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Abstract

Hematopoietic stem cell transplantation (HSCT) is an accepted treatment for a
variety of hematologic malignancies. The profound immunosuppression these
patients experience adversely affects their risk of infection. This risk is much
higher than in the general population and requires aggressive diagnostic and
therapeutic interventions. The chapter will outline the major infections after
HSCT.
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1 Introduction/Overview

Hematopoietic stem cell transplantation (HSCT) is an accepted therapeutic
modality for a variety of life-threatening hematologic and lymphoid malignancies,
cancers, and congenital disorders. This intense therapy is also being utilized more
recently in the management of non-malignant and severe autoimmune processes
such as scleroderma and multiple sclerosis. Nearly 50,000 stem cell transplants are
performed annually worldwide ([30,000 autologous transplants and [15,000
allogeneic transplants) [1, 2]. The source of the transplanted cells may be from bone
marrow, peripherally harvested stem cells, or umbilical cord blood. Infectious
complications are more frequent in recipients of HLA-mismatched transplants and
HLA-matched unrelated donor (MUD) transplants compared to HLA-matched
related donors. This is largely the result of a higher incidence of graft-versus-host
disease (GVHD) associated with these donor sources. Progenitor cells are trans-
fused following a conditioning regimen (either myeloablative or non-myeloabla-
tive) that prepares the recipients’ marrow. The conditioning regimen ‘prepares’ the
recipient’s marrow by eradicating malignant disease, creating physical space in
the recipient’s marrow to allow engraftment and virtually completely eradicates the
recipient’s immune system to prevent rejection of the graft. Conditioning regimens
are broadly categorized into ‘myeloablative’ and ‘non-myeloablative’ (reduced
intensity) and have major implications on the time until engraftment, transplant-
related morbidity and mortality, and risk of infection. Infections are a major
complication of this process that results in profound defects in several arms of the
immune system. Following stem cell transplantation, there is an evolving recon-
stitution of donor-derived immune functions that remain poor for a prolonged
period of time [3–5]. Innate immunity is the first to recover following transplan-
tation (epithelial barriers and neutrophils) occurring within 2–3 weeks after infu-
sion of donor cells. It takes months for the recipient to demonstrate adequate
numbers of CD8 T-cells and B-cells; however, CD4 T-cells may remain low for
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years particularly in the elderly recipient with less thymic reserve. Consequently,
B-cell functions and humoral immunity, which is dependent on intact CD4-cell
interactions, are depressed for an extended period manifest by hypogammaglobu-
linemia and infections from encapsulated organisms. In addition, the frequent
development of GVHD and the treatment regimens (immunosuppression) used to
control this complication significantly increases the risk of infection at all points
following transplantation. By convention, the sequential re-acquisition of immune
function and the associated immune defects and infectious risks have been
demarcated into four general time periods or phases (Fig. 1) [6–10].
1. Pre-transplant Period.
2. Pre-engraftment Period (day 0 until engraftment).
3. Early Post-engraftment Period (engraftment to day +100).
4. Late Post-engraftment Period ([day +100 following engraftment).

Fig. 1 General time course of immune defects and infectious complications following
hematopoietic stem cell transplantation. GVHD graft-versus-host disease; CMI cell-mediated
immunity; EBV Epstein–Barr virus; PTLD Post-transplant lymphoproliferative disorder; VZV
varicella zoster virus
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2 Pre-transplant Period

The patient’s underlying disease, the treatments they have received, the amount of
immune suppression, and the infectious complications and exposures all contribute
to infectious risk during this time frame. The risk of infectious complications in the
pre-transplant period is generally low (\20 % of infectious complications),
however is quite variable. Localized infections of the skin, oral cavity, and urinary
tract are the most common infections. Severe invasive infections and fatalities are
very uncommon during this time period [8]. Pre-transplant infectious complica-
tions do not negatively influence the transplant or delay engraftment. It should be
remembered that certain infections once felt to be contraindications to proceeding
with transplantation, particularly aspergillosis, can now be managed appropriately
so that successful transplantation is possible [11].

