
Enferm Infecc Microbiol Clin. 2012;30(Supl 2):57-62

0213-005X/$ - see front matter © 2011 Elsevier España, S.L. Todos los derechos reservados. 

ISSN: 0213-005X 

PUBLICACIÓN OFICIAL
DE LA SOCIEDAD ESPAÑOLA
DE ENFERMEDADES INFECCIOSAS
Y MICROBIOLOGÍA CLÍNICA

Volumen 30, Extraordinario 2, Marzo 2012
Publicación mensual

Enfermedades
Infecciosas y 
Microbiología
Clínica

Incluida en: Index Medicus/MEDLINE
Excerpta Medica/EMBASE

Current Contents/Clinical Medicine
ISI Alerting Services

Science Citation Index-Expanded
Journal Citation Reports

SCOPUSwww.elsevier.es/eimc

Infections in solid organ 
transplantation 

Editores invitados: Albert Pahissa, Asunción Moreno y José Luis Pérez

Enfermedades Infecciosas 
y Microbiología Clínica

www.elsevier.es/eimc

Cytomegalovirus infection in solid organ transplantation

José María Aguadoa,*, David Navarrob, Rafael San Juana and Juan José Castónc

aInfectious Diseases Unit, Hospital Universitario 12 de Octubre, Universidad Complutense, Madrid, Spain
bMicrobiology Department, Hospital Clínico Universitario, Valencia, Spain
cInfectious Diseases Unit, Hospital General Universitario, Ciudad Real, Spain Spanish Network for Research in Infectious Diseases (REIPI)

Introduction

Cytomegalovirus (CMV) infection constitutes a frequent cause of 
morbidity and mortality among solid organ transplant (SOT) 
recipients. CMV not only causes direct damage (in the form of viral 
syndrome or end-organ disease), but also exerts immunosuppressive 
and pro-inflammatory effects, and its sustained replication has been 
associated with the development of both acute and chronic allograft 
rejection, as well as with a greater incidence of some opportunistic 
infections. In the absence of prophylactic treatment, a variable 
proportion of SOT recipients suffer from one or more episodes of 
active infection during the first six months post-transplant, of whom 
up to 50% will progress towards a potentially fatal end-organ 
disease. 

In this chapter, we briefly update the most important aspects 
related to the diagnosis, risk factors, prophylaxis and treatment of 
CMV infection in SOT recipients.

Diagnosis of CMV Infection and Disease

The presence of CMV in blood usually precedes the onset of 
clinical manifestations of CMV disease.1 Thus, monitoring for the 
presence of either infectious virus or viral products in blood is a 
useful strategy for identifying patients at risk for developing CMV 
end-organ disease. Viral load monitoring in blood is, in addition, a 
useful tool for assessing the effectiveness of antiviral therapy and 
predicting the risk of development of CMV end-organ disease.2 
Surveillance of CMV load in tissue fluids, such as bronchoalveolar 
lavage (BAL), has also been proven to be a valuable strategy for 
assessing the risk of CMV pneumonitis in lung transplant recipients.3 
Currently, the pp65 antigenemia assay4 and, most notably, molecular 
methods quantifying viral DNAemia are used in most centers for the 
surveillance of active CMV infection, and have largely replaced 
culture-based methods (viremia assays), and qualitative or 
semiquantitative PCRs.

The antigenemia pp65 assay

In this method, the lower matrix pp65 protein (UL83) is detected 
in peripheral blood polymorphonuclear leukocytes fixed onto a glass 
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A B S T R A C T

Cytomegalovirus infection remains a serious threat to solid transplant recipients. Despite advances in this 
field, there are still difficulties in the diagnosis of the disease and there are questions about the best and 
most cost-effective strategy to prevent infection and its direct and indirect consequences in the short and 
long term. All these points are discussed and updated in this chapter.

© 2011 Elsevier España, S.L. All rights reserved.

Infección por citomegalovirus en trasplante de órgano sólido

R E S U M E N

La infección por citomegalovirus sigue siendo una amenaza grave para los receptores de trasplante de órga-
no sólido. A pesar de los avances en este campo existen aún dificultades en el diagnóstico de esta enferme-
dad y dudas sobre cuál es la estrategia mejor y más coste-efectiva para prevenir la infección y sus conse-
cuencias directas e indirectas a corto y largo plazo. Todos estos puntos se discuten y se actualizan en este 
capítulo.

