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Introduction and Epidemiology

CMV infection is a major cause of morbidity in patients re-
ceiving solid organ transplants. CMV is widely distributed
in the general population with seroprevalence ranging from
30 to 97% (1–3). After primary infection, CMV establishes
life-long latency. Without some form of prevention, CMV
infection primarily occurs in the first 3 months following
transplant. Onset may be delayed in patients receiving
CMV prophylaxis.

The following definitions are commonly used in the trans-
plant literature and are consistent with the AST recommen-
dations for use in clinical trials (4):

(1) CMV infection: evidence of CMV replication regardless
of symptoms (differs from latent CMV).

(2) CMV disease: evidence of CMV infection with at-
tributable symptoms. CMV disease can be further cat-
egorized as either a viral syndrome with fever and/or
malaise, leukopenia, thrombocytopenia or as tissue in-
vasive disease (e.g. pneumonitis, hepatitis, retinitis,
gastrointestinal disease).

In addition, several features unique to pediatric transplan-
tation are discussed separately in this document.

CMV has a predilection to invade the allograft, likely in part
due to an aberrant immune response within the allograft
(1). To directly attributable morbidity, CMV likely also has
an immunomodulatory effect, and active CMV infection
has been found to be an independent risk factor for the
development of other infectious complications, such as
bacteremia, invasive fungal disease and EBV-related PTLD
(5,6). CMV has also been implicated as a cause of acute
and chronic allograft injury. There is evidence that CMV may

play a crucial role in chronic graft vasculopathy resulting in
lesions, such as chronic allograft nephropathy, bronchiolitis
obliterans (lung transplant) and accelerated coronary artery
disease (heart transplant) (5,6).

Risk Factors

The risk of CMV disease is highest in donor-positive,
recipient-seronegative (D+R–) solid organ transplant pa-
tients who lack cellular and humoral immunity to CMV.
Other risk factors for disease include the recipient’s over-
all state of immunosuppression determined by the im-
munosuppressive protocol (e.g. type of drug, dose, timing,
duration) and various host factors (e.g. age, comorbidity,
neutropenia). Antilymphocyte antibodies (ALA) (such as
thymoglobulin) as either induction or antirejection therapy
are associated with high rates of CMV disease (1–3). The
risk is maximal when ALA therapy is used for the treat-
ment of organ rejection, with CMV disease being diag-
nosed three to four times more frequently than in patients
not receiving ALA therapy (2). The risk of CMV also varies
with the type of transplant. Lung, small intestinal and pan-
creas transplant recipients have the highest risk for CMV
while liver and kidney recipients are at lower risk for CMV
disease. This may be due to the degree of immunosup-
pression, and/or the viral load present in the transplanted
allograft. Co-infection with related viruses such as HHV-6
and 7 may also be an important risk factor for CMV disease
(1). The lowest risk of CMV disease occurs in the D–/R–
setting, provided these patients are given CMV negative
blood or leukodepleted blood products (1).

Recommendations

(1) Pretransplant CMV IgG screening of donors and recipi-
ents should be performed to allow for risk stratification
(II-1).

(2) CMV D–/R– transplant recipients should receive CMV
negative blood or leukodepleted blood during and post-
transplant (II-1).

Laboratory Diagnosis

The diagnosis of CMV infection and disease has evolved
considerably. Historically, the diagnosis of CMV disease
has been made by histopathology. This approach is lim-
ited, however, by the fact that an invasive procedure is
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required to obtain samples. Serologic assays appear to
have limited clinical utility posttransplant, and should not
be used to diagnose acute disease in SOT patients (7). For
years, culture-based methods (tissue culture and shell-vial
centrifugation culture) were used for CMV diagnosis. Tis-
sue culture can take weeks, however, and the shell-vial
centrifugation assay is insensitive by comparison with
molecular assays (8). Tissue culture methods may still use-
ful in growing CMV isolates in the laboratory for phenotypic
antiviral resistance testing, although the latter technique
has been replaced predominantly by genotypic resistance
testing.

The pp65 antigenemia assay is a semi-quantitative fluores-
cent assay based on detection of infected cells in periph-
eral blood. This assay has far higher sensitivity and speci-
ficity than culture-based methods (8), and is comparable in
sensitivity to CMV PCR (see further) (9). Though not fully
quantitative, it can provide an estimate of the magnitude
of viral load from the number of infected cells.

Molecular diagnostic tests may detect DNA or RNA and
can be qualitative and quantitative. The majority of these
tests are quite sensitive for the detection of CMV. Mea-
surement of quantitative CMV-DNA levels has become
popular at many centres. Commonly used assays include
plasma or whole blood based PCR testing which is either
commercially available or developed in-house. Whole blood
assays will often have higher viral loads than those using
plasma. Generally, the highest viral loads are associated
with tissue-invasive disease, while the lowest are seen
with asymptomatic CMV infection, and intermediate-range
viral loads seen in patients with CMV syndrome (10); there
is wide overlap, however, between these categories. In ad-
dition to the absolute value of viral load, the rate of rise is
also an important factor (11). Occasionally patients with tis-
sue invasive disease (especially gastrointestinal or retinal
disease) will have undetectable blood viral loads. Both the
pp65 antigenemia assay and quantitative CMV viral load
testing can be utilized in preemptive protocols, for diagno-
sis of CMV disease, and to guide management of CMV
disease (8–12). A lack of standardization between different
centers is a major problem with all assays. A recent multi-
center comparison of viral load assays demonstrated up to
a 3-log10 variation among different assays. Standardization
may be achieved in the future with quantitative viral load
assays (13).