2.1 Pre-engraftment Period

This period begins with infusion of the cells, conventionally labeled ‘day 0’ and
extends until marrow engraftment. The primary immune defects occurring during
this phase are neutropenia and breaches in primary barriers due to mucositis and
the routine use of central venous catheters. The duration of neutropenia/aplasia is
usually in the range of 2–3 weeks. The source of the donor cells (peripheral blood
vs. bone marrow, related vs. unrelated, matched vs. mismatched) and the absolute
number of cells infused are major determinants in hematopoietic recovery. Other
factors that can delay engraftment and extend the period of neutropenia (Table 1)
include GVHD prophylaxis method (T-cell depleted graft, methotrexate), the
development of GVHD, infectious syndromes particularly viral infections, and
antimicrobial prophylaxis [e.g., trimethoprim–sulfamethoxazole for PCP prophy-
laxis and ganciclovir for cytomegalovirus (CMV) prevention]. Bacterial infections
dominate this period of neutropenia with most organisms isolated derived from the
recipient’s gut (enteric gram-negative and gram-positive) and/or skin commensals
(gram-positive) which include hospital-acquired skin organisms with increased
antimicrobial resistance, such as methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant enterococci (VRE). As mentioned, central
venous catheters are almost universally employed, which can lead to more unusual
bacterial isolates in blood cultures if these vascular devices become infected.
Herpes simplex virus (HSV) commonly reactivates during this time period
prompting the routine use of acyclovir prophylaxis in patients with serologic
evidence of past infection. Patients with delay in engraftment and a prolonged
duration of neutropenia are susceptible to opportunistic fungal infections, partic-
ularly from Candida and Aspergillus. Candida infections typically present as
bloodstream infections arising from contamination of central venous catheters
while Aspergillus infections most often manifest as nodular pulmonary infiltrates
with or without surrounding hypoattenuation on CT scanning. During this phase of
transplantation, there have been reports of up to a 20 % incidence of Clostridium
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difficile associated diarrhea (CDAD) as a complication of the ubiquitous appli-
cation of broad-spectrum antibiotics [12]. Recent outbreaks in North America and
Western Europe of hypersecreting variants of C. difficile (BI/NAP1/027 strain)
with elaboration of high levels of toxin A and toxin B leading to more severe
disease and complications raise serious concern of spread to this susceptible
patient population [13] (see Chapter Enteric Infections).

2.2 Early Post-engraftment Period

Following engraftment and resolution of neutropenia comes a roughly 4–6-month
period of early immune reconstitution. Impaired T-cell functions leading to defective
cell-mediated immunity (CMI) are the hallmark immune defect of this phase of
transplantation. This is the period where CMV typically reactivates and when pro-
phylactic/preemptive strategies need to be targeted to manage this potentially fatal
complication. These strategies include serial monitoring for the emergence of CMV
viremia (e.g., CMV PCR analysis) and rapid employment of effective antiviral treat-
ment (e.g., valganciclovir, foscarnet) to suppress viral replication and prevent pro-
gression to end-organ disease. The major event contributing to continued increased
infectious risk is the development of GVHD. Both the pathophysiology of GVHD and
the therapeutic management of this complication combine to render the transplant
recipient susceptible to numerous infectious complications. Invasive aspergillosis,
which historically has been a complication of the prolonged neutropenia of the pre-
engraftment phase, is now more commonly encountered during this phase of trans-
plantation. Also, there is an increasing emergence of non-Aspergillus mold infections

Table 1 Factors influencing marrow recovery/engraftment

Source of cells

Related versus unrelated

Matched versus mismatched

Marrow versus peripheral stem cells versus cord

Absolute number of stem cells transfused

Type of GVHD prophylaxis

Methotrexate

T-cell depletion

Viral infections

CMV

HHV-6

Antimicrobial prophylaxis

Trimethoprim–sulfamethoxazole

Ganciclovir/valganciclovir
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as well, particularly the Zygomycetes. Central venous catheters tend to remain in place
during this phase and bacteremia and fungemia due to Candida spp. continue to be
encountered. At our institution, the majority of central venous catheter infections in
this patient population occur outside the hospital setting (unpublished). Other
opportunistic infections that take advantage of the marked CMI defects include
Pneumocystis jirovecii (PCP) and respiratory and gastrointestinal viral infections.