© 2011 Elsevier España, S.L. Todos los derechos reservados.
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slide by cytocentrifugation, by means of immunofluorescence (IF) or 
immunoperoxidase methods.4 The number of pp65-positive cells 
provides a semiquantitative estimate of the systemic viral load. The 
turnaround time for the antigenemia assay is less than 5 h. The 
antigenemia assay has several drawbacks:5 1) the test may not be 
useful during periods of severe neutropenia; 2) blood samples must 
be immediately processed upon arrival to the laboratory, and the test 
is laborious and cannot be automated; 3) the assay lacks adequate 
standardization; 4) the reading of the assay is subjective and 5) 
correlation between the rate of CMV replication and antigenemia 
levels is not always optimal, particularly in treated patients. A 
paradoxical increase in antigenemia in the face of decreasing levels 
of CMV DNAemia has been reported in SOT recipients experiencing 
primary CMV infections. In this setting, the antigenemia assay may 
provide misleading information that may prompt an unnecessary 
switch in antiviral therapy. The other drawbacks are that 6) clearance 
of antigenemia following initiation of pre-emptive therapy usually 
occurs earlier than that of DNAemia, so that the latter appears to be 
a more reliable marker of successful control of virus replication5 and 
7) the antigenemia assay displays a low predictive value for the 
occurrence of gastrointestinal CMV disease.6

Pre-emptive antiviral therapy based on antigenemia results is 
usually started in the presence of >100 pp65 positive cells/200,000 
polymorphonuclear leukocytes (PMNLs) in SOT recipients at 
intermediate or low risk for CMV end-organ disease (kidney, liver 
and heart D+/R+). However, a much lower antigenemia threshold (≥1 
pp65 positive cell/200,000 PMNLs confirmed twice in a week) has 
been adopted for high-risk recipients (D+/R–, and pancreas, intestinal 
and lung recipients irrespective of paired CMV-serostatus of donor 
and recipients).7 Nevertheless, cut-off antigenemia levels triggering 
the initiation of pre-emptive therapy vary widely among centers, 
and currently there is insufficient evidence to strongly recommend 
any of these.8 Antigenemia testing in SOT patients with active CMV 
infection must be performed once a week in low risk patients and 
twice a week in high risk patients, although studies defining the 
optimal monitoring schedule are lacking.

Molecular methods

Molecular assays based on quantitative detection of viral DNA by 
real-time PCR are currently the primary choice for the surveillance of 
active CMV infection in the SOT setting, because of their extreme 
sensitivity, simplicity, accuracy, reproducibility, and dynamic linear 
measuring range, and short turnaround time.9 A large number of in-
house and commercial real-time PCR assays have been developed 
and evaluated for monitoring CMV infection in SOT recipients. The 
limit of detection and the linear measuring range of these assays 
range from 20 to 700 CMV DNA copies/ml, and from 1.5-2 log10 to 5-7 
log10 CMV DNA copies/ml, respectively, depending on the type of 
specimen (whole blood vs. plasma) used for the analysis. Commercial 
tests show improved reproducibility when compared to in-house 
tests. Interassay and interlaboratory variation in CMV DNA loads for 
commercial assays are usually between 0.1 and 0.6 log10, due to 
higher magnitudes at low viral loads.10 Thus variations in CMV DNA 
loads measured in two consecutive determinations should not be 
viewed as true increases (or decreases) unless they are >0.5 log10. 
Overall, in-house and commercial real-time assays perform 
adequately, but they differ greatly in their analytical performance, so 
that direct comparison of viral loads measured by the different 
procedures is infeasible. However, within each laboratory, viral load 
values are linear. There are substantial differences in the nucleic acid 
extraction efficiency between automated systems, and in CMV DNA 
loads measured using different commercially available QRT-PCR 
assays, which may impact therapeutic decisions and should be taken 
into consideration for the interpretation of data from clinical studies.10 
To date, the lack of universally accepted standards for CMV DNA 

quantitation makes viral load values obtained in different centers 
using different PCR assays and extraction methods not directly 
comparable. Future studies using the 1st WHO International Standard 
for CMV for Nucleic Acid Amplification (NAT)-Based Assays are 
warranted to normalize CMV DNA loads measured using different 
extraction methods and QRT PCR assays.

