ndings 
means to prevent GVHD through modulation of the microbi-
ota, given our better understanding of host immunity-micro-
biome dynamics. In studies of either mice or humans 
comparing the microbiome of individuals with GVHD with 
those without, a consistent pattern of microbial shift has been 
observed. Prospective studies have shown that individuals 
with GVHD have a preceding intestinal composition that is 
defi cient in obligate anaerobes within Clostridia, regarded as 
healthy members that are benefi cial for production of short 
chain fatty acids and prevent infl ammation by upregulating 
regulatory T-cells through a variety of mechanisms [ 84 ,  85 ]. 
Instead, these individuals demonstrate domination by   more 
oxygen tolerant microbes, including  Lactobacillus  spp., 
 Enterobacteriaceae , and  Enterococcus  spp. [ 84 ,  86 ].   

51.4     Solid Organ Transplantation 
( SOT)      

 Fewer studies of   the microbiome have been performed in 
solid organ transplant compared with HCT. These patients 
are treated with fewer antibiotics and do not experience the 
initial fall in microbial diversity at the beginning of trans-
plantation [ 87 ]. Nevertheless, several notable studies of solid 
organ transplant recipients have shown that the microbiome 
is clinically relevant and may have implications in medical 
management. 

 In renal transplant recipients, the intestinal microbiota was 
shown to infl uence the dosing of immunosuppressant medi-
cations. Specifi cally, patients colonized with  F. prausnitzii , a 
commensal member of Clostridium cluster IV, required 
increased doses of tacrolimus in order to achieve therapeutic 
levels, compared with patients who were not colonized [ 87 ]. 

 In another study of solid organ transplant recipients taking 
pharmacological immunosuppressants, evaluation of sali-
vary microbiome revealed compositional differences among 
transplant recipients compared with control subjects not tak-
ing immunosuppressant medications. Specifi cally, patients 
taking corticosteroids and/or mycophenolate mofetil exhib-
ited salivary samples with high microbial diversity [ 88 ]. This 
suggests that cell-mediated immune suppression may serve 
to create an oral environment that is more permissive of bac-
terial colonization with opportunistic pathogens, but without 
affecting other members through domination, in contrast to 
observations of HCT recipients. 

 In lung transplantation, a connection between the micro-
biota inhabiting airways and chronic lung allograft rejection 
has been hypothesized [ 89 ]. In this model, immune suppres-
sion must be carefully balanced; suffi cient immune suppres-
sion is necessary to prevention allograft rejection, but 
allograft rejection is also strongly correlated with airway 
infection, which occurs if immune suppression is excessive. 
Furthermore, whether colonization of the airway with certain 
microbes confers higher or lower risk of lung allograft rejec-
tion has been a subject of interest. In one preliminary study, 
lung transplantation recipients showed higher bacterial 
diversity in lung fl uid obtained by bronchoalveolar lavage, 
as compared with non-transplant controls [ 90 ]. Furthermore, 
compositional differences in lung microbiome were 
observed, including a strikingly higher abundance of 
Burkholderiaceae, a family   within the Proteobacteria phy-
lum, in lung transplantation recipients.  

51.5     Summary and Future Directions 

 The initial observations thus far suggest that the microbiome 
is particularly important in the transplantation setting, hav-
ing implications in immune status, risk of infection, and 
health of the allograft. Future microbiome studies will need 
to continue to examine and further defi ne the full clinical 
implications of commensal microbes on transplant out-
comes, and the underlying mechanisms behind these associ-
ations, in order to gain insights that can lead to potential 
interventions that can improve outcomes in transplantation. 

 Therapeutic interventions aimed at maintaining the micro-
biota in an ideal state during transplantation may be the logi-
cal result of these fi ndings. Future consideration and 
exploration of these interventions are needed to bring the 
knowledge of the microbiome into practical importance. 

 For instance, an improved mechanistic understanding of 
the impact of antibiotics on commensal populations may 
help guide antibiotic stewardship more accurately. Based on 
observations thus far, emphasis on avoiding drugs with 
potent anti-anaerobic activity, and simultaneous de- emphasis 
of stewardship over drugs with minimal intestinal lumen 
penetration could be of benefi t and should be further 
studied. 
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 Replenishment of microbial populations following 
treatment- related perturbations with interventions such as 
fecal microbiota transplantation (FMT) may also be of ben-
efi t in certain transplant populations. 

 In addition to effi cacy in the treatment of recurrent  C. dif-
fi cile  infection, FMT could potentially serve to improve 
other transplant-related outcomes, such as transplant-related 
infections or GVHD. However, FMT has generally not been 
well studied in transplant recipients, and it is not yet clear 
whether additional safety concerns exist in treating these 
immune compromised patients in this manner. Given the 
uncertainty surrounding FMT, alternative therapeutic 
approaches to consider might include diet modifi cation to 
induce conditions favorable for colonization with benefi cial 
microbes (prebiotics), or bacteriotherapy either with single 
benefi cial “keystone” members or with bacterial consortia. 
These approaches have been proposed as interventions that 
could be performed safely and effectively. 

 Additional areas of potential investigation includes study 
of the microbiota and risk for non-bacterial transplant infec-
tions (e.g., cytomegalovirus and adenovirus), relevance of 
commensal fungi and viruses (mycobiome and virome), and 
whether regional differences exist and are pertinent. Further 
study and understanding of these complex microbial popula-
tions and their interactions with human hosts can be used to 
inform transplantation practices and improve outcomes.     
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52.1           Introduction 

 Advances in hematopoietic cell transplantation (HCT) prac-
tices and supportive care have led to improved transplant 
outcome and an increasing number of long-term survivors 
[ 1 ]. Long-term (LT) transplant survivors are at risk for devel-
oping late  complications   as summarized in Table  52-1 . 
Among 2 and 5 years HCT survivors, the main reported 
 causes of death   include relapse of the original disease, 
chronic graft-versus-host disease (GVHD), and late infec-
tions (Figure  52-1 ) [ 2 – 4 ]. This chapter focuses on late infec-
tions and infection-related complications that occur beyond 
day 100 after HCT. Late infections after transplant are gener-
ally localized to the skin, the upper respiratory tract, and the 
lungs [ 5 ]. Viral infections are responsible for more than 40 % 
of late infections after transplant, bacteria are responsible for 
approximately 35 % of infections, and fungi cause approxi-
mately 20 % of the late infections after transplant [ 6 ].

52.2         Risks for Late Infections 
After HCT 

 Late infections with bacteria, viruses, fungi, and other organ-
isms are most common (1) in patients with delayed immune 
reconstitution, (2) in patients with chronic GVHD, (3) in 
recipients of cord blood transplant, (4) in recipients of T cell 
depleted allogeneic HCT, and (v) in CD34-selected autolo-
gous HCT recipients. The adoption of maintenance therapy 
with novel chemotherapy and immunomodulatory agents 
after autologous HCT for multiple myeloma [ 7 – 9 ] has also 
resulted in increased risk for late infection complications in 
this patient population as well [ 10 – 12 ]. 

 It is standard practice to administer prophylaxis for infec-
tions caused by varicella zoster virus (VZV),  Pneumocystis 
jiroveci  (formerly  Pneumocystis carinii ),  Toxoplasma gon-
dii , and encapsulated bacteria ( Neisseria meningitidis, 
Haemophilus infl uenzae,  and  Streptococcus pneumoniae ) 

after HCT and to continue long-term prophylaxis beyond 
100 days post-transplant in patients with chronic GVHD. 
However, no evidence based data is available to guide spe-
cifi c recommendations for duration of infection prophylaxis 
beyond 100 days after HCT, and practice is variable based on 
type of transplant, GVHD status, immunosuppression ther-
apy, herpes serology status pre-transplant of patients and 
donors, diagnosis at transplant, prior treatment with certain 
chemotherapeutic agents, and prior history of infections. 

 A comprehensive review and guidelines for preventing 
infectious complications among HCT recipients, including 
beyond 100 days post-transplant, have been published and 
last updated in 2009 [ 13 ]. General practice for late infection 
prophylaxis at the  Fred Hutchinson Cancer Research Center 
(FHCRC)   and the  Seattle Caner Care Alliance (SCCA)   is 
summarized in Table  52-2 . Vaccination is recommended in 
HCT long-term survivors to prevent infections (as discussed 
in detail in Chap.   48    ).

52.2.1       Immune Reconstitution After HCT 

  Reconstitution of the immune system after HCT is critical 
for both prevention and control of infectious disease and for 
prevention of recurrence of the original malignant disease 
for which the transplant was indicated. 

  Immune reconstitution   following allogeneic HCT is a 
stepwise process. First, the innate immune system including 
epithelial barriers, monocytes, granulocytes, and natural 
killer (NK) cells recovers within weeks after transplantation. 
The adaptive immunity recovers signifi cantly slower, and 
although B and T cell counts may normalize during the fi rst 
months after transplantation, the B and T cell function may 
remain impaired for years [ 14 ]. 

 The T cell compartment after transplant is repopulated 
through a thymus-dependent pathway by development 
of new lymphocytes from progenitor cells, and through 
thymus- independent pathway by peripheral expansion 
of residual mature donor and recipient lymphocytes by 
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 antigenic stimulation and homeostatic cytokines [ 15 – 17 ]. 
The thymus- independent pathway may recover within a 
number of months after transplant, while the thymus-
dependent pathway may not fully function for years [ 18 ]. 
Thymus-dependent pathway depends on lymphoid-com-
mitment progenitor cells derived from the hematopoietic 
stem cell graft as well as adequate thymus microenviron-
ment for the development of T lymphocytes. However, the 
function of the thymus in a transplant patient is damaged in 
HCT recipients by age- related thymic involution, exposure 
to cytotoxic drugs or radiation, and GVHD [ 19 ], therefore 
the delay in the thymus- dependent immune recovery after 
transplant. 

 B cell count is low during the fi rst couple of months after 
bone marrow grafting, but it subsequently increases and 
becomes supranormal by 1–2 years after transplant, as dem-
onstrated in some studies [ 20 ]. Most B cells are naive and 
initially produce immunoglobulin M (IgM) rather than IgG 
or IgA [ 21 ]. 

   TABLE 52-1.    Late (beyond day 100)  complications after   hematopoi-
etic cell transplantation   

 Delayed immune reconstitution 

 Chronic graft-versus-host disease 

 Late infections 

 Autoimmune hematologic problems 

 Metabolic syndromes 

 Airway and pulmonary diseases 

 Cardiovascular complications 

 Gastrointestinal and hepatic complications 

 Musculoskeletal problems 

 Ocular problems 

 Dental problems 

 Growth and development impairment (children) 

 Endocrine problems 

 Central and peripheral nervous system problems 

 Recurrent malignancy 

 New cancers 

 Psychosocial effects 

Relapse 43%

GVHD 30%a

b

Infection 8%

Second cancer 7%

Organ failure 7%

Other 6%

Relapse 15%

GVHD 12%

Infection 18%

Second cancer 29%

Other 6%

Organ failure 22%

  FIGURE 52-1.     Causes of deaths   after allogeneic HCT for hematological diseases. ( a ) COD among 2-year survivors. Represents abstracted data from 
two studies [ 2 ,  3 ]. ( b ) COD among 5-year survivors. Represents abstracted data from [ 4 ].       
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 Many parameters have been shown to affect immune 
recovery after transplant as: (1) disease status at time of 
transplant; (2) patient/donor-specifi c factors (e.g., patient and 
donor ages, human leukocyte antigen (HLA) compatibility, 
and CMV serological status); (3) graft source and composi-
tion; (4) transplant-specifi c factors (e.g., use of granulocyte 
colony stimulating factor (G-CSF), immunosuppressive ther-
apy, polyclonal antibodies as part of conditioning, presence 
and extent of GVHD , and CMV reactivation) [ 22 – 24 ].  