2.3 Late Post-engraftment Period

This phase of transplantation occurs around 100 days after infusion of donor cells.
This time frame corresponds to the recognition of chronic GVHD, if it is present.
The transplant recipient who does not develop chronic GVHD can expect to
restore reasonable immune function in 1–2 years. Chronic GVHD may prolong
immune recovery by years and lead to combined deficiencies in CMI and humoral
immunity with hypogammaglobulinemia. Infectious complications including
bacteremia, aspergillosis, pneumonia, and adenoviral infections are much more
frequently seen in patients being treated for chronic GVHD, especially when
higher doses of corticosteroids are used [14]. The humoral defects predispose the
patient to infections with encapsulated organisms (Streptococcus pneumoniae,
Haemophilus influenzae, and Neisseria meningitidis) especially of the respiratory
tract. Prophylaxis with penicillin is routinely used at our institution in patients with
chronic GVHD (quinolones are used in the penicillin allergic patient). Invasive
mold infections have become a major infectious complication during this time
frame in patients with severe GVHD receiving aggressive immunosuppressive
management. As noted above, invasive Aspergillus infections are now more
commonly diagnosed in these later phases of transplantation because of the
emergence of GVHD. Dermatomal reactivation of varicella zoster virus (VZV)
occurs in up to 50 % of patients and can progress to life-threatening disseminated
infections. Of note, with the continued augmented immunosuppression attendant
with chronic GVHD, there is an increasing incidence of ‘late’ reactivation of
CMV. CMV reactivation historically has occurred in the early phase of immune
reactivation; however, it is now being seen at much later periods owing to the
continued immunosuppression associated with GVHD and effective preemptive
anti-viral prophylaxis [15]. The inability to mount specific anti-CMV T-cell
responses is associated with the development of late CMV disease [16, 17].

3 Infectious Syndromes Following Stem Cell
Transplantation

Stem cell transplant recipients may present with one of numerous infectious
syndromes after transplantation. These include febrile neutropenia, infected vas-
cular catheters, pneumonia, sinusitis, hemorrhagic cystitis, rash, diarrhea, and
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meningitis/encephalitis. Several principles apply to the care of these patients. First,
knowledge of time from transplant, type of transplant, graft-versus-host disease,
immunosuppression, and antimicrobial prophylaxis are critical to generating a
differential diagnosis. Second, the social and personal histories of transplant
recipients, including travel history, occupation, and hobbies, are essential. Finally,
diagnostic procedures, when safe and feasible, should be aggressively pursued,
given the broad spectrum of infectious pathogens to which these patients are
susceptible, the high attributable morbidity and mortality of these infections, and
the complications that arise from their therapies.

3.1 Febrile Neutropenia

Febrile neutropenia frequently complicates stem cell transplantation. For example,
in one study of autologous stem cell transplant recipients not receiving anti-bacterial
prophylaxis, neutropenic fever was seen in 83 % of patients. In this same study, 5 %
of patients suffered from severe sepsis [18]. The high attributable mortality in
patients with febrile neutropenia mandates prompt therapy with broad-spectrum
anti-bacterial medications with an anti-pseudomonal B-lactam. Cefepime and car-
bapenems and/or piperacillin–tazobactam are frequently used [19–24]. The preva-
lence of extended spectrum B-lactamase and AmpC producing organisms, as well as
local resistance data, should be taken into consideration when deciding upon an
empirical antimicrobial therapy. A glycopeptide should be added if there is suspi-
cion for a resistant gram-positive infection or the presence of mucositis. After the
prompt administration of anti-bacterial therapy, a thorough search for an infectious
source should be undertaken. In patients with febrile neutropenia unresponsive to
anti-bacterial therapy after 72 h, empirical anti-mold therapy is recommended
[19, 25] (see Chapter Neutropenic Fever and Sepsis: Evaluation and Management).