There is some controversy as to what constitutes the optimal 
clinical specimen (whole blood, peripheral blood leukocytes-PBLs- 
or plasma) for monitoring CMV DNAemia. CMV DNA loads tend to be 
higher in PBLs or whole blood than in plasma, although they show a 
significant correlation.1 It can be concluded that whole blood and 
plasma are equally suitable for the surveillance of active CMV 
infection in SOT recipients.

Real-time PCR assays are more sensitive than the antigenemia 
assay, thus turning positive earlier and becoming negative later 
during active CMV infection.10 Overall, a significant correlation is 
found between the number of pp65 positive cells and the CMV DNA 
load, although discrepancies (negative antigenemia concomitant 
with intermediate to low DNAemia levels) are common, particularly 
after initiation of pre-emptive therapy.10

Several DNAemia levels, ranging from 1,000 to 5,000 copies/ml of 
plasma or from 1,000 to 300,000 copies/ml of whole blood, have 
been proposed for initiation of pre-emptive therapy in SOT recipients 
at low or intermediate risk for CMV end-organ disease.7 To date, 
however there are no consensus criteria for the initiation of pre-
emptive therapy in SOT recipients on the basis of quantitative PCR 
monitoring strategy.8

Diagnosis of CMV end-organ disease

Clinical and laboratory criteria for the diagnosis of CMV infection 
have been published.11 The presence of clinical signs and symptoms 
consistent with CMV disease, compatible signs in complementary 
tests (X-ray examination, endoscopy or ophthalmoscopy) and 
detection of CMV in the appropriate clinical specimen by direct 
culture, histopathological testing, immunohistochemistry or in situ 
hybridization allow for the diagnosis of CMV disease. PCR testing of 
tissue samples has a low positive predictive value, but a high negative 
predictive value for the diagnosis of pneumonitis and gastrointestinal 
disease. CMV DNA can be detected in bronchoalveolar lavage (BAL) in 
the absence of CMV disease. A correlation between the viral load in 
BAL and the presence of CMV pneumonitis has been demonstrated 
in lung transplant recipients,7 though no threshold permitting a 
definitive diagnosis has been established. PCR testing is however the 
first-choice laboratory assay for the diagnosis of CMV retinitis and 
peripheral and central nervous system diseases. Detection of CMV in 
blood in the presence of a compatible clinical picture does not allow 
for definitive diagnosis of CMV disease.

Testing for CMV resistance to antivirals

The emergence of CMV drug-resistant strains is uncommon in the 
SOT setting and has been associated with prolonged courses of 
antiviral therapy in concomitance with profound immunosuppression. 
Resistance to ganciclovir is due to mutations in either the UL97 
phosphotransferase gene, or in the UL54 gene, which codes for DNA 
polymerase, or in both. Ganciclovir resistance occurs more frequently 
as a result of mutations within the UL97 gene than in the UL54 gene. 
UL97 mutations leading to in vivo resistance are located within two 
highly conserved regions among clinical isolates, the putative ATP-
binding (codons 460 and 520) and substrate recognition (codons 590 
to 607) sites.12 Mutations in the UL54 gene may confer resistance to 
ganciclovir, foscarnet and cidofovir, and occur throughout the 
catalytic domain of the polymerase, spanning codons 301 
(exonuclease I region) to 989 (domain V).12 There are two types of 
methods used for assessing the susceptibility of CMV to antiviral 
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drugs. Phenotypic tests measure the ability of CMV to grow in the 
presence of a range of concentrations of the antiviral drug, and are 
performed by means of the classical plaque reduction test, in situ 
enzyme-linked immunosorbent assay, DNA reduction assay or flow 
cytometry-based assay.12 Phenotypic methods have a long turnaround 
time, so results are not available in time to be clinically useful. 
Genotypic assays are designed to detect known mutations that confer 
drug resistance, and are performed by direct sequencing of PCR-
amplified target genes from patient samples. Genotypic PCR-based 
assays show good correlation with phenotypic methods, and are the 
first choice in routine clinical practice. In addition, they are more 
sensitive than phenotypic methods for detecting mixtures of mutant 
and wild-type strains, with as little as 10% to 20% of a mutant virus 
in a background of wild-type virus.12 Interpretation of results from 
genotypic tests is not always straightforward. Without confirmation 
from phenotypic testing and marker transfer studies, it is infeasible 
to try to distinguish between new mutations that potentially confer 
resistance and mutations associated with natural polymorphisms.

Risk Factors for Cytomegalovirus

General aspects

CMV infection occurs between 30% and 80% of patients undergoing 
TOS, although its incidence and the presence of symptomatic disease 
vary depending on the type of transplant, the presence of risk factors 
and prevention strategies.13

When primary infection occurs in SOT recipients, the lack of 
specific immunity allows for significant viral replication and is 
usually associated with the development of symptomatic CMV 
disease. In the case of CMV reactivations in previously seropositive 
patients, the receptor’s humoral and cellular immunity decreases the 
dynamics of virus replication, thus decreasing the incidence and 
severity of the disease, which develops in 10% to 20% of patients. On 
reinfection, in situ reactivation of CMV in the transplanted organ is 
usually produced, leading to disease in up to 30% of patients.

In SOT recipients, the risk of CMV disease is the result of the 
balance between the degree of viral replication and the recipient’s 
level of cellular competence and humoral immune response. There 
have been several studies analyzing clinical risk factors for 
development of CMV disease, mostly in order to detect a subgroup of 
SOT recipients that are obvious candidates for specific preventive 
strategies.

Factors related to the immune status of recipient and donor

Seronegative recipients receiving an organ transplant from a 
seropositive donor (D+/R–) is considered a major risk factor for CMV 
disease in all types of transplants,14 including pancreas combined 
with kidney.15 Late CMV infection is a special complication that 
occurs mainly when this group of patients receive long term 
prophylaxis during the first months, although recent information 
suggests that, among this risk group, those undergoing re-transplant 
could be at higher risk for developing late CMV disease.16

Seronegative recipients with seronegative organ transplant 
donors (D–/R–) have a risk of infection below 10%, with a lower 
incidence of disease (around 5%). The main risk factor in these 
patients is blood transfusion without leukocyte filter from a 
seropositive donor.17

Factors related to the type of transplanted organ

The onset of CMV disease is more common, and usually more 
severe in the intestine, pancreas and lung transplant than in liver, 
heart and kidney.14 Without prophylaxis, the incidence of CMV 
infection in pancreas transplantation is between 50% and 75%. In 

D+/R– patients, the rates of disease are around 10%-40%.15 Rates of 
CMV disease are also between 25%-40% in intestinal transplant 
recipients.18 Finally, in lung transplant recipients, the incidence of CMV 
disease without prophylaxis ranges from 20% to 35%.19 This higher 
incidence of CMV disease in intestinal, pancreatic and lung 
transplantation is partially due to the more abundant lymphoid tissue 
and macrophages in these grafts, with a higher burden of latent CMV 
replication. For the same reason, multiple transplants (reno-pancreatic, 
cardio-pulmonary) are also at greater risk than single organ transplants. 
On the other hand, immunosuppressive treatment schedules in these 
types of transplants are particularly aggressive, which clearly 
contributes to the higher incidence of CMV disease.

Factors related to immunosuppressive treatment

The immunosuppressive drugs used to prevent rejection damper 
the humoral and cell-specific immune response, allowing 
uncontrolled replication of latent virus. The effect on CMV replication 
is especially intense when using high doses of methylprednisolone 
or agents (such as antilymphocyte globulin [ALG] and antithymocyte 
globulin [ATG]), antilymphocyte antibodies (such as OKT3), 
mycophenolate mofetil and azathioprine.20 The use of antilymphocyte 
globulins or monoclonal antibodies, apart from its depleting effect 
on lymphocytes, is associated with the production and secretion of 
cytokines (particularly tumor necrosis factor [TNF]), which triggers 
the inflammatory cascade and intensely stimulates CMV replication, 
leading to an increase of 3-4 times the rate of CMV infection especially 
in seropositive patients.21 Anti CD25 monoclonal antibodies, 
basiliximab and daclizumab have not been associated with increased 
risk of CMV infection or disease. However, alemtuzumab is considered 
a relevant risk factor for CMV disease when used as induction 
therapy, but mostly when used for the treatment of transplant 
rejection in all types of SOT.22 It is important to note that its 
administration causes lymphopenia for up to one year, which 
especially affects T lymphocytes.

Regarding anti-calcineurin drugs, some studies suggest that 
cyclosporine confers a higher risk for CMV replication and CMV 
disease than tacrolimus,14 although such differences have not been 
clearly explained. Tacrolimus is known to be 30 to 100 times more 
potent than cyclosporine in vitro, but maximal calcineurin activity 
inhibition in vivo has been shown to be significant with cyclosporine, 
which could lead to a higher effect in T-cells function.