Recommendations

(1) Culture based assays of blood and urine are of lim-
ited utility for prediction, diagnosis and management
of CMV disease (II-2).

(2) Either the pp65 Antigenemia assay or a quantitative
viral load assay should be used for most areas of man-
agement. Lack of standardization across different lab-

Table 1: Prophylaxis versus pre-emptive therapy

Prophylaxis
Pre-emptive

therapy

Efficacy Yes: large
randomized trials

Yes: smaller trials;
fewer D+/R–

Ease Relatively easy to
coordinate

More difficult to
coordinate; Test
thresholds not
standardized

Late onset
disease

A potential problem Much less commonly
seen

Cost Higher drug costs Higher laboratory
costs

Toxicity Potential for greater
drug toxicity
(myelosuppres-
sion)

Potential for less drug
toxicity with shorter
courses of antivirals

Indirect effects
(graft loss,
mortality and
opportunistic
infections)

Consistent and
positive impact
based on
meta-analyses
and limited
comparative trials

Very limited data that
preemptive therapy
affects indirect
effects

oratories is a problem for both tests and centres need
to validate their own threshold values (II-2).

Prevention: Prophylaxis and Preemptive
Therapy

Approaches in the prevention of CMV in solid organ trans-
plantation, and the results obtained, vary widely among
different transplant programs. Reasons for this include in-
sufficient large trials (especially comparing prophylaxis vs.
preemptive therapy), different end-point definitions, mul-
tiple nonstandardized testing methodologies and differing
patient populations.

Two strategies are commonly used for CMV prevention:
(1) universal prophylaxis and (2) preemptive therapy. Uni-
versal prophylaxis involves giving antiviral therapy to all
‘at-risk’ patients (or a specified subset) beginning in the
early posttransplant period for a defined duration (e.g. 3–6
months). In preemptive therapy, patients are monitored at
regular intervals (often weekly) for early evidence of CMV
replication by use of a laboratory assay. Patients with early
replication are then treated with antiviral therapy to prevent
symptomatic disease. Each approach has advantages and
disadvantages that must be considered in the context of
the patient and the allograft (14,15) (Table 1). Preemptive
therapy may decrease drug costs and toxicity, but requires
excellent logistic coordination, in order to obtain, receive,
and act on results in a timely fashion, which can be dif-
ficult if patients live quite some distance from the trans-
plant center. In addition, due to a lack of standardization
of diagnostic testing, optimal threshold values for initiation
of preemptive therapy have not been defined. Prophylaxis
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Table 2: Currently available drugs for cmv prophylaxis

Drug
Usual adult

Prophylaxis dose
Comments on use and

major toxicity

Valganciclovir 900 mg once daily Ease of administration;
leukopenia

Oral Ganciclovir 1 g three times daily Low oral bioavailability;
high pill burden

IV Ganciclovir 5 mg/kg once daily Intravenous access;
leukopenia

Valacyclovir 2 g four times daily High pill burden;
neurologic effects

might have the theoretical advantage of preventing reac-
tivation of other viruses such as HHV-6 and may be more
likely to prevent indirect effects of CMV. Metanalyses have
demonstrated that antiviral prophylaxis is associated with
decreased rates of graft loss, improvement in survival and
decreased incidence of opportunistic infections (16,17).
Late-onset CMV disease is a potential problem with pro-
phylaxis (see further). CMV resistance has been observed
with both strategies (18,19). There are very few compara-
tive randomized trials comparing preemptive therapy ver-
sus prophylaxis. Khoury et al. (20) randomized 98 kidney
transplant recipients (D+/R– n = 29) to preemptive ther-
apy (valganciclovir) versus prophylaxis (valganciclovir 100
days). Both strategies were equally effective in prevent-
ing CMV disease. Kliem et al. (21) randomized 148 renal
transplant patients to preemptive therapy (I.V. ganciclovir)
versus prophylaxis (3-months oral ganciclovir). Long-term
graft survival at 4-years posttransplant was significantly im-
proved in the prophylaxis group. In another study prophy-
lactic valacyclovir was equivalent to preemptive valganci-
clovir in kidney transplant recipients (n = 70) for the pre-
vention of CMV disease but the prophylactic regimen had
a significant lower rate of biopsy proven rejection (15% vs.
36%, p = 0.034) (22).