Use of fluoroquinolones for prophylaxis in patients who are afebrile, neutro-
penic, and have hematologic malignancies has been shown to reduce all-cause
mortality, infection-related death, and fever [26]. As multi-drug-resistant patho-
gens continue to emerge, continued vigilance for the presence of these organisms
is needed given the high anti-microbial exposure in stem cell transplant patients.
The administration of prophylactic granulocyte transfusion to prevent febrile
neutropenia has also been evaluated, and although this practice did lower infec-
tion-related mortality, it had no impact on all-cause mortality [27]. A study of
allogeneic stem cell transplant recipients showed a decrease in days of fever and
days of intravenous antibiotics, but no impact on hospital days or day 100 survival
[28]. Colony-stimulating factors decrease febrile neutropenia, infections, and
hospital length. However, they do not confer a survival benefit, and concerns about
their effects on residual leukemic cells remain [29, 30]. Several biomarkers, such
as procalcitonin, C-reactive protein, and vascular endothelial growth factor, have
been evaluated as prognostic indicators in febrile neutropenia, but are not routinely
employed [31, 32]. Low citrulline, a marker of mucosal barrier injury, is seen in
autologous transplant patients with bacteremia [33].
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3.2 Infected Vascular Catheters

Patients undergoing stem cell transplant have increased risk of catheter-related
blood stream infections [34]. Gram-positive, gram-negative, mycobacterial, and
fungal pathogens have all been reported. Training of health care workers in the
proper use of central venous catheters is of paramount importance and has been
shown to significantly decrease risk of catheter-associated blood stream infections
[35]. Patient education is similarly important as patients often go home after
transplantation with a catheter in place. An outbreak in an outpatient stem cell
transplant unit of gram-negative blood stream infections was associated with
increased baths (in contrast to showers) and patient self-administration of intra-
venous infusions [36]. Several catheter-specific interventions have been tried to
decrease infection rates. The use of chlorhexidine/silver sulfadiazine catheters
reduces catheter colonization but not related blood stream infections or fever in
stem cell transplant recipients [37]. Urokinase rinses, which dissolve fibrin, have
been shown to decrease coagulate-negative staphylococcal catheter-related blood
stream infections in patients undergoing intensive cytotoxic chemotherapy for
hematologic malignancy [38]. Guidelines for the management of central venous
catheter infections have recently been published [39].

3.3 Pneumonia

The differential diagnosis for post-stem cell transplant pneumonia is broad. Infec-
tious pathogens can be bacterial, viral, fungal, or tuberculous, and risk varies
according to time from transplant. In the pre-engraftment time period, bacterial,
fungal (e.g., Aspergillus fumigatus, but increasingly other Aspergillus species and
mold infections), and respiratory viruses predominate. Immediately post-engraft-
ment, respiratory viruses, CMV, toxoplasmosis, P. jirovecii, and Aspergillus are
prevalent. Late post-engraftment, the differential diagnosis includes respiratory
viruses, encapsulated bacteria, toxoplasmosis, aspergillosis, and P. jirovecii. In
general, the endemic mycoses such as histoplasmosis and blastomycosis are rare, but
they have been reported [40–43]. The incidence of tuberculosis is variable (less than
one to almost 10 %) and depends on the incidence of disease in the population.
Nocardia is also seen [44] (see Chapter Respiratory Infections).