The use of mycophenolate in renal transplantation has also been 
associated with increased risk of CMV disease, particularly in the 
gastrointestinal tract,23 although other studies were unable to 
demonstrate such an effect.24

The mTOR inhibitors (sirolimus and everolimus) used in kidney 
and heart transplantation have been associated with a protective 
effect against CMV infection and even CMV disease.14 The basis of this 
protective effect is not clear. Mammalian target of rapamycin (mTOR) 
kinase is a key regulator for protein synthesis in cells and intracellular 
viruses as CMV are depend heavily on cellular protein synthesis to 
support the synthesis of their constituent proteins and genomic 
replication. It is therefore conceivable that inactivation by rapamycin 
kinase impairs CMV viral replication.

Other factors

Some observational studies in liver and kidney transplantation 
have shown that reactivation and replication of other beta-
herpesviruses, such as human herpesvirus 6 and 7, are associated 
with CMV disease.25 Other recently described risk factors include 
donor age over 60 years, cadaveric renal transplantation, female 
gender in the recipient, extreme age of recipients, retransplantation, 
the need for multiple transfusions and prophylaxis or short early 
treatment.14,26
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In abdominal transplant recipients, intraoperative factors such as 
hypothermia, stress associated with surgery or critical situations, 
serious postoperative bacterial infections, the need of re-
transplantation, fulminant hepatitis as a cause of liver transplantation 
and hepatitis C virus (HCV) have also been associated with increased 
CMV replication.

The outcome of the graft also seems to be relevant in the risk for 
developing CMV disease. Acute rejection is a well known risk factor 
in kidney transplantation27 as has been reported with chronic graft 
malfunction.14 Finally, there is recent evidence showing how some 
defects in the host immune system may be associated with increased 
risk of CMV infection. These situations include some polymorphisms 
of the Toll-like receptor 2 and 4 and some deficits of complement 
factors, cytokines, chemokines and mannose-binding lecithin.28,29

Prevention of CMV Infection

General considerations

CMV prevention strategies have resulted in a decrease in CMV 
disease and CMV-related mortality. The main strategies for preventing 
CMV disease are universal prophylaxis and pre-emptive therapy. 

Universal prophylaxis involves the administration of antiviral 
drugs to all patients at risk even in the absence of clinical or 
microbiological data of infection. The efficacy of this approach has 
been demonstrated in clinical trials that compare this strategy with 
non-prophylaxis or placebo.30 In these trials, the drugs evaluated 
have been acyclovir, valacyclovir, oral and intravenous ganciclovir 
and oral valgancyclovir. In early studies, acyclovir was inferior to oral 
ganciclovir.31 Valacyclovir has been associated with decreased risk of 
incidence of CMV disease in kidney transplant recipients.32 Moreover, 
valacyclovir was associated with delayed onset of CMV disease in 
these patients. A subsequent international clinical trial that included 
kidney, liver, pancreas and heart transplant recipients (all of them 
D+/R–) compared oral ganciclovir and valganciclovir.33 The study 
demonstrated an equivalent efficacy of the two regimens for the 
prevention of CMV disease.

In pre-emptive therapy, treatment is administrated to patients 
when asymptomatic CMV replication is detected by regularly 
monitoring of viral load or antigenemia in blood. The efficacy of this 
strategy has been evaluated in meta-analysis that included 
comparative studies between pre-emptive therapy and no treatment 
or placebo.30

Universal prophylaxis versus pre-emptive therapy

Both prophylaxis and pre-emptive therapy have proven to be 
effective in preventing CMV disease. However, no randomized clinical 
trials have been conducted to compare both strategies in SOT 
recipients, and each has advantages and disadvantages. Universal 
prophylaxis has the advantage of potentially preventing the 
reactivation of other herpesviruses, as well as preventing indirect 
effects. In addition, this strategy does not require an assay to 
determine risk. However, one of the major concerns with universal 
prophylaxis is that prolonged exposure to antiviral drugs may 
increase the risk of resistance and toxicity related to antiviral 
treatment. Moreover, late CMV disease has been a significant finding 
in studies evaluating universal prophylaxis.33 The advantages of pre-
emptive therapy include decreased drug cost and associated 
toxicities. Nevertheless, adequate logistics at each transplant center 
are necessary to develop this approach. Moreover, optimal threshold 
values for antigenemia or viral load are not well established and may 
be different depending on the laboratory.