A. Universal Prophylaxis

Drugs that have been evaluated for universal prophylaxis in-
clude ganciclovir, valganciclovir, acyclovir, valacyclovir and
immune globulin preparations (Table 2). Ganciclovir is avail-
able in both oral and intravenous formulations. There have
been a number of randomized trials with varying agents
that have been previously reviewed (1). Several large mul-
ticenter randomized trials of prophylaxis with agents in-
cluding oral ganciclovir, valganciclovir and valacyclovir have
also been performed (23–25). Valganciclovir is a valine es-
ter prodrug of ganciclovir with improved bioavailability (50–
60%) compared with oral ganciclovir (6–9%). In a trial of
372 D+/R– SOT recipients randomized to 3 months of
prophylaxis with oral ganciclovir versus oral valganciclovir
(PV16000), the rate of CMV disease at 6 and 12 months
was comparable in the 2 arms (17.2% valganciclovir vs.
18.4% ganciclovir at 12 months) (25). In a trial compar-
ing 200 versus 100 days of valganciclovir prophylaxis in

318 D+/R– kidney transplant recipients (Impact study),
the incidence of confirmed CMV disease was 16.1% ver-
sus 36.8%, respectively (26). Less data are available in
lung transplant recipients, but studies suggest that rates
of viremia and disease are high with short courses of
prophylaxis and lower with longer courses of prophylaxis
(6 months or more) (27,28). Benefit for indirect effects has
been more difficult to demonstrate in individual studies.
Valacyclovir (8 g/day, adjusted for renal function) adminis-
tered for 90 days reduced the incidence of biopsy-proven
acute rejection in CMV-seronegative patients (24). Acy-
clovir has less activity and is not recommended specifically
for CMV prophylaxis.

The efficacy of prophylaxis with either CMV immune glob-
ulin (CMVIG) or intravenous immune globulin (IVIG) in solid
organ transplant recipients has been investigated in rel-
atively few trials (29,30), and the majority of those con-
ducted have been randomized, but nonblinded. Further re-
search is needed to delineate the benefit of adding immune
globulin to current CMV prophylaxis regimens.

Late onset CMV disease

The major problem with CMV prophylaxis continues to be
late-onset CMV disease. This can be defined as disease
occurring sometime after discontinuation of antiviral pro-
phylaxis. For 3-month prophylaxis regimens, this typically
occurs between 3 and 6 months posttransplant or some-
times later (25). Disease presenting late may be missed
due to difficulties in diagnosis, especially for patients living
at geographical locations removed from their primary trans-
plant program. Late onset disease contributes to morbidity
and has been shown to be associated with higher overall
mortality (31). The incidence of late-onset disease with a
standard 3-month course of prophylaxis is estimated to
be approximately 17–37% among D+/R– recipients, with
higher rates when current definitions of CMV disease are
used (25,32).

Potential options for dealing with late-onset CMV disease
are as follows:

(1) Careful clinical follow-up with treatment of disease as
soon as symptoms occur.

(2) Virologic monitoring after completion of prophylaxis.
Check antigenemia or viral load periodically for 8–12
weeks after completion of prophylaxis. However, stud-
ies evaluating the utility of monitoring after prophylaxis
have demonstrated poor sensitivity and specificity for
prediction of CMV disease (33). Weekly monitoring
would likely be required to be successful.

(3) Prolong prophylaxis from 3 to 6 months in D+/R–.
The Impact trial demonstrated a significant reduction
in CMV disease using 200 days of prophylaxis versus
100 days in D+/R– kidney transplant recipients (32).
Further research is needed to extrapolate this to R+
patients.
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Specific Recommendations for CMV
Prophylaxis

All doses should be adjusted based on renal function. Spe-
cific anti-CMV prophylaxis in D–/R– patients is generally
not needed provided CMV negative blood or leukodepleted
blood products are used.

Kidney and Liver Transplant Recipients

(1) In D+/R– kidneys and livers, valganciclovir 900 mg/day,
oral ganciclovir (3 g/day), or intravenous ganciclovir (5
mg (kg/day)) prophylaxis are effective for prevention of
CMV disease (I). In kidney transplant recipients, valacy-
clovir 8 g/day is an alternative (I). The FDA has a caution
against the use of valganciclovir in liver transplant pa-
tients but many experts still recommend its use in this
setting and it is used in 60% of U.S. transplant centers
(34)

(2) Start prophylaxis within 10 days posttransplant and
continue until ∼3 to 6 months posttransplant (I).

(3) In R+ kidney or livers, oral ganciclovir, valganciclovir,
intravenous ganciclovir, or valacyclovir (kidneys) for 3
months decreases the rate of CMV disease (same
doses).

Heart Transplant Recipients

(1) For D+/R– heart transplant recipients valganciclovir
(900 mg/day), oral ganciclovir (3 g/day) or intravenous
ganciclovir (5 mg/(kg day)) for 3–6 months can be used
for prophylaxis (I).

(2) Some centers add CMVIG for prophylaxis (II-2)
(3) In R+ recipients, oral valganciclovir (II-2), intravenous

ganciclovir (II-1), or oral ganciclovir for 3 months are
effective (same doses).

Pancreas and Kidney/Pancreas Recipients

(1) There is limited RCT data in pancreas transplant re-
cipients, but generally they are thought to be at high
risk for CMV disease. Options include for D+/R– or
R+: valganciclovir (900 mg/day) (II-2), intravenous gan-
ciclovir (5 mg/kg/day) or oral ganciclovir (3 g/day) for
3–6 months (II-2).

Lung and Heart-lung Transplant Recipients

There is limited randomized clinical trial data for lung trans-
plant recipients; in general, these patients are at the high-
est risk for CMV disease.

(1) D+/R– lung transplant recipients may be given prophy-
laxis with intravenous ganciclovir (5 mg/kg/day) or oral
valganciclovir (900 mg/day) for 6 months (II-2). Given

Table 3: Guidelines for cmv prevention in sot recpients

Organ/group

Recommendation/Options (see text for
dose, evidence rating and special

pediatric issues)

Kidney, liver,
pancreas,
heart

• Prophylaxis: valganciclovir, oral ganciclovir,
or intravenous ganciclovir (or valacyclovir
in kidney) for 3 to 6 months. Some
centers add CMV immune globulin for
heart transplant.

D+/R– • Preemptive therapy an option (see
Figure 1). Many authorities prefer to use
prophylaxis and reserve preemptive
therapy for lower-risk populations (see
text).

Kidney, liver,
pancreas,
heart

• Valganciclovir, oral ganciclovir, intravenous
ganciclovir or valacyclovir (kidney) for 3
months. Some centers add CMV immune
globulin for heart transplant OR

R+ • Pre-emptive therapy an option (see
Figure 1).

Lung, heart-lung • For D+/R– patients valganciclovir or
intravenous ganciclovir for 6 months.
Some centres will prolong prophylaxis
beyond 6 months.

D+/R–, R+ • For R+ patients, valganciclovir, oral
ganciclovir or intravenous ganciclovir for
3–6 months.

• Some centres will add CMV immune
globulin especially for D+/R–.

The above guidelines do not represent an exclusive course of ac-
tion. Several factors may influence the precise nature and duration
of prophylaxis or preemptive therapy.

the high rate of late onset CMV disease in this sub-
group some centres prolong the duration of prophylaxis
beyond 6 months (II-2).

(2) For D+/R+, D-/R+ lung transplant recipients, prophy-
laxis with oral valganciclovir, intravenous ganciclovir, or
oral ganciclovir for 3–6 months may be used (II-2) (same
doses as aforementioned).

(3) CMVIG is used by some centres in conjunction to an-
tiviral therapy in high risk lung transplant recipients
(II-2).

Intestinal Transplant Recipients

There are more limited data in this patient population. For
D+/R– and for R+, valganciclovir (900 mg/day), intravenous
ganciclovir (5 mg/(kg day)) or oral ganciclovir (3 g/day) for 3–
6 months are recommended (III). CMVIG is used by some
centers in conjunction to antiviral therapy (III).

B. Preemptive Therapy

Preemptive therapy involves monitoring of patients for
early evidence of CMV replication with early treatment to
prevent symptomatic disease (Table 3) (1–3). Preemptive
therapy has the potential advantage of targeting therapy
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Validate  appropriate threshold for  
site-specific assay (NAT or Ag) 

Select appropriate population to employ 
pre-emptive therapy 

Test patients weekly at weeks 1-12 post-transplant 

Assay positive at threshold No positive assay or threshold not reached.  
Stop testing at week 12 

Start valganciclovir or IV ganciclovir at treatment dose 

Treat until “negative” threshold achieved  

Resume weekly monitoring until week 12 Figure 1: Suggested algorithm for

preemptive therapy.

to the highest risk patients and thereby decreasing drug
costs and toxicity. Several aspects make up a preemptive
strategy including (see Figure 1): (1) selection of the ap-
propriate population for preemptive therapy, (2) determin-
ing the optimal laboratory test and duration of monitoring
and (3) choosing the type, dose and duration of an antiviral
agent. Based on current data, a preemptive algorithm is
shown in Figure 1. Either the pp65 antigenemia assay or
CMV viral load testing should be utilized. Site specific and
assay specific threshold values for initiation of preemptive
therapy should be locally validated prior to institution of a
preemptive protocol (10).

Once viremia is detected, treatment with either valganci-
clovir or intravenous ganciclovir should be initiated. In a
randomized trial comparing the two agents for treatment
of mild to moderate CMV disease, both agents had equal
efficacy (12). Because preemptive therapy should treat
low-level asymptomatic viremia, oral valganciclovir is likely
preferable to intravenous ganciclovir for logistic issues.

Preemptive Therapy Recommendations

(1) Preemptive therapy is a suitable option for patients
at risk for CMV disease (I). Considerable controversy
exists about the best population in which to use a pre-
emptive strategy. Many authorities prefer prophylaxis
for the higher risk D+/R– group while recognizing the
potential utility of preemptive therapy in the R+ group.

(2) The best laboratory test for monitoring is either a CMV
viral load test or a pp65 antigenemia assay (II-2). The op-
timal monitoring strategy is approximately once weekly
testing for 12 weeks posttransplant (II-2).

(3) The optimal drugs for preemptive therapy are oral
valganciclovir (900 mg two times a day) or intra-
venous ganciclovir (5 mg/kg two times a day) (I). Ther-
apy should be continued until viremia is undetectable
(II-2).

(4) Further studies are required to determine comparative
efficacy of preemptive therapy versus prophylaxis, es-
pecially regarding the indirect sequelae of CMV.

C. CMV Prevention During ALA Therapy
and/or Treatment of Rejection

The use of ALA therapy is a major risk factor for CMV dis-
ease especially when used for the treatment of rejection.
Its effect on antiviral efficacy has been explored in three
trials in solid organ transplant recipients (35–37). In two of
the trials, in which intravenous ganciclovir was compared
with no therapy in kidney transplant recipients receiving
ALA (35,36), there was evidence of a protective effect of
ganciclovir.

Recommendations

(1) Prophylaxis with antiviral therapy should be given in pa-
tients receiving ALA therapy either as induction or for
the treatment of rejection (I). The optimal duration of
antiviral therapy is not known. Options include valganci-
clovir (III), oral ganciclovir (III) or intravenous ganciclovir
(I) for approximately 1–3 months.

(2) Alternatively a preemptive therapy protocol can be in-
stituted in these patients (III). See Figure 1.

(3) In patients treated for acute rejection with high dose
steroids, resumption of prophylaxis or a preemptive
strategy may be considered as earlier (III).

Treatment of Established CMV Disease

Intravenous ganciclovir has been used successfully in over
30 uncontrolled, nonrandomized, therapeutic trials to treat
solid organ transplant recipients with CMV disease (1,2)
and has been considered the mainstay for therapy. The
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typical dose of intravenous ganciclovir for treatment is
5 mg/kg twice per day. The duration of therapy in trials
varied from 2 to 4 weeks. Valganciclovir at a dose of 900
mg twice daily achieves levels similar to intravenous ganci-
clovir treatment. In a randomized controlled trial comparing
3 weeks of oral valganciclovir to IV ganciclovir for the treat-
ment of CMV disease in 321 organ transplant patients (the
vast majority were kidney transplant recipients) with mild
to moderate CMV disease, both drugs had similar efficacy
for the eradication of viremia at 21 days posttreatment (12).
In the per-protocol population, a significant number of pa-
tients had persistent viremia at day 21 suggesting longer
courses of therapy should be administered in many pa-
tients. While oral ganciclovir has been shown to prevent
CMV disease, its utility in the treatment of CMV disease
is not recommended.

Overall, molecular diagnostic tests can be used to tailor
the duration of antiviral therapy in each patient based on
clearance of CMV viral load or antigenemia. This risk of
relapse is lower in patients who have no detectable CMV
viral load at the end of therapy than for those with de-
tectable CMV viral load (38,39). Therefore, patients with
evidence of CMV viremia should be maintained on therapy
until viremia (measured either by antigenemia or nucleic
acid testing) has dropped below the negative threshold
value for a given test. With ultra-sensitive assays, this neg-
ative threshold value has not been well defined.

Summary Recommendations for Treatment
of Established CMV Disease

(1) In any solid transplant recipient, CMV disease should
be treated with either intravenous ganciclovir (5 mg/kg
two times a day) (I) or oral valganciclovir (900 mg two
times a day) (I) until the following criteria are met:
a. Clinical resolution of symptoms AND;
b. Virologic clearance below a threshold negative value

(test specific; see text); monitor patients with viral
load or pp65 antigenemia once a week AND

c. Minimum 2 weeks of treatment;
(2) Intravenous ganciclovir is preferable to oral valganci-

clovir in patients with severe or life-threatening dis-
ease, or in patients who may have a problem with
gastrointestinal absorption of oral drug (e.g. significant
diarrhea).

(3) Acyclovir and oral ganciclovir are not effective in treat-
ing CMV disease in transplant recipients (II-2). Oral gan-
ciclovir treatment in the presence of CMV replication
may lead to emergence of ganciclovir resistant CMV
strains (II-2).

(4) It is unclear whether addition of IVIG or CMVIG to ex-
isting treatment regimens has a benefit for solid organ
transplant recipients (II-2) but may be considered for
patients with CMV pneumonitis and possibly other se-
vere forms of disease.

(5) After completion of treatment, a 1–3 month course of
secondary prophylaxis may be considered depending
on the clinical situation (III). Alternatively close clinical
and/or virologic follow-up after discontinuation of treat-
ment is an option (III).

Ganciclovir Resistant CMV

Ganciclovir undergoes initial phosphorylation by a viral ki-
nase encoded by the gene UL97. After subsequent tri-
phosphorylation by cellular enzymes the active drug in-
hibits CMV DNA polymerase encoded by the gene UL54.
Mutations in UL97 and less commonly in UL54 can con-
fer ganciclovir resistance. UL97 mutants often have only
low-level resistance to ganciclovir depending on the site
of mutation and hence therapeutic response may still be
observed in some cases. Combined mutations (UL97 and
UL54) often have high-level resistance to ganciclovir. Fos-
carnet is a potent anti-CMV agent, and has activity against
most ganciclovir resistant strains of CMV. There are far
fewer studies of foscarnet in solid organ transplant recipi-
ents than there are of ganciclovir; however, the majority of
transplant patients treated with foscarnet, either alone or
in combination with ganciclovir, did improve (40–42). Ad-
ditionally, multiple isolated cases of CMV disease caused
by ganciclovir resistant CMV strains have been success-
fully treated with IV foscarnet. The major problem in trans-
plant patients is significant nephrotoxicity. The full extent
of side effects of foscarnet in solid organ transplantation
remains to be determined. Cidofovir is used for the treat-
ment of CMV infection in individuals with HIV/AIDS and
although evaluated in transplant settings, no controlled
studies have yet been formally published. Cidofovir has
significant nephrotoxicity as well. CMV isolates with UL97
mutations may remain sensitive to foscarnet and cidofovir.
UL54 mutations may result in resistance to these drugs
depending on the site of the mutation.

The incidence of ganciclovir resistant CMV remains gen-
erally low in most settings after solid organ transplant. In
the PV16000 study the overall rate of resistance was 1.9%
in those who received oral ganciclovir versus 0% among
those receiving valganciclovir (43). However in some sub-
populations (especially lung transplantation) higher rates
of resistance have been reported (44). Risk factors for
resistance include prolonged low-dose oral prophylaxis
(e.g. with ganciclovir or valganciclovir), D+/R– serosta-
tus, increased intensity of immunosuppression and lung
transplantation (18). Resistance should be suspected if
(1) the patient has received prolonged antiviral prophy-
laxis, (2) the viral load fails to decrease or increases de-
spite two weeks of adequate dose antiviral therapy and
(3) patients have other risk factors for resistance as out-
lined above. Genetic resistance testing may be very help-
ful in managing resistant CMV. An algorithm for treat-
ment of ganciclovir resistance CMV disease is presented in
Figure 2.
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2 weeks of adequate dose of 
Ganciclovir with increasing or 

unchanged viral load 

Reduce immunosuppression. Send for 
genotypic resistance testing 

Severe CMV disease Non-severe CMV disease 

Switch to or add Foscarnet at full dose Increase Ganciclovir dose up to 10 
mg/kg BID or

Alter therapy based on genotypic 
resistance testing and clinical 

response. Adjunctive unproven 
therapy may be required.  

Figure 2: Algorithm for treatment of ganciclovir resistance.

Recommendations for Ganciclovir
Resistant CMV

(1) Patients who develop CMV disease after prolonged
courses of ganciclovir or valganciclovir prophylaxis and
those failing to respond to standard ganciclovir treat-
ment should be suspected of having ganciclovir resis-
tant virus. Genotypic testing for resistance should be
performed (III).

(2) Immunosuppression should be reduced or discontin-
ued (III).

(3) Therapeutic options include increasing the dose of in-
travenous ganciclovir (up to 10 mg/kg two times a day)
or foscarnet (alone or in combination with low dose
ganciclovir) (see Figure 2) (II-2).

(4) For refractory cases unproven or untested therapeu-
tic options may be considered and include cidofovir,
compassionate release maribavir, leflunomide and arte-
sunate (III).

(5) The role of CMVIG in this setting is unknown but may
be considered (III).

Pediatric Issues

In general there are less data available for pediatric trans-
plant populations with regards to CMV prevention and
treatment. In addition, other issues such as prevention of
EBV-related PTLD, may be of more importance in this pop-
ulation and affect the choice of CMV prevention strategies.
Overall, proportionately more pediatric patients are at risk
of developing primary CMV infection and hence severe
disease by virtue of being CMV-seronegative prior to trans-
plantation. While many donors for pediatric patients will
also be seronegative, the use of living-related or split de-

creased donor organs (as in liver transplantation) results
in a marked frequency of high risk (D+/R–) pediatric or-
gan recipients. The following recommendations specific to
pediatric patients can be made:

Pretransplant screening (pediatrics)

(1) Pediatric transplant recipients <18 months of age may
have passively acquired maternal antibody. Urine cul-
ture should be performed. If urine culture positive
assume recipient seropositive. If negative, assign re-
cipient serostatus based on the highest risk level for
the purposes of CMV prevention (III). For donors <18
months age, if seropositive assume donor is seroposi-
tive (II-2).

Prevention and treatment (pediatrics)

The principles and recommendations for the use of prophy-
laxis and pre-emptive therapy in adult recipients are gener-
ally applicable to pediatric organ transplant recipients with
the following qualifying statements.

(1) Data are limited regarding the efficacy of pre-emptive
therapy in pediatric organ transplant recipients.

(2) Data are lacking on the appropriate dose and efficacy
of oral ganciclovir and oral valganciclovir in children.
Treatment and prevention strategies continue to be
based primarily on intravenous ganciclovir especially
in younger children.

(3) The duration of intravenous ganciclovir is influenced by
the risk of catheter-associated bloodstream infections
in some settings. The duration of prophylaxis is also
influenced by other factors that vary across centres.
These factors include the types of organ transplanted,
the institution’s experience with CMV disease in their
patient population, immunosuppressive practices and
the institution’s consensus-driven EBV prophylaxis reg-
imen (45) (I).

(4) In this aforementioned context, there is no single stan-
dard of care as this relates to the precise duration
of prophylaxis. The duration of intravenous ganciclovir
prophylaxis in major centres varies from a minimum of
14 days to 3 months (II-2).

(5) Treatment of CMV disease in particular should be with
intravenous ganciclovir due to a lack of efficacy data
of oral therapy in the pediatric population. CMVIG is
considered by some experts in combination with gan-
ciclovir for the treatment of CMV disease in young in-
fants and for treatment of more severe forms of CMV
disease (III).

Future Research Directions

There are a number of areas that are being actively ex-
plored in basic, translational and clinical research fields.
A number of in-house and some commercially available
assays for the assessment of T-cell immunity to CMV are
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being evaluated for their ability to predict the develop-
ment of CMV disease. It is hoped that these assays will
allow better risk-stratification of patients and allow more
targeted prevention strategies. Preventive and therapeutic
strategies being evaluated include CMV vaccines and novel
drugs. The drug closest to development is Maribavir, an in-
hibitor of CMV UL97. In a phase 2 study in hematopoietic
stem cell transplant (HSCT) recipients, maribavir prophy-
laxis was superior to placebo for the prevention of CMV
viremia (46). However, a phase 3 studies in HSCT recipi-
ents failed to meet its primary endpoint and the future of
this drug is uncertain. Finally, further studies of CMV pre-
vention and treatment are required for pediatric transplant
recipients.

Disclosure

Humar A.: Honoraria and/or Research Support, Roche,
Viropharma, Cellestis. Snydman D.: Consultant, CSL
Behring, Ltd., Viropharma, Novartis, Bristol Meyers Squibb;
Speakers’ Bureau, CSL Behring.

References

1. Paya CV, Razonable, RR. Cytomegalovirus infection after solid or-
gan transplantation. In: Bowden R, Ljungman P, Paya C, eds. Trans-
plant Infections, 2nd Ed. New York: Lippincott-Raven, 2003: 298–
325.

2. Preiksaitis JK, Brennan DC, Fishman J, Allen U. Canadian society
of transplantation consensus workshop on cytomegalovirus man-
agement in solid organ transplantation final report. Am J Transplant
2005; 5: 218–227.

3. Paya CV. Prevention of cytomegalovirus disease in recipients of
solid-organ transplants. Clin Infect Dis 2001; 32: 596–603.

4. Humar A, Michaels M. American Society of Transplantation recom-
mendations for screening, monitoring and reporting of infectious
complications in immunosuppression trials in recipients of organ
transplantation. Am J Transplant 2006; 6: 262–274.

5. Rubin RH. The pathogenesis and clinical management of cy-
tomegalovirus infection in the organ transplant recipient: The end
of the ‘silo hypothesis’. Curr Opin Infect Dis 2007; 20: 399–407.

6. Pescovitz MD. Benefits of cytomegalovirus prophylaxis in solid
organ transplantation. Transplantation 2006; 82(2 Suppl):S4–S8.

7. Humar A, Mazzulli T, Moussa G et al. Clinical utility of cy-
tomegalovirus (CMV) serology testing in high-risk CMV D+/R–
transplant recipients. Am J Transplant 2005; 5: 1065–1070.

8. Mazzulli T, Drew LW, Yen-Lieberman B et al. Multicenter com-
parison of the digene hybrid capture CMV DNA assay (version
2.0), the pp65 antigenemia assay, and cell culture for detection of
cytomegalovirus viremia. J Clin Microbiol 1999; 37: 958–963.

9. Caliendo AM, St George K, Kao SY et al. Comparison of quantita-
tive cytomegalovirus (CMV) PCR in plasma and CMV antigenemia
assay: Clinical utility of the prototype AMPLICOR CMV MONI-
TOR test in transplant recipients. J Clin Microbiol 2000; 38: 2122–
2127.

10. Humar A, Gregson D, Caliendo AM et al. Clinical utility of quan-
titative cytomegalovirus viral load determination for predicting cy-
tomegalovirus disease in liver transplant recipients. Transplanta-
tion 1999; 68: 1305–1311.

11. Emery VC, Sabin CA, Cope AV, Gor D, Hassan-Walker AF, Griffiths
PD. Application of viral-load kinetics to identify patients who de-
velop cytomegalovirus disease after transplantation. Lancet 2000;
355: 2032–2036.

12. Asberg A, Humar A, Rollag H et al. Oral valganciclovir is noninferior
to intravenous ganciclovir for the treatment of cytomegalovirus
disease in solid organ transplant recipients. Am J Transplant 2007;
7: 2106–2113.

13. Pang XL, Chui L, Fenton J, LeBlanc B, Preiksaitis JK. Compar-
ison of LightCycler-based PCR, COBAS amplicor CMV monitor,
and pp65 antigenemia assays for quantitative measurement of
cytomegalovirus viral load in peripheral blood specimens from pa-
tients after solid organ transplantation. J Clin Microbiol 2003; 41:
3167–3174.

14. Torres-Madriz G, Boucher HW. Immunocompromised hosts: Per-
spectives in the treatment and prophylaxis of cytomegalovirus dis-
ease in solid-organ transplant recipients. Clin Infect Dis 2008; 47:
702–711.

15. Fishman JA, Emery V, Freeman R et al. Cytomegalovirus in
transplantation-challenging the status quo. Clin Transplant 2007;
21: 149–158.

16. Kalil AC, Levitsky J, Lyden E, Stoner J, Freifeld AG. Meta-
analysis: The efficacy of strategies to prevent organ disease by
cytomegalovirus in solid organ transplant recipients. Ann Intern
Med 2005; 143: 870–880.

17. Small LN, Lau J, Snydman DR. Preventing post-organ transplan-
tation cytomegalovirus disease with ganciclovir: A meta-analysis
comparing prophylactic and preemptive therapies. Clin Infect Dis
2006; 43: 869–880.

18. Limaye AP, Corey L, Koelle DM, Davis CL, Boeckh M. Emergence
of ganciclovir-resistant cytomegalovirus disease among recipients
of solid-organ transplants. Lancet 2000; 356: 645–649.

19. Limaye AP, Raghu G, Koelle DM, Ferrenberg J, Huang ML, Boeckh
M. High incidence of ganciclovir-resistant cytomegalovirus infec-
tion among lung transplant recipients receiving preemptive ther-
apy. J Infect Dis 2002; 185: 20–27.

20. Khoury JA, Storch GA, Bohl DL et al. Prophylactic versus preemp-
tive oral valganciclovir for the management of cytomegalovirus in-
fection in adult renal transplant recipients. Am J Transplant 2006;
6: 2134–2143.

21. Kliem V, Fricke L, Wollbrink T, Burg M, Radermacher J, Rohde F.
Improvement in long-term renal graft survival due to CMV prophy-
laxis with oral ganciclovir: Results of a randomized clinical trial. Am
J Transplant 2008; 8: 975–983.

22. Reischig T, Jindra P, Hes O, Svecova M, Klaboch J, Treska V.
Valacyclovir prophylaxis versus preemptive valganciclovir therapy
to prevent cytomegalovirus disease after renal transplantation. Am
J Transplant 2008; 8: 69–77.

23. Gane E, Saliba F, Valdecasas GJ et al. Randomised trial of efficacy
and safety of oral ganciclovir in the prevention of cytomegalovirus
disease in liver-transplant recipients. The Oral Ganciclovir Interna-
tional Transplantation Study Group [corrected]. Lancet 1997; 350:
1729–1733.

24. Lowance D, Neumayer HH, Legendre CM et al. Valacyclovir for the
prevention of cytomegalovirus disease after renal transplantation.
International Valacyclovir Cytomegalovirus Prophylaxis Transplan-
tation Study Group. N Engl J Med 1999; 340: 1462–1470.

25. Paya C, Humar A, Dominguez E et al. Efficacy and safety of val-
ganciclovir vs. oral ganciclovir for prevention of cytomegalovirus
disease in solid organ transplant recipients. Am J Transplant 2004;
4: 611–620.

26. Humar A, Lebranchu Y, Vincenti F et al. The IMPACT Study: Val-
ganciclovir prophylaxis for until 200 days post-transplant in high

American Journal of Transplantation 2009; 9 (Suppl 4): S78–S86 S85



Humar et al.

risk kidney recipients substantially reduces the incidence of CMV
disease. Am Transplant Congress 2009; abstract 201.

27. Humar A, Kumar D, Preiksaitis J et al. A trial of valganciclovir
prophylaxis for cytomegalovirus prevention in lung transplant re-
cipients. Am J Transplant 2005; 5: 1462–1468.

28. Zamora MR, Nicolls MR, Hodges TN et al. Following universal
prophylaxis with intravenous ganciclovir and cytomegalovirus im-
mune globulin, valganciclovir is safe and effective for prevention
of CMV infection following lung transplantation. Am J Transplant
2004; 4: 1635–1642.

29. Snydman DR, Werner BG, Dougherty NN et al. Cytomegalovirus
immune globulin prophylaxis in liver transplantation. A random-
ized, double-blind, placebo-controlled trial. Ann Intern Med 1993;
119: 984–991.

30. Snydman DR, Falagas ME, Avery R et al. Use of combination
cytomegalovirus immune globulin plus ganciclovir for prophy-
laxis in CMV-seronegative liver transplant recipients of a CMV-
seropositive donor organ: A multicenter, open-label study. Trans-
plant Proc 2001; 33: 2571–2575.

31. Limaye AP, Bakthavatsalam R, Kim HW et al. Late-onset cy-
tomegalovirus disease in liver transplant recipients despite antiviral
prophylaxis. Transplantation 2004; 78: 1390–1396.

32. IMPACT.
33. Humar A, Paya C, Pescovitz MD et al. Clinical utility of cy-

tomegalovirus viral load testing for predicting CMV disease in
D+/R– solid organ transplant recipients. Am J Transplant 2004;
4: 644–649.

34. Levitsky J, Singh N, Wagener MM, Stosor V, Abecassis M, Ison
MG. A survey of CMV prevention strategies after liver transplan-
tation. Am J Transplant 2008; 8: 158–161.

35. Conti DJ, Freed BM, Singh TP, Gallichio M, Gruber SA, Lempert
N. Preemptive ganciclovir therapy in cytomegalovirus-seropositive
renal transplants recipients. Arch Surg 1995; 130: 1217–1221; dis-
cussion 1221–1212.

36. Hibberd PL, Tolkoff-Rubin NE, Conti D et al. Preemptive ganciclovir
therapy to prevent cytomegalovirus disease in cytomegalovirus
antibody-positive renal transplant recipients. A randomized con-
trolled trial. Ann Intern Med 1995; 123: 18–26.

37. Stratta RJ, Shaefer MS, Cushing KA et al. A randomized prospec-
tive trial of acyclovir and immune globulin prophylaxis in liver trans-
plant recipients receiving OKT3 therapy. Arch Surg 1992; 127: 55–
63; discussion 63–54.

38. 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: 829–833.

39. Asberg A, Humar A, Jardine AG et al. Long-term outcomes of CMV
disease treatment with valganciclovir versus IV ganciclovir in solid
organ transplant recipients. Am J Transplant 2009; 9: 1205–1213.

40. Klintmalm G, Lonnqvist B, Oberg B et al. Intravenous foscarnet
for the treatment of severe cytomegalovirus infection in allograft
recipients. Scand J Infect Dis 1985; 17: 157–163.

41. Locke TJ, Odom NJ, Tapson JