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Albert Pahissa k , José Luis Pérez s , Alberto Rodriguez-Bernot t , José Rumbao u , Rafael San Juan d ,
Francisco Santos v , Evaristo Varo w , Felipe Zurbano x
a

UGC Enfermedades Infecciosas, Hospital Universitario Reina Sofía-IMIBIC, Córdoba, Spain
Unidad de Enfermedades Infecciosas, Hospital Universitario Marqués de Valdecilla, Universidad de Cantabria, Santander, Spain
c
Unidad de Enfermedades Infecciosas, Hospital General Universitario de Ciudad Real, Ciudad Real, Spain
d
Unidad de Enfermedades Infecciosas, Hospital Universitario 12 de Octubre, Madrid, Spain
e
Servicio de Enfermedades Infecciosas, IDIBELL-Hospital Universitario de Bellvitge, Universidad de Barcelona, Barcelona, Spain
f
Servicio de Enfermedades Infecciosas, Hospital Clinic, Barcelona, Spain
g
Unidad de Enfermedades Infecciosas, Microbiología y Medicina Preventiva, Hospital Universitario Virgen del Rocío, Sevilla, Spain
h
Servicio de Cardiología, Hospital Universitario de A Coruña, A Coruña, Spain
i
Servicio de Enfermedades Infecciosas, Hospital Ramón y Cajal, Madrid, Spain
j
Servicio de Hepatología y Trasplante Hepático Pediátrico, Hospital Infantil La Paz, Madrid, Spain
k
Servicio de Enfermedades Infecciosas, Hospital Vall d’Hebron, Barcelona, Spain
l
Servicio de Nefrología, Hospital Universitario de Bellvitge, Barcelona, Spain
m
Unidad de Enfermedades Infecciosas, Hospital de Sant Pau, Departamento de Medicina, Universidad Autónoma de Barcelona, Barcelona, Spain
n
Servicio de Microbiología, Hospital Clinic, Barcelona, Spain
o
Servicio de Neumología, Hospital Vall d’Hebron, Barcelona, Spain
p
Unidad de Enfermedades Infecciosas, Hospital Universitario de Cruces, Bilbao, Spain
q
Servicio de Microbiología, Hospital Universitario Gregorio Marañón, Madrid, Spain
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a b s t r a c t
Cytomegalovirus infection remains a major complication of solid organ transplantation. In 2005 the
Spanish Transplantation Infection Study Group (GESITRA) of the Spanish Society of Infectious Diseases
and Clinical Microbiology (SEIMC) developed consensus guidelines for the prevention and treatment
of CMV infection in solid organ transplant recipients. Since then, numerous publications have clariﬁed
or questioned the aspects covered in the previous document. These aspects include the situations and
populations who must receive prophylaxis and its duration, the selection of the best diagnosis and monitoring technique and the best therapeutic strategy. For these reasons, we have developed new consensus
guidelines to include the latest recommendations on post-transplant CMV management based on new
evidence available.
© 2011 Elsevier España, S.L. All rights reserved.
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r e s u m e n
Palabras clave:
Citomegalovirus
Trasplante
Proﬁlaxis
Terapia anticipada
Tratamiento
Consenso

La infección por citomegalovirus (CMV) constituye una complicación importante en los pacientes sometidos a trasplante de órgano sólido (TOS). En el año 2005 el Grupo de Estudio de Infección en el Trasplante
(GESITRA) de la Sociedad Española de Microbiología Clínica y Enfermedades Infecciosas (SEIMC) elaboró
un documento de consenso para la proﬁlaxis y el tratamiento de la infección por CMV en pacientes
sometidos a TOS. Desde entonces han sido numerosas las publicaciones que o bien han aclarado, o bien
han planteado nuevas dudas respecto a los aspectos tratados en el anterior documento. Entre estos aspectos se encuentran las situaciones y poblaciones que deben recibir proﬁlaxis y su duración, la elección de
la mejor técnica para el diagnóstico y monitorización y la elección de la mejor estrategia terapéutica.
Todo ello justiﬁca la necesidad de elaborar un nuevo documento de consenso que incluya las últimas
recomendaciones en el manejo de la infección por CMV post-trasplante en base a las nuevas evidencias
disponibles.
© 2011 Elsevier España, S.L. Todos los derechos reservados.

Introduction
Cytomegalovirus (CMV) infection continues to be a major
complication in solid-organ transplant (SOT) recipients. In these
patients, CMV is a signiﬁcant cause of morbidity and mortality associated with both invasive CMV disease and the modulating effects
of CMV on the host immune system.
The ﬁrst GESITRA-SEIMC consensus guidelines on prophylaxis
and the treatment of CMV infection in solid-organ transplant
patients were published in 2005.1 Although more information on
this subject has become available since then, CMV infection continues to present unresolved problems in transplant recipients. For all
these reasons, a new consensus document needed to be prepared
based on available information in order to review and update the
measures for the prevention, diagnosis and treatment of diseases
induced by CMV infection.
This document has been drafted in accordance with international recommendations on the preparation of consensus
documents.2 The recommendations have been classiﬁed according to the American Centers for Disease Control (CDC) presented in
Table 1.
Deﬁnitions
The nomenclature used in relation to CMV infection varies
enormously. We believe that it is important to standardize the
deﬁnitions used, which have been recently revised.1,3,4
“Infection or replication” is deﬁned as the isolation of the virus
or the detection of viral proteins (antigenemia) or CMV DNA/mRNA
Table 1
Classiﬁcation of recommendations in the document based on the strength and quality of the evidence analyzed.
Strength of evidence
A
Strong evidence of efﬁcacy and clinical beneﬁt.
B
Strong or moderate evidence of efﬁcacy but limited clinical beneﬁt.
C
Insufﬁcient evidence of efﬁcacy; or the possible beneﬁts in efﬁcacy do
not compensate for the cost or risks (drug-related toxicity,
interactions); other valid alternatives are available.
D
Moderate evidence of lack of efﬁcacy or poor evolution.
E
Strong evidence of lack of efﬁcacy or poor evolution.
Quality of evidence
I
Evidence of at least one well-designed and completed randomized
study.
II
Evidence of at least one well-designed randomized clinical study;
cohort or case–control studies; uncontrolled experimental studies but
with conclusive results.
III
Opinions of experts based on clinical experiments, descriptive studies
or reports by committees of experts.

in any body liquid or tissue. “Primary” infection occurs when CMV
is detected in an individual who was previously CMV seronegative.
“Persistent infection” refers to the detection of CMV in culture or by
polymerase chain reaction (PCR) or antigenemia, over a prolonged
period, in otherwise asymptomatic patients. “Recurrent infection”
is the new detection of CMV at least 4 weeks after the control of
ﬁrst infection. Recurrent infection may result from the reactivation
of a latent virus (endogenous) or re-infection (exogenous). “Reactivation” is deﬁned as the detection of a CMV strain that is the same
as the strain causing the original infection and “re-infection” refers
to the detection of a different strain.
“Viremia” is deﬁned as the isolation of CMV from the blood culture of a patient. “Antigenemia” consists of the direct detection
of the CMV pp65 antigen in peripheral blood leukocytes, mainly
neutrophils. “DNAemia” and “RNAemia” are deﬁned as the detection of CMV DNA and RNA, respectively, in plasma, whole blood or
leukocyte samples.
“CMV disease” is considered to exist when the infected patient
displays symptoms or signs (viral syndrome or visceral involvement). “Viral syndrome” is deﬁned as the presence of fever >38 ◦ C
(for at least 2 days in a 4-day period), associated with the presence
of leukopenia, thrombocytopenia or an increase in transaminases,
coupled with the detection of CMV infection in blood. In hematopoietic progenitor transplants, the use of this term should be avoided
since it may cause confusion.
CMV visceral involvement is exhibited by symptoms and signs
in the affected organ. The most common visceral involvements
are pneumonia, digestive disease, hepatitis, encephalitis, retinitis,
nephritis, cystitis, myocarditis and pancreatitis. “Probable disease”
is deﬁned as the presence of clinical symptoms compatible with the
presence of viral replication. Accurate diagnosis requires the presence of a clinical–analytical condition compatible with the presence
of histological lesions in CMV-positive biopsies and/or cultures.
PCR-based CMV detection in tissue samples is not considered to
be a diagnosis. Virus blood and urine cultures for diagnosis of the
disease have a limited role. Immunostaining increases the sensitivity of histological biopsy tests. The identiﬁcation of inclusion
bodies or viral antigens in biopsies by immunohistochemistry or
in bronchoalveolar lavage (BAL) samples by immunocytochemistry
can improve the predictive value of positive cultures. In the diagnosis of CMV-induced pneumonia, detection of the virus in BAL
samples is accepted. However, positive cultures from BAL samples
are not always correlated with disease. Various studies have suggested that quantitative evidence of nucleic acid in viral load in
BAL samples can be helpful for predicting pneumonitis.5 In patients
with hepatitis or gastrointestinal infection, diagnosis of CMV invasive disease must be conﬁrmed by immunohistochemistry or DNA
in situ hybridization.
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For the diagnosis of central nervous system disease, CMV detection by culture or PCR in cerebrospinal ﬂuid samples is accepted.
The diagnosis of retinitis is based on the presence of typical lesions
observed during ophthalmological examination. In these cases, the
diagnostic value of viral load in blood or plasma or in other laboratory tests as predictors of ocular CMV disease is low, although they
may be positive before or at the same time as diagnosis.
The presence of CMV in the urine of patients with renal dysfunction or micturition syndrome is insufﬁcient for diagnosing organ
disease.
“Universal prophylaxis” consists of administering an effective
antiviral drug to prevent the development of CMV infection and/or
disease in risk patients, if there are no clinical suspicion of and
microbiological data indicating infection. “Pre-emptive treatment”
or “pre-emptive therapy” consists of starting pre-emptive antiviral treatment in patients displaying asymptomatic CMV replication
(detected by regular monitoring of blood DNA or viral antigenemia).
Diagnosis and virological monitoring
Solid-organ transplant (SOT) patients must be monitored virologically in order to detect CMV infection. Although great progress
has been made, especially in molecular tests, none of the techniques
currently available are universally valid6,7 ; hence, each technique
must be selected according to the speciﬁc clinical objective, patient
characteristics, the technical speciﬁcations of the method and the
possibilities of the laboratory.
Pre-transplant assessment
The aim in this stage is to assess the risk of complications in the
post-transplant period. Therefore, it is necessary to determine the
immune status to CMV of both the donor and the recipient, since the
latter conditions the risk of active CMV infection and disease posttransplant. For this purpose, a speciﬁc and sensitive serological
method must be used, based on the detection of IgG-class antibodies (AII). Techniques that simultaneously detect IgM antibodies
do not add sensitivity and in contrast may produce false positives
or incorrect values.8 In general, commercial enzyme immunoassay
techniques are reliable, although not all are equivalent and must
be validated beforehand by the laboratory. As regards recent transfusions, the normal precautions must be taken in pre-transplant
serological screening, due to the possibility of hemodilution or passive antibody transfer.
In CMV-seronegative recipients, serological tests must be
repeated in intervals close to the transplant date.
Other virological tests (cultures, antigen detection, nucleic acid
ampliﬁcation) are not useful in this context and should not be used
prior to transplant (EII), except in exceptional circumstances.
Virological diagnosis post-transplant
Virological diagnosis post-transplant aims to detect both
asymptomatic viral replication and CMV disease in transplanted
patients. In this sense, serological tests have no use whatsoever
in this period and must not be used to monitor these patients. In
contrast, cultures, antigen detection and molecular methods are
particularly useful in this period.6,7 As a general rule, quantitative techniques are recommended, given the known relationship
between replication intensity, disease development and relapse
risk.
Diagnosis of CMV disease
Viral syndrome is the most common clinical expression of CMV
disease. Quantitative virological tests are required to diagnose this
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condition. Systematic monitoring with urine or saliva samples is
not recommended since they have little value for predicting disease. Blood cultures (including rapid shell vial cultures) are not
useful because they take a long time to produce results and due
to their low sensitivity. These techniques are only useful either
for obtaining strains for epidemiological characterization or for the
performance of phenotypic resistance studies.
The antigenemia test detects the pp65 antigen of the virus in
peripheral blood leukocytes by indirect immunoﬂuorescence. This
test has been shown to be useful for diagnosing CMV disease, particularly in viral syndrome cases9 ; evidence has been published
indicating that sudden increases in antigenemia values predict the
appearance of symptoms.10
The advantages of this test are that it is easy to perform and economical. However, it does have certain limitations, e.g. low antigen
stability, which means samples must be processed within 6–8 h,
it cannot be used in patients with less than 1000 neutrophils/L,
and its lack of standardization, which means that results from
different laboratories cannot be compared and makes it difﬁcult
to establish a universally valid reference value. Consequently, no
threshold value can be recommended. This value must be established in each center and individual threshold values may even
be established for each patient according to his/her risk speciﬁc
factors.
When interpreting antigenemia values, consideration must be
given to the type of transplant (lower values for pulmonary or
intestinal transplants and higher values for cardiac transplants), as
well as the immunosuppression regime used. Although a threshold value of 20–50 CMV+ cells/105 leukocytes generally correlates
well with the presence of symptoms, in the case of digestive disorder or retinitis, lower or even negative antigenemia values may be
recorded.
Molecular tests, especially those based on PCR techniques, are
the main alternative to antigenemia for making a diagnosis, starting
pre-emptive treatment and monitoring response to treatment.7,9
The results of these tests are not affected by spontaneous degradation of viral DNA and are therefore more sensitive and robust
than antigenemia, and better for quantifying viral kinetics. In
recent years, the technical advantages (sensitivity, speed, large
linearity interval and reduced risk of contamination) of quantitative methods based on real-time PCR technology have resulted in
more widespread use of these techniques for monitoring transplant
patients. For this reason, although antigenemia is still acceptable,
it would seem to be reasonable to recommend the use of these
molecular methods (BIII).
Viral load values may be determined in both plasma and
whole blood samples, and both are well correlated. However, it
is much easier to determine these values in plasma. Whether using
whole blood or plasma samples, the recommended anticoagulant is
ethylenediaminotetraacetic acid (EDTA) as heparin interferes with
PCR. Since the viral load values in whole blood are higher than those
obtained in plasma, around 1 logarithmic unit,11 individual patients
should always be monitored using the same type of sample (AII).
Since DNAemia is subject to substantial biological variability,
three-to-ﬁve-fold increases in the initial value (0.5–0.7 logarithmic
units) may not be signiﬁcant.12
Although DNAemia is more robust, the variability between different PCR techniques or between different laboratories is very
important. This has prevented its standardization and the determination of common cut-off points; hence, no recommendation
can be made in this respect. For this reason, speciﬁc patients can
be monitored using a speciﬁc technique and in the same laboratory
(AII). Recently, an international reference standard was introduced
similar to the one available for other viruses, and this may be a
signiﬁcant advance in standardization,13 reducing inter-laboratory
variability. However, the introduction of this new standard will not
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eliminate differences in viral load, either among centers or among
different types of SOT.
Diagnosis of focal disease
Antigenemia or DNAemia values may be negative or low, especially in patients with gastrointestinal involvement or retinitis.
Therefore, diagnosis should always be performed on tissue samples whenever possible.3 Qualitative PCR is not recommended for
diagnosing the disease in organs as, except in the case of central
nervous system involvement, accurate diagnoses cannot be made.3

6.

7.