In general, the guidelines are consistent in that both universal 
prophylaxis and pre-emptive therapy are useful approaches for 
preventing CMV disease, even for patients in D+/R– situations.34,35 

However, for high-risk patients (lung, intestine, pancreas and 
pancreas-kidney transplantation), universal prophylaxis is generally 
recommended and is preferred in D+/R– patients where follow-up 
cannot be ensured.34,35

The drugs approved for universal prophylaxis are intravenous 
ganciclovir (5 mg/kg/day) and valganciclovir (900 mg/day). In 
addition, oral valacyclovir (2 g/6 h) may be used in kidney transplant 
recipients.32 Oral ganciclovir has been traditionally indicated although 
it is not currently available. 

The duration of prophylaxis should be between 3 and 6 months.34 
The decision to use 3 vs. 6 months will be based on the degree of 
immunosuppression and type of organ transplanted. In lung and 
intestine transplant recipients, a minimum of 6 months of prophylaxis 
is recommended.34,35 After completing universal prophylaxis, pre-
emptive therapy is recommended for a period of 3-6 months.34,35

In R+ patients, pre-emptive therapy is the preferred strategy 
except in high-risk patients (lung, intestine) and at centers where 
monitoring of viral load or antigenemia may be difficult.34,35 When 
this situation occurs, universal prophylaxis for 3 months should be 
employed. The use of anti-CMV prophylaxis is not recommended in 
D–/R– patients since these patients are at low risk of CMV 
disease.34,35

In patients treated with anti-lymphocyte or monoclonal 
antibodies, antiviral prophylaxis (universal prophylaxis or pre-
emptive therapy) must be initiated for 1 to 3 months. A similar 
approach may be used in patients who receive steroids for the 
treatment of rejection.34,35

There are insufficient data to recommend the use of anti-CMV 
immunoglobulin in addition to antiviral drugs for prophylaxis in all 
transplant recipients. However, some centers use anti-CMV 
immunoglobulin in lung and intestine transplant recipients.36

Treatment of CMV Disease

Ganciclovir has been the standard treatment for CMV disease in 
SOT recipients. More recently, an international randomized clinical 
trial showed that valganciclovir (an esterified derivative of 
ganciclovir with a bioavailability of 60% after oral administration) 
was non-inferior to intravenous ganciclovir in the treatment of 
CMV disease in this population.37 In this study, 74% of the patients 
were renal transplant recipients and the majority of them had 
moderate disease. However, its results support the recommendation 
of valganciclovir for the treatment of CMV disease. This indication 
was further supported by the results of a subsequent study in 
which no long-term differences in the incidence of clinical and 
virologic recurrence was observed when valganciclovir was 
compared to intravenous ganciclovir.38

Nevertheless, current available guidelines recommend the 
use of intravenous ganciclovir in children and in patients with 
severe or life-threatening disease.34,35 Moreover, intravenous 
ganciclovir should be used in those patients where valganciclovir 
is poorly tolerated or inadequately absorbed since data on the 
efficacy of oral treatment in such patients are scarce. In the 
subgroup of patients with mild or moderate CMV disease, 
valganciclovir (900 mg orally every 12 hours) and intravenous 
ganciclovir (5 mg/kg every 12 hours) are recommended as first-
line treatment.37

Foscarnet has been frequently used but its nephrotoxicity limits 
its use, especially in patients who are receiving calcineurin inhibitors. 
Oral ganciclovir cannot be used because it is not currently 
available commercially. Other oral drugs, such as acyclovir and 
valacyclovir, are not recommended for treating CMV disease.