52.2.2      Chronic GVHD   

 Chronic   GVHD is a major cause of late morbidity and mor-
tality after allogeneic HCT, mainly due to its inhibitory effect 
on immune recovery, and toxicities of glucocorticoids and 
other immunosuppressive agents used for GVHD treatment. 
Risk factors for the development of chronic GVHD are: use 
of a mobilized peripheral blood as the stem cell source, mul-
tiparous female donor into a male recipient, HLA mismatch, 
and old age [ 25 ]. Risks factors for  chronic GVHD  -related 
mortality are: direct progression from acute GVHD, platelet 
counts below 100,000/mcL at time of chronic GVHD diag-
nosis, hyperbilirubinemia, extensive skin disease, severe 
chronic GVHD by the National Institute of Cancer criteria, 
and low clinical performance score [ 26 ,  27 ]. If not treated 
adequately and in severe form of the disease, chronic GVHD 
can result in disability, major or recurrent infections due to 
delayed immune reconstitution, pulmonary insuffi ciency 
(due to bronchiolitis obliterans (BO) or restrictive lung dis-
ease related to scleroderma or fasciitis), skin ulcers, severe 
joint contractures, esophageal stenosis, vaginal stenosis, 
severe keratoconjunctivitis sicca, and others [ 28 ,  29 ]. 

 Clinical and experimental data have shown that immune 
reconstitution is directly impaired by chronic GVHD due to 
destruction of bone marrow hematopoietic niches, inhibiting 
lymphopoiesis, and damage to the thymus microenviron-
ment, which inhibits thymus-dependent T cell immunity 
[ 30 – 34 ]. Additional inhibition to immune recovery is medi-
ated by the immunosuppressive therapy of chronic GVHD. 

 The mainstay of chronic GVHD treatment is glucocorti-
coids, but approximately 50 % of patients require additional 
immunosuppressive agents for GVHD control [ 35 ,  36 ]. Most 
patients require immunosuppressive therapy for at least 2 
years from the initial diagnosis of chronic GVHD, and 
approximately 10 % of patients require continued immuno-
suppressive treatment beyond 5 years [ 37 ]. The prolonged use 
of glucocorticoids and other immunosuppressive therapy used 
after allogeneic transplant has signifi cant effect on delayed 
immune reconstitution, including inhibitory effects on a broad 
range of specifi c immune responses mediated by T and B 
cells, as well as potent suppressive effects on the effector 
functions of phagocytes [ 38 – 40 ]. Because of their inhibitory 
effects on both acquired and innate immunologic function, the 
prolonged use of immunosuppressive agents signifi cantly   
increases the risk of late infection after HCT [ 41 – 49 ].  

52.2.3     Late Infection Risks After Cord Blood 
Transplant 

 Umbilical cord blood ( UCB  )  transplantation   is associated 
with delayed immune reconstitution, largely due to impaired 
thymopoiesis and late memory T cell function [ 50 ]. UCB 
contains mostly naive, antigen-inexperienced T lympho-
cytes, which do not transfer protective T cell memory func-
tion to the recipient. Additionally, UCB T cells display 
impaired capacity for effector cytokine production and 
reduced cytolytic activity [ 51 ,  52 ]. Consequently, UCB 
transplant is associated with delayed and incomplete immune 
reconstitution. As a result, infectious complications and 
viral reactivation represent the most prevalent causes of 
 post- transplant morbidity and mortality in UCB transplant 
recipients [ 50 ,  53 ,  54 ].  

52.2.4     Late Infection Risks After  T Cell 
Depleted   HCT 

 Depletion of T cells from the stem cell product (in vitro or 
in vivo) reduces the risk of GVHD by limiting the number of 
allo-reactive T cells but it also results in an increased risk of 
infections. In the fi rst several months after HCT, the circulat-
ing T cell repertoire is essentially recruited from the progeny 
of the donor lymphocytes that are cotransplanted with the 
hematopoietic progenitor cells. Hence, in recipients of a T 
cell–depleted graft product, T cell–repertoire reconstitution is 
often delayed or incomplete compared with recipients of un-
manipulated product. The limited size of the initial pool of T 
cells in combination with the length of time it takes the cells to 
repopulate in the recipient’s blood is likely a major contributor 
for the lack of complexity in T cell repertoires in the fi rst year 
after T cell–depleted HCT, and for the increased risk of late 
infections in this patient population [ 55 ]. Most common late 
infections after a T cell depleted HCT include those caused by 
herpesvirus, Epstein–Barr virus, and others [ 56 – 58 ].  

52.2.5     Late Infection Risks After Haplo- 
Identical Transplant 

 Haplo-identical HCT  offers   the benefi ts of rapid and nearly 
universal donor availability, and has been accepted world-
wide as an alternative for patients with hematologic diseases 
who do not have a completely HLA-matched sibling or who 
require urgent transplantation. Unfortunately, serious infec-
tions resulting from delayed immune reconstitution remain a 
major cause of mortality in haplo-identical HCT recipients, 
particularly in those receiving extensively T cell–depleted 
allografts [ 59 ,  60 ]. Haplo-identical HCT is characterized by 
prolonged B cell lymphopenia and low thymic function, 
which render patients susceptible to late viral and fungal 
infections [ 61 ]. The risk of late infections in recipients 
of un- manipulated graft from a haplo-identical donor with 
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post- transplant cyclophosphamide has not been compared to 
that of recipients of an un-manipulated graft from an HLA- 
matched unrelated donor using conventional immunosup-
pression post-transplant. However, a recent prospective 
cohort analysis of 70 recipients of un-manipulated haplo- 
identical HCT with post-transplant cyclophosphamide dem-
onstrates high incidence of viral infections/reactivations in 
the early and late post-transplant period, but with a quite low 
incidence of late bacterial and invasive fungal infections [ 62 ].  

52.2.6     Late Infection Risks 
After Autologous HCT 

 Late infections are not common after an un-manipulated 
 autologous HCT  , but late herpesvirus infections are not 
uncommon in recipients of CD34+ selected grafts. Moreover, 
the increased use of novel drugs (i.e., proteasome inhibitor 
bortezomib and the immunomodulators thalidomide and 
lenalidomide) before and after autologous transplant has 
been associated with an increased risk for late viral infections 
in this setting, especially caused by herpesviruses [ 63 – 66 ].   

52.3     Late Infections After HCT 

52.3.1     Late Bacterial Infection 

 Encapsulated bacteria ( S. pneumoniae, H. infl uenza,  and  N. 
meningitidis ) are the most signifi cant   late bacterial infection   
after HCT. The most signifi cant risk factor for late infections 
with encapsulated bacteria, particularly  S. pneumonia , is 
chronic GVHD, due to persistent low levels of opsonizing 
antibodies, low CD4+ cell count, poor reticuloendothelial 
function, and long-term use of immunosuppressive therapy, 
especially corticosteroids, with their suppressive effects on 
phagocytosis [ 13 ,  67 ]. 

 Optimal selection of prophylaxis should consider local 
patterns of pneumococcal resistance and individual allergies 
or toxicities associated with available antibiotic choices that 
include penicillin VK, trimethoprim–sulfamethoxazole 
(TMP–SMX; cotrimoxazole), second generation cephalo-
sporins, quinolones, and azithromycin. None of these strate-
gies has been tested in randomized trials but historical data 
indicate that fulminant septic events can occur without pro-
phylaxis due to the profound immunosuppression [ 68 ]. 
Detailed recommendations for prevention of late bacterial 
infections (i.e., beyond 100 days after transplant) can be 
found in the 2009 international guidelines for prevention of 
infection after HCT [ 13 ]. 

 Due to the emergence of penicillin resistance encapsu-
lated organisms, and the concomitant need for  Pneumocystis 
jiroveci  pneumonia (PJP) prophylaxis in patients with 
chronic GVHD some experts favor TMP–SMX given as one 
double strength tablet once daily as the fi rst-line drug for 

both chemoprophylaxis for infections with encapsulated 
bacteria and PJP for patients with chronic GVHD. If TMP–
SMX is not tolerated, second generation cephalosporins, 
quinolones, and azithromycin prophylaxis may be substi-
tuted for coverage of encapsulated organisms, and dapsone, 
atovaquone, or aerosolized pentamidine added as alternative 
for PJP prophylaxis [ 13 ]. Encapsulated organism prophy-
laxis after transplant may also be considered in patients 
 without GVHD but receiving glucocorticoid, patients with 
persistent or recurrent manifestations of chronic GVHD 
without ongoing use of immunosuppressive medications, 
patients who are receiving treatment for malignancy after 
transplant, and asplenic patients. At our center, chemopro-
phylaxis for encapsulated organisms is continued for at least 
6 months after discontinuation of all immunosuppression 
medications for patients with a chronic GVHD history. For 
patients with prior splenectomy, the chemoprophylaxis is 
continued until age 6 OR 2 years after splenectomy, which-
ever occurs later. While continuation of chemoprophylaxis 
until 6 months after discontinuation of systemic immunosup-
pression represents the opinion of some experts and is not 
evidence based, such recommendation is based on the obser-
vation that most exacerbation of chronic GVHD occurs 
within 6 months after discontinuation of primary immuno-
suppressive treatment [ 35 ,  36 ], and the speculation that fl are 
of GVHD may be triggered by infections via upregulation of 
alloreactivity associated with its proinfl ammatory milieu. 

 Late bacterial infections after transplantation may also be 
due to other organisms, such as Gram positive and Gram 
negative aerobic bacteria [ 69 – 71 ]. Therefore, empirical anti-
biotic treatment in HCT survivors with clinical suspicion for 
infection should include broad-spectrum coverage until the 
infecting organism is identifi ed. 