Virological monitoring for pre-emptive treatment
8.
Many transplant groups have used pre-emptive treatment as a
preventive strategy instead of universal or risk factor-based prophylaxis. This strategy must only be performed in centers with
viral load quantiﬁcation methods. Although both antigenemia and
DNAemia are useful for this purpose, DNAemia detected by PCR is
recommended and efforts should be made to obtain the outcomes
of these tests within 24 h.
One weekly determination is recommended during the period of
greatest risk. A value close to the cut-off point should enable closer
patient monitoring.7 Due to the lack of standardization of either
antigenemia or DNAemia, the establishment of a cut-off point
for starting pre-emptive therapy is controversial. For this reason,
the threshold values of these techniques must be determined by
each transplant group and may be individualized for each patient.
Monitoring of treatment response and the appearance of relapses
Except in exceptional circumstances, such as in cases of central
nervous system disease, quantitative tests are necessary to monitor
the response to treatment. Given the characteristics of diagnostic techniques, molecular methods seem to be more appropriate
than antigenemia in this context, and testing at least weekly once
is recommended during treatment. Increases in antigenemia levels
24–48 h after the start of treatment do not necessarily mean that
treatment has failed.7 The aim must be achieving negative antigenemia or negative DNAemia results at the end of the second or third
week of treatment. An increase or maintenance in antigenemia or
DNAemia levels during therapy may indicate resistance, although
it may also be due to host-dependent factors.
Consensus recommendations
1. Patients undergoing SOT must be monitored virologically to
detect CMV infection (AI).
2. To determine CMV immune status, a serological method is recommended based on the detection of IgG class antibodies (AII).
Except in exceptional circumstances, the performance of other
virological tests (cultures, antigen detection, ampliﬁcation of
nucleic acids) is of little use in this context and should not be
performed prior to transplant (EII).
3. Serological tests are of no interest for monitoring CMV infection
in the post-transplant period and must not be used (EII). To monitor CMV infection, quantitative techniques must be used, given
the known relationship between replication intensity, disease
development and relapse risk (AII).
4. Systematic monitoring with urine or saliva cultures is not recommended for diagnosing CMV disease due to their limited value
for predicting disease (EI). Blood cultures, including rapid shell
vial cultures, are of no interest due to the time it takes to obtain
results and their low sensitivity (EII).
5. It has been shown that both pp65 antigenemia and molecular
tests based on PCR techniques are useful for diagnosis, starting

9.

pre-emptive therapy and monitoring treatment response (AI).
No recommendation can be made on the cut-off point for starting
treatment. This cut-off point must be established at each center and may even be established individually for each patient
according to his/her risk factors (CIII).
Since PCR-based molecular techniques have certain advantages
over antigenemia (greater sensitivity, quantiﬁcation of viral
kinetics, speed, less risk of contamination), the consensus panel
recommends the use of molecular methods, although antigenemia is still acceptable (BIII).
The viral load value may be determined from plasma or whole
blood samples; individual patients must always be monitored
using the same type of sample (AII).
Pre-emptive treatment must only be used in centers with viral
load quantiﬁcation methods (AII). For this purpose, at least one
weekly test is recommended during hospitalization and during
the period of greatest risk (BIII).
Quantitative tests must be carried out to monitor response to
treatment, except in exceptional circumstances, for example in
patients with central nervous system disease (BII). Molecular
methods seem to be more appropriate than antigenemia in this
context (BIII); viral load should be determined at least once per
week during treatment (BIII).

Study of resistance to antiviral drugs
Viral resistance depends on the existence of mutations in the
CMV genome. Although most studies mention resistance to ganciclovir, resistance has also been described to any antiviral drug
used for prophylaxis or treatment of CMV disease.14 The main risk
factors favoring the appearance of resistance are the absence of preexisting immunity to CMV (D+/R−), prolonged exposure to antiviral
drugs, continued use of antiviral medication, especially at suboptimum concentrations, intermittent treatments, the presence of high
viral loads and intense immunosuppression.
Although not all clinical ﬁndings during treatment may be
attributed to viral resistance, the presence of resistant strains is
often associated with invasive disease, progressive dysfunction,
rejection of the transplanted organ and even a high mortality, that
may affect up to 65% of patients.15–17
Guidelines from the resistance study. Available methods
During the ﬁrst 2 weeks of treatment, antigenemia or DNAemia
levels may increase in more than two thirds of patients, although
this is not necessarily indicative of the presence of resistant strains.
For this reason, resistance studies are not recommended in these
cases.
Resistance to antiviral drugs must be suspected in the presence of progressive or stable viral loads (virological resistance) or
if clinical symptoms persist 2 weeks after the start of appropriate
antiviral treatment (clinical resistance). Clinical resistance is not
necessarily accompanied by virological resistance since it may be
due to the presence of factors related with the immune response of
the recipient18 or because adequate levels of the antiviral drug at
plasma and/or tissue level are not reached. Therefore, in patients
displaying slow response to treatment it would be advisable (in
centers where this is possible) to determine the plasma levels of
ganciclovir and to study CMV-speciﬁc immunity.
The presence of resistance to antiviral medication may be conﬁrmed by phenotypic or genotypic methods. Phenotypic methods
measure the concentration of antiviral medication necessary to
inhibit 50% of viral growth (CI50 ). These methods require the virus
to be isolated beforehand; hence, the time required to obtain results
is a limitation. Furthermore, the lack of standardization of such
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Table 2
Main mutations associated with the resistance of cytomegalovirus to antiviral
agents.
Gene studied

Antiviral agent

Codons associated with resistance

UL54

FOS
GCV, CDV

495, 700, 715, 756, 838
301, 408, 410, 412, 413, 501, 503, 513,
516, 521, 522, 545, 987
776, 781, 787, 802, 809, 821
588, 812, 813, 834, 841, 981
805

GCV, FOS
GCV, FOS, CDV
CDV
UL97

GCV
MARIBAVIR

a

405, 460, 466, 520, 590–607
353, 397, 409, 411

FOS: foscarnet, GCV: ganciclovir, CDV: cidofovir.
a
Not all changes in the sequences between 590 and 607 are associated with
resistance (1).

methods conditions the variability of results. These methods must
only be used to study in vitro sensitivity to antiviral medication
in order to characterize mutations not described previously, or to
determine the combined effect of various antiviral drugs.
Genotypic methods are the most frequently used and consist
of detecting genetic mutations associated with resistance. The
selection method consists of amplifying speciﬁc regions of the
viral genome, followed by sequencing. This technique may be performed using a CMV strain isolated in culture or, easier still, directly
from clinical samples, since in this way results can be obtained in
2–3 days. To obtain results, viral load must be at least
1000 copies/ml. The main limitations of genotypic methods are that
they do not provide quantitative results and that the results are difﬁcult to interpret since irrelevant mutations may be detected that
do not offer resistance to ganciclovir.19
CMV resistance to antiviral agents is mainly due to mutations
in the gene encoding the viral protein kinase responsible for initial
phosphorylation of ganciclovir (UL97 gene), and less frequently for
mutations in the gene encoding the viral DNA polymerase (UL54
gene). If mutations only appear in the UL97 gene, viruses are not
sensitive to ganciclovir but they are sensitive to cidofovir and
foscarnet. If mutations appear in the UL54 gene, there may be resistance to one or all antiviral agents (ganciclovir, cidofovir, foscarnet).
Tables 2 and 3 show the most frequent resistance mutations to
ganciclovir, as well as their interpretation and the recommended
approach for each type of mutation.
Consensus recommendations
1. Antigenemia or DNAemia levels often increase during the ﬁrst
2 weeks of treatment. In such cases, resistance studies are not
recommended (CIII).
2. In patients who respond slowly to treatment, plasma ganciclovir
levels should be determined (in centers where this is possible)
and CMV-speciﬁc immunity studied (CIII).
3. Resistance to antiviral medication may be conﬁrmed using
phenotypic or genotypic methods. Phenotypic methods are recommended for studying sensitivity in vitro, for characterizing
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mutations, or for determining the combined effect of various
mutations. In other cases, genotypic methods are recommended
(CIII).
Immunological monitoring
Immunological control of cytomegalovirus infection
Controlling CMV infection is a complex process that involves
both innate and adaptive immune mechanisms.20,21 Natural killer
(NK) cells play an important role in controlling primary and
recurrent CMV infections, increasing in number in response to
viral replication.22–24 However, T lymphocyte-mediated response
plays a critical role in controlling CMV infection.20,21 CD8+ and
CD4+ T-lymphocytes intervene decisively in resolving replication
episodes20,21 through the recognition of a broad spectrum of viral
proteins, including most notably the proteins pp65 and IE-1, which
appear to generate dominant responses.25–27 Therefore, the monitoring of T-lymphocyte immune response to these proteins may
be useful for identifying patients with a greater risk of developing
viral replication episodes.28–40
As regards humoral immunity, it has been suggested that glycoprotein B (gB) and H (gH) neutralizing antibodies may reduce
the risk and severity of viral primary infection.20,21,41–43 However,
there is no consensus in this regard, since although hypogammaglobulinemia is associated with a greater risk of CMV infection
in heart and lung transplant patients, the same does not occur in
liver transplant patients.44,45 Humoral response to CMV enables the
identiﬁcation of transplant patients at greater risk of primary CMV
infection (D+/R−), although there is no unanimity on its usefulness
for predicting the development of the disease.46,47
Methods for quantifying and analyzing CMV-speciﬁc T cells
Various methods are currently available for functional and phenotyping and quantiﬁcation ex vivo of CMV-speciﬁc T lymphocytes.
Most of these methods are used for experimental purposes. The
methods that employ HLA peptide multimers determine the number of T-lymphocytes that recognize a speciﬁc viral epitope but
do not provide information on their functional capacity. In contrast, other methods provide information on the functionality of
lymphocytes based on the quantiﬁcation of cytokine production
after stimulation of T cells with CMV peptides or viral lysate. These
methods include intracellular staining, which provides functional
and quantitative information on the population of CMV-speciﬁc T
lymphocytes since it allows IFN␥ quantiﬁcation to be combined
with the expression of surface markers. The ELISPOT technique
quantiﬁes the number of individual T cells that release a speciﬁc
cytokine (usually IFN␥ or TNF-␣) after stimulating them, although
it does not distinguish between CD4+ and CD8+ T-lymphocytes. The
QuantiFERON-CMV technique can be used to estimate the number
of T lymphocytes compared with a limited number of immunogenic
CMV epitopes presented by a broad spectrum of HLA speciﬁcities,
through IFN␥ quantiﬁcation. None of these tests are standardized,

Table 3
Different levels of resistance to GCV in mutations in the UL97 gene.
Mutations

CI50 GCVa ratio

Interpretation

Response

M460V/I, H520Q, A594V, L595S, C603W
C592G, A594T, L405P

5–10
2–3

High grade resistance
Low grade resistance

N597D, L600I
Q449K, H469Y, D605E

<2
<1.5

Insigniﬁcant resistance
No resistance to GCV

Change to FOS
Increase dose of GCV.
Study mutations in UL54; if a mutation is detected that
confers resistance to GCV, change to FOS
Continue with GCV
Continue with GCV

a
IC50 viral strain of patient/IC50 wild-type viral strain of reference (number of times the IC50 of the patient strain increases with respect to the IC50 of the wild-type strain,
necessary to inhibit viral growth); GCV: ganciclovir, FOS: foscarnet.
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with the exception of the recently commercialized QuantiFERONCMV technique.48
T cell immunological monitoring strategies
Immunological monitoring of CMV-speciﬁc T lymphocyte
response and virological monitoring of CMV infection could be used
to individualize and optimize antiviral treatment in SOT patients.49
In high-risk (D+/R−) and intermediate risk (R+) patients, an inverse
relationship has been reported between the peripheral levels of
certain speciﬁcities of CD4+ and CD8+ T-lymphocytes (producers
of IFN␥, TNF-␣ and IL-2 against CMV), with the consequent risk
of developing CMV disease.28–40,48 Phenotyping of CMV-speciﬁc
T-lymphocytes can also provide information on the risk of CMV
replication and disease. In this sense, the expression of the PD1 (programmed death-1) marker on the surface of CMV-speciﬁc
CD4+ and CD8+ T-lymphocytes has been linked to a high risk of
developing replication, viral syndrome and organ disease.50,51,52
Consensus recommendations
1. Various immunological markers are available for estimating,
with variable degrees of precision, the risk of active CMV infection and disease within the scope of SOT. For now, none are
universally accepted.
2. The ideal method for monitoring immune response to CMV must
not only be quantitative but must also offer information on the
functionality and surface phenotype of CMV-speciﬁc CD4+ and
CD8+ T-lymphocytes (CIII). It must also be easy to perform, fast,
cost-effective and reproducible (CIII). Only the QuantiFERONCMV method has been made commercially available, although
its beneﬁts are being evaluated.
3. Although the monitoring of T-cell response to CMV is potentially useful for therapeutic management of CMV infection in
SOT recipients (CIII), there is no informed clinical experience in
this respect. For now, therapeutic intervention strategies based
on the immunological monitoring of patients are not recommended.
Risk factors of cytomegalovirus infection in solid organ
transplant recipients
General aspects
CMV infection appears in between 30% and 80% of SOT recipients, although its incidence and the presence of symptomatic
disease vary depending on the type of transplant, the presence
of associated risk factors (Table 4) and the prevention strategies
used.53
The period of maximum risk is between the ﬁrst and sixth month
post-transplant. Maximum incidence occurs between the second
and third month. However, some factors may alter this chronology,
either causing infection to start earlier, such as in the case of treatment with OKT3 monoclonal antibodies, or delaying infection, for
example in patients receiving universal prophylaxis or pre-emptive
treatment.53
In primary infection, the lack of speciﬁc immunity of the
recipient leads to increased viral replication (increasing by
1.82 units/day), normally associated with the development of CMV
disease.54 In reactivations, humoral immunity and cellular immunity of the recipient reduce the virus replication process (0.61 units
per day)54 with the subsequent decline in the incidence and severity of the disease, which develops in between 10% and 20% of
patients. In re-infections, in situ reactivation of CMV in the transplanted organ, in addition to producing the disease in up to 30% of

Table 4
Risk factors of cytomegalovirus disease in solid-organ transplant patients.
Primary infection in seronegative recipients (D+/R−) from
 Transplanted organ
 Blood derivatives
Factors favoring the reactivation of cytomegalovirus in recipients
 Stress
 Surgery
 Intraoperative hypothermia
 Sepsis or severe bacterial infections (pneumococcus or gram-negative
bacteria)
 Co-infections caused by other viruses
 Herpes virus 6 (HHV6)
 Herpes virus 7 (HHV7)
Factors favoring progression to CMV disease
Immunosuppressants
 OKT3, anti-thymocyte globulins, anti-lymphocyte globulins
 Mycophenolate, azathioprine
 Methylprednisolone
 Alemtuzumab
 Viral load
 Immunomodulation
 Herpes virus 6 (HHV6)
 Herpes virus 7 (HHV7)
Immunological factors favoring CMV infection
 Mutations in TLR2 and TLR4 genes
 Deﬁciency of mannose-binding lectin or genotype associated with low
production of same
Factors that reduce CMV disease
 Recipient immunity against CMV prior to transplant
 Immunosuppressants: mTOR inhibitors (sirolimus and everolimus)
 Anti-viral prophylaxis or with immunoglobulin
 Pre-emptive antiviral treatments

patients, may prompt the onset of terminal disease in the transplanted organ.
In SOT recipients, the risk of CMV disease is the result of the
balance between the amount of virus present or viral load and
the humoral and cellular immunological response capacity of the
recipient. Factors such as rejection55 or co-infections,56 which
are accompanied by the production and secretion of cytokines
triggering the inﬂammatory cascade, may stimulate latent CMV
replication.57
Risk factors
Immunological status of the recipient and donor
The transplantation of a seropositive organ to a seronegative
recipient (D+/R−) has been shown to be the main risk factor for
CMV disease in all types of transplant.58–62 Seronegative recipients
who receive seronegative transplanted organs (D−/R−) run a very
low risk of developing infection unless they receive hemoderivative
transfusions of unﬁltered leukocytes from seropositive donors63,64
or exhibit primary infection.
Viral load and transplanted organ
The degree of viral replication has been directly associated with
the development of CMV disease,63,65 with primary infections being
the most symptomatic and severe as they are normally accompanied by higher viral loads. Other factors that inﬂuence viral load
are type of transplant, prophylaxis strategy and the net state of
immunosuppression of the recipient.
As regards the type of transplanted organ, the onset of CMV
disease is more frequent, and normally more severe, in intestine, pancreas and lung transplants than in liver, heart and kidney
transplants. This greater incidence of CMV disease in intestinal
and pancreatic transplants is probably due to the fact that both
allografts have abundant lymphoid or macrophage tissue with
high loads of latent or replicating CMV.58–60 For the same reason,
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Table 5
Indirect effects of CMV infection described in each type of transplant.
Lung