Once the treatment is initiated, it is important to administrate 
appropriate doses of ganciclovir or valganciclovir because suboptimal 
doses may cause clinical failure and promote the development of 
resistance.39 On the other hand, the use of supratherapeutic doses 
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may result in nephrotoxicity. For this reason, monitoring of renal 
function during treatment is recommended, especially in those 
patients who receive concomitant nephrotoxic drugs.40

Reducing the dose of ganciclovir or valganciclovir in patients who 
develop leukopenia during treatment is not recommended. In these 
patients, the use of a granulocyte colony-stimulating factor may 
be considered, particularly when absolute neutrophil counts are 
lower than 1000/mL.34

The optimal length of treatment must be based on clinical 
evaluation and virologic monitoring by weekly antigenemia or 
quantitative PCR.34,35 The treatment must be continued until a 
negative antigenemia or PCR result is obtained. In high-risk patients, 
it is advisable to obtain two consecutive negative results before 
ending treatment. In any case, treatment must not be shorter than 
two weeks.34,35

The use of secondary prophylaxis (valganciclovir 900 mg/day 
from 1 to 3 months) varies among transplant centers.37,38 This 
strategy may be especially useful in patients with risk factors for 
recurrence (primary CMV infection, high basal viral load, 
persistence of viremia at the beginning of secondary prophylaxis, 
multi-organ disease, high-risk organs and increases in 
immunosuppression due to rejection).38 In cases of severe and 
tissue-invasive disease without viremia, longer treatment 
periods are recommended, with clinical monitoring focusing 
on the detection of specific expressions of the disease.34,35 In 
patients with recurrent CMV disease, secondary prophylaxis after 
re-treatment must be extended.34,35

Treatment of ganciclovir-resistant CMV disease

At present, some risk factors for the development of drug 
resistance have been identified. These include the lack of CMV 
immunity (D+/R–), prolonged exposure or suboptimum levels of 
ganciclovir, pancreas and lung transplantation, high-level viral 
replication and intense concomitant immunosuppressive 
treatment.41

Currently, there are no clinical trial data about the best alternative 
for treatment of ganciclovir-resistant CMV disease. In these cases, 
treatment must be based on resistance tests, patient immune 
conditions and disease severity. Resistance should be suspected 
when viral load or antigenemia or progressive clinical disease are 
detected during prolonged treatment. In this situation, a genotypic 
analysis of the UL97 and UL54 genes is indicated. However, in patients 
with severe CMV disease, it may be necessary to start empirical 
treatment until the results of genotypic analysis are available. There 
are many alternative empirical treatments, including higher doses of 
ganciclovir (to more than 10 mg/kg twice a day for normal renal 
function) in patients with mild disease, and combining ganciclovir 
and foscarnet42 or administering foscarnet separately to patients 
with severe CMV disease. If genotypic resistance tests demonstrate a 
major UL97 mutation (associated with a high degree of resistance), 
switching to foscarnet should be considered.34,35 Nevertheless, if the 
test detects a UL97 mutation with low grade of resistance, higher 
doses of ganciclovir may be useful. When UL54 mutation is present, 
the treatment should switch to foscarnet as this mutation is 
associated with resistance to ganciclovir and cidofovir. In any case, 
when resistance to ganciclovir is detected, immunosuppressive 
therapy should be reduced as much as possible.35

Alternative therapies

Currently, the evidence about the efficacy of alternative treatments 
for CMV disease is scarce. Various drugs with anti-CMV effects, such 
as leflunomide43 and artesunate,44 have been used. Leflunomide has 
shown to clear CMV viremia in renal transplant recipients with 
ganciclovir-resistant CMV disease, but failure with this drug has 

been documented in stem cell recipients. Maribavir, a recent antiviral 
drug, presents good oral bioavailability and does not present 
hematological, renal or hepatic toxicity. For this reason, it has been 
considered a promising alternative for the treatment of resistant-
CMV disease.45 However, a recent phase III trial performed in stem 
cell transplant recipients showed that the efficacy of prophylaxis 
with maribavir was similar to placebo.46

The administration of anti-CMV immunoglobulin could improve 
host defenses against CMV, but there is currently insufficient 
evidence for its use in SOT recipients. Similarly, the adoptive transfer 
of T cells is being investigated for both the prevention and treatment 
of resistant CMV infection.47

Prophylactic vaccination

Although several CMV vaccines are in development, none of them 
are available for use in SOT recipients. A live attenuated vaccine 
(“Towne strain”) has shown to be safe and reduce the severity of 
CMV disease in renal transplant recipients in D+/R– situations.48 
However, this strategy does not prevent primary infection. The 
recombinant vaccine gB, administered with the adjuvant MF59, 
provides protection against primary infection in 50% of vaccinated 
patients.49 Ultimately, a bivalent DNA vaccine (VCL-CB01), containing 
two gB and pp65-encoding plasmids, has been shown to develop 
neutralizing antibodies in both healthy CMV-seropositive subjects 
and CMV-seronegative patients.50
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