3.4 Sinusitis

Sinusitis, especially from fungal causes, can be invasive and rapidly fatal in stem
cell transplant recipients. Any patient with symptoms of sinusitis, including facial
pain, facial swelling, tooth pain, palate or nasal necrosis or pallor, should be
emergently evaluated by otolaryngology. Broad-spectrum anti-bacterial and anti-
mold coverage should be initiated immediately. GVHD host disease is a
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predisposing factor to rhinosinusitis, as is total body irradiation [45–47]. The
course of sinusitis in transplant patients can be complicated, and vigilance for
related intracranial pathology, such as cavernous sinus thrombosis, should be high
[48]. Gram-negative pathogens (especially Pseudomonas) are isolated in more
than half of the cultures obtained, with gram-positive bacterial and fungal
organisms recovered in a significant minority. Cultures are negative in almost 1/3
of samples obtained, largely due to empiric broad-spectrum antibiotic use at the
time of sampling. The spectrum of fungal pathogens involved in sinusitis continues
to broaden. The agents of mucormycosis and Aspergillus are common, although
other pathogens such as Scedosporium are increasingly reported [49–51].

3.5 Hemorrhagic Cystitis

The causes of hemorrhagic cystitis can be infectious or non-infectious. Non-
infectious causes include radiation and cyclophosphamide, and recently, genetic
polymorphisms in cyclophosphamide metabolism genes have been associated
with hemorrhagic cystitis [52]. Common causes of infectious hemorrhagic cystitis
are BK virus, adenovirus, and CMV [53, 54]. Diagnosis is made using polymerase
chain reaction testing on urine or by histopathology. Hemorrhagic cystitis can
lead to life-threatening blood loss and ureteral obstruction from blood clots and is
one of the several syndromes associated with BK reactivation in the uroepithelial
tract [55]. Treatment options for BK virus and adenovirus are limited. Several
therapeutic strategies are being investigated, including treatment of BK virus with
low-dose cidofovir (1 mg/kg) or intravesicular cidofovir [56, 57]. Leflunomide,
ciprofloxacin, and intravenous immune globulin are also being studied for BK
virus [58]. Urologic consultation should be obtained in these patients. Several
newer therapies to stop bleeding, including intravesicular hyaluronic acid for a
child with CMV and likely BK virus grade III hemorrhagic cystitis [59], fibrin
glue therapy in five patients with refractory BK virus or CMV hemorrhagic
cystitis [60], and palifermin (a human keratinocyte growth factor), have all been
used successfully [61].

3.6 Rash

There are both infectious and non-infectious etiologies of rash after stem cell
transplant. GVHD and drug reactions are common non-infectious causes. Rarer
causes, such as microangiopathy, have also been reported [62]. Bacteria or fungal
endocarditis or catheter-related septic emboli should always be considered in a
bacteremic or fungemic patient, and surveillance for extent of embolic disease is
important. Nocardia has been reported to cause subcutaneous nodules [44, 63], as
have atypical mycobacteria, such as Mycobacterium szulgai and M. fortuitum
[64, 65]. Viral causes of rash include HSV (local or disseminated) and VZV
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(primary disease or reactivation) [66]. These typically cause vesicular lesions, and
acyclovir or its derivatives can be used for therapy. In patients who worsen or do
not improve on acyclovir, resistance should be considered. CMV, which can cause
ulcerative lesions, is treated with ganciclovir. If resistance is present, foscarnet, or
cidofovir can be used. Human herpesvirus 6 (HHV-6) can cause a maculopapular
rash [67]. Fungal pathogens can also result in rash. For example, disseminated
candidiasis can result in macules, papules, or nodules, usually on the trunk and
extremities [68], as can Fusarium [69]. Cryptococcus can result in nodules or a
cellulitic appearance. Skin manifestations of all of these pathogens are frequently
atypical. As such, culture and biopsy are crucial to establish a definitive diagnosis
(see Chapter Dermatologic Infections in Cancer Patients).

3.7 Diarrhea

Non-infectious causes of diarrhea include GVHD, chemotherapy-induced mucosal
injury, and immunosuppression [70]. Common infectious causes include CMV and
C. difficile [12, 71]. Rarer causes include diphyllobothriasis (in patients with a history
of eating raw or undercooked fish) [72] and cryptosporidiosis [73]. Travel and social
history are important to the differential diagnosis. Suspect strongyloidiasis in
patients from an endemic area or unexplained eosinophilia during the pre-transplant
evaluation, as post-transplant immunosuppression can lead to hyperinfection syn-
drome [74]. Shigella and Salmonella are more common in the developing world [75].

Neutropenic enterocolitis is characterized by fever and abdominal pain. Its
pathogenesis not well understood, but likely arises from a combination of mucosal
injury, lack of host defenses, and neutropenia. The incidence is as high as 5 %,
with a high attributable mortality. Broad-spectrum antibiotics should be initiated
and urgent surgical consult obtained [76] (see Chapter Enteric Infections).

3.8 Neurologic Syndromes

An infectious etiology is responsible for a minority of post-HSCT neurologic
syndromes [77]. Infectious neurologic complications can have bacterial, fungal, or
viral etiologies. Neurologic imaging and lumbar puncture (when safe) should
always be performed. Bacterial meningitis can arise from typical pathogens such as
pneumococcus, meningococcus, or Listeria. Drug resistance should be considered
given the high antibiotic exposure in these patients [78–81]. Viral causes of
encephalitis include HHV-6 [82], VZV (which has been reported in the absence of
skin lesions) [83], West Nile virus [84, 85], HSV, and JC virus. Fungal etiologies
include Cryptococcus, which is more common after allogeneic than autologous
transplant [86]. Toxoplasmosis should be considered, and pre-transplant donor and
recipient serologies should obtained (see Chapter Central Nervous System
Infections in Cancer Patients and Hematopoietic Stem Cell Transplant Recipients).
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4 Major Infectious Pathogens After SCT

In addition to infectious syndromes, there are several major infectious pathogens
than warrant discussion.

4.1 Bacteria

Pneumococcus Several large studies have quantified the risk of invasive pneu-
mococcal disease after stem cell transplantation. HSCT patients have more than 25
times the risk of the general population for pneumococcal infection. It is more
commonly seen in the late post-transplant phase owing to persistent humoral
immunity defects. Trimethoprim–sulfamethoxazole resistance rates are high
(almost 50 %) [87]. GVHD is risk factor for disease. Overall mortality approaches
20 % [88].

Staphylococcus Coagulase-negative Staphylococcus is the most common cause
of central venous catheter infections. Vancomycin is traditionally used as therapy;
isolates are also sensitive to daptomycin [89]. S. aureus, including methicillin-
resistant isolates, can be treated with vancomycin, daptomycin, or linezolid,
although a B-lactam should be used if the isolate is sensitive. GVHD and length of
hospital stay are the main risk factors for late staphylococcal infection after
transplant [90]. The attributable mortality for S. aureus bacteremia in particular is
high, and metastatic disease is common. If S. aureus is known or suspected,
methicillin resistance should be covered until susceptibilities are known. Bacter-
emia should always be treated with intravenous antibiotics.

Pseudomonas The problem of emerging drug resistance seen in gram-positive
organisms such as S. aureus is also present in numerous gram-negative pathogens,
including P. aeruginosa. A recent study of gram-negative bacteremia found that
P. aeruginosa constituted 22 % of all gram-negative bacteremia in stem cell
transplant recipients (Klebsiella pneumoniae and Escherichia coli were 19 and
17 %, respectively). Thirty seven percentage of gram-negative isolated were
multi-drug resistant (resistant to at least two of the following: a 3rd or 4th
generation cephalosporin, a carbapenem, or piperacillin–tazobactam). This has
profound implications for the selection of empirical gram-negative therapy [91]. In
critical ill patients, dual coverage until susceptibilities are known should be
considered.

4.2 Fungi

Candida Risk factors for Candida albicans infection include use of broad-
spectrum antibiotics, breakdown of mucosal membranes, central venous cathe-
terization, and neutropenia. The widespread use of fluconazole as Candida pro-
phylaxis during neutropenia has decreased morbidity and mortality from invasive
Candida infections considerably. This has also resulted in the increased
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prevalence of non-albicans Candida such as C. kruseii (which is intrinsically
resistant to fluconazole) and fluconazole-resistant C. glabrata. Other Candida
species, such as C. parapsilosis, are seen in the setting of parenteral nutrition
[92].

Aspergillus and other angioinvasive molds With the use of fluconazole pro-
phylaxis, invasive mold infections, particularly invasive aspergillosis, have
become dominant fungal pathogens in the stem cell transplant population. Disease
prevalence ranges from 5 to 15 % [93, 94]. Risk factors include advanced age,
allogeneic transplant, GVHD, neutropenia, and viral infections. The emergence of
viral infections as risk factors for invasive aspergillosis has been a significant and
relatively recent development, with hazard ratios for lower respiratory tract viral
infection and CMV 4.2 and 2.8, respectively [95]. The increasing prevalence of
non-fumigatus Aspergillus species, zygomycetes (especially in those patients on
voriconazole prophylaxis), and Scedosporium apiospermum [50], combined with
the toxicities of several of the anti-mold therapies, makes aggressive pursuit of
diagnosis with biopsy, culture, or non-culture based means essential [96–103].

4.3 Viruses

Cytomegalovirus CMV seropositive recipients of grafts from seronegative donors
represent those at highest risk for disease. With increasing and successful use of
prophylaxis and preemptive strategies after HSCT, CMV reactivation is now being
seen at later time points. Lack of CMV-specific T-cell-mediated immunity after
transplant increases risk of CMV, particularly late disease [10, 104]. High-dose
acyclovir and valacyclovir can be used as prophylactic agents. Intravenous gan-
ciclovir and oral valganciclovir are also active and could be used as prophylaxis,
but marrow toxicity limits long-term use [104, 105]. If acyclovir or valacyclovir is
used as prophylactic medications, they must be combined with preemptive mon-
itoring strategies with weekly CMV monitoring (pp65 antigen or CMV PCR).

Early detection of viremia and associated end-organ disease is essential for
preventing severe CMV-associated complications. End-organ disease usually
manifests as gastroenteritis or pneumonitis, with retinitis and encephalitis less
frequently described in this population. Retinitis, when it is seen, is often present
in the late post-transplant course. Viremia and end-organ disease are both treated
with intravenous ganciclovir. Intravenous immune globulin has been used as
adjuvant therapy for pneumonitis [104]. Mortality is high, even with appropriate
therapy. Standardized therapy recommendations for gastrointestinal CMV disease
are lacking, although most would agree that longer therapy and maintenance with
ganciclovir is necessary. IVIG is not usually given for gastrointestinal disease.
Additionally, it is critical to distinguish this manifestation from GVHD. Colon-
oscopy should be pursued if safe. Recurrence rates of invasive disease are high in
the HSCT population, necessitating ongoing surveillance [10].
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Herpes simplex viruses After primary HSV infection, latency is established,
with reactivation occurring during periods of immunosuppression. HSV-1 and
HSV-2 frequently reactivate and can cause disease after HSCT, although disease
attributable to HSV-1 is more common [106]. Reactivation of HSV was common
prior to routine anti-viral prophylaxis (around 80 %), which is now given routinely
to seropositive patients. Cutaneous and mucosal lesions (including oropharyngeal
and esophageal) are the most common manifestations, although dissemination to
the brain, lungs, and liver can occur. Intravenous acyclovir therapy should be used
for visceral disease or severe mucocutaneous disease, while oral acyclovir, vala-
cyclovir, or famciclovir can be used for less serious disease. Diagnosis can be
made by culture, immunofluorescence, or PCR.

Varicella zoster virus After primary infection, VZV establishes latency in the
dorsal root ganglia and reactivates during periods of immunosuppression as herpes
zoster [106]. Prior to the use of prophylaxis, 50 % of those HSCT patients sur-
viving 6 months developed herpes zoster, with high attributable morbidity and
mortality. VZV manifests locally as a vesicular rash, with serious risk of dis-
semination to brain, lungs, and liver. Prophylaxis of seropositive allogeneic
recipients is recommended for 1 year. Initial treatment of disease should be with
intravenous acyclovir, although oral therapy can be used to finish therapy. Diag-
nosis can be made by culture, immunofluorescence, or PCR.

Epstein–Barr Virus (EBV) Primary infection with EBV occurs in childhood or
adolescence. Reactivation after transplantation is usually subclinical; however,
numerous EBV-related tumors can arise after transplant. Unlike previously noted
viral infections, prophylaxis against EBV reactivation is not recommended as it
has no impact on prevention of EBV-related post-transplant lymphoproliferative
disorders (PTLD). Monitoring by PCR is recommended in high-risk patients, and
preemptive therapy with agents such as rituximab can be considered [106]. Serial
monitoring of EBV DNA levels by PCR may be useful is ascertaining which
patients may progress to EBV-associated PTLD [107].

Human herpesvirus 6 HHV-6 exposure usually occurs during childhood. It
reactivates frequently after HSCT; therefore, its detection in the blood alone is of
unclear clinical significance. Encephalitis is the most common clinical manifes-
tation but still remains quite rare—there are approximately 40 reported cases in the
literature. Prophylaxis against HHV-6 reactivation is not recommended. Enceph-
alitis can be treated with foscarnet or ganciclovir [108]. PCR can detect viral DNA
in peripheral blood or CSF. Interesting, HHV-6 has the ability to integrate into the
host’s chromosome, although this happens in the vast minority of cases.

Adenovirus The incidence of adenovirus infection is between 5 and 21 % after
HSCT [54]. Cystitis and enteritis results in low mortality, but adenovirus pneu-
monia and hepatitis are often fatal. Cidofovir has in vitro activity and has been
used at both low and high doses though despite treatment, mortality from invasive
disease is very high. Of 687 patients who received allogeneic stem cell transplants,
adenovirus was isolated from 64 patients. It was most commonly found in stool (49
patients), respiratory specimens (22 patients), and urine. Eleven of these patients
met the criteria for invasive disease (3 had pneumonia, 1 had hepatitis, 4 had
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hemorrhagic colitis, and 3 had hemorrhagic cystitis). Eight of the 11 patients
received T-cell-depleted grafts, and all 3 with pneumonia died despite therapy.

Respiratory Viruses Respiratory syncytial virus (RSV) causes typical upper
respiratory tract infection symptoms [109]. It progresses to pneumonia in 30–40 %
patients and in this form may be fatal. Co-pathogens are identified 30 % of the time.
Ribavirin has been use for treatment with mixed results. Lymphopenia is a major risk
factor for progression to lower tract disease within the first 3 months of HSCT.

Parainfluenza also presents initially as an upper tract infection. It has four
serotypes, with serotype three being the most common. Lymphopenia and use of
corticosteroids are the risk factors for progression to lower tract disease, and like
RSV, it is often isolated with a co-pathogen. Mortality from parainfluenza pneu-
monia is around 35 %. The data on aerosolized ribavirin and IVIG in parainfluenza
are retrospective in nature and it is unclear whether their use is beneficial.

Influenza has a lower incidence than RSV and parainfluenza and importantly
can be prevented and attenuated with vaccination although response rates to
vaccines are low in the HSCT population. Anti-viral treatment is generally insti-
tuted in all HSCT patients who test positive, and chemoprophylaxis in immuno-
compromised hosts can be considered in the setting of an outbreak. Yearly
information about circulating strains and their susceptibility should be incorpo-
rated into treatment decisions, given the recent issues with resistance and the
emergence of the novel H1N1 strain during 2009.

Finally, human metapneumovirus was recently discovered. It is structurally
similar to RSV. Risk factors for disease acquisition and progression are unclear.
There are no established treatment guidelines, although ribavirin has in vitro activity.
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