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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

≥ 5x resistance

High dose GCV (10
mg/kg q 12 hrs)

or
Change to FOS

  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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