Kidney

Liver

Heart

General

Bronchiolitis obliterans

Acute rejection
Chronic allograft nephropathy
Cardiovascular events
Diabetes mellitus

Chronic rejection
Accelerated HCV recurrence
Hepatic arterial thrombosis

Vasculopathy post-transplant

Bacterial infections
Fungal infections
PTLD
Immunosenescence

HCV: hepatitis C virus; PTLD: post-transplant lymphoproliferative disease.

multiple transplants (renal-pancreatic, cardiopulmonary) are
riskier than single organ transplants.60,63

Immunosuppressive treatment
Immunosuppressants are used to prevent rejection delay
and/or mitigate speciﬁc humoral and cellular immunological responses, permitting the uncontrolled replication of the
latent virus. Immunosuppressants displaying this activity include
methylprednisolone at high doses,65 anti-lymphocyte agents
such as anti-lymphocyte (ALG) and anti-thymocyte (ATG) globulins, the monoclonal antibody OKT3 (currently not commercially
available),66,67 and mycophenolate mofetil.68,69
The use of anti-lymphocyte antibodies for induction therapy, or
to treat rejection, increases the rate of CMV infection three-to-fourfold, especially in seropositive patients.70 The mechanism may be
related with fever and the release of tumor necrosis factor alpha, the
depletion of helper T lymphocytes and the inversion of the CD4/CD8
coefﬁcient.
The anti-CD25 monoclonal antibodies basiliximab and
daclizumab (the latter is currently not commercially available) have not been associated with a higher risk of CMV infection
or disease. However, it has been shown that alemtuzumab71,72
is a risk factor when used to treat rejection in renal-pancreatic
or heart transplant recipients. Cyclosporin, tacrolimus and prednisone at conventional doses do not normally reactivate latent
CMV, although they do reactivate replicating CMV.73 The use of
mycophenolate in kidney transplant patients has signiﬁcantly
reduced the incidence of rejection, although it is accompanied by a
greater risk of CMV disease, particularly in the intestinal tract.68,69
Results in other types of transplants are less conclusive.
The mTOR (mammalian target of rapamycin) inhibitors
sirolimus and everolimus74–76 used in kidney and heart transplants
have been associated with a lower incidence of CMV infection when
compared with approaches that include cyclosporin or azathioprine.

Other factors
Some observational studies in liver and kidney transplant
patients have shown that the reactivation and replication of other
beta-herpes viruses, such as human herpes viruses type 6 and 7,
are associated with CMV disease.77–79
Similarly, other factors such as donor age over 60 years,74 kidney transplanted from cadaver, female recipients, advanced age
of recipients, re-transplant, the need for multiple transfusions and
prophylaxis or short pre-emptive treatments, have been associated
with a greater incidence of CMV infection.63
Moreover, in recipients of abdomen transplants, factors such as
intraoperative hypothermia, stress associated with surgery or with
critical situations and post-operattive bacterial infections have also
been related to associate with greater CMV replication.80,81
Finally, recent evidence shows that some defects in the immune
system of the host may be associated with greater risk of CMV
infection. These situations include certain polymorphisms of Tolllike receptors 2 and 4 and certain deﬁciencies in the complement,
cytokines, chemokines or mannose-binding lectin.4,18,63,82,83

Consensus recommendations
The main risk factors of CMV disease depend on the serological
condition of the donor and recipient, the type of organ transplanted
and the degree of immunosuppression of the recipient once the
organ has been transplanted.
1. Transplantation from a seropositive donor to a seronegative
recipient (D+/R−) is one of the main risk factors (AI).
2. Intestine, pancreas and lung transplant recipients have a greater
risk of CMV disease than other transplants (AI).
3. Some immunosuppressants such as steroids65 and antilymphocyte antibodies used for induction treatment or to
prevent rejection66,67 are associated with a greater incidence of
CMV disease (AI).
Indirect effects of cytomegalovirus infection
In addition to the direct effects produced by invasive organ
infection, CMV produces a series of indirect effects that may be
deﬁned as those resulting from interaction of the virus with the
host immune system and which are independent of the presence
of high levels of viremia, and are probably related with the existence of low levels of viral load over prolonged periods. These
indirect effects have been described in all types of SOT (Table 5)
and include, among others, acute and chronic allograft rejection,
atherosclerosis, post-transplant diabetes mellitus and increases in
opportunistic infections. There is no consensus among the panel
of experts regarding the demonstrated existence of a cause-effect
relationship between CMV and indirect effects, since the evidence
available until now only allows a relationship of greater or lesser
association to be established between these indirect effects and
CMV for each type of transplant.
Kidney transplant
In kidney transplant recipients, results from observational studies have associated both asymptomatic viremia and CMV disease
with greater risk of acute allograft rejection84 (BII). However, the
results of studies that have evaluated the association between CMV
and chronic allograft nephropathy are controversial,85–87 hence
no relationship of causality can be established between CMV and
chronic allograft nephropathy. In these patients, CMV infection has
been related with a greater risk of cardiovascular events. One observational and prospective study has reported a greater frequency
of these events (myocardial infarction, cardiovascular disease and
peripheral vasculopathy) in patients displaying CMV replication
during the ﬁrst year post-transplant.88 Another later retrospective
review described greater frequency of cardiovascular diseases during the ﬁrst 4 years post-transplant in patients with CMV infection
compared with patients without infection after adjusting for traditional cardiovascular risk factors.89 Finally, some authors have
suggested that CMV infection and disease are associated with
a greater risk of post-transplant diabetes mellitus, although the
design of these studies made it impossible to establish a direct
causal relationship.90–92
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Lung transplant
The main indirect effect of CMV described in lung transplant
recipients has been the development of bronchiolitis obliterans
syndrome (BOS). However, studies evaluating the causal relationship between CMV and BOS present contradictory results, probably
due to differences in the deﬁnition of CMV infection, immunosuppression methods and prophylaxis strategies used.93–99 To
conclude, based on data currently available, a deﬁnitive causal relationship cannot be established between CMV and the development
of BOS. Similarly, the inﬂuence of different prophylaxis strategies
to combat the development of CMV disease must be determined in
future studies.
Liver transplant
CMV infection has been related to chronic allograft rejection in
liver transplant recipients, although the etiological role of the virus
in rejection has yet to be determined.100–103 Similarly, available
evidence on the role of CMV in the accelerated recurrence posttransplant of hepatitis C virus is contradictory.104–106 Finally, CMV
donor-recipient serodiscordance has been related with a greater
risk of liver artery thrombosis in such patients,107–110 although the
design of these studies made it impossible to establish a deﬁnitive
causal relationship.
Heart transplant
In heart transplant recipients, CMV has been related with a
greater risk of allograft vasculopathy. Findings supporting this
relationship have mainly been published in studies comparing different prophylaxis strategies, reporting that patients who did not
receive prophylaxis or who received pre-emptive treatment were
more at risk of developing CMV than those who received universal
prophylaxis.111–113
General indirect effects
CMV has been related with a greater risk of bacterial and
fungal infections, with evidence to support that this risk can be
reduced through the use of prophylaxis strategies to combat the
virus.114–118 CMV has also been related with a greater risk of
lymphoproliferative disease post-transplant, although most existing evidence in this respect has been reported in retrospective
studies.119 Finally, the replication of CMV has been associated
in a cross-sectional study with the appearance of immunosenescence through the proliferation of CD27/CD28 CMV-speciﬁc CD8+ T
cells,120 although these results need to be conﬁrmed in prospective
studies.
Consensus recommendations
1. CMV has been associated with the appearance of different indirect effects, including acute and chronic rejections (known as
chronic allograft nephropathy in renal transplantation, allograft vasculopathy in cardiac transplantation and bronchiolitis
obliterans syndrome in lung transplantation), increases in the
number of opportunistic bacterial and fungal infections, lymphoproliferative disease post-transplant, cardiovascular disease
and diabetes mellitus.
2. The panel of experts considers that an association relationship
exists between CMV infection and acute rejection in kidney
transplant recipients (BII), as well as an increase in opportunistic infections, lymphoproliferative disease post-transplant and
CMV infection (CIII).

3. However, this panel did not reach a consensus on the role of CMV
in the other indirect effects.

Prevention of cytomegalovirus infection in solid organ
transplants
General considerations
The two main strategies for preventing CMV disease are universal prophylaxis and pre-emptive therapy. Universal prophylaxis
consists of administering effective antiviral medication to all
patients at risk, even in the absence of clinical suspicion and
microbiological data of infection. Pre-emptive treatment consists
of starting antiviral treatment in patients showing asymptomatic
CMV replication, detected by regularly monitoring the ampliﬁcation of nucleic acids or viral antigenemia in blood. Each of these
strategies has advantages and disadvantages. Universal prophylaxis has the advantage of potentially preventing the reactivation
of other herpes viruses, as well as preventing indirect effects, and
the need to obtain repeated samples in order to quantify viral load
or antigenemia. However, prolonged exposure to antiviral drugs
may increase the risk of resistance and toxicity related with antiviral treatment. Universal prophylaxis has also been related with the
late CMV disease, probably due to defective development of speciﬁc
cellular immunity to the virus.121 Pre-emptive therapy can reduce
the cost and toxicity of antiviral medication, however this strategy
depends on the availability of adequate logistics at each transplant
center.

Universal prophylaxis
The advantages of universal prophylaxis have been demonstrated in clinical trials comparing this strategy with nonprophylaxis or placebo. In these trials, the administration of
prophylaxis has been associated with a 58–80% reduction in the
incidence of CMV disease.122–124 The drugs evaluated for this strategy were acyclovir, valaciclovir, oral and intravenous ganciclovir
and valganciclovir. In the ﬁrst studies, acyclovir was inferior to
ganciclovir.125,126 In another controlled trial performed with kidney transplant recipients, valaciclovir administered for 90 days was
associated with a decrease in the incidence of CMV disease and
a delay in the onset of this disease.127 A later randomized, controlled and multicenter trial with kidney, liver, pancreas and heart
transplant recipients compared oral ganciclovir and valganciclovir
and reported comparable efﬁcacy in the prevention of CMV disease in D+/R− patients.121 Adverse effects were similar in both
groups, although a higher incidence of invasive CMV disease in
organs was observed in the subgroup of liver transplant patients
receiving valganciclovir.121
Oral ganciclovir is currently not commercially available, in spite
of achieving good outcomes and widespread use in recent years.
Thus, although different studies have analyzed the role of oral
ganciclovir, this drug is not included in any of the ﬁnal recommendations of the consensus panel.

Pre-emptive therapy
Different comparative studies have contrasted the efﬁcacy of pre-emptive therapy with non-treatment or placebo.
These approaches have been analyzed jointly in three metaanalyses.122–124 In these studies, the incidence of CMV disease was
reduced by an average of 70%; pre-emptive therapy was as effective
as universal prophylaxis and its cost was similar.122
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Comparison between universal prophylaxis and pre-emptive
therapy
No clinical trials have been carried out with SOT recipients to
compare universal prophylaxis and pre-emptive treatment in the
prevention of CMV disease. In non-randomized studies comparing prophylaxis and pre-emptive therapy, no differences in efﬁcacy
were observed. The authors of a meta-analysis of 17 randomized
studies carried out previously in 2006 in high-risk kidney and
liver transplant recipients concluded that compared with placebo,
both strategies reduced the frequency of CMV disease by 80% and
72%, respectively, as well as the frequency of rejection. However,
since only prophylaxis reduced the frequency of bacterial and
fungal infections (51%) and mortality (38%), the aforementioned
authors preferred prophylaxis,124 even though most of the studies
included in the meta-analysis were small and open and individually
reported no beneﬁt in mortality. In contrast, a greater frequency
of leukopenia has been reported in patients receiving prophylaxis compared with those undergoing pre-emptive treatment.128
Small et al. performed another meta-analysis, which included
17 prophylaxis studies and 9 pre-emptive treatment studies, but
did not observe any differences in efﬁcacy for the prevention of
CMV disease.123
The most comprehensive comparative study of prophylaxis and
pre-emptive treatment has been carried out in kidney transplant
recipients.129 In this study, no differences were observed in terms
of the efﬁcacy of both strategies, including the subgroup of highrisk patients (D+/R−), with no reported differences in cost between
either form of treatment. Another comparative study, also performed in kidney transplant patients, compared prophylaxis with
valganciclovir and pre-emptive treatments with intravenous ganciclovir in 148 kidney transplant recipients, and reported a greater
frequency of CMV infection in the pre-emptive treatment group
(51% vs. 18%). Allograft survival after 4 years was lower in the group
of patients displaying CMV infection and receiving pre-emptive
treatment, and no differences in mortality were observed.130

Table 6
Recommended doses in prophylaxis and treatment (including pre-emptive treatment) with intravenous ganciclovir and valganciclovir.
Creatinine clearance (ml/min)
>70
60–69
50–59
40–49
25–39
10–24
<10

i.v. ganciclovira
b

5 mg/kg/day
2.5 mg/kg/day
2.5 mg/kg/day
1.25 mg/kg/day
1.25 mg/kg/day
0.625 mg/kg/day
0.625 mg/kg 3 × week
(after hemodialysis)

Valganciclovira
900 mg/day
900 mg/day
450 mg/day
450 mg/day
450 mg/48 h
450 mg/2 × week

i.v: intravenous.
a
During treatment, dose every 12 h.
b
Or 6 mgr/Kg/day (from Monday to Friday).

5.

6.

7.

General recommendations
1. Both universal prophylaxis and pre-emptive therapy are useful
strategies for preventing CMV disease (AI).
2. In D+/R− patients, both universal prophylaxis and pre-emptive
therapy can be used (Table 7), although universal prophylaxis is
particularly recommended in high-risk transplants (lung, intestine, pancreas, pancreas-kidney transplantations). Most of the
panel would also recommend universal prophylaxis in D+/R−
patients receiving other organ transplants if rigorous compliance with the applicable virological monitoring protocol cannot
be guaranteed. The recommended duration of prophylaxis is
3–6 months (AI) but this decision will depend on the degree of
immunosuppression and the type of organ transplanted. In lung
transplants, the duration of prophylaxis will be 6–12 months
post-transplant. Due to the risk of late disease, pre-emptive
therapy is recommended for a period of 3–6 months after the
end of universal prophylaxis (CIII).
3. In R+ patients, pre-emptive therapy (BII) is recommended
except in high-risk transplants (lung, intestine) and at centers
where it is difﬁcult to monitor viral load or antigenemia; in the
latter case, universal prophylaxis is recommended for 3 months
(CIII).
4. D−/R− patients are considered to be low risk, and therefore
anti-CMV prophylaxis is not recommended in this population
(DI). In these patients, leukocyte-depleted blood products from
seronegative donors must be used and patients should be monitored using conventional virological monitoring techniques.

743

8.

9.

10.

11.

When a primary infection is detected, standard treatment must
be applied (see section on treatment) (BII).
If universal prophylaxis is selected, in both seropositive and
seronegative patients, neither viral load nor pp65 antigenemia
has to be monitored during prophylaxis because the risk of disease during this period is very low (BII). In these cases, viremia
or antigenemia must only be determined if the patient develops
symptoms indicative of CMV disease during this period. One
unresolved aspect is the action to take once universal prophylaxis has ended. This panel considers that the patient progress
must be monitored through monthly prospective evaluations
of pp65 antigenemia or viral load (CIII).
Whenever a pre-emptive therapy strategy is selected, each center is recommended to establish and validate its own practice
protocols. Treatment should be started taking into account the
characteristics of each patient, and antiviral therapy may begin
after the ﬁrst positive antigenemia or viral load test is obtained
in accordance with the cut-off points established in each center
(CIII).
Pre-emptive therapy may be prolonged until a negative antigenemia or viral load result is obtained. However, in D+/R−
or high-risk transplant patients it is advisable to obtain two
consecutive negative results (CIII).
For prophylaxis in patients receiving combined transplants (e.g.
pancreas-kidney transplants), the instructions for higher-risk
transplants should be followed (CIII).
In deferred transplant patients (e.g. kidney transplants in heart
transplant recipients), the prophylaxis instructions followed in
the previous transplant should be followed (CIII).
In patients with severe post-transplant kidney failure (creatinine clearance <10 ml/min) the use of ganciclovir or
valganciclovir is not recommended because the kidney is the
only elimination route. In these patients, the start of prophylaxis or pre-emptive treatment should be delayed until the
creatinine clearance is greater than 10 ml/min or up to a maximum of 15 days post-transplant (CIII).
Since exposure to valganciclovir and ganciclovir depends
entirely on elimination in urine, the administered dose must
be adjusted strictly according to creatinine clearance (Table 6).