 Severe hypogammaglobulinemia (i.e., IgG levels 
<400 mg/dL) can be associated with bacteremia or recur-
rent sinopulmonary infections. While routine monthly 
intravenous immunoglobulin (IVIG) administration to HCT 
recipients beyond 100 days after allogeneic or autologous 
HCT is not generally recommended as a means of prevent-
ing bacterial infections, administration of IVlG to maintain 
IgG levels higher than 400 mg/dL may be considered for 
patients at risk of late bacterial infections (e.g., patients 
with chronic GVHD and those with severe hypogamma-
globulinemia) [ 13 ,  68 ]. At our center, IVlG is recommended 
during the fi rst year after allogeneic HCT for patients with 
IgG levels of 400 mg/dL or less if other risk factors are 
present. IVlG is also recommended for patients with chronic 
GVHD with recurrent sinus/pulmonary infections with low 
serum IgG levels. Some experts recommend monitoring 
IgG levels and administering IVlG in patients with chronic 
GVHD and IgG levels lower than 400 mg/dL regardless of 
prior history of recurrent sinus/pulmonary infections or 
type of systemic immunosuppression treatment used, but 
there are no data demonstrating that this approach improves 
 outcome [ 72 ].  
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52.3.2     Late  Pneumocystis jiroveci  
Pneumonia (PJP) 

   P. jiroveci  pneumonia ( PJP  ), formerly known as 
  Pneumocystis carinii  pneumonia (PCP)  , used to    be a com-
mon opportunistic infection in immunocompromised 
patients. However since effective PJP prophylaxis is rou-
tinely used after HCT, PJP infection after HCT is infrequent. 
The rare cases of late PJP after transplant are usually due to 
non-compliance or inadequate prophylaxis. The 2009 inter-
national guidelines for infection prevention after HCT rec-
ommend PCP prophylaxis from engraftment until at least 6 
months after allogeneic HCT, with longer prophylaxis in 
patients who continue to receive immunosuppressive drugs 
[ 13 ]. At our center, PJP prophylaxis is given at least for 6 
months after autologous transplant, and for 6 months after 
discontinuation of all immunosuppression after allogeneic 
transplant. TMP–SMX is the most effective PJP prophy-
laxis, thus generally accepted as the fi rst choice for this pur-
pose [ 73 ,  74 ]. Approximately 15–30 % of patients require 
therapy other than TMP–SMX because of drug allergy, gas-
trointestinal intolerance, renal or liver toxicity, and possibly 
marrow suppression. While breakthrough cases of PJP can 
occur with all alternative agents, use of daily dapsone is 
associated with acceptable prevention [ 75 ]; limited data 
exist on atovaquone in the allogeneic  HCT setting [ 13 ] and 
breakthrough cases have been observed [ 75 ]. Pentamidine 
can be given as aerosol or intravenously, but it appears to be 
less effective [ 76 ,  77 ].  

52.3.3     Late Toxoplasma Infection 

    Toxoplasmosis  ,  caused   by  Toxoplasma gondii , is a potential 
fatal opportunistic infection following allogeneic HCT [ 78 ]. 
Toxoplasmosis after HCT is rare, and nearly exclusively 
develops as reactivation in seropositive transplant recipients 
who did not receive adequate prophylaxis [ 78 ,  79 ]. The inci-
dence of  Toxoplasma gondii  disease varies according to the 
seroprevalence in the geographic area. Toxoplasmosis usu-
ally presents as encephalitis 2–6 months after transplantation 
in the setting of severe T-lymphocyte defi ciency, but later 
occurrence has also been reported in patients receiving long- 
term immunosuppression [ 78 ,  80 ,  81 ]. Dissemination with 
encephalitis, myocarditis, pneumonitis, hepatitis, and other 
sites may occur and worsens the prognosis. The preferred 
regimen for Toxoplasma prophylaxis is TMP–SMX, which 
is routinely used for PJP prophylaxis after transplant. The 
effi cacy of other PJP prophylactic drugs (e.g., dapsone and 
atovaquone) for  Toxoplasma  prevention is unknown [ 82 – 85 ]. 
The international guidelines for infection prevention after 
HCT recommend a strategy for prevention of  Toxoplasma 
gondii  in high-risk patients who are intolerant to TMP–SMX 
[ 13 ]. According to these guidelines, such patients can either 
receive prophylaxis with one or more drugs effective against 

 Toxoplasma gondii  (i.e., clindamycin, pyrimethamine plus 
leucovorin, pyrimethamine plus sulfadiazine, or pyrimeth-
amine and sulfadoxine plus leucovorin) or be monitored with 
PCR testing and given preemptive treatment [ 86 ]. However  , 
there are no published prospective studies on the benefi t/risk 
ratio of such strategies.  

52.3.4     Late Viral Infections 

52.3.4.1     Varicella Zoster Virus Infection 

   Varicella zoster virus (VZV)  disease      is a common late viral 
infection after HCT [ 87 ]. VZV can present with skin or vis-
ceral disease. Although most VZV disease after HCT is 
caused by reactivation of endogenous VZV, HCT recipients 
who are VZV seronegative, or VZV seropositive and immu-
nocompromised, should be advised to avoid exposure to per-
sons with active VZV infections. In a randomized, 
double-blind trial, oral acyclovir at doses of 800 mg twice 
daily for 1 year after transplant prevented VZV infection 
after allogeneic HCT without rebound disease after discon-
tinuation of prophylaxis [ 88 ]. The international guidelines 
for infection prevention after HCT recommend acyclovir to 
prevent VZV infection for the fi rst year after HCT in VZV- 
seropositive allogeneic and autologous HCT recipients [ 13 ]. 
Acyclovir prophylaxis may be continued beyond 1 year in 
allogeneic HCT recipients who have chronic GVHD or 
require systemic immunosuppression. The optimal duration 
of prophylaxis is poorly defi ned in patients with chronic 
GVHD, as there appears to be a persistent risk of VZV reac-
tivation disease even after discontinuation of all systemic 
immunosuppressive treatments and with CD4 cell count 
exceeding 200 cells/mL [ 13 ,  89 ]. At our center, acyclovir is 
given prophylactically to all allogeneic transplant recipients 
for 1 year after HCT or at least 6 months after discontinua-
tion of all systemic immunosuppressive medications, which-
ever occurs later, and for 1 year after autologous transplant. 
According to the international guidelines for infection pre-
vention after HCT the recommended dose of acyclovir pro-
phylactic is 800 mg twice a day [ 13 ]; however, lower   doses 
may be suffi cient for VZV prophylaxis [ 90 – 92 ].  

52.3.4.2     Cytomegalovirus Infection 

  Cytomegalovirus (CMV) disease     usually occurs during the 
fi rst year after HCT, but may occur later in patients with 
ongoing immunosuppression [ 93 ,  94 ]. Gastroenteritis and 
pneumonia are the most common late manifestations of 
CMV disease, but few cases of retinitis, encephalitis, and 
marrow failure have been reported [ 94 – 97 ]. CMV seroposi-
tive recipients of allogeneic transplants are at the highest risk 
of developing  CMV   infection and disease [ 98 ,  99 ]. Other 
groups at increased risk for the development of CMV disease 
are autologous HCT recipients of a CD34-selected graft. 
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Due to potential toxicities, no CMV prophylaxis is usually 
given to patients after HCT except for UCB transplant recipi-
ents, which represent the highest risk group for late CMV 
reactivation and disease [ 100 ]. Routine CMV blood monitor-
ing and preemptive therapy, however, are recommended and 
 useful for all patients at risk for late CMV disease. Polymerase 
chain reaction (PCR) testing is the standard assay in the USA 
for CMV surveillance in blood in high-risk patients. The 
assay is highly sensitive and provides reliable quantitative 
measurements of CMV load in plasma. While antigenemia 
testing also performs well for CMV monitoring, quantitation 
and sensitivity may be affected by delay in performing the 
test from specimen shipped from a distant location. 

 Studies have demonstrated that certain allogeneic trans-
plant recipients are at increased risk for late CMV disease 
and CMV-related mortality after HCT; these patients include 
those treated for CMV infection in the fi rst 100 days after 
transplantation, CMV seropositive recipients of cord blood 
transplants, and those treated with corticosteroids or other 
systemic immunosuppressive agents for chronic GVHD 
[ 101 – 103 ]. Continued monitoring for CMV reactivation 
after 100 days following HCT is recommended for these 
high-risk patients on a weekly basis. Weekly testing is rec-
ommended due to the rapid replication kinetics of virus in 
these immunocompromised hosts, and because CMV dis-
ease can develop in the interval between a negative assay and 
the next sample if the tests are spaced 2 weeks apart. Few 
studies examined when late surveillance can be safely dis-
continued. In our practice, non-cord umbilical blood HCT 
recipients who are not receiving high levels of immunosup-
pression (e.g., < 1 mg/kg/day corticosteroids or treatment 
with mycophenolate mofetil) and who have had three con-
secutive negative surveillance tests after day 100 post- 
transplant can be changed to every other week blood CMV 
monitoring; if taper of immunosuppression continues and 
patient remains negative, CMV blood testing may be stopped 
after two additional tests. If treatment with corticosteroids is 
increased or secondary therapy for chronic GVHD is added, 
particularly initiation of treatment with mycophenolate 
mofetil, we resume CMV monitoring on a weekly schedule. 

 CMV seropositive UCB transplant recipients may be at 
increased risk for developing CMV reactivation and disease. 
Despite using standard preemptive strategies in CMV sero-
positive UCB transplant recipients, an evaluation of this 
population at our center revealed that almost 100 % reacti-
vated CMV and 25 % developed CMV disease [ 100 ]. While 
some centers have reported lower rates of CMV reactivation 
and disease, comparable with standard allogeneic trans-
plants [ 104 ], others also have found high rates of CMV reac-
tivation in the UCB population [ 105 ]. Therefore, we 
recommend prophylactic CMV therapy in addition to viro-
logic surveillance and preemptive therapy in UCB trans-
plant recipients at risk. The preferred CMV prophylaxis 
beyond day 100 after HCT for cord blood recipients with a 

prior history of CMV reactivation in the early post-trans-
plant phase is valganciclovir 900 mg PO once daily [ 106 ]. 
This regimen, while effective, may not be tolerated due to 
the risk of neutropenia. In these cases, we have used a modi-
fi ed regimen of high dose valacyclovir (oral valacyclovir 2 g 
three times daily) [ 107 ]. This regimen is also our preferred 
CMV prophylaxis for cord blood recipients who did not 
experienced early CMV reactivation (i.e., before 100 days 
after transplant). For patients who are unable to take oral 
formulations and who are deemed at high risk for late CMV 
disease, intravenous regimens of acyclovir (500 mg/m2 IV 
every 8 h) [ 107 ] or ganciclovir 5 mg/kg/day are used [ 108 ]. 

 Several studies indicate that preemptive treatment is effec-
tive to prevent CMV disease and improve outcome after 
HCT [ 109 ,  110 ]. In a randomized trial, preemptive CMV 
therapy in patients with plasma CMV DNA levels of 1000 IU/
mL or rising DNA levels (i.e., greater than 5 times of base-
line level within 1 month) was as effective as prophylaxis for 
prevention of late CMV disease [ 106 ]. 

 Since the risk of CMV acquisition via blood products con-
tinues late after transplantation, all blood products given to 
seronegative HCT   recipients should be CMV negative or 
 leukocyte reduced [ 13 ].  

52.3.4.3      Respiratory Virus Infections   

 Patients with and without chronic GVHD are at risk for 
acquisition of late respiratory tract infections such as those 
caused by infl uenza virus, parainfl uenza virus, human meta-
pneumovirus, and respiratory syncytial viruses; however, 
lower respiratory tract complications appear to be higher in 
patients with chronic GVHD. Respiratory virus infections 
represent a major contributor to development of severe pul-
monary airfl ow decline and are associated with risk of devel-
oping lung GVHD (i.e., bronchiolitis obliterans) [ 111 – 117 ]. 
Inactivated Infl uenza vaccine is recommended after HCT as 
early as 6 months after HCT and for individuals with close 
contact with the transplant recipient (as discussed in detail in 
Chap.   48    ) [ 118 ].  

52.3.4.4     Other Virus-Related Late Complications 

 Other potential  viral-related late complications   after HCT 
are chronic hepatitis and cirrhosis due to hepatitis B and C 
infection (as discussed in Chap.   37    ), BK virus associated late 
hemorrhagic cystitis, human papilloma virus infection, EBV 
lymphoproliferative disease (discussed in Chap.   26    ), and 
recurrent HSV disease, especially in patients receiving no or 
insuffi ciently doses of acyclovir prophylaxis (discussed in 
Chap.   29    ). No routine surveillance of such viral infections is 
recommended, but specifi c evaluation should be performed 
if clinical suspicion is raised, and patients should be treated 
accordingly.   
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52.3.5     Late Fungal Infections 

  Late fungal infections   are most  common in allogeneic HCT 
recipients receiving high doses of corticosteroids. Antifungal 
prophylaxis beyond 100 days following allogeneic HCT 
may be considered, especially in patients with chronic 
GVHD who are receiving high dose corticosteroids (i.e., 
greater than 1 mg/kg/day prednisone or equivalent) or other 
immunosuppressive agents. While little evidence-base rec-
ommendations are available for antifungal prophylaxis 
beyond 100 days after transplantation, routine use of anti-
fungal prophylaxis in the early period after allogeneic HCT 
has been shown to decrease invasive fungal infections from 
12 % to 4 % [ 119 ]. Invasive aspergillosis remains, however, a 
principal cause of infection-related mortality after HCT, 
with the majority of cases occurring beyond day 100 after 
transplant [ 120 – 122 ], and with main risk factors being 
chronic GVHD and prolonged treatment with high dose cor-
ticosteroids [ 120 ,  121 ]. While evidence-base is lacking for 
prolonged use of voriconazole or posaconzole prophylaxis 
beyond day 100 after transplant, the National Institute 
Cancer chronic GVHD Supportive Care consensus recom-
mends antifungal prophylaxis in patients with chronic 
GVHD receiving high dose corticosteroids [ 68 ]. Until ran-
domized studies to evaluate the safety of prolonged voricon-
azole or posaconzole prophylaxis are conducted, the decision 
whether to start or continue prophylaxis with either of these 
agents in patients who receive high dose immunosuppres-
sion beyond 100 days after transplant should be determined 
by the treating physician based on the patient’s clinical sta-
tus, expected duration of high dose corticosteroids therapy, 
and prior  history of fungal infections.   

52.4     Long-Term Follow-Up 
Recommendations After HCT 

 Long-term clinical monitoring is necessary to identify early 
signs of chronic GVHD, infections, and other potential late 
complications after transplant, in order to prevent severe 
morbidity and mortality. Table  52-3  summarizes the FHCRC 
 guidelines      for long-term follow-up post-transplant.

   Routine monitoring and supportive care directed at organ- 
specifi c complications are crucial to the management of late 
complications after HCT. While most of long-term monitor-
ing and supportive care guidelines for patients beyond 100 
days after HCT are based on expert opinion rather than con-
trolled studies, many of our practices at the FHCRC have 
been evaluated retrospectively [ 88 ]. The FHCRC long-term 
post-transplant general guidelines are systematically updated 
based on the published literature and can been found at the 
following link:    http://www.fredhutch.org/en/treatment/long- 
term- follow-up/information-for-physicians.html    .     
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   TABLE 52-3    General long-term follow- up   recommendations for 
adult patients after HCT  at   the Fred Hutchinson Cancer Research 
Center   

 1. Screening for secondary malignancies. Routine oncologic evaluation at 
yearly intervals is recommended due to increased risk of new 
malignancies after HCT. Annual oncologic screening as per 
recommendations to the general population and additional screening 
including yearly oral exam by a dentist and an yearly skin thorough 
exam due to the increased risk for head, neck, and skin cancer after HCT. 
 Secondary malignancies rarely occur earlier than 2 years after 
transplantation, but the risk of developing cancer increases 
progressively after 5 years. 

 2. In patients transplanted for chronic myeloid leukemia or Philadelphia 
chromosome-positive acute lymphoblastic leukemia, routine 
monitoring for  BCR/ABL  transcripts by molecular testing of a blood 
sample is recommended every 6 months for the fi rst 2 years after 
transplant, and yearly thereafter if the results remain negative. If 
 BCR/ABL  is positive in blood, examination of bone marrow by 
conventional morphology, cytogenetic analysis, molecular studies for 
the  BCR/ABL , and chimerism is recommended. 

 3. Measures to prevent osteoporosis in women and all patients receiving 
long-term treatment with corticosteroids include: 
 – Calcium 1500 mg/day in the diet or in supplements to meet daily 

requirements 
 – Vitamin D 800 IU/day in the diet or in supplements to meet daily 

requirements 
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 7. Immunizations (see Chap.   48    ). 
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Special Considerations for Long-Term Survivors 
After Solid Organ Transplantation
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53.1  �Introduction

The field of solid organ transplantation has made remarkable 
progress in the second half of twentieth century starting from 
experiments in skin transplants to successful transplantation 
of visceral organs in common practice. It has come out of the 
shadows, to change from an experimental treatment modal-
ity to a mainstream therapeutic option, for treatment of mul-
tiple end stage disease processes.

This change in scene for organ transplantation has been 
driven by multiple factors including better immunosuppres-
sive medications, better surgical technique, a more in depth 
knowledge of immunology and advanced support modalities 
to get patients through surgery in addition to the develop-
ment of better antibiotics and preventive strategies to reduce 
the burden of infectious complications. The introduction of 
6-mercaptopurine in 1950s and azathioprine in 1960 pro-
vided a boost to immunosuppression and the introduction of 
calcineurin inhibitor cyclosporine in 1980s markedly 
improved graft survival. Meanwhile the surgical techniques 
were developed and improved upon to decrease the early 
post-operative complications.

Early post-operative morbidity and mortality in solid 
organ transplant (SOT) recipients still remains a daunting 
challenge. Besides the direct surgical complications this also 
stems from other factors including early graft dysfunction, 
acute and hyperacute rejection, ischemic injury, early infec-
tions, and drug toxicity. However as these immediate and 
early post-operative issues are improving,  more organ trans-
plant recipients are surviving beyond one year.

The median survival of SOT recipients has improved 
remarkably to 12.1 years for a kidney transplant, 10.1 years 
for a liver transplant, and 5.1 years for lung transplant. Liver 
transplant outcomes at 1 year have improved from a dismal 
30% in the pre-cyclosporine era to more than double in the 

post-era [1] and are now at over 90%. Similar results were 
observed in kidney and cardiac transplant [2] fields after 
introduction of cyclosporine and tacrolimus. Long-term 
graft failure at 10 years post-transplant has declined to an 
all-time low (Figures 53-1 and 53-2) (http://m.srtr.org/2011/
chapters/lung/adults/outcomes.aspx).

As SOT recipients survive longer the focus is shifting to 
include delayed causes of morbidity and we are recognizing a 
large number of long-term complications which in some 
cases can be organ and life threatening. The definition of 
long-term complications is arbitrary and can be taken to mean 
complications occurring after 3 months or after a year from 
surgery. In any event, these complications have serious impli-
cations for the quality of life of organ transplant recipient.

The common complications range from long-term side 
effects of the immunosuppressant medications to development 
of malignancies, effects of chronic rejection, and late-onset 
infections. Other complications that often get overlooked 
include metabolic and cardiovascular diseases similar to the 
non-transplant patient except that some of these have an 
altered course and progression in the organ transplant recipi-
ents (Table 53-1). Some of these complications are common 
across the board for all solid organs and others are more spe-
cific to the organ transplanted (Table 53-2).

53.2  �Late-Onset Infections After Solid 
Organ Transplantation

Most of the infectious complications developing after trans-
plantation occur during the first weeks post-transplant, and it 
is within this period when most preventive strategies are set 
up to decrease the burden of infection [3]. Because of the 
prolonged survival of SOT recipients observed over the last 
decades, some infections may now appear very late after 
transplant. While these infections are usually community 
acquired, some patients may still present opportunistic 
infections with atypical presentations. Unfortunately, there 

The original version of this chapter was revised. An erratum to this 
chapter can be found at https://doi.org/10.1007/978-3-319-28797-3_54

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-28797-3_53&domain=pdf
http://m.srtr.org/2011/chapters/lung/adults/outcomes.aspx
http://m.srtr.org/2011/chapters/lung/adults/outcomes.aspx
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is no extensive literature about the epidemiology and clinical 
characteristics of infection occurring in stable SOT recipi-
ents, months or years after transplantation. Follow-up of 
patients included in randomized controlled trials usually 
stops at 12 months post-transplant. In prospective cohorts, the 
capture of infectious episodes is usually more challenging 
than early after transplant, when the patient is followed by the 
original transplant center. In a large Spanish cohort, the inci-
dence of late infection (>6 months) was eight times lower 
than during the first 6 months post-transplant (from 0.4 to 3.5 
episodes of infection per 1000 transplantation days, respec-
tively) [4]. In this study, risk factors for late infection were 
lung transplantation, previous bacterial infection, surgical 
complications, acute rejection, and chronic allograft dysfunc-

tion, highlighting a subgroup of patients at higher risk for 
health-care associated and opportunistic infections.

Bacterial infections are the most common infectious com-
plications after transplantation, and represent approximately 
70–80% of all infections. E. coli, Enterococci, and 
Pseudomonas are the most prevalent pathogens involved in 
these infections. Late-onset bacterial urinary tract infections 
(UTI) are particularly frequent in kidney transplant recipi-
ents [5]. The impact of these late infections in impairing 
allograft outcomes has not yet been elucidated; while in 
some studies, late recurrent UTI seemed to be associated 
with an increased risk for allograft dysfunction and loss 
[6, 7], this has not been found in other studies [8]. Also, 
bacterial pneumonia is a significant cause of community-
acquired infection after lung transplantation [9]. Incidence of 
pneumococcal disease is estimated to be more than 10 times 

Figure 53-1.  Graft failure amongst adult liver transplant recipients: 
deceased donor. Annual Data Report 2012, Scientific Registry of 
Transplant recipients (Liver), Figure LI 6.2 (http://srtr.transplant.
hrsa.gov/annual_reports/2012/Default.aspx). Accessed 10/29/15.

Figure 53-2.  Graft failure and patient death amongst adult lung transplant recipients. Lung Adult Transplant—Outcomes, Scientific 
Registry of Transplant Recipients, Figure 5-2 (http://m.srtr.org/2011/chapters/lung/adults/outcomes.aspx). Accessed 7/25/15.

Table 53-1.  Late-onset complications after solid organ 
transplantation

•	 Infectious

•	 Non-infectious

–	 Chronic kidney disease

–	 Neoplasms

–	 Metabolic complications

     Hypertension

     Hyperlipidemia

     Diabetes

     Obesity

–	 Bone disease

–	 Hematologic complications

–	 Neurologic and neuropsychiatric

–	 Misc. drug effects, e.g., tremor

–	 Chronic allograft dysfunction

–	 Native disease recurrence

H. Azfar Ali et al.
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higher in SOT recipients than in the general population, and 
it is a cause of late infections [10]. In a large Canadian 
cohort, median time to presentation of pneumococcal disease 
was 2.75 years post-transplant, with a range reaching up to 
24 years post-transplant. The efficacy of novel vaccination 
strategies using the 13-valent conjugated pneumococcal vac-
cine should be evaluated in SOT recipients [11]. Tuberculosis 
may reactivate (or being acquired) late after transplant [12]. 
Transmission of tuberculosis may occur through the liver, 
lung, or kidney grafts as well besides reactivation of the 
recipient disease particularly in cases of bilateral lung trans-
plantation [13]. Because tuberculosis may present with atyp-
ical manifestations and because treatment is challenging due 
to drug–drug interaction and toxicity, it is associated with 
significant morbidity in SOT recipients. Diagnosis and 
therapy of latent tuberculosis infection in transplant candi-
dates and in contact transplant recipients are of paramount 
importance to decrease the burden of the disease after trans-
plant [14]. Listeria in SOT recipients is rare (0.12% in a 
Spanish series), presenting late after transplant (>50% of 
cases presenting after 6 months post-transplant) and associ-
ated with significant mortality [15]. Risk factors associated 
with listeriosis include diabetes, use of high-dose steroids, 
and absence of cotrimoxazole prophylaxis.

Viral infections are a common complication after trans-
plantation. Cytomegalovirus (CMV) remains associated with 
significant morbidity in SOT recipients and the incidence of 
CMV replication may reach up to 70–80% in high risk 
patients (seronegative recipients receiving an organ from a 
seropositive donor), and approximately 15–30% of those 
patients will develop CMV disease [16]. CMV disease cur-
rently develops in the weeks following the discontinuation of 
antiviral prophylaxis, usually during the first year post-
transplant. However, a minority of patient may develop CMV 
disease even later on after transplant. In a randomized con-
trolled trial comparing 3 vs. 6 months of antiviral prophy-
laxis, 12% of all episodes of CMV disease were diagnosed 
between 1 and 2 years post-transplant [17]. The causes of this 
late onset of CMV infection are not completely understood, 
but it can be related with enhanced immunosuppression due 
to chronic rejection, delayed cell-immune control in patients 
receiving long-term antiviral prophylaxis, immunosenes-
cence in older recipients, or late primary infection acquired 
by natural transmission, such as in case of contact with virus 
shed from the upper respiratory tract from children or by sex-
ual contact. Interestingly, patients with very late-onset CMV 
disease usually have atypical manifestations, such as chronic 
gastrointestinal involvement with low viral loads in blood [18]. 

Table 53-2.  Probability of long-term survival of adult lung transplant recipients

One-year events, 2008–10 tx Five year events, 2004–06 tx

Level N % N %

Bronchiolitis Obliterans syndrome (BOS) Grade 3 36 0.8 356 9.7

Grade 2 32 0.7 170 4.6

Grade 1 85 1.9 279 7.6

Grade OP 107 2.3 263 7.2

Grade unk. 110 2.4 485 13.2

No 3746 82.2 1972 53.9

Unk. 441 9.7 136 3.7

Renal dysfunction Yes 807 17.7 1737 47.4

No 3492 76.6 1836 50.2

Unk. 258 5.7 88 2.4

Hypertension, drug-treated Yes 1570 34.5 2319 63.3

No 1660 36.4 874 23.9

Unk. 1327 29.1 468 12.8

Diabetes Yes 878 19.3 1654 45.2

No 3412 74.9 1914 52.3

Unk. 267 5.9 93 2.5

Malignancy Yes 159 3.5 563 15.4

No 4131 90.7 3039 83.0

Unk. 267 5.9 59 1.6

Re-hosp. Yes 2402 52.7 3064 83.7

No 1814 39.8 483 13.2

Unk. 341 7.5 114 3.1

Total 4557 100.0 3661 100.0

Lung Transplant—Outcomes, Scientific Registry of Transplant Recipients, Figure  5-7 Post-transplant events among adult lung transplant recipients 
(http://m.srtr.org/2011/chapters/lung/adults/outcomes.aspx). Accessed 7/25/15.
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Some cases of very late CMV replication due to drug-resis-
tant viruses after exposure to antiviral agents have been 
described [18]. There are no proposed screening strategies for 
CMV after the second year post-transplant, so that a high 
index of suspicion is needed in case of unexplained clinical 
symptoms compatible with CMV disease.

Incidence of zoster is increased up to 3–5 years post-
transplant and can be associated with significant morbidity, 
such as postherpetic neuralgia [19]. BK virus associated 
nephropathy is a common cause of chronic allograft dys-
function in kidney and kidney–pancreas transplant recipi-
ents. BK virus associated nephropathy generally appears 
during the first 12–24 months after transplantation, but series 
of late-onset BK virus nephropathy has been described, par-
ticularly in patients with enhanced immunosuppression [20, 
21]. Infection by community-acquired respiratory viruses, 
such as influenza virus, RSV, PIV, or rhinovirus, may occur 
in any post-transplant period [22]. Although time from trans-
plant appears to have a major impact on the outcome of influ-
enza in SOT recipients (with high mortality in the early 
post-transplant period), cases of allograft dysfunction fol-
lowing influenza have also been observed late after trans-
plant [23]. Thus annual vaccination with influenza vaccine 
remains highly recommended in all SOT recipients [24]. 
HPV infections are a significant problem after transplanta-
tion, due to an increasing incidence of oropharyngeal and 
genital cancer. Vaccination against HPV of young male and 
female transplant candidates and recipients is thus of impor-
tance to decrease the burden of HPV related cancers [25]. 
Other late viral infections reported in the literature include 
HHV-8 and EBV-related proliferative disorders. Chronic 
hepatitis E virus (HEV) infection has recently described as a 
problem in SOT recipients in endemic regions, probably 
related with consumption of undercooked game/pork meat, 
although the epidemiology of this infection in the transplant 
setting is not completely known [26].

Fungal infections can manifest late after transplant. 
Because of the direct contact of the lung allograft with the 
environment, lung transplant recipients are particularly at 
increased risk of developing invasive fungal infection. Risk 
factors for late aspergillosis have been described, and include 
chronic allograft dysfunction, previous respiratory infection, 
and need for renal replacement therapy [27]. Invasive candi-
diasis is particularly frequent during the post-operative 
period and much less frequent afterwards; no studies have 
assessed the prevalence of candidiasis late after transplanta-
tion. There are also scarce data on the epidemiology of other 
invasive fungal infections, such as mucormycosis, crypto-
coccosis, and black molds. Cases reported usually occur in 
oversuppressed patients due to chronic rejection.

Because of the lower incidence of infection in SOT 
recipients and the absence of well-defined risk factors, pre-
ventive strategies of infection in long-term survivors after 
transplantation are not well established. An important point 
is to identify patients with incomplete vaccination schedule 

and to administer missing vaccines after transplantation [11]. 
Specific teams dedicated to assess the vaccination status of 
transplant candidates and recipients can improve the admin-
istration of these vaccines. Because cotrimoxazole is usu-
ally well tolerated and cheap, long-term prophylaxis with 
this drug is widely used. In particular, patients with sus-
tained low lymphocyte counts may benefit from extended 
duration of prophylaxis. Some authors suggest screening 
for hypogammaglobulinemia, hypocomplementemia, and 
low lymphocyte subpopulation counts to identify patients 
at higher risk for infections. Antibiotic prophylaxis (besides 
cotrimoxazole) for prevention of recurrent urinary tract 
infections (UTI) should be evaluated in an individual basis 
in kidney transplant recipients. The reduction on the num-
ber of episodes of UTI should be balanced with the acquisi-
tion of antibiotic resistance, particularly with the use of 
quinolones [28]. The experience with other drugs for UTI 
prophylaxis in kidney transplant recipients, such as fosfo-
mycin or nitrofurantoin, is lacking [29]. Long-term antivi-
ral or antifungal prophylaxis is not generally recommended, 
except in selected patients with recurrent infections (for 
example, acyclovir for HSV infection), or at high risk for a 
particular infection (for example, lung transplant recipients 
with environmental risk for aspergillus infection). In some 
settings, such as in lung transplantation, long-term inhaled 
antifungal or antibiotics may be preferred to avoid safety 
concerns associated with the administration of systemic 
antibiotics [30].

53.3  �Renal Failure/Chronic Kidney 
Disease

Chronic kidney disease (CKD) is a common complication of 
renal and non-renal solid organ transplants and serves as a 
significant cause of morbidity and mortality, besides driving 
up the healthcare costs of solid organ transplantation. There 
is a lot of variability in the reported incidence of chronic 
renal failure in this population because of the lack of defin-
ing parameters and inconsistencies in reporting and defini-
tion. The incidence of renal dysfunction reported in non-renal 
organ transplant recipients varies from 10% to 80% [31]. As 
the longevity of the solid organ recipients increases a large 
majority of them will develop some degree of chronic renal 
disease.

An analysis of 70,000 non-renal transplant recipients from 
the US SRTR registry found an adjusted risk of 20–25% of 
Stage IV to V CKD at 5 years [32]. In this study cumulative 
incidence of severe renal failure (defined as creatinine clear-
ance less than 29 ml/min/1.73 sq m BSA) at 5 years was 
found to be 18.1% in liver, 10.9% in heart, 15.8% in lung, 
6.9% in heart–lung, and 21.3% in intestinal transplant recipi-
ents. The majority of renal transplant recipients have a higher 
creatinine and a lower GFR at 1 year.

H. Azfar Ali et al.
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CKD complicates the care of SOT recipients both directly 
by increasing hospitalizations and infectious complications 
and indirectly by limiting the use of certain drug classes 
including immunosuppressants and antibiotics. CKD has 
been shown to increase mortality two- to fourfold amongst 
affected recipients. In the above mentioned analysis relative 
risk for death associated with CKD was 4.55 compared to the 
transplant recipient without CKD.

The glomerular filtration rate will tend to drop in the first 
few months after transplant with subsequent stabilization 
although a significant number will progress to ESRD. In one 
study the cumulative risk of ESRD was 4.7% and an annual 
ESRD risk of 1.5–2% [33].

The development of CKD in the organ transplant popula-
tion is attributed to a number of risk factors, predominant 
amongst them being medication induced nephrotoxicity, pre-
existing renal disease, and metabolic risk factors like diabe-
tes, dyslipidemia, hypertension, and hepatitis [34]. 
Advancing age, cardiovascular disease, pulmonary hyperten-
sion, and episodes of acute renal failure have all been found 
to be risk factors for development of CKD in heart, lung, and 
liver transplant recipients. The perioperative factors causing 
acute renal injury may also factor into development of 
chronic kidney disease in the long run. The underlying dis-
ease like chronic hepatitis C in liver transplant recipients and 
immune mediated injury in connective tissue disease patients 
are additional CKD risk factors to be considered. Preexisting 
renal dysfunction has been shown to be a risk factor for CKD 
post-transplant. A decrease of 10 ml/min per 1.73 m in the 
pre-transplantation glomerular filtration rate was associated 
with an increase of 9% in the risk of chronic renal failure [32, 
33]. However calcineurin inhibitors remain the most impor-
tant cause of CKD in the SOT population.

Calcineurin inhibitors (CNIs) have become the mainstay 
of all immunosuppressive regimens in SOT recipients and 
carry an inevitable risk of renal toxicity by virtue of a num-
ber of mechanisms [35] at the cellular level. CNIs can cause 
acute renal failure due to afferent arteriolar vasoconstriction 
[36] mediated by chemical metabolites and sympathetic 
nerve activation and also a chronic nephrotoxicity mediated 
by angiotensin II [37]. CNIs have been associated with stim-
ulation of renin with juxtaglomerular cellular hyperplasia 
and angiotensin II and aldosterone led renal vascular injury, 
micro thrombosis, and finally tubulointerstitial fibrosis and 
glomerulosclerosis manifesting as CKD [33]. These effects 
may be additionally mediated by transforming growth factor 
(TGF) beta 1 [38] and plasminogen activator inhibitor [39]. 
Local renal factors important for susceptibility to CNI neph-
rotoxicity include variability in P-glycoprotein and 
CYP3A4/5 expression or activity, older kidney age, salt 
depletion, the use of NSAIDs, and genetic polymorphisms in 
genes like TGF-beta and ACE [35].