Prophylaxis during treatment with anti-lymphocyte and/or
monoclonal antibodies
The use of anti-lymphocyte antibodies in induction treatment or
as anti-rejection therapy is associated with an increase in the risk of
CMV disease.66,70,72 The effect of antiviral prophylaxis in patients
receiving antiviral medication has been demonstrated in different trials with SOT recipients. Two of these trials, which compared
the administration of intravenous ganciclovir with no treatment in
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Table 7
Summary of recommendations for the prevention of CMV in solid-organ transplants.
Type of transplant

D+/R− patients

Other patients

Liver

PPX: valganciclovir (900 mg/d) for 3–6 months (AIII), i.v.
ganciclovir (5 mg/kg/d) (AI) followed by pre-emptive treatment
up to 3 months after end of PPX (AII), or:
PT: valganciclovir (900 mg/12 h) for 14 days, checking
negativization of viremia and monitoring every 1–2 weeks,
according to risk, during the ﬁrst 4 months (AII).

Kidney

PPX: valganciclovir (900 mg/d) (AI) for 6 months post-transplant
(AI). Alternatives: oral valaciclovir (2 g/6 h) (AI), or i.v. ganciclovir
(5 mg/kg/d) (if not tolerated orally), for a maximum of 3 months
post-transplant (AI).

Heart

PPX: i.v. ganciclovir (5 mg/kg/day) or valganciclovir (900 mg/day)
for 3–6 months (AI).

Lung

PPX: i.v. ganciclovir (5 mg/kg/24 h) until tolerated orally and then
valganciclovir (900 mg/d) for 6–12 months (AII).
Anti-CMV gammaglobulin in association with i.v. ganciclovir may
beneﬁt high-risk patients (BII).
At the end of PPX, monitor patients and start PT with
valganciclovir (900 mg/12 h) or i.v. ganciclovir (5 mg/kg/12 h IV)
(AII).

Pancreas and pancreas-kidney

PPX: valganciclovir (900 mg/12 h) for 3 months (C-II). In the
presence of other associated risk factors (co-infections,
anti-rejection treatment, co-morbidity) consider increasing
prophylaxis to 6 months (CIII).
Then PT with valganciclovir (900 mg/12 h) or ganciclovir
(5 mg/kg/12 h) (CIII).

Intestine

PPX: i.v. ganciclovir (5 mg/kg/12 h) or valganciclovir (900 mg/d)
for a minimum of 6 months; treatment may be prolonged until
lymphocyte counts = CD4+ > 200 cells/ml (CIII).
Anti-gammaglobulin may be considered (150 mg/kg) in weeks 0,
2, 4, 6 and 8, followed by 100 mg/kg in weeks 12 and 16 (CIII).

In R+ patients, either PPX (valganciclovir, 900 mg/d 3 months
(BII), or i.v. ganciclovir, 5 mg/kg/d (AI), followed by
valganciclovir, 900 mg/d) or PT with valganciclovir, 900 mg/12 h
(AII), or i.v. ganciclovir, 5 mg/kg/12 h (AI), for 14 days and
subsequent monitoring.
In D−/R− patients, leukocyte-depleted blood products and
products from seronegative donors can be used. Treatment in
case of primary infection.
In R+ patients, PT is recommended with valganciclovir
(900 mg/12 h) or i.v. ganciclovir (5 mg/kg/12 h) for 14–21 days
and monitoring (BI). Alternative: PPX with valganciclovir
(900 mg/d), valaciclovir (2 g/6 h) or i.v. ganciclovir for 3 months
(AII).
In D−/R− patients, leukocyte-depleted blood products and
products from seronegative donors can be used. Treatment in
case of primary infection.
In treatment with anti-lymphocyte antibodies: i.v. ganciclovir
(5 mg/kg/d) for at least 14 days (BI) or valganciclovir for 3
months (BI).
Patients receiving induction with anti-lymphocyte antibodies
(except basiliximab) or exhibiting steroid-resistant rejection
must receive ganciclovir (5 mg/kg/day) for at least 14 days (BI) or
valganciclovir (900 mg/d) for 3 months (CIII).
In R+ patients: PPX or PT. Monitoring of CMV in non-prophylaxis
patients. If monitoring results are positive, i.v. ganciclovir
(5 mg/kg/12 h) or valganciclovir (900 mg/12 h) for 2–4 weeks
(BII).
In some situations, CMV-speciﬁc gammaglobulin may be
considered (BII).
Exclude hypogammaglobulinemia in patients with relapsing
CMV disease (BIII).
PPX: i.v. ganciclovir (5 mg/kg/12 h) until tolerated orally and then
valganciclovir (900 mg/d) until month six (AII).
Anti-CMV gammaglobulin in association with i.v. ganciclovir may
beneﬁt high-risk patients (BII).
In the case of treatment with anti-lymphocyte antibodies or
steroids at doses above 10 mg/kg/day, treatment with
valganciclovir must be restarted at doses of 900 mg/day for a
maximum of 3 months (BIII).
In R+ patients who have received anti-lymphocyte antibodies or
high doses of steroids as rejection treatment, pre-emptive
therapy is recommended (CIII) with valganciclovir (900 mg/12 h)
or ganciclovir (5 mg/kg/12 h).
In D−/R− patients, leukocyte-depleted blood products and
products from seronegative donors can be used. Treatment in
case of primary infection.
In patients who have received anti-lymphocyte antibodies for
more than 3 days in the induction phase, treatment with
valganciclovir (900 mg/day) for 3 months is recommended (CIII).
In patients with acute rejection and receiving anti-lymphocyte
antibodies or steroids at high doses, valganciclovir (900 mg/day)
for 1–3 months is recommended (CIII).
In R+ patients, PPX with i.v. ganciclovir (5 mg/kg/day) or
valganciclovir (900 mg/day) for between 3 and 6 months
post-transplant (CIII).
In patients receiving anti-lymphocyte antibodies or presenting
cortico-resistant rejection, start prophylaxis with i.v. ganciclovir
or valganciclovir for between 1 and 3 months (CIII).

Recommended doses of antiviral agents for normal renal function (creatinine clearance >70 ml/min) and neutrophil counts >1000/l.
D+/R−: positive donor/negative recipient; R+: positive recipient; PPX: universal prophylaxis; PT: pre-emptive treatment; i.v.: intravenous.

kidney transplant recipients receiving anti-lymphocyte antibodies,
reported the protective effect of ganciclovir.131,132

Recommendations

serostatus) and type of transplanted organ. In this guideline, both
intravenous ganciclovir and valganciclovir were used.
This strategy may also be considered to treat rejection with high
doses of steroids (CIII).
Liver transplant

In patients receiving anti-lymphocyte or monoclonal antibodies such as OKT3 or alemtuzumab, prophylaxis must be used with
antiviral drugs (AI). No conclusive data are available on the duration, optimum dose and drug that must be used, and may vary
according to the characteristics of individual patients (e.g. CMV

Universal prophylaxis
In liver transplant patients, universal prophylaxis with different drugs is effective for preventing CMV disease. In a randomized
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double-blind trial with 55 liver transplant recipients, prophylaxis
with oral acyclovir (800 mg/6 h) for 28 days compared with placebo
reduced the frequency of CMV disease (25% vs. 52%, P = .05).133
In another randomized trial that included 304 liver transplant
recipients, 46 of whom were high-risk patients (15%), prophylaxis
with oral ganciclovir (1 g/8 h) for 90 days compared with placebo
reduced the frequency of CMV disease during the ﬁrst 6 months
post-transplant (5% vs. 19%) and also in high-risk recipients (15% vs.
44%).134 In another randomized trial with 64 high-risk liver transplant recipients (D+/R−), prophylaxis with oral ganciclovir (1 g/8 h)
was as effective as intravenous ganciclovir (6 mg/kg/day, 5 days per
week until day +100), and the frequency of CMV disease was 9% and
12.5%, respectively.135 In 219 CMV-seropositive liver transplant
recipients, oral ganciclovir (1 g/8 h) was more effective than acyclovir (800 mg/6 h) in reducing CMV disease (1% vs. 7%)126 during
the ﬁrst 100 days post-transplant.
The incidence of CMV disease in high-risk liver transplant
patients (D+/R) receiving prophylaxis with valganciclovir for
100 days was 9%.136
Finally,
the
efﬁcacy
and
safety
of
valganciclovir
(900 mg/day × 100 days) were compared with oral ganciclovir
(1 g/8 h × 100 days) in a randomized double-blind study in 364
high-risk SOT recipients (D+/R−), of whom 177 were liver transplant recipients, and who represented the largest group of patients
in the study (48%). In liver transplant recipients, the results were
unfavorable for valganciclovir due to the greater frequency of
CMV disease (19% vs. 12% in the ﬁrst 6 months) and neutropenia
(8% vs. 3%).121 Similar results were described in a retrospective
study comparing valganciclovir (900 mg/day) with oral ganciclovir (1 g/8 h) and intravenous valganciclovir (6 mg/kg/day) in
66 high-risk liver transplant recipients (D+/R−). CMV disease was
four times more frequent in the group receiving valganciclovir
(22%) than in the one receiving oral ganciclovir (6%) or intravenous
ganciclovir (4.5%).137 A recent meta-analysis evaluated the efﬁcacy
of valganciclovir for preventing CMV disease in solid-organ transplant recipients and concluded that it is no more effective than
standard treatment, accompanied by a greater risk of neutropenia,
late disease and invasive CMV disease, which, coupled with its
higher cost, has prevented this drug from being recommended as
ﬁrst-line medication for prophylaxis or pre-emptive treatment in
these patients.138
Due to these results, guidelines on the use of valganciclovir in
prophylaxis established in technical data sheets do not include liver
transplant recipients, or adult or pediatric patients. However, valganciclovir has been used in these patients since oral ganciclovir
was withdrawn from the market.
Pre-emptive treatment
Different studies have shown that pre-emptive treatment
effectively prevents CMV disease in liver transplant recipients.
One meta-analysis consisting of 10 randomized trials (including
four liver transplant trials) with 476 patients showed that preemptive treatment was effective compared with placebo or no
prevention.128 In another study carried out on 69 liver transplant
recipients, pre-emptive treatment with oral ganciclovir (1 g/8 h
for 8 weeks) monitored by PCR and compared with placebo
reduced the overall frequency of CMV disease (12% vs. 3%, P < .05)
and in the subgroup of D+/R− recipients (36% vs. 0%, P < .05).139
Another trial in 72 liver transplant recipients compared the efﬁcacy of pre-emptive treatment with oral ganciclovir (2 g/8 h × 2
weeks followed by 1 g/8 h × 4 weeks) vs. intravenous ganciclovir
(5 mg/kg/12 h × 7 days) in 22 patients with positive antigenemia.
The incidence of disease was similar in the group receiving oral
ganciclovir vs. intravenous ganciclovir (0% vs. 11%, P = ns) and zero
in 50 patients with negative antigenemia.140
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The efﬁcacy of valganciclovir (900 mg/12 h) in pre-emptive
treatment was evaluated in 36 high-risk liver transplant recipients, guided in the ﬁrst phase by antigenemia (cut-off point ≥1 cell
with characteristic immunoﬂuorescence per 2 × 105 leukocytes)
and PCR in a second phase (DNA ≥ 15 copies/ml), and the frequency
of CMV disease was null.141 At the same center, a cohort of 216 liver
transplant patients was studied to determine the frequency of CMV
disease, rejection, bacterial infections, fungal infections, recurrence of hepatitis C, re-transplant and short and long-term survival
(6 months to 5 years), including patients who received pre-emptive
treatment and those who did not (58 vs. 158), and no differences
were reported.142
Viremia relapse is frequent after pre-emptive treatment and
frequencies of between 8% and 40% have been described in highrisk patients.141,143 This viremia is normally resolved after new
treatment. Recently, BenMarzouk et al. studied 21 high-risk liver
transplant patients (D+/R−) undergoing pre-emptive treatment
and presenting episodes of viral replication. None of these patients
displayed symptoms associated with CMV. All the patients also
developed speciﬁc immunity to CMV.144
The duration of pre-emptive treatment has not been established.
Most studies apply treatments for between 2 and 3 weeks. DiazPedroche et al., in a study with high-risk SOT recipients, reported
that pre-emptive treatment with valganciclovir (900 mg/12 h)
reduced basal viral load by 78% and 98% after 7 and 14 days of treatment, respectively.143 In seropositive recipients, shorter treatment
periods may be effective. In one study of 58 CMV-seropositive liver
transplant recipients, pre-emptive treatment was administered for
7 days, resulting in only one probable case of disease, and relapse
of the infection in 20% of the patients.145
Consensus recommendations
In liver transplant patients, CMV disease prevention strategies
must be designed according to serostatus.
1. In R+ recipients, prophylaxis and pre-emptive treatments are
two recommendable strategies (AI). Most of the panel recommends pre-emptive treatment.
2. In high-risk recipients (D+/R−), both strategies are equally
recommendable. Most of the panel recommends universal prophylaxis if rigorous compliance with the applicable virological
monitoring protocol is not possible. If prophylaxis is selected,
pre-emptive treatment is recommended for at least 3 months
after prophylaxis (AII).
3. If prophylaxis is selected, and since oral ganciclovir has been
withdrawn from the market, the best option available is valganciclovir at doses of 900 mg/24 h in adult patients with
normal renal function and during the ﬁrst 3 and 6 months
post-transplant (AIII). The duration (i.e. 3 or 6 months) can be
determined according to the degree of immunosuppression of
the patient, including the use of anti-lymphocyte antibodies. It
is recommended to start prophylaxis on day +10 post-transplant;
if ganciclovir cannot be administered orally, it should be administered intravenously at doses of 5 mg/kg/day until the patient is
able to tolerate oral medication (AI).
4. If pre-emptive treatment is chosen, valganciclovir is recommended at doses of 900 mg/12 h (in patients with normal renal
function) for 2 weeks, checking for suppression of viremia (AII).
During the ﬁrst 4 months post-transplant, viremia should be
monitored weekly in high-risk patients and every 2 weeks in
other patients (AII).
5. The selection test for monitoring viremia is quantitative PCR;
each center must establish the logistics required to perform the
test and the viral load at which to start treatment. The alternative is pp65 antigenemia and each center must establish its own
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cut-off point, although, as a guide, the level recommended by
the panel is ≥2 cells × 105 leukocytes (BII).
Kidney transplant
Universal prophylaxis
Universal prophylaxis with acyclovir,146 valaciclovir,127 oral
ganciclovir130 or valganciclovir121 in D+/R− kidney transplant
patients can be used to effectively reduce the incidence of CMV
disease, at least during the period it is administered (normally
100 days). All these antiviral drugs reduce the frequency of the disease to below 15% in this population. Valganciclovir is currently the
most frequently used drug due to its better bioavailability and ease
of administration.
In previous efﬁcacy trials, more than 25% of D+/R− patients
developed late CMV disease 12 months after the suspension of universal prophylaxis administered for 100 days.121 Later, and in spite
of the controversy surrounding its methodology,147,148 the results
of the IMPACT study have shown that prolonging anti-CMV prophylaxis for 200 days in D+/R− kidney transplant patients can reduce
the incidence of late CMV disease by 16%.149 This reduction corresponded mainly to a decrease in the incidence of viral syndrome (in
this study, 83 of the 85 patients [96.7%] diagnosed with CMV disease corresponded to viral syndrome, the deﬁnition of which differs
from that established in this consensus paper). Universal prophylaxis for 200 days was associated with a decrease in the incidence
of opportunistic infection – but not rejection – in these patients.
In CMV-seropositive recipients there is much less evidence
of the efﬁcacy of universal prophylaxis, although some studies
have reported signiﬁcant reductions in CMV infection and disease with both oral ganciclovir and valganciclovir.130,150 Moreover,
it has been shown that in patients requiring the administration of anti-lymphocyte antibodies (ATG/ALG/OKT3), universal
prophylaxis with both intravenous ganciclovir and valganciclovir
signiﬁcantly reduces the frequency of CMV disease in kidney transplant patients.132,143
Pre-emptive treatment
It has been shown that antigenemia or PCR-monitored preemptive treatment with oral ganciclovir151 or valganciclovir143,152
is effective in kidney transplant recipients. However, it has been
suggested that patients receiving pre-emptive treatment may be at
greater risk of acute rejection 12 months after transplant.153 This
effect could be related to the higher degree of viremia observed
in patients receiving pre-emptive treatment compared with those
receiving universal prophylaxis.154
Recommendations for kidney transplants
Different studies published in recent years have shown that both
pre-emptive treatment and universal prophylaxis can reduce the
incidence of CMV disease in kidney transplant recipients.130,150 A
number of meta-analyses have reported that universal prophylaxis
can also reduce the incidence of rejection, opportunistic infection
and death in this population.124
1. In D+/R− patients, universal prophylaxis is recommended
with valganciclovir (900 mg/day) (AI) for a maximum of
6 months post-transplant (AI). Alternatively, intravenous ganciclovir (5 mg/kg/day) (AI) or oral valaciclovir (2 g/6 h) (AI) could be
used, especially in patients with severe leukopenia, for 3 months
(AI). In cases of oral intolerance, ganciclovir can be administered intravenously at doses of 5 mg/kg/day until the treatment
is completed (AI). Pre-emptive therapy may be an alternative to

universal prophylaxis in centers with adequate infrastructure to
guarantee the monitoring of patients. In recipients treated with
anti-lymphocyte antibodies, valganciclovir is recommended for
3 months (BI) or intravenous ganciclovir (5 mg/kg/day) for at
least 14 days (BI).
2. In CMV-seropositive recipients, pre-emptive treatment is recommended with valganciclovir (900 mg/12 h) or intravenous
ganciclovir (5 mg/kg/12 h), in case of oral intolerance, for
14–21 days or until antigenemia or viral load of CMV are negative
or undetectable (BII). Another alternative is universal prophylaxis with oral valganciclovir (450–900 mg/day), valaciclovir
(2 g/6 h) or intravenous ganciclovir (5 mg/kg/day) (if it cannot
be administered orally) for a maximum of 3 months (AII).

Lung transplants
Prophylaxis
In lung transplant patients, it is difﬁcult to make recommendations because most studies are cohort studies and very few
controlled randomized studies have been carried out in these
patients. In general, these studies have shown that prophylaxis,
either with intravenous or oral ganciclovir, or with valganciclovir,
delays the onset of CMV disease. However, late CMV disease has
been reported even after prophylaxis maintained during the ﬁrst
6 months post-transplant.155–158
In lung transplants, the only studies that have reported a
decrease in the incidence of CMV disease to levels close to the
annual level of 5% based their strategies on universal prophylaxis for 6 months followed by pre-emptive treatment for 1 year.
Zamora et al.159 determined the safety and efﬁcacy of valganciclovir in 90 lung transplant recipients who survived for more than
30 days and who also received anti-CMV gammaglobulin. In these
patients, prophylaxis was used in combination with valganciclovir
(450 mg/12 h) for 180, 270 or 365 days, followed by pre-emptive
treatment. The results of this group were compared with a historical cohort of 140 patients who received high doses of acyclovir
after intravenous ganciclovir plus speciﬁc gammaglobulin. CMV
disease was signiﬁcantly lower in the group that received valganciclovir (2.2% compared with 20%; P < .01), and no differences were
observed when the duration of prophylaxis was increased to more
than 180 days, although in 32% of patients the drug had to be withdrawn due to the appearance of leukopenia.
Later, a multicenter study carried out in Spain160 included
66 lung transplant recipients who received universal prophylaxis with valganciclovir (900 mg/day for 120 days) followed by
pre-emptive treatment in patients displaying signiﬁcant infection.
These patients were compared with a historical group of patients
who received prophylaxis with oral ganciclovir using the same
strategy, where the incidence of CMV disease in the group receiving
valganciclovir was 7.9% compared with 16% in the group
receiving oral ganciclovir. However, the use of valganciclovir was
associated with a greater risk of leukopenia and withdrawal due to
adverse effects.
Jaksch et al.161 compared a group of 15 high-risk patients
(D+/R−) who received valganciclovir (900 mg/day) for 3 months,
compared with another group receiving valganciclovir for 1 year.
Results for the latter group showed a decrease in the incidence of
viremia (75% vs. 33%), CMV disease (44% vs. 13%) and acute rejection
(26% vs. 5%). However, and in spite of these results, the publication
of the study by Zamora et al.159 has prompted most guidelines to
recommend prophylaxis for 6 months.
Valentine et al.98 published a study that included 90 lung transplant recipients who received valganciclovir at 900 mg/day in an
unspeciﬁed manner, and reported an incidence of CMV-induced
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pneumonitis of 2% over an average treatment period of 4 years.
However, these authors did not observe any decrease in the incidence of bronchiolitis obliterans after 5 years, which was 50% and
similar to that reported in most published series.
Recently, Palmer et al.162 performed a multicenter, randomized,
double-blind and controlled trial with placebo to compare the efﬁcacy of prolonged prophylaxis with valganciclovir (900 mg/day) for
12 months compared with 3 months. These authors reported a signiﬁcant reduction in the incidence of CMV disease (4% vs. 32%;
P < .001), CMV infection (10% vs. 64%; P < .001) and viral load upon
diagnosis of CMV disease (3200 copies/ml vs. 110,000 copies/ml;
P = .009). The incidence of acute rejection, opportunistic infections,
adverse effects and ganciclovir resistance mutations was similar in
both groups. However, in spite of the randomized and double-blind
nature of this study, these results must be interpreted with caution,
since in the comparison group valganciclovir was administered
for 3 months, while normal practice in most transplant groups is
6 months. More importantly, the group treated for 1 year was only
monitored for a period of 30 days.
Although the role of hyperimmune gammaglobulin has been
examined in different studies with contradictory results,163,164
recently published studies seem to demonstrate that a combination
of speciﬁc gammaglobulin with intravenous ganciclovir reduces
the incidence of CMV disease. Valantine et al.165 reported a lower
incidence of CMV disease, acute rejection and chronic evolution
after 12 and 24 months in patients who received a combination of
these drugs compared with those who only received ganciclovir.
Similarly, other studies with historical controls have also reported
favorable results with combined treatment.166
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intravenous ganciclovir (5 mg/kg/12 h IV) (AII). In D+/R− patients
or in patients with higher levels of immunosuppression, preemptive treatment could also be considered provided that there
is no evidence of viral replication. Patients must be monitored in
each medical examination until the second year post-transplant,
except D+/R− patients who must be monitored at least every
2 weeks until the ninth month post-transplant. If these patients
cannot be monitored, prophylaxis may be extended until 1 year
post-transplant.
4. Whenever immunosuppression has to be increased, viral load
should be monitored by quantitative PCR. The frequency of monitoring must be determined according to the characteristics of
the patient, and must be at least once per month (CIII).
5. In the case of treatment with anti-lymphocyte antibodies or with
steroids at doses above 10 mg/kg/day, treatment with valganciclovir should be restarted at a dose of 900 mg/day for a maximum
of 3 months (BIII).
Intestine transplants
Universal prophylaxis

In lung transplant recipients, the efﬁcacy and safety of preemptive treatment have not been studied and therefore, cannot
be recommended (DII). Although various studies carried out in this
population seem to demonstrate that this strategy could be valid if
used sequentially with universal prophylaxis (BII),159,160 the use
of pre-emptive treatment entails a risk for the patient because
the ﬁrst infection diagnosed could be a serious infection, such as
pneumonitis.160

Intestine transplants are associated with a high risk of CMV
infection, probably as a consequence of the abundance of lymphoid tissue and the high level of immunosuppression to which
these patients are subjected. Unlike other types of transplants, little information is available on anti-CMV prophylaxis in intestine
transplant recipients. No randomized studies on antiviral prophylaxis have been carried out in these patients. Different management
protocols exist that all employ universal prophylaxis with both ganciclovir and valganciclovir for between 3 and 6 months. Speciﬁc
gammaglobulin is also used by some centers, for variable treatment
durations.167,168 Despite the lack of information in this respect, valganciclovir seems to be well tolerated orally by intestine transplant
recipients.169
In a Spanish group administered alemtuzumab for induction
therapy, CD4+ T-lymphocyte counts were monitored; this monitoring strategy was used as a criterion for increasing anti-CMV
prophylaxis to more than 6 months post-transplant in patients with
lymphocyte counts below 100 cells/mm3 .170

Recommendations for lung transplant

Pre-emptive treatment

1. Universal prophylaxis is the best strategy for preventing CMV
disease in lung transplant recipients (AII). Intravenous ganciclovir is recommended in doses of 5 mg/kg/24 h until it can
be tolerated orally, followed by valganciclovir at a dose of
900 mg/day for 6 months post-transplant (AII). In D+/R− recipients, it can be increased to 12 months in patients who are difﬁcult
to monitor (AII).
2. Evidence exists to suggest beneﬁts in the use of speciﬁc
gammaglobulin against CMV. This panel considers that this gammaglobulin can be used according to the characteristics of the
patient (e.g. clinical evolution or immunosuppression status)
(BII).
3. Antigenemia or viral load should be monitored by PCR every
2 weeks or otherwise during every medical examination in order
to exclude breakthrough viremia which could imply a greater
risk of later appearance of ganciclovir-resistant CMV. If a breakthrough viremia is diagnosed, the dose of valganciclovir must
be increased to 900 mg/12 h and viral load must be monitored
weekly to reduce the dose to 900 mg/day after negativization
(AII). After prophylaxis has been completed, pre-emptive treatment should be started in the event of a signiﬁcant infection
with valganciclovir (900 mg/12 h) provided that there is no highgrade viremia, in which case treatment must be started with

This prophylaxis strategy has not been studied in depth in intestine transplant recipients. In this group of patients, due to their high
risk and the high morbidity and mortality associated with CMV
disease, pre-emptive therapy is currently not recommended (DIII).

Pre-emptive treatment

Use of speciﬁc anti-cytomegalovirus gammaglobulin
In a recent meta-analysis that reviewed the efﬁcacy of gammaglobulin for preventing CMV disease in solid-organ transplant
recipients, studies with intestine transplant patients were not
included.171
Speciﬁc anti-CMV gammaglobulin is widely used in many intestine transplant groups in the USA, at a dose of 150 mg/kg in weeks
0, 2, 4, 6 and 8, followed by 100 mg/kg in weeks 12 and 16 (C-III).
Recommendations for intestine transplant
1. In D+/R− recipients, the use of universal prophylaxis with intravenous ganciclovir (5 mg/kg/day) or valganciclovir (900 mg/day)
is recommended for a minimum of 6 months (especially if alemtuzumab is used for induction) and may be prolonged until CD4+
T-lymphocyte counts are higher than 100 cells/mm3 . The committee of experts considers that the use of speciﬁc anti-CMV
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gammaglobulin (150 mg/kg in weeks 0, 2, 4, 6 and 8 followed
by 100 mg/kg in weeks 12 and 16) may be considered, taking
into account the characteristics of the patient and his/her clinical
evolution or immunosuppression status (CIII).
2. In seropositive recipients, universal prophylaxis is recommended with intravenous ganciclovir (5 mg/kg/day) or valganciclovir (900 mg/day) for a duration of between 3 and 6 months
post-transplant (CIII).
3. In patients receiving induction treatments or anti-rejection
treatment with anti-lymphocyte antibodies, or who display
corticosteroid-resistant rejection, prophylaxis should be started
with intravenous ganciclovir or valganciclovir for between 1 and
3 months (CIII).
Pancreas-kidney transplant
Prophylaxis
From a practical standpoint, most pancreas transplant recipients
will be treated as high-risk patients due to the high percentage of
treatments that employ induction therapy with anti-lymphocyte
antibodies in these patients. In pancreas-kidney transplants, prophylaxis with ganciclovir has been shown to reduce the incidence
of CMV infection by 50%, as well as the rate of acute rejection by 20%,
compared with non-therapy or acyclovir.172 Although the required
duration of prophylaxis has not been established, the results of
different studies propose durations of between 3 and 6 months.
Becker et al. showed that prophylaxis for 3 months with acyclovir
or oral ganciclovir was followed by CMV disease in 13.4% of cases,
and was signiﬁcantly associated with acute rejection and the existence of co-infections.173 Moreover, 6-month prophylaxis has been
shown to be more cost-effective than 3-month prophylaxis in a
cohort of kidney and pancreas-liver transplant recipients, reducing
the incidence of CMV disease from 24.4% to 12%.174 In this sense,
López-Medrano et al. have reported an incidence of CMV disease of
33% in seronegative recipients who received 3-month prophylaxis
with ganciclovir.175
Pre-emptive treatment
In one study in which only pre-emptive treatment was used,
the incidence of CMV infection was 75%176 with a tendency for a
shorter survival of pancreas transplants. In another retrospective
study, universal 3-month prophylaxis was shown to be more effective than pre-emptive therapy for reducing the rate of CMV disease
(6.9% versus 23%, P < .05).175
Recommendations for pancreas-kidney transplants
1. In D+/R− patients, valganciclovir is recommended (900 mg/day)
for 3 months (CII). If other associated risk factors (co-infection,
anti-rejection treatment, comorbidity) are observed in these
patients, the duration of prophylaxis may be increased to
6 months (CIII).
2. In patients who have received anti-lymphocyte antibodies for
more than 3 days in the induction phase, the use of valganciclovir
is recommended at 900 mg/day for 3 months (CIII).
3. In patients with acute rejection and receiving anti-lymphocyte
antibodies or steroids at high doses, the use of valganciclovir is
recommended at 900 mg/day for 1–3 months (CIII).
4. In patients who have received universal prophylaxis, the presence of CMV infection must be monitored by antigenemia or
PCR on a weekly basis for the following 3 months, and monthly
until 1 year post-transplant. In the case of active replication,
valganciclovir is recommended at 900 mg/12 h or ganciclovir at
5 mg/kg/12 h for at least 2 weeks and until one or two negative

antigenemia or PCR results are obtained once or twice a week
(CIII).
5. In R+ patients not receiving anti-lymphocyte antibody treatment
or high doses of steroids to treat rejection, pre-emptive therapy
is recommended (CIII).
Heart transplants
Universal prophylaxis
Few studies have compared different prophylaxis strategies in
heart transplant recipients. The use of intravenous ganciclovir has
been compared with placebo in D+/R− patients, showing the beneﬁts of prophylaxis administered for 6 weeks and also for 14 days
after each rejection episode.177 However, when prophylaxis was
received by D+/R− patients for 4 weeks, outcomes were not superior to placebo.178
In addition to intravenous strategies, prophylaxis may be effective if administered orally in high-risk patients (D+/R−). In this
sense, good outcomes have been reported with valganciclovir
(900 mg/day) compared with oral ganciclovir (3 g/day) during the
ﬁrst 100 days post-transplant.121 This study included 56 heart
transplant recipients and the proportion of patients with CMV
disease was 6% vs. 10%. These good outcomes have also been
reported by other authors, with some groups maintaining prophylaxis with valganciclovir (450–900 mg/day) for 6 months.179,180
However, the beneﬁts of universal prophylaxis have been undermined by the appearance of late CMV disease in both D+/R− and
D+/R+ patients181,182 without any clinical risk factors having been
identiﬁed for the appearance of this complication.
Universal prophylaxis is also recommended in patients receiving anti-lymphocyte antibodies. Aguado et al. carried out a
prospective randomized open study with 31 seropositive patients
who received induction with OKT3 for 14 days.183 Administration
of full doses of intravenous ganciclovir for 14 days was more effective than anti-CMV gammaglobulin in the prevention of disease,
although no differences were observed in the incidence of infection. Similarly, in a retrospective study which included 115 patients
treated with OKT3 and receiving oral acyclovir and anti-CMV gammaglobulin, 14 days of treatment with intravenous ganciclovir
reduced the incidence of CMV disease in D+/R− patients, albeit
without statistical signiﬁcance.184
Two (2) retrospective studies have been carried out with heartlung transplant recipients, reporting good outcomes by combining
the administration of anti-CMV gammaglobulin and intravenous
ganciclovir for the ﬁrst 21–28 days post-transplant,165,185 with a
signiﬁcant reduction in the disease, associated death and vascular
allograft disease.
In R+ patients, some transplant groups recommend universal
prophylaxis with intravenous ganciclovir for 4 weeks (5 mg/kg/12 h
for 2 weeks followed by 6 mg/kg/day for another 2 weeks) based
on the results of a prospective study.178 However, in another
prospective study universal prophylaxis (5 mg/kg 3 times per
week for 6 weeks) did not reduce the incidence of CMV disease
in such patients. Finally, a recent study in seropositive patients
compared retrospectively177 the use of high doses of ganciclovir
(10 mg/kg/day for 2 weeks, followed by 5 mg/kg/day for another
2 weeks) with low doses (5 mg/kg/day for 4 weeks), without recording signiﬁcant differences in the incidence of infection, disease and
acute rejection.186
Pre-emptive treatment
In CMV-seropositive patients who do not receive antilymphocyte antibodies, preventive measures are normally based
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on pre-emptive treatment, which some authors have even successfully applied in high-risk patients.187 A recently published study
included 37 heart transplant recipients with positive antigenemia
who received intravenous ganciclovir or anti-CMV gammaglobulin without developing the disease.188 Other authors have also
published favorable outcomes when administering intravenous
ganciclovir in such patients.189–191
Favorable outcomes have also been reported with valganciclovir
in pre-emptive treatment, although the studies published have only
included small numbers of heart transplant recipients.152,192–194

Recommendations for heart transplants
1. D+/R− patients must receive universal prophylaxis (AI). For this
purpose, intravenous ganciclovir (5 mg/kg/day) or valganciclovir
(900 mg/day) may be administered for 3–6 months (AI). Preemptive therapy may be an alternative to universal prophylaxis
in centers with an adequate infrastructure to guarantee patient
monitoring.
2. Patients treated with anti-lymphocyte antibodies (excluding
basiliximab) or showing steroid-resistant rejection must receive
ganciclovir (5 mg/kg/day) for at least 14 days (BI) or valganciclovir (900 mg/day) for 3 months (CIII).
3. There is no ideal preventive treatment for R+ patients. Quantitative sequential monitoring of CMV is recommended in
non-prophylaxis patients. If monitoring is positive, intravenous
ganciclovir (5 mg/kg/12 h) or valganciclovir (900 mg/12 h)
should be administered for 2–4 weeks (BII).
4. In patients with CMV disease relapse, the absence of hypogammaglobulinemia must be conﬁrmed (BIII).
5. In some situations (e.g. clinical evolution or immunosuppression) the use of speciﬁc anti-CMV gammaglobulin may be
considered (BII).

Treatment of CMV disease
Ganciclovir has been the standard recommended treatment
for CMV disease in SOT recipients for more than 15 years. More
recently, valganciclovir has been shown to have an efﬁcacy similar
to intravenous ganciclovir.195 Valganciclovir is a esteriﬁed derivative of ganciclovir that is rapidly hydrolyzed after absorption in
the intestine, forming ganciclovir as an active metabolite, with
a bioavailability of 60% after oral administration.196,197 Recently,
the VICTOR study, an international, multicenter, randomized trial,
showed that valganciclovir was as effective and safe as intravenous
ganciclovir in the treatment of CMV disease in a population of
321 SOT recipients.198 Although this study has some limitations
(most of the patients included in the study were kidney transplant recipients and it did not include patients with serious CMV
disease or pediatric patients), its results support the recommendation of valganciclovir for the treatment of CMV disease, at least in
selected patients, since during long-term monitoring no signiﬁcant
differences were observed in clinical recurrence and virological
recurrence between the valganciclovir group and the intravenous
ganciclovir group.199
Oral ganciclovir cannot be used to treat patients with CMV disease because it is no longer commercially available. Other antiviral
drugs that can be taken orally, such as acyclovir or valaciclovir, must
also not be used to treat CMV disease.200
In mild or moderate CMV disease, the recommended drug for
ﬁrst-line treatment is valganciclovir (oral doses of 900 mg every
12 h) or intravenous ganciclovir (doses of 5 mg/kg every 12 h).198
Intravenous ganciclovir must be used in patients with severe or
potentially fatal CMV disease and when valganciclovir is poorly
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tolerated or inadequately absorbed since current information on
the efﬁcacy of oral treatment in such patients is limited.198
Another potential therapeutic strategy is sequential therapy,
i.e. treatment with intravenous ganciclovir followed by valganciclovir once the patients condition starts to improve. In a Spanish
pilot study, this strategy provided effective therapy with adequate
exposure to drugs, reducing treatment costs and avoiding prolonged hospitalization, thus resulting in greater comfort for the
patients.201
Adequate doses of both valganciclovir and ganciclovir must be
administered as doses below therapeutic levels may lead to therapeutic failure and promote the development of resistance,202 while
doses above the therapeutic levels may lead to the appearance
of toxic effects.16,203 During treatment, renal function must be
monitored with frequent tests of the glomerular ﬁltration rate by
either direct quantiﬁcation or estimation.204 Doses and dose intervals must be adjusted according to creatinine clearance values, as
shown in Table 6.
Reducing ganciclovir or valganciclovir doses based on secondary effects, such as leukopenia must be avoided whenever
possible. Before reducing these doses, consideration must be given
to reducing the doses of other drugs such as mycophenolic acid
derivatives (mycophenolate mofetil and sodium mycophenolate),
mTOR inhibitors (sirolimus and everolimus), azathioprine and
trimethoprim/sulfamethoxazole. In severe leukopenia, particularly
when absolute neutrophil counts are lower than 1000 L−1 , the
use of a granulocyte colony-stimulating factor (G-CSF) may be
considered.200
The optimum duration of treatment of CMV disease must be
determined on an individual basis and guided by clinical monitoring and virological monitoring. Antigenemia or quantitative PCR
must be determined weekly in order to monitor treatment response
and the development of any resistance to ganciclovir.198,205 Treatment must be maintained until a negative viral load or antigenemia
results are obtained. Nevertheless, in high-risk patients it would
be recommendable to obtain two consecutive negative results
at 1-week intervals to ensure elimination of the virus. In any
case, the minimum duration of treatment must not be less than
2 weeks.198,199,205 This therapeutic strategy minimizes the risks of
developing resistance and recurrence of CMV disease.199,206,207
Sometimes, certain forms of invasive tissue disease are not
accompanied by detectable viremia. These are so-called forms of
“compartmented disease” in which serial PCR as a tool for guiding
treatment is of limited use.208 This is especially evident in forms of
local reactivation in intestinal lymphoid tissue or in different forms
of central nervous system disease.
In some transplant centers, secondary prophylaxis is used with
valganciclovir at doses of 900 mg/day after treatment has been
completed, for between one and three months199,205 according to
the presence of CMV infection recurrence risk factors (primary CMV
infection, high basal viral load, persistence of viremia at the beginning of secondary prophylaxis, multiorgan disease, high-risk organs
and increases in immunosuppression due to rejection63,199,207 ).
During secondary prophylaxis, viral load must also be monitored
at unspeciﬁed intervals, although tests must clearly be performed
more frequently in patients with a higher risk of relapse.
In cases of severe and compartmented disease, longer treatment
periods are recommended with clinical monitoring focusing on the
detection of speciﬁc expressions of the disease. In patients suffering
from a recurrence of CMV disease, secondary prophylaxis must be
prolonged.200
Consensus recommendations
1. In mild or moderate CMV disease, the recommended ﬁrstline treatment drugs are valganciclovir (900 mg/12 h) or
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intravenous ganciclovir (5 mg/kg every 12 h) (AI). In clinical situations that require the patient to be hospitalized, intravenous
ganciclovir is recommended (AII).
In patients with severe, potentially fatal disease, and
when valganciclovir is poorly tolerated or cannot be adequately absorbed, intravenous ganciclovir must be used
(AII).
An alternative therapeutic strategy is sequential therapy, i.e.
starting treatment with intravenous ganciclovir and then
changing to valganciclovir once the patient starts to improve
(BII). This strategy may be considered in patients displaying
clinical improvement, oral tolerance and a decrease in viral load
or antigenemia in control tests.
Oral ganciclovir, acyclovir or valaciclovir must not be used to
treat CMV disease (DIII).
During treatment, renal function must be monitored and
the glomerular ﬁltration rate must be determined frequently
through direct quantiﬁcation or calculated. Doses and dose
intervals must be adjusted according to creatinine clearance
values (BII).
Reducing doses of ganciclovir or valganciclovir, based on secondary effects such as leukopenia, must be avoided whenever
possible. Consideration must be given at ﬁrst to the possibility of reducing doses of other myelotoxic drugs such as,
mycophenolic acid derivatives, mTOR inhibitors, azathioprine
and trimethoprim/sulfamethoxazole (BIII).
In severe leukopenia (neutrophil counts < 1000/L), the use of
granulocyte colony-stimulating factor (G-CSF) may be considered (BIII).
The optimum duration of treatment must be determined on
an individual basis and guided by clinical monitoring and virological monitoring. Antigenemia or quantitative PCR must be
determined on a weekly basis in order to monitor treatment
response and the development of any resistance (AII).
Treatment must be maintained until the detected virus has
been eliminated, conﬁrmed by negative antigenemia or quantitative PCR results for CMV. However, in high-risk patients it
is recommended that two consecutive negative results at oneweek intervals should be conﬁrmed to ensure elimination of the
virus. In any case, the minimum duration of treatment must
never be less than two weeks in viral syndrome cases or less
than 4 weeks in patients with organ disease (BIII).
In some cases (primary CMV infection, high basal viral load,
persistence of viremia at the start of secondary prophylaxis,
multiorgan disease, high-risk organ transplant and increases in
immunosuppression due to rejection), secondary prophylaxis
with valganciclovir at 900 mg/day may be considered, although
the risk/beneﬁt ratio of this treatment has not been entirely
clariﬁed (CII). If used, the virus must be monitored in blood,
at unspeciﬁed intervals, in order to detect any resistance (BIII).
In this sense, treatment with valganciclovir may be preferable
(BIII),
The duration of secondary prophylaxis will be one to three
months, according to the existence of risk factors for the recurrence of CMV infection (BIII).
In forms of “compartmentalized disease”, which compromise
organs without detectable viremia, the response to treatment
will be guided by clinical response and histological response
(BIII).
In patients with severe disease and compartmentalized disease,
longer treatment periods are recommended (BIII).
In cases of recurrence of CMV disease, secondary prophylaxis,
after re-treatment, must be prolonged (BIII).
For the treatment of patients receiving combined transplants
(e.g. pancreas-kidney), the instructions for the treatment of
higher-risk transplants must be followed (CIII).