Clinical features of CKD are similar to the general popula-
tion although the use of serum creatinine as a marker for 

renal function may be misleading in a large proportion of this 
population who are malnourished and have a decreased 
muscle mass. The GFR usually stabilizes after an initial 
accelerated decline and drops at a slower rate thereafter. 
Proteinuria is usually not a major feature in view of the anti-
proteinuric effects of CNIs and may portend development of 
focal glomerular sclerosis post-cardiac transplant, or IgA 
nephropathy or membranoproliferative glomerulonephritis 
(MPGN) post-liver transplantation [40].

Distal renal tubular acidosis type IV associated with 
hyperkalemia has been described in the setting of CNI use 
[41, 42]. Cyclosporine associated hemolytic uremic syn-
drome has been described in association with hemorrhage 
colitis [43].

A renal biopsy with features of striped atrophy and tubu-
lointerstitial fibrosis with arteriolar hyalinization and glom-
eruli with sclerosis is consistent with chronic CNI toxicity 
[44] while as acute CNI toxicity has been associated with 
lysosomal vacuolization of tubular cytoplasm. Many times 
renal dysfunction may not have histological correlates being 
a predominantly functional vascular process [45].

The management of CKD in this population is similar to 
the general population with some caveats. Prevention and 
eventually therapy for CNI nephrotoxicity are aimed at low-
ering total systemic blood levels and renal exposure to the 
CNIs or their metabolites. The CNI-based immunosuppres-
sion may need to be adjusted to achieve lower levels as 
allowed by the risk of rejection of the allograft. mTOR 
agents like sirolimus have been used after the initial period 
of healing post-transplant to decrease the risk of CNI 
nephrotoxicity.

Calcium channel blockers mainly the dihydropyridine 
[46] and angiotensin inhibitors [47] have been postulated to 
block some vasoconstrictive effects and hence improve GFR 
but have not become the mainstay as the evidence of benefit 
at this point is not conclusive. Other potential therapies 
include vasodilatory prostanoids, L arginine, statins, spi-
ronolactone, and experimental treatments targeting the medi-
ators like TGF-beta [35].

Optimal control of blood sugars and blood pressure and 
other cardiovascular risk factors needs to be undertaken.

Finally renal transplantation is an option for this group 
and has been shown to confer a survival benefit in non-renal 
transplant patients with ESRD [48]. After the initial transient 
post-operative increase in mortality, patients who received a 
kidney transplant had a lower risk of death, which was sus-
tained until 5 years after transplantation [32].

53.4  �Neoplastic Complications

The burden of malignancy in SOT recipients is related in part 
to de novo development of neoplasia and partly to the aggres-
sive course of naturally occurring malignant tumors.

53. Special Considerations for Long-Term Survivors After Solid Organ Transplantation
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Historically the increase in incidence of malignancies in SOT 
recipients has run parallel to more robust and multipronged 
immunosuppression. A surge in the incidence of lymphomas 
with the introduction of polyclonal antibodies in 1960s and 
again with the use of cyclosporine in 1980s was a result of 
this effect [49].

The role of immunosuppression is also corroborated by 
the data from HIV-infected patients who demonstrate similar 
increases [50].

The various factors postulated to contribute to this increase 
in malignancies include oncogenic infectious agents like 
some viruses (Table 53-3), malignancies from the donor not 
identified at the time of transplant, direct effects of immuno-
suppression leading to potential sparing of aberrant cells 
with malignant potential, and some predisposition from 
underlying disease.

The spectrum of cancers occurring in this population is 
wide with an overall two- to fourfold increased risk of cancer 
compared to general population and an excess absolute risk 
of 0.7% according to a cohort study using the US Scientific 
Registry of Transplant Recipients (SRTR) with data on 
175,732 solid organ transplant recipients [51].

Non-Hodgkin lymphoma and cancers corresponding to 
three commonly transplanted organs (kidney, liver, and lung) 
together comprised 43% of all cancer cases in transplant recip-
ients compared with 21% in the US general population [51].

Risk was increased for 32 different malignancies, some 
related to known infections (e.g., genital and anal cancer 
related to human papillomavirus (HPV), Kaposi sarcoma 
due to human herpesvirus 8 (HHV-8), non-Hodgkin’s lym-
phoma with Epstein–Barr Virus (EBV) and stomach cancer 
possibly with Helicobacter pylori) and others unrelated to 
infections (e.g., non-melanoma skin cancers, thyroid, 
colorectal, and lip cancers). Breast, prostate, ovarian, brain, 
and testicular cancers were not increased in incidence in this 
population which may point against an infectious contribu-
tion to these cancers [52].

Other population based cancer registries for transplant 
recipients have also reported similar findings. These include 
the increased non-Hodgkin’s lymphoma and colorectal can-
cer risk reported in the Canadian liver transplant recipients 
[53]. Increased risk of head and neck cancers, lymphoma, 
leukemia, and lung cancer was reported in the Australian 
cardiothoracic organ transplant cohort [54].

Excess risk for non-melanoma skin cancer, non-Hodgkin’s 
lymphoma, and stomach cancer was observed in Swedish 
organ recipients [55].

The incidence of specific malignancies does depend on 
the organ transplanted with two- to threefold higher fre-
quency of non-Hodgkin’s lymphoma and lung cancer in lung 
transplant recipients and more liver and kidney malignancies 
seen in liver and kidney recipients, respectively.

Variation in cancer risk between recipients of different 
organs is likely to arise from the degree of immunosuppres-
sion maintained in cardiothoracic recipients.

53.4.1  �Post-Transplant Lymphoproliferative 
Disorder (PTLD)

Non-Hodgkin lymphoma is the second most common malig-
nancy in SOT recipients after non-melanoma skin cancer. 
PTLD is a dreaded complication of organ transplant. It is one 
extreme of EBV driven monoclonal lymphoid proliferation 
on a spectrum at the other end of which is seen benign lym-
phoid hyperplasia with a mononucleosis type syndrome. The 
most common non-Hodgkin lymphoma subtype amongst 
both transplant recipients and HIV-infected individuals is 
diffuse large B cell lymphoma, and most cases have detect-
able EBV in tumor cells [56].

The pathogenesis of PTLD is hypothesized to be related to 
B cell proliferation driven by EBV expressing all latent anti-
gens (Type 3 latency program) which remains unchecked 
because of the T cell suppression related to the immunosup-
pressive agents in transplant recipients [57]. EBV infected B 
cells are activated to transcribe proteins from genes like 
Latent Membrane protein (LMP) and EBNA (Epstein–Barr 
nuclear antigen). Normally the expression of these proteins 
leads to activation of the cytolytic T cells and keeps the EBV 
in check. However in SOT recipients the cytolytic T cell 
response is suppressed leading to unrestricted EBV invoked 
B cell proliferation. Other potential mechanisms include IL 
10 related suppression of antiviral immunity and a decrease 
in precursor plasmacytoid dendritic cells which play a role in 
antiviral immunity [58].

In general, agents that suppress T cell activity appear to be 
associated with an increased risk of PTLD [59].

Bimodal onset of PTLD (Figure 53-3) following organ 
transplantation has been described previously [56] and risk 
factors differ somewhat for early-onset and late-onset PTLD, 
supporting etiological heterogeneity. Most of the cases were 
believed to originate from the recipient but further studies 
have revealed that donor-derived tumors can occur as well 
[60]. The origin may have implications on the time of disease 
occurrence and the prognosis. PTLD originating from the 
donor has been suggested to arise in the first year after trans-
plantation into the graft, and recipient-origin PTLD develops 
later as an invasive disease and is more aggressive [61]. 
Early-onset PTLDs tend to be EBV-positive and, when extra 
nodal, are more likely than late-onset PTLDs to be localized 
to the transplanted organ. Late-onset PTLD is less likely to 
be associated with EBV and, overall, is more likely than 
early-onset PTLD to be extranodal [62].

Non-Hodgkin lymphoma risk was most pronounced 
amongst young transplant recipients, who are susceptible to 
primary EBV infection following transplantation and the high-
est risk was amongst lung recipients, possibly as a result of the 
high intensity of immunosuppression which needs to be main-
tained to prevent rejection. Another factor implicated is the 
larger amount of lymphoid tissue within the lung allograft [63].

The etiology of EBV-negative PTLD has not been fully 
elucidated, but gene expression profiling studies suggest that 
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they are biologically distinct from EBV-positive disease. 
Some may be related to EBV infections that are no longer 
detectable. Others may be due to unidentified viruses or 
other causes of chronic antigenic stimulation. As an exam-
ple, post-transplantation primary effusion lymphoma is asso-
ciated with HHV-8 infection [64].

An association with CMV has been reported possibly 
reflecting the immunosuppressive effects of the virus [65].

A donor–recipient mismatch for EBV serostatus with 
reactivation or primary EBV infection increases the risk of 
PTLD. In one study, in the absence of the other risk factors, 
the incidence rate of PTLD for EBV-seronegative recipients 
was 24 times higher than that for EBV-seropositive recipi-
ents [66].

EBV DNA PCR in blood has been advocated as a screen-
ing tool in high risk patients and in those with symptoms. 
However it appears that peripheral EBV PCR may be below 
the detectable levels in some cases and in these intracellular 
EBV and other risk factors may play a role. Absence of 
EBV viremia should not be used to rule out PTLD. On the 
contrary, EBV DNAemia is very common in all transplant 
recipients, so that the positive predictive value of EBV 
DNAemia for predicting the development of PTLD is gen-
erally low [67].

The clinical presentation of patients with PTLD is highly 
variable and depends at least partially upon the type of PTLD 
and the site of involvement. Non-specific constitutional symp-
toms such as fever, weight loss, and fatigue are common. 
Other symptoms may be related to viral infection, lymphade-
nopathy, dysfunction of involved organs, or compression of 
surrounding structures. Viral symptoms can resemble those 
seen in acute infectious mononucleosis, although this is gener-
ally seen only in pediatric transplant recipients.

In most cases PTLD presents as a systemic disease involv-
ing lymphoid tissue, spleen, central nervous system, or 
another extra lymphoid tissue [65]. More than half of PTLD 
presents with extra nodal masses. Extra nodal organs include 
the gastrointestinal tract (stomach and intestine), lungs, skin, 
liver, central nervous system, and the allograft itself with 
symptoms referred to the organ involved. Central nervous 
system disease (which is rare in the general population) is 
found as well in about 20% and a similar proportion have 
infiltrative lesions in the allograft. Involvement of the 

allograft can lead to allograft dysfunction, including renal 
failure, heart failure, and respiratory dysfunction. The 
systemic manifestations may also include unexplained ane-
mia, thrombocytopenia, or leukopenia, elevated level of 
serum lactate dehydrogenase (LDH), hypercalcemia, hyper-
uricemia, or monoclonal protein in the serum or urine.

PTLD is further classified according to the subtype of 
lymphoma. The vast majority of these tumors are B cell lym-
phomas, most common being diffuse large B cell lymphoma 
(DLBCL), and less common Burkitt’s lymphoma or plasma 
cell neoplasm (e.g., myeloma or plasmacytoma).

Management of PTLD has varied significantly according 
to the type of lymphoproliferative disease present, as well as 
from institution to institution.

Immunosuppression reduction is the cornerstone of ther-
apy. In addition since PTLD is a disorder of CD20 positive B 
cells effective therapies include rituximab which has become 
first line treatment. Rituximab a human/mouse chimeric anti-
CD20 monoclonal antibody appears to have a survival 
benefit.

Patients who fail are treated with chemotherapy, radiation 
therapy, or a combination of these. Other treatments, such as 
adoptive immunotherapy with EBV specific cytotoxic T 
cells, are generally reserved for persistent disease despite 
initial therapy.

A preventive role for anti-EBV agents including ganciclo-
vir and acyclovir has been explored. However at present evi-
dence of long-term benefit appears to be lacking.

Kaposi’s sarcoma (KS) is another tumor with increased 
frequency after organ transplantation. The true prevalence of 
this tumor depends on the geographic origin of the recipi-
ents, being higher in the Mediterranean basin and Africa. In 
the French GCIF registry a prevalence of 0.52% was seen 
with higher values in liver transplant recipients (1.24%) than 
the kidney and heart transplant recipients (0.45% and 0.41%, 
respectively). Other HHV-8 associated disorders in SOT 
recipients include multicentric Castleman disease, primary 
effusion lymphoma, and HHV-8 associated inflammatory 
cytokine syndrome. Of note, HHV-8 infection can be donor 
derived; screening for HHV-8 in donor and recipients is not 
currently recommended because of the poor specificity of 
current available assays [68, 69].

53.4.2  �Skin Cancers

Non-melanoma skin cancers are the most frequent types of 
cancers seen in post-organ transplant. Out of these squamous 
cell cancer is the more common pathologic diagnosis with an 
incidence 65 times the general population followed by basal 
cell with 10 times the incidence compared to the general 
population [70].

These tumors are also more aggressive with increased risk 
of metastases and recurrence. The risk factors for skin can-

Table 53-3.  Known infectious associations of cancers in transplant 
recipients

Post-transplant lymphoproliferative disorder 
(PTLD)

EBV

Kaposi’s sarcoma HHV8

Anogenital cancers HPV

Other rarer cancers, e.g., primary effusion 
lymphomas

HHV 8

Liver cancer Hepatitis B and C virus
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cers include Fitzpatrick skin type I to III, photosensitivity, 
cumulative sun exposure, increasing age, and increased 
intensity and duration of immunosuppression [71].

The disease is predominantly seen in fair skinned patients 
and in the sun exposed sites, e.g., head and neck area and the 
hands. These patients need to have a skin examination before 
transplant and then follow-up regularly.

The risk of developing skin cancers is higher in lung and 
heart–lung transplant recipients followed by kidney trans-
plant recipients with the lowest risk seen in liver transplant 
recipients. This is likely due to lower levels of maintenance 
immunosuppression in this population and the age at trans-
plantation [72].

There is some data hypothetically linking human papil-
loma virus (HPV) to the increased incidence of skin cancers 
but a causal relation is not proven. SOT recipients have been 
shown to harbor greater quantities of some HPV types in 
squamous cell cancers and E6/7 transcripts of HPVs 8, 9, 
and 15 have been found in some squamous cell cancers and 
predisposing actinic keratosis suggesting a role in pathogen-
esis [73, 74]. Of note, the impact of HPV vaccination in 
reducing the incidence of de novo skin cancer after trans-
plantation has not been investigated.

The risk of less common skin cancers like melanomas and 
Merkel cell carcinoma is also increased in organ transplant 
recipients [71]. There is a three- to fivefold increased risk of 

melanomas in the transplant recipients [75]. US Scientific 
Registry of Transplant Recipients study revealed a standard-
ized incidence ratio (observed/expected cases) of 2.38 [51]. 
The mean duration to development of melanoma after trans-
plant is 5 years [75]. The risk factors for development of 
melanoma are multiple nevi, degree of immunosuppression, 
and fair complexion.

Voriconazole by virtue of causing photosensitivity has 
been associated with predisposition to development of skin 
cancers in the SOT recipients. This data comes from the lung 
transplant population which has the highest incidence of 
invasive aspergillosis amongst solid organ transplant recipi-
ents [76] requiring the use of voriconazole.

The type of immunosuppression is also related to the inci-
dence of skin cancer. Azathioprine has been known to have 
photosensitizing effects by virtue of its metabolite 
6-thioguanine which may result in photocarcinogenesis. The 
potential etiology could be by formation of highly reactive 
oxygen radicals [77] and replacing azathioprine has been 
shown to decrease skin photosensitivity [78].

The anti-angiogenesis and anti-proliferative properties of 
sirolimus have been hypothesized to be associated with a 
reduced incidence of malignancy post-transplantation [79]. 
Conversion to sirolimus based regimen after 6 months of 
transplant in selected high risk patients with stable graft 
function may have some value [80, 81].

Figure 53-3.  Bimodal pattern of PTLD incidence in kidney transplant recipients. From Quinlan SC, Pfeiffer RM, Morton LM. Risk 
factors for early-onset and late-onset post-transplant. lymphoproliferative disorder in kidney recipients in the United States. Am J 
Hematol. 2011 Feb;86(2):206–9.
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We suggest regular cancer screening for solid organ trans-
plant recipients in accordance with the age appropriate 
guidelines for general population with some caveats (Table 
53-4). The benefits of screening are likely to be high in the 
case of malignancies that are noted to be increased after solid 
organ transplantation. However, more frequent screening 
may also lead to false positive results and unnecessary fur-
ther testing. This approach should only be considered as a 
general guidance since no studies have formally evaluated 
the value of cancer screening in the transplant population.

53.5  �Hypertension (HTN)

A significant proportion of solid organ transplant recipients 
develop hypertension after transplant with the prevalence 
ranging from 50% to 80% [82]. The risk factors for this include 
immunosuppressive treatment mainly the CNIs. The other 
contributing factors include the use of steroids, chronic kidney 
disease, weight gain related to steroids, and other factors.

A variety of mechanisms have been postulated to explain 
CNI related HTN.  These include endothelial dysfunction 
with imbalance between vasoconstrictor endothelin [83] and 
vasodilator substances like prostacyclin, reduced GFR with 
increased sodium reabsorption [84], renin angiotensin aldo-
sterone level increases particularly later in the course [85], 
and possible sympathetic activation.

HTN should be aggressively managed in this population 
according to the usual guidelines. Anti-hypertensive agents 
should be used as needed with monitoring of renal function 
and counseling about weight loss strategies and other meta-
bolic risk factors. There may be some use of changing cyclo-
sporine to tacrolimus or decreasing the target levels of CNI 
as allowed by the allograft function if the HTN is recalcitrant 
(http://m.srtr.org/2011/chapters/lung/images/12%20LU%20
s5%20fig%207-01.png).

53.6  �Diabetes Mellitus

Ten to fifteen percent organ transplant recipients develop de 
novo DM post-transplant. Some studies have shown that the 
cumulative incidence of this condition in heart transplant 
recipients may reach 32% at 5 years [86] similar to that 
reported in kidney and liver transplant patients. The 12-month 
cumulative incidences of new-onset diabetes after transplan-
tation were found to be 13% for heart, 11.4–11.9% for liver, 
and 1.8–21.7% for kidney transplantation [87].

This is mainly related to the mainstays of immunosup-
pression which are CNIs and steroids. In addition underlying 
factors like age, family history, and obesity play a role as 
well. CNIs are diabetogenic by decreasing the secretion due 
to pancreatic β-cell apoptosis and synthesis of insulin and 
possibly calcineurin related insulin resistance [88].

Steroids cause DM via multiple mechanisms including 
insulin resistance, weight gain, and increased appetite. 
Most of these effects are pronounced in the first year of 
transplantation when the doses of these medications are quite 
high [89, 90].

53.7  �Hyperlipidemia 
and Cardiovascular Disease

Hyperlipidemia is common after SOT and about half of the 
organ recipients develop some form of dyslipidemia with the 
incidence of hypertriglyceridemia and hypercholesterolemia 
after liver transplant reported as being over 60% [91]. The 
main factors predisposing to this are the immunosuppressant 
meds including steroids, mTOR inhibitors, and CNIs and 
other comorbid conditions like diabetes and obesity, diet and 
genetic predisposition. It has been suggested that cyclospo-
rine may inhibit the enzyme 26-hydroxylase thereby decreas-
ing the synthesis of bile acids from cholesterol and 
subsequently the transport of cholesterol to the intestines. 
Cyclosporine is also reported to bind to the low-density lipo-
protein (LDL) receptor, which results in increased serum 
levels of LDL cholesterol [92]. Corticosteroids are reported 
to contribute to hyperlipidemia via several mechanisms. 
These include enhancing the activity of acetyl-coenzyme 
A carboxylase and free fatty acid synthetase, increasing 
hepatic synthesis of VLDL, down-regulating LDL receptor 
activity, increasing the activity of 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase, and inhibiting lipo-
protein lipase [93].

Hypercholesterolemia in organ transplant recipients 
may be associated with an increased risk for allograft vas-
culopathy. In cardiac transplant recipients, transplant vas-
culopathy takes the form of transplant coronary artery 
disease (CAD); in renal transplant recipients, vasculopa-
thy manifests as chronic rejection; in hepatic transplanta-
tion, vascular involvement of biliary epithelial blood 
supply can manifest as vanishing bile duct syndrome. 
Atherosclerotic vascular disease in non-transplant vessels 
is another possible consequence. It has been reported that 
55% of deaths in renal transplant recipients with function-
ing allografts were cardiovascular related. Peripheral vas-
cular disease has been reported in 10% of heart transplant 
recipient [94, 95].

Cardiovascular disease (CVD) is a common cause of mor-
bidity and mortality after solid organ transplantation. Both 
preexisting cardiovascular risk factors in recipients and 
immunosuppressive drug toxicity may contribute to CVD. In 
a study of 126 patients by 3 years after transplantation, 90% 
of patients had developed at least 1 cardiovascular risk factor 
and 40% developed ≥2 risk factors. The cumulative preva-
lence of new-onset hypertension at 1, 3, 5, and 7 years was 
45%, 65%, 67%, and 72%, respectively. The corresponding 
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prevalence for hypercholesterolemia was 16%, 33%, 48%, 
and 58%, and for diabetes 6%, 7%, 7%, and 10%, respec-
tively, [96].

53.8  �Bone Disease

Bone loss after SOT is a common and significant problem 
and can develop within months of transplantation [97]. 
Osteoporosis develops in a significant proportion of SOT 
recipients. The prevalence of osteopenia and osteoporosis 
can reach up to 50% in renal transplant recipients and is 
associated with increased incidence of fractures. 25% of 
liver and kidney transplant recipients develop pathological 
fractures. Osteoporosis at the lumbar spine (LS) has been 
reported in approximately 28% and at the FN in approxi-
mately 20% in cardiac transplant and up to 73% in lung 
transplant recipients [98] with fracture rates from 18% to 
65% most commonly effecting the spine and ribs.

The bone loss is related to several pre- and post-
transplantation factors including steroid use and dose, renal 
disease and osteodystrophy, vitamin D disorders, lack of 
exercise, hypogonadism, parathyroid hormone levels, mal-
nutrition, older age, and female gender are other predispos-
ing factors. Cyclosporine may be associated with bone loss 
by direct effects on calcineurin genes in osteoclasts [99] or 
indirectly via T cell mediated effects. Rapid bone loss with 
FK506 has been reported in both cardiac [100] and liver 
[101] transplant recipients.

There is some data that patients with osteoporosis or 
osteopenia showed worse graft function at 1 and 8 years 
compared with patients with normal bone mass density 
[102]. The most rapid rate of osteoporosis occurs during the 
first year of transplantation [103] most likely due to higher 
doses of immunosuppression, less weight bearing, and 
higher metabolic and other comorbid disturbances.

Careful monitoring of patients with bone densitometry 
both pre-transplant and periodically post-transplant and use 

of calcium and Vit D supplements along with resistance 
training and exercise is very important in risk assessment and 
in preventing and treating bone loss and pathological frac-
tures. The management focuses on prevention by modifying 
the risk factors outlined above and treatment as indicated.

Bisphosphonates are the treatment of choice for preventing 
transplant bone loss particularly in patients with evidence 
of bone loss, history of fragility fractures, and other risk 
factors. Calcitriol is an alternate agent for preventing 
bone loss.

53.9  �Obesity in Organ Transplant 
Patients

Obesity is a significant problem in the organ transplant popu-
lation and in the setting of other cardiovascular risk factors 
common in this group, including hypertension and diabetes, 
can have deleterious consequences. The use of steroids and 
other immunosuppressive medications predisposes to obe-
sity and other cardiovascular issues. An accelerated weight 
gain of about 20 bounds has been described within the first 
year of transplant in liver, heart, and kidney recipients 
[104–106].

The rate of post-transplant metabolic syndrome in liver 
transplant recipients is more than twice that reported for the 
general population and has been associated with cardiovas-
cular morbidity [107]. Obesity has also been recognized as a 
risk factor for post-transplant fatty liver [108]. Metabolic 
syndrome has also been noted to be more common in kidney 
recipients and associated with coronary artery disease [109]. 
Cardiac transplant recipients with BMI > 35 at the time of 
transplant had significantly higher morbidity and mortality 
[110]. Obesity is recognized as an independent risk factor for 
primary graft dysfunction after lung transplantation [111]. 
Obesity has also been observed to be a risk factor for death 
after lung transplantation [112].

Table 53-4.  Suggested screening for malignancies in organ transplant recipients

Organ Recommendation

Skin Monthly self-examination with a yearly skin examination by specialist. Early resection of suspicious lesions

PTLD Periodic clinical assessment for symptoms or signs. In EBV mismatched patients viral titers in blood/plasma have 
been followed early post-transplant

Breast Periodic self-examination and annual age appropriate mammograms

Colorectal Colonoscopy every 10 years above 50 years of age. Earlier and more frequent if high risk. Fecal occult blood yearly 
but less specific

Lung Yearly low dose CT in patients with native lung and over 30-pack year smoking. Need to consider alternate etiologies 
for findings

Cervical Annual pelvic examination and pap smear for >18-year-old females. Role of HPV DNA testing unclear

Renal and urogenital Low threshold for imaging (annual ultrasound) with high risk factors including analgesic abuse, cytotoxic 
chemotherapy, multicystic renal disease, and hematuria

Hepatocellular Consider periodic screening with ultrasound and alpha fetoprotein if recipient is hepatitis B or C infected

Prostate Consider yearly PSA and digital examination for patients over 50 years
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As the long-term survival from organ transplant increases 
it is conceivable that the consequences of obesity and the 
metabolic syndrome will become more noticeable and 
important to address.

53.10  �Chronic Allograft Dysfunction

Chronic allograft dysfunction has been a significant long-
term issue in organ transplant recipients not succumbing to 
other processes. It is known by different names depending on 
the organ: chronic allograft nephropathy (CAN), transplant 
glomerulopathy, or chronic renal allograft dysfunction in 
kidney transplant recipients; chronic allograft vasculopathy 
(CAV) in heart transplant recipients; vanishing bile duct syn-
drome (VBDS) in liver transplant recipients, and bronchiol-
itis obliterans syndrome or chronic lung allograft dysfunction 
(CLAD) in lung transplant recipients.

Chronic allograft dysfunction points to a variable and usu-
ally slow decline in the organ function beginning within 
months of transplant. It is difficult to differentiate this pro-
cess from other contributing processes or diseases and usu-
ally is a diagnosis of exclusion with some support provided 
by histopathology from a biopsy. The clinical significance of 
chronic allograft dysfunction depends also on the organ 
transplanted. While CLAD is the main cause of allograft loss 
and death after lung transplantation (50% at 5 years), the 
incidence and outcomes of VBDS in liver transplant recipi-
ents have not completely been established.

The histopathology of CAN is characterized by fibrous 
intimal thickening of arteries, glomerulosclerosis, interstitial 
fibrosis, and tubular atrophy [113]. It is common at 10 years 
after transplantation being present in over 50% of patients 
[114]. It is manifested by decline in kidney function, hyper-
tension, and proteinuria [115].

The pathophysiology of this process is unknown and is 
most likely multifactorial with contributions from immuno-
logical factors like antibody-mediated rejection and non-
immunologic factors. Drug toxicity, bacterial or viral 
infection, hypertension, obstruction, recurrent or de novo 
renal diseases, and acute and chronic cell- and/or antibody-
mediated rejection need to be addressed and some cases 
remain as “interstitial fibrosis and tubular atrophy, no spe-
cific cause (IFTA)” [116].

Infection significantly contributes to the development of 
chronic allograft dysfunction in kidney transplant recipients, 
and in particular in case of viral infections (Figure 53-4). The 
mechanisms as to why infection contributes in the impair-
ment of allograft function include, on the one hand, the 
development of direct allograft injury (for example, in case 
of BK virus associated nephropathy or by inflammation 
associated with CMV disease or by bacterial urinary tract 
infection) and, on the other hand, by immunological factors 
triggered by viral replication, such as the activation of the 
innate and adaptive immune systems, leading to the develop-
ment of acute and chronic rejection. This has particularly 

been observed after CMV infection [117]. The impact of 
CMV replication in impairing allograft outcomes has signifi-
cantly been reduced with the introduction of universal pre-
ventive strategies against CMV, mainly with the use of 
antiviral prophylaxis, which has been associated with a 
decrease in the rate of acute rejection [118] and graft loss 
[119]. However, studies assessing long-term outcomes (i.e., 
> 10 years) in kidney transplant recipients receiving antiviral 
prophylaxis are lacking.

Similarly in the lung transplant recipients a majority of 
recipients develop a relentless dysfunction to varying degrees 
called CLAD which encompasses the commonly recognized 
bronchiolitis obliterans syndrome (BOS) an obstructive pro-
cess and other recently recognized processes including 
restrictive allograft dysfunction (R-CLAD) and a neutro-
philic variant which is azithromycin responsive allograft 
dysfunction (ARAD) [120]. The pathophysiology of these 
processes remains obscure. Recurrence of some native dis-
ease processes like sarcoidosis needs to be ruled out. 
Infection appears to play an important role in the develop-
ment of CLAD after lung transplantation. In addition to 
CMV, other viral infections such as influenza and RSV infec-
tion have been associated with both transient and progressive 
decline in lung allograft function. Influenza vaccination may 
reduce the burden of influenza-associated allograft dysfunc-
tion. Also, some studies have identified de novo colonization 
of the respiratory tract with Pseudomonas aeruginosa [121] 
and colonization/infection with Aspergillus fumigatus [122] 
as significant risk factors for the development of CLAD. The 
role of antibiotic and antifungal prophylaxis in reducing the 
incidence of CLAD has not yet been established.

In heart transplantation, this disease process is referred to 
as cardiac allograft vasculopathy (CAV) contributed to by 
immunologic factors and non-immunologic processes like 
hyperlipidemia, cytomegalovirus infection [123], baseline 
coronary artery disease, and the mechanism of brain death in 
the donor [124]. CAV affects over 30% of patients within 5 
years of cardiac transplantation [125].

Histological abnormalities are commonly present in late 
post-transplant biopsies, including protocol biopsies from 
patients who appear to be well with good graft function. 
Recurrent disease is the commonest recognized cause of 
abnormal graft histology, but may be modified by the effects 
of immunosuppression or interactions with other graft com-
plications, resulting in complex or atypical changes [126].

53.11  �Neurotoxicity

CNIs are associated with neurotoxicity in a significant num-
ber of organ recipients. The manifestations of this toxicity lie 
along a wide spectrum with the most common manifestation 
being tremor related to tacrolimus or cyclosporine. This 
tremor may range from mild to disabling in which case a 
change in immunosuppression may be warranted. CNIs 
also have other minor non-specific CNS effects including 
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headaches, confusion, mild encephalopathy [127], memory 
issues, and insomnia or major complications, as neuropathy, 
reversible posterior leukoencephalopathy syndrome, and sei-
zures. Some of the effects have been related to the hypomag-
nesemia and hypertension related to tacrolimus.

These effects are usually seen early on after initiation but 
can happen after long-term immunosuppression [128].

Beta blockers and primidone have been used for the tremor 
if stopping the medication is not an option.

53.12  �Hematological Toxicity

The common effects include anemia, leukopenia, and throm-
bocytopenia. The factors predisposing to this include medi-
cation effects on bone marrow from drugs like mycophenolate 
and sirolimus used for immunosuppression, valganciclovir 
or acyclovir used for treatment or prophylaxis of CMV or 

HSV, and trimethoprim and sulfamethoxazole used as pro-
phylaxis for Nocardia and PCP. In cases of liver transplant 
some degree of pre-transplant hypersplenism may contribute 
to this issue.

53.13  �Psychiatric Complications

The process of organ transplantation takes a toll on the recip-
ient psychologically with anxiety and depression being com-
mon problems after surgery. The effects of the intensive care 
stay, the need for an intensive post-transplant management, 
fear of complications, and social and economic impact 
require a psychological resilience and coping that can lead 
maladjustment. About 20–63% organ transplant recipients 
develop anxiety or depressive disorders post-transplant 
[129]. The number seems to be higher for cardiothoracic 
transplants.

Figure 53-4.  Potential interaction between infections and transplant outcomes. From Martin-Gandul, C., Mueller, N. J., Pascual, M. and 
Manuel, O. (2015), The Impact of Infection on Chronic Allograft Dysfunction and Allograft Survival After Solid Organ Transplantation. 
American Journal of Transplantation. doi: 10.1111/ajt.13486.
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53.14  �Conclusion

In general as the life expectancy of solid organ transplant 
recipients improves, the care of these patients needs to be all 
encompassing addressing community-acquired viral and 
bacterial infections, metabolic and cardiovascular complica-
tions, and a wider range of neoplasia with a focus on 
preventive maintenance as well. The periodic screening of 
this population for the late complications discussed will 
likely have an impact on morbidity and outcomes.
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Graft-versus-host disease (GVHD), 296, 382, 384,  

390, 421
anti-TNF therapy, 10
cGVHD, 84
Fas ligand, 10
immunopathophysiology, 10
prevention and treatment, 11
risk factors, 10
stem cell source, 10–11
T cell depletion, 83–84

Graft-versus-leukemia (GVL) effects. See Graft-versus-host disease 
(GVHD)

Gram-negative organisms, 402
Bartonella, 403, 404
B. bronchiseptica, 404
H. pylori, 404, 405
Legionella (see Legionella)

Gram-negative rods (GNR)
antibiotic resistance, 368–369
antimicrobial resistance

definitions, 358
epidemiology, 358
impact of, 358–359
mechanism of resistance, 358
risk factor, 358

carbapenem-resistant (see Carbapenem-resistant GNR)
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Gram-positive bacterial infections (cont.)
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BSI (see Bloodstream infections (BSI))
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