16. In deferred transplant patients (e.g. kidney transplants in heart
transplant recipients) the treatment instructions for the last
transplant performed should be followed (CIII).
Alternative treatments of ganciclovir-resistant cytomegalovirus
There are currently no controlled clinical trials that indicate the best alternative treatment in the event of evidence of
ganciclovir-resistant CMV. Therapeutic decisions must be based on
the genotype analysis of the UL97 and UL54 genes, patient immune
state and disease severity. Reducing immunosuppressive therapy
may be effective in some patients, particularly in those not subject
to prolonged exposure to antiviral agents. However, depending on
the severity of CMV disease, empirical treatment may be necessary until the results of the genotype analysis are available. These
alternative empirical treatments include increasing the dose of ganciclovir (to more than 10 mg/kg twice per day for normal renal
function) in patients with mild disease, combining ganciclovir and
foscarnet209 or administering foscarnet separately to patients with
severe CMV disease.
If genotype analysis reveals the presence of a mutation in the
UL97 gene related to a high degree of resistance (M460V/I, A594V,
H520Q, L595S, C603W), the most appropriate approach is to change
to foscarnet. However, if this is related to a low degree of resistance, treatment can be continued with high doses of ganciclovir,
provided that renal function is stable.
Patients exhibiting a mutation in the UL54 gene, generally associated with resistance to ganciclovir and cidofovir, should change to
foscarnet since crossed resistance to this drug is rare.210 The mutations responsible for resistance to foscarnet usually only appear in
patients taking foscarnet.
Consensus recommendations
1. Mutations in the UL97 kinase gene and the pol UL54 polymerase
gene may confer resistance to ganciclovir (BII).
2. Mutations in the UL54 polymerase gene may be isolated or occur
in combination with mutations in the UL97 kinase gene and
may confer resistance to cidofovir and/or foscarnet or crossed
resistance to ganciclovir, foscarnet and cidofovir (BIII).
3. Risk factors for the development of resistance are: (a) seronegative recipients receiving organs from CMV-seropositive donors;
(b) pancreas and lung transplant recipients; (c) high-level viral
replication; (d) intense concomitant immunosuppressive treatment; and (e) prolonged exposure or suboptimum levels of
ganciclovir (BII).
4. Resistance to antiviral medication must be suspected when viral
load or clinical progression of CMV disease increases despite
adequate exposure to treatment two weeks after persistence is
detected (BIII).
5. When resistance to ganciclovir is demonstrated, immunosuppressive treatment should be reduced as much as possible (BIII).
6. In the presence of severe disease or resistance risk factors, empirical treatment must be started until the results of the genotype
resistance study are obtained (BIII).
7. Alternative antiviral treatment, in the presence of severe disease
and ganciclovir resistance risk factors, will consist of replacing
ganciclovir with foscarnet (60 mg/kg every 8 h or 90 mg/kg every
12 h). As an alternative, foscarnet can be added to prior treatment
with ganciclovir, either at standard or reduced doses (BIII). In
patients exhibiting less severe disease and in the absence of risk
factors, the dose of ganciclovir may be increased to above the
standard dose, up to 10 mg/kg every 12 h, provided that renal
function is maintained within normal limits (BIII).
8. If genotype tests reveal a high-resistance mutation in the
UL97 kinase gene (M460V/I, A594V, L595S, C603W, H520Q),
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ganciclovir must be replaced with foscarnet (60 mg/kg every
8 h or 90 mg/kg every 12 h) provided that this has not been
done empirically beforehand (BIII). In the case of mutations
that confer lower resistance, treatment can continue with
ganciclovir at doses of up to 10 mg/kg every 12 h, provided that
renal function is maintained within normal limits (BIII). The
scope of the genetic study should be broadened in the case
of mutations in the pol UL54 gene. If mutation in this gene is
conﬁrmed, treatment must be changed to foscarnet (BIII).
9. The use of cidofovir as an alternative to ganciclovir is not
recommended unless the absence of mutations in the pol UL54
gene is conﬁrmed and the disease is not severe from a clinical
standpoint (BIII).
Alternative therapies
There is currently insufﬁcient evidence regarding the role of
alternative treatments for CMV disease. A series of drugs have been
used as potentially effective agents for treating CMV. These include
leﬂunomide211 and artesunate,212 which have been shown to have
anti-CMV effects, probably associated with an alteration in the
physiology of host cells that hinder viral replication. However, data
justifying the use of these drugs are still scarce. Different studies
with sirolimus213 and everolimus have reported a lower incidence
of CMV disease,74,76,214 prompting proposals for the use of these
drugs to treat patients with ganciclovir-resistant CMV infection.
The recent anti-viral drug maribavir is a good alternative against
ganciclovir-resistant strains. This drug has good oral bioavailability and does not show hematological, renal or hepatic toxicity. Since
it inhibits UL97 (viral kinase), it may interfere in the phosphorylation of ganciclovir, and must therefore not be used in combination
with this drug. However, it does not affect the activity of foscarnet or cidofovir and may be administered in combination with
these drugs. A phase II trial performed on patients subjected to
hematopoietic progenitor transplant demonstrated the efﬁcacy of
maribavir in anti-CMV prophylaxis. However, phase II trials carried
out to conﬁrm this effect were interrupted after it was determined
that the results with maribavir were similar to those obtained with
placebo.200 As a result, at the time of publishing this consensus
document its clinical development had been suspended. In spite of
these results, maribavir has been used in isolated cases as rescue
therapy in patients with multi-resistant CMV infection. Although
the existence of crossed resistance between maribavir and currently available medication has not been reported,215 resistance
with this drug has been described elsewhere.216
In addition to these commercially available drugs, other antiviral
medication is currently in the research phase, such as CMX-001, an
esteriﬁed derivative of cidofovir that shares a similar action mechanism to that of cidofovir, albeit with lower toxicity208 ; hence, it
may be a therapeutic alternative in the future.
Immunologically based therapies
Passive immunotherapy, with administration of speciﬁc antiCMV immunoglobulin,217 has been used in an attempt to improve
the immune status of the host against the virus. Similarly, the adoptive transfer of CMV-speciﬁc T-cells, either directly from the donor
or after their activation and expansion ex vivo, has been evaluated
in both the prevention of viral replication and in the treatment of
CMV disease, with encouraging results.218,219 Consequently, this
therapy is currently being evaluated in clinical trials for both the
prevention and treatment of resistant CMV infection.220,221–226 The
efﬁcacy of the adoptive transfer of T-lymphocytes is not only inﬂuenced not only by the functionality of infused cells, but also by
their state of differentiation, proliferative capacity and longevity.
Although ‘HPT’ (‘hematopoietic progenitor transplant’) has shown
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that lower differentiation of transferred cells is associated with
greater protection against CMV, data available in this respect in
patients undergoing SOT are still scarce.227,228
Prophylactic vaccination
In recent decades, various vaccines have been developed against
CMV. These vaccines have been shown to be safe and immunogenic in phase I preclinical or clinical trial, although none have
yet been evaluated in phase II clinical trials.21,229 The attenuated
live virus vaccine, the “Towne strain”, has been shown to minimize
the severity of CMV disease in CMV-seronegative patients receiving
kidney transplants from CMV-seropositive donors, although it does
not prevent primary infection.230,231 Prototype vaccines that use
replicating recombinant viruses or replicating vectors as immunogens generate B and T responses of variable magnitude,232–239
although data are currently not available on their efﬁcacy for
preventing CMV infection. The recombinant subunit vaccine gB,
administered with the adjuvant MF59, generates a neutralizing
antibody response comparable to that observed after natural infection. It has been shown that this vaccine provides protection against
primary infection in 50% of vaccinated subjects.235,236 A bivalent
DNA vaccine (VCL-CB01) has been developed recently containing
two gB and pp65-encoding plasmids, respectively; its innocuity and
immunogenicity have been demonstrated in a phase I clinical trial
in both healthy CMV-seropositive subjects and CMV-seronegative
patients.
Consensus recommendations
1. There is insufﬁcient evidence on the role of adjuvant treatments
such as leﬂunomide, artesunate, sirolimus and everolimus in the
treatment of ganciclovir-resistant CMV infection (BIII).
2. Passive immunotherapy with anti-CMV immunoglobulin and
the adoptive transfer of T cells could be effective alternatives
for treating active infection or CMV disease in organs, although
there is insufﬁcient evidence of their role in SOT patients (BIII).
3. The usefulness of maribavir for the management of ganciclovirresistant CMV is unknown (CIII).
4. The adoptive transfer of T cells in HPT seems to be an effective
alternative for treating active CMV infection or disease in organs
and refractory to antiviral treatment in HPT. There is no informed
experience in SOT.
5. There are no anti-CMV vaccines licensed for clinical use. The
priority objective of the use (prophylactic or therapeutic) of a
vaccine against CMV in SOT is to minimize the risk of viremia
and organ disease. Until new data become available, no recommendations can be made on the type and time of vaccination.
Speciﬁc aspects of CMV infection in pediatric sot patients
The importance of CMV infection has decreased in children
receiving solid-organ transplants, mainly due to the availability of sensitive techniques for the diagnosis of this disease,
the development of prevention strategies and the possibility
of introducing effective antiviral treatments. However, in some
types of transplants, such as lung transplants, CMV infection
remains an important risk factor of mortality or re-transplant in
D+/R− patients.240 The speciﬁc peculiarities of CMV infection in
children are explained below, although this panel recommends
reading the whole document in order to obtain full information
on each section.
CMV disease risk factors
As in the adult population, the main risk factor for the development of CMV disease post-transplant in children is the absence
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of speciﬁc immunity against the virus in the pre-transplant period.
This scenario is more likely in children than in adults, and may occur
in up to 60–70% of cases. Furthermore, this risk is greater in the
patients receiving organs from seropositive donors (D+/R). Other
possible donor-recipient combinations, such as D−/R+ or D+/R+,
are considered to be medium risk and, in the case of D−/R−, low
risk.241
When interpreting the serostatus of pediatric donors and recipients aged under 18 months, it must be remembered that positive
results may indicate the presence of maternal IgG-CMV transferred
passively during pregnancy. Therefore, in order not to underestimate the risk for these patients, these shall be considered to be
positive in the case of donors and negative in the case of recipients.
Diagnostic methods
CMV infection and disease in children are managed in a similar
way to adults. Since the amount of blood obtained by venipuncture
in children may be limited, the use of PCR techniques is normally
preferred over antigenemia. However, a cut-off value has not yet
been established for the start of antiviral treatment.242
Prevention of CMV disease in pediatric patients
No randomized studies have yet been carried out to compare the
efﬁcacy of prophylaxis over pre-emptive treatment in children.243
Most transplant centers normally use universal prophylaxis strategies with ganciclovir at doses of 5 mg/kg/day, although some
transplant programs start with ganciclovir doses of 5 mg/kg/12 h
during the ﬁrst two weeks. The use of prolonged 12-week prophylaxis treatments with ganciclovir has also been used safely in some
patients.244 Although some studies have shown that valganciclovir
is an effective and safe drug, information on its use for prophylaxis in pediatric patients is very scarce.245,246 The high variability
of ganciclovir in plasma levels reported in children may justify the
need to monitor these levels, especially in high-risk patients.247,248
The duration of prophylaxis has not been clearly deﬁned,
although this is normally between 3 and 6 months; prophylaxis
tends to be applied for longer periods in high-risk patients, e.g.
lung or intestine transplant recipients.244
The role of immunoglobulin used on its own or in combination with antiviral medication has not been deﬁned. Different trials
in children receiving liver249,250 or lung251 transplants have not
reported any beneﬁts in its use when compared with antiviral
drugs.
Treatment of CMV disease in pediatric patients
Limited evidence is currently available to make ﬁrm recommendations on the treatment of CMV disease in children.200 In
these patients, the proposed treatment is intravenous ganciclovir
at a dose of 5 mg/kg/12 h until negative PCR or antigenemia results
are achieved, the duration of treatment being equivalent to that
in adults in cases of both viral syndrome and organ disease. The
strategy of initial treatment followed by secondary prophylaxis is
recommended by some experts.252 Since it has not been validated
by studies with pediatric patients, no recommendations can be
made for this population group regarding the use of valganciclovir
to treat CMV disease. In patients with CMV-induced pneumonitis
and enteritis, as well as in cases of hypogammaglobulinemia, the
use of speciﬁc anti-CMV immunoglobulin is recommended.
The onset of ganciclovir-resistant CMV disease has been
described anecdotally.253 As in adults, different agents are available for treatment of this condition, including foscarnet and
cidofovir,200 although their use is limited due to their potential

nephrotoxicity. Other agents such as maribavir, leﬂunomide or
artesunate are currently being researched.
Consensus recommendations
1. Due to the difﬁculty in characterizing the serostatus of donors
and recipients aged under 18 months, it must be assumed that
children in this age group present a greater risk. Thus, if serological tests for CMV in donors aged under 18 months are positive,
these patients must be treated as seropositive, even if these
antibodies originate from the mother. Similarly, seropositive
recipients included in this age group will be treated as seronegative since anti-CMV antibodies may be of maternal origin (AIII).
2. Both PCR and pp65 antigenemia techniques have been shown
to be effective for diagnosing and monitoring CMV infection in
children (AII).
3. Prophylaxis is recommended rather than early treatment (AIII).
Most experts recommend the use of intravenous ganciclovir
(5 mg/kg/12 h) for between 2 and 4 weeks, followed by valganciclovir (dose = 7 × body surface area in m2 × creatinine clearance)
until the end of 3–6 months’ prophylaxis (AII). Creatinine clearance is recommended using the modiﬁed Schwartz formula
[k × height (cm)/serum creatinine (mg/dl)], where k is 0.33 for
newborns, 0.45 for children aged between 4 months and 2 years,
0.55 for male patients aged between 2 and 13 and female patients
aged between 2 and 16, and 0.7 for male patients aged between
13 and 16. The maximum creatinine clearance value applicable
to this formula is 150 ml/min/1.73 m2 ; hence, even if the clearance value exceeds this level, the aforementioned maximum
value will be used to calculate the dose.
4. In the treatment of CMV disease, ganciclovir is recommended
(5 mg/kg/12 h) until a negative PCR or pp65 antigenemia result
is obtained on a weekly basis (AII). The total duration of treatment in both viral syndrome and organ disease will be the same
as that established for adults. Anti-CMV immunoglobulin is recommended in cases of pneumonitis or enteritis, as well as in
patients with hypogammaglobulinemia (BIII). The efﬁcacy of valganciclovir has not been established in this population. Some
experts consider that the treatment period can be completed by
replacing intravenous ganciclovir with oral treatment in some
older children and adolescents (BIII).
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Española de Trasplante. España: Sevilla; 2010.
171. Bonaros N, Mayer B, Schachner T, Laufer G, Kocher A. CMV-hyperimmune
globulin for preventing cytomegalovirus infection and disease in solid organ
transplant recipients: a meta-analysis. Clin Transplant. 2008;22:89–97.
172. Ricart MJ, Malaise J, Moreno A, Crespo M, Fernandez-Cruz L. Cytomegalovirus:
occurrence, severity, and effect on graft survival in simultaneous pancreaskidney transplantation. Nephrol Dial Transplant. 2005;20 Suppl. 2:ii25–32,
ii62.
173. Becker BN, Becker YT, Leverson GE, Simmons WD, Sollinger HW, Pirsch JD.
Reassessing the impact of cytomegalovirus infection in kidney and kidneypancreas transplantation. Am J Kidney Dis. 2002;39:1088–95.
174. Luan FL, Stuckey LJ, Park JM, Kaul D, Cibrik D, Ojo A. Six-month prophylaxis is
cost effective in transplant patients at high risk for cytomegalovirus infection.
J Am Soc Nephrol. 2009;20:2449–58.
175. Lopez-Medrano F, Rueda B, Lizasoain M, Juan RS, Folgueira D, Andres A,
et al. Preemptive therapy is not adequate for prevention of cytomegalovirus
disease in pancreas-kidney transplant recipients. Transpl Infect Dis.
2009;11:400–4.
176. Rayes N, Seehofer D, Kahl A, Kokott S, Pratschke J, Frei U, et al.
Long-term outcome of cytomegalovirus infection in simultaneous pancreaskidney transplant recipients without ganciclovir prophylaxis. Transpl Int.
2007;20:974–81.
177. Macdonald PS, Keogh AM, Marshman D, Richens D, Harvison A, Kaan AM, et al.
A double-blind placebo-controlled trial of low-dose ganciclovir to prevent
cytomegalovirus disease after heart transplantation. J Heart Lung Transplant.
1995;14:32–8.
178. Merigan TC, Renlund DG, Keay S, Bristow MR, Starnes V, O’Connell JB, et al. A
controlled trial of ganciclovir to prevent cytomegalovirus disease after heart
transplantation. N Engl J Med. 1992;326:1182–6.
179. Haddad F, Deuse T, Pham M, Khazanie P, Rosso F, Luikart H,et al. Changing
trends in infectious disease in heart transplantation. J Heart Lung Transplant.
2010;29:306–15.
180. Cervera C, Pineda M, Linares L, Marcos MA, Esteva C, Anton A, et al.
Impact of valganciclovir prophylaxis on the development of severe latecytomegalovirus disease in high-risk solid organ transplant recipients.
Transplant Proc. 2007;39:2228–30.
181. Kijpittayarit-Arthurs S, Eid AJ, Kremers WK, Pedersen RA, Dierkhising RA,
Patel R, et al. Clinical features and outcomes of delayed-onset primary
cytomegalovirus disease in cardiac transplant recipients. J Heart Lung Transplant. 2007;26:1019–24.
182. Gupta S, Mitchell JD, Markham DW, Mammen PP, Patel PC, Kaiser P, et al. High
incidence of cytomegalovirus disease in D+/R− heart transplant recipients
shortly after completion of 3 months of valganciclovir prophylaxis. J Heart
Lung Transplant. 2008;27:536–9.
183. Aguado JM, Gomez-Sanchez MA, Lumbreras C, Delgado J, Lizasoain M,
Otero JR, et al. Prospective randomized trial of efﬁcacy of ganciclovir versus that of anti-cytomegalovirus (CMV) immunoglobulin to prevent CMV
disease in CMV-seropositive heart transplant recipients treated with OKT3.
Antimicrob Agents Chemother. 1995;39:1643–5.
184. Valenza M, Czer LS, Pan SH, Aleksic I, Freimark D, Harasty DA, et al.
Combined antiviral and immunoglobulin therapy as prophylaxis against
cytomegalovirus infection after heart transplantation. J Heart Lung Transplant. 1995;14:659–65.
185. Bonaros NE, Kocher A, Dunkler D, Grimm M, Zuckermann A, Ankersmit
J, et al. Comparison of combined prophylaxis of cytomegalovirus hyperimmune globulin plus ganciclovir versus cytomegalovirus hyperimmune
globulin alone in high-risk heart transplant recipients. Transplantation.
2004;77:890–7.
186. Lee SO, Rim JH, Sung H, Kim SH, Choi SH, Lee CW, et al. Comparison of higher
dose and lower dose ganciclovir for cytomegalovirus prophylaxis in seropositive heart transplant recipients. Transpl Infect Dis. 2010;12:31–7.
187. Villa M, Lage E, Ballesteros S, et al. Preemptive therapy for the prevention
of cytomegalovirus disease following heart transplantation directed by PP65
antigenemia. Transplant Proc. 2003;35:732–4.
188. Vrtovec B, Thomas CD, Radovancevic R, Frazier OH, Radovancevic B. Comparison of intravenous ganciclovir and cytomegalovirus hyperimmune globulin

Document downloaded from http://www.elsevier.es, day 25/01/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

J. de la Torre-Cisneros et al. / Enferm Infecc Microbiol Clin. 2011;29(10):735–758

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.
203.
204.

205.

206.
207.

208.

209.

210.

211.

212.

213.

214.

pre-emptive treatment in cytomegalovirus-positive heart transplant recipients. J Heart Lung Transplant. 2004;23:461–5.
Egan JJ, Lomax J, Barber L, Lok SS, Martyszczuk R, Yonan N, et al. Preemptive
treatment for the prevention of cytomegalovirus disease: in lung and heart
transplant recipients. Transplantation. 1998;65:747–52.
Senechal M, Dorent R, du Montcel ST, Fillet AM, Ghossoub JJ, Dubois M, et al.
Monitoring of human cytomegalovirus infections in heart transplant recipients by pp65 antigenemia. Clin Transplant. 2003;17:423–7.
Casillo R, Grimaldi M, Ragone E, Maiello C, Marra C, De Santo L, et al. Efﬁcacy
and limitations of preemptive therapy against cytomegalovirus infections in
heart transplant patients. Transplant Proc. 2004;36:651–3.
Devyatko E, Zuckermann A, Ruzicka M, Bohdjalian A, Wieselthaler G, Rodler S,
et al. Pre-emptive treatment with oral valganciclovir in management
of CMV infection after cardiac transplantation. J Heart Lung Transplant.
2004;23:1277–82.
Diaz-Pedroche C, Lumbreras C, Del Valle P, San Juan R, Hernando S, Folgueira D,
et al. Efﬁcacy and safety of valgancyclovir as preemptive therapy for the
prevention of cytomegalovirus disease in solid organ transplant recipients.
Transplant Proc. 2005;37:3766–7.
Sun HY, Wagener MM, Singh N. Prevention of posttransplant cytomegalovirus
disease and related outcomes with valganciclovir: a systematic review. Am J
Transplant. 2008;8:2111–8.
Humar A, Siegal D, Moussa G, Kumar D. A prospective assessment of valganciclovir for the treatment of cytomegalovirus infection and disease in transplant
recipients. J Infect Dis. 2005;192:1154–7.
Asberg A, Rollag H, Hartmann A. Valganciclovir for the prevention and treatment of CMV in solid organ transplant recipients. Expert Opin Pharmacother.
2010;11:1159–66.
Perrottet N, Decosterd LA, Meylan P, Pascual M, Biollaz J, Buclin T.
Valganciclovir in adult solid organ transplant recipients: pharmacokinetic and pharmacodynamic characteristics and clinical interpretation
of plasma concentration measurements. Clin Pharmacokinet. 2009;48:
399–418.
Asberg A, Humar A, Rollag H, Jardine AG, Mouas H, Pescovitz MD, et al. Oral
valganciclovir is noninferior to intravenous ganciclovir for the treatment of
cytomegalovirus disease in solid organ transplant recipients. Am J Transplant.
2007;7:2106–13.
Asberg A, Humar A, Jardine AG, Rollag H, Pescovitz MD, Mouas H, et al.
Long-term outcomes of CMV disease treatment with valganciclovir versus IV ganciclovir in solid organ transplant recipients. Am J Transplant.
2009;9:1205–13.
Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S, Snydman DR, et al.
International consensus guidelines on the management of cytomegalovirus
in solid organ transplantation. Transplantation. 2010;89:779–95.
Caldes A, Gil-Vernet S, Armendariz Y, Colom H, Pou L, Niubo J, et al. Sequential treatment of cytomegalovirus infection or disease with a short course of
intravenous ganciclovir followed by oral valganciclovir: efﬁcacy, safety, and
pharmacokinetics. Transpl Infect Dis. 2010;12:204–12.
Emery VC, Grifﬁths PD. Prediction of cytomegalovirus load and resistance patterns after antiviral chemotherapy. Proc Natl Acad Sci USA. 2000;97:8039–44.
Limaye AP. Antiviral resistance in cytomegalovirus: an emerging problem in
organ transplant recipients. Semin Respir Infect. 2002;17:265–73.
Sommadossi JP, Bevan R, Ling T, Lee F, Mastre B, Chaplin MD, et al. Clinical
pharmacokinetics of ganciclovir in patients with normal and impaired renal
function. Rev Infect Dis. 1988;10 Suppl. 3:S507–14.
Humar A, Kumar D, Boivin G, Caliendo AM. Cytomegalovirus (CMV) virus load
kinetics to predict recurrent disease in solid-organ transplant patients with
CMV disease. J Infect Dis. 2002;186:829–33.
Chou SW. Cytomegalovirus drug resistance and clinical implications. Transpl
Infect Dis. 2001;3 Suppl. 2:20–4.
Sia IG, Wilson JA, Groettum CM, Espy MJ, Smith TF, Paya CV. Cytomegalovirus
(CMV) DNA load predicts relapsing CMV infection after solid organ transplantation. J Infect Dis. 2000;181:717–20.
Eid AJ, Razonable RR. New developments in the management of
cytomegalovirus infection after solid organ transplantation. Drugs.
2010;70:965–81.
Mylonakis E, Kallas WM, Fishman JA. Combination antiviral therapy for
ganciclovir-resistant cytomegalovirus infection in solid-organ transplant
recipients. Clin Infect Dis. 2002;34:1337–41.
Eckle T, Lang P, Prix L, Jahn G, Klingebiel T, Handgretinger R, et al. Rapid
development of ganciclovir-resistant cytomegalovirus infection in children
after allogeneic stem cell transplantation in the early phase of immune cell
recovery. Bone Marrow Transplant. 2002;30:433–9.
Eid AJ, Razonable RR. New developments in the management of
cytomegalovirus infection after solid organ transplantation. Drugs.
2010;70:965–81.
Shapira MY, Resnick IB, Chou S, Neumann AU, Lurain NS, Stamminger T, et al.
Artesunate as a potent antiviral agent in a patient with late drug-resistant
cytomegalovirus infection after hematopoietic stem cell transplantation. Clin
Infect Dis. 2008;46:1455–7.
Ozaki KS, Camara NO, Nogueira E, Pereira MG, Granato C, Melaragno C, et al.
The use of sirolimus in ganciclovir-resistant cytomegalovirus infections in
renal transplant recipients. Clin Transplant. 2007;21:675–80.
Fisher RA. Cytomegalovirus infection and disease in the new era of
immunosuppression following solid organ transplantation. Transpl Infect Dis.
2009;11:195–202.

757

215. Drew WL, Miner RC, Marousek GI, Chou S. Maribavir sensitivity of
cytomegalovirus isolates resistant to ganciclovir, cidofovir or foscarnet. J Clin
Virol. 2006;37:124–7.
216. Strasfeld L, Lee I, Tatarowicz W, Villano S, Chou S. Virologic characterization
of multidrug-resistant cytomegalovirus infection in 2 transplant recipients
treated with maribavir. J Infect Dis. 2010;202:104–8.
217. Eid AJ, Arthurs SK, Deziel PJ, Wilhelm MP, Razonable RR. Emergence of
drug-resistant cytomegalovirus in the era of valganciclovir prophylaxis: therapeutic implications and outcomes. Clin Transplant. 2008;22:162–70.
218. Bao L, Dunham K, Stamer M, Mulieri KM, Lucas KG. Expansion of
cytomegalovirus pp65 and IE-1 speciﬁc cytotoxic T lymphocytes for
cytomegalovirus-speciﬁc immunotherapy following allogeneic stem cell
transplantation. Biol Blood Marrow Transplant. 2008;14:1156–62.
219. Cobbold M, Khan N, Pourgheysari B, Tauro S, McDonald D, Osman H,
et al. Adoptive transfer of cytomegalovirus-speciﬁc CTL to stem cell
transplant patients after selection by HLA-peptide tetramers. J Exp Med.
2005;202:379–86.
220. Slavin S. Adoptive immunotherapy for CMV disease. [ClinicalTrials.gov identiﬁer NCT00159055]. US National Institutes of Health, ClinicalTrials.gov
[online]. Available from URL: http://www.clinicaltrials.gov.
221. Einsele H, Roosnek E, Rufer N, Sinzger C, Riegler S, Lofﬂer J, et al.
Infusion of cytomegalovirus (CMV)-speciﬁc T cells for the treatment of
CMV infection not responding to antiviral chemotherapy. Blood. 2002;99:
3916–22.
222. Dong L, Gao ZY, Chang LJ, Liang Y, Tan XY, Liu JH, et al. Adoptive transfer of cytomegalovirus/Epstein-Barr virus-speciﬁc immune effector cells for
therapeutic and preventive/preemptive treatment of pediatric allogeneic cell
transplant recipients. J Pediatr Hematol Oncol. 2010;32:e31–7.
223. Einsele H, Kapp M, Grigoleit GU. CMV-speciﬁc T cell therapy. Blood Cells Mol
Dis. 2008;40:71–5.
224. Micklethwaite KP, Clancy L, Sandher U, Hansen AM, Blyth E, Antonenas V, et al.
Prophylactic infusion of cytomegalovirus-speciﬁc cytotoxic T lymphocytes
stimulated with Ad5f35pp65 gene-modiﬁed dendritic cells after allogeneic
hemopoietic stem cell transplantation. Blood. 2008;112:3974–81.
225. Horn B, Bao L, Dunham K, Stamer M, Adler S, Cowan M, et al. Infusion of
cytomegalovirus speciﬁc cytotoxic T lymphocytes from a sero-negative donor
can facilitate resolution of infection and immune reconstitution. Pediatr Infect
Dis J. 2009;28:65–7.
226. Hill GR, Tey SK, Beagley L, Crough T, Morton JA, Clouston AD, et al. Successful immunotherapy of HCMV disease using virus-speciﬁc T cells expanded
from an allogeneic stem cell transplant recipient. Am J Transplant. 2010;10:
173–9.
227. Scheinberg P, Melenhorst JJ, Brenchley JM, Hill BJ, Hensel NF, Chattopadhyay
PK, et al. The transfer of adaptive immunity to CMV during hematopoietic
stem cell transplantation is dependent on the speciﬁcity and phenotype of
CMV-speciﬁc T cells in the donor. Blood. 2009;114:5071–80.
228. Brestrich G, Zwinger S, Fischer A, Schmuck M, Rohmhild A, Hammer MH,
et al. Adoptive T-cell therapy of a lung transplanted patient with severe CMV
disease and resistance to antiviral therapy. Am J Transplant. 2009;9:1679–84.
229. Schleiss MR. Prospects for development and potential impact of a
vaccine against congenital cytomegalovirus (CMV) infection. J Pediatr.
2007;151:564–70.
230. Adler SP. Immunoprophylaxis against cytomegalovirus disease. Scand J Infect
Dis Suppl. 1995;99:105–9.
231. Plotkin SA, Smiley ML, Friedman HM, Starr SE, Fleisher GR, Wlodaver C, et al.
Towne-vaccine-induced prevention of cytomegalovirus disease after renal
transplants. Lancet. 1984;1:528–30.
232. Adler SP, Plotkin SA, Gonczol E, Cadoz M, Meric C, Wang JB, et al. A canarypox vector expressing cytomegalovirus (CMV) glycoprotein B primes for
antibody responses to a live attenuated CMV vaccine (Towne). J Infect Dis.
1999;180:843–6.
233. Berencsi K, Gyulai Z, Gonczol E, Pincus S, Cox WI, Michelson S, et al. A canarypox vector-expressing cytomegalovirus (CMV) phosphoprotein 65 induces
long-lasting cytotoxic T cell responses in human CMV-seronegative subjects.
J Infect Dis. 2001;183:1171–9.
234. Bernstein DI, Schleiss MR, Berencsi K, Gonczol E, Dickey M, Khoury P, et al.
Effect of previous or simultaneous immunization with canarypox expressing
cytomegalovirus (CMV) glycoprotein B (gB) on response to subunit gB vaccine
plus MF59 in healthy CMV-seronegative adults. J Infect Dis. 2002;185:686–90.
235. Pass RF, Duliege AM, Boppana S, Sekulovich R, Percell S, Britt W, et al. A subunit
cytomegalovirus vaccine based on recombinant envelope glycoprotein B and
a new adjuvant. J Infect Dis. 1999;180:970–5.
236. Pass RF, Zhang C, Evans A, Simpson T, Andrews W, Huang ML, et al.
Vaccine prevention of maternal cytomegalovirus infection. N Engl J Med.
2009;360:1191–9.
237. Reap EA, Morris J, Dryga SA, Maughan M, Talarico T, Esch RE, et al. Development and preclinical evaluation of an alphavirus replicon particle vaccine for
cytomegalovirus. Vaccine. 2007;25:7441–9.
238. Schleiss MR, Lacayo JC, Belkaid Y, McGregor A, Stroup G, Rayner J, et al. Preconceptual administration of an alphavirus replicon UL83 (pp65 homolog)
vaccine induces humoral and cellular immunity and improves pregnancy outcome in the guinea pig model of congenital cytomegalovirus infection. J Infect
Dis. 2007;195:789–98.
239. Zhong J, Rist M, Cooper L, Smith C, Khanna R. Induction of pluripotent protective immunity following immunisation with a chimeric vaccine against
human cytomegalovirus. PLoS One. 2008;3:e3256.

Document downloaded from http://www.elsevier.es, day 25/01/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

758

J. de la Torre-Cisneros et al. / Enferm Infecc Microbiol Clin. 2011;29(10):735–758

240. Danziger-Isakov LA, Worley S, Michaels MG, Arrigain S, Aurora P, Ballmann
M, et al. The risk, prevention, and outcome of cytomegalovirus after pediatric
lung transplantation. Transplantation. 2009;87:1541–8.
241. Robinson LG, Hilinski J, Graham F, Hymes L, Beck-Sague CM, Hsia J, et al.
Predictors of cytomegalovirus disease among pediatric transplant recipients
within one year of renal transplantation. Pediatr Transplant. 2002;6:111–8.
242. Kullberg-Lindh C, Ascher H, Krantz M, Lindh M. Quantitative analysis of CMV
DNA in children the ﬁrst year after liver transplantation. Pediatr Transplant.
2003;7:296–301.
243. Gerna G, Lilleri D, Callegaro A, Goglio A, Cortese S, Stroppa P, et al. Prophylaxis
followed by preemptive therapy versus preemptive therapy for prevention of
human cytomegalovirus disease in pediatric patients undergoing liver transplantation. Transplantation. 2008;86:163–6.
244. Spivey JF, Singleton D, Sweet S, Storch GA, Hayashi RJ, Huddleston CB, et al.
Safety and efﬁcacy of prolonged cytomegalovirus prophylaxis with intravenous ganciclovir in pediatric and young adult lung transplant recipients.
Pediatr Transplant. 2007;11:312–8.
245. Vaudry W, Ettenger R, Jara P, Varela-Fascinetto G, Bouw MR, Ives J, et al.
Valganciclovir dosing according to body surface area and renal function in
pediatric solid organ transplant recipients. Am J Transplant. 2009;9:636–43.
246. Lapidus-Krol E, Shapiro R, Amir J, Davidovits M, Steinberg R, Mor E, et al.
The efﬁcacy and safety of valganciclovir vs. oral ganciclovir in the prevention
of symptomatic CMV infection in children after solid organ transplantation.
Pediatr Transplant. 2010;14:753–60.

247. Venturi C, Bueno J, Gavalda J, Tortola T, Pou L, Medina A, et al. Impact of
valganciclovir on Epstein-Barr Virus polymerase chain reaction in pediatric
liver transplantation: preliminary report. Transplant Proc. 2009;41:1038–40.
248. Vethamuthu J, Feber J, Chretien A, Lampe D, Filler G. Unexpectedly high interand intrapatient variability of ganciclovir levels in children. Pediatr Transplant. 2007;11:301–5.
249. Krampe K, Briem-Richter A, Fischer L, Nashan B, Ganschow R. The value
of immunoprophylaxis for cytomegalovirus infection with intravenous
immunoglobulin in pediatric liver transplant recipients receiving a low-dose
immunosupressive regimen. Pediatr Transplant. 2010;14:67–71.
250. Humar A, Hebert D, Davies HD, Stephens D, O’Doherty B, Allen U. A randomized trial of ganciclovir versus ganciclovir plus immune globulin for
prophylaxis against Epstein-Barr virus related posttransplant lymphoproliferative disorder. Transplantation. 2006;81:856–61.
251. Ranganathan K, Worley S, Michaels MG, Arrigan S, Aurora P, Ballmann M,
et al. Cytomegalovirus immunoglobulin decreases the risk of cytomegalovirus
infection but not disease after pediatric lung transplantation. J Heart Lung
Transplant. 2009;28:1050–6.
252. Pickering LK, Baker CJ, Long SS, editors. Cytomegalovirus infection, Red book:
2006 report of the committee on infectious diseases. Elk Grove Village, IL:
American Academy of Pediatrics; 2006. p. 273.
253. Martin M, Goyette N, Ives J, Boivin G. Incidence and characterization of
cytomegalovirus resistance mutations among pediatric solid organ transplant
patients who received valganciclovir prophylaxis. J Clin Virol. 2010;47:321–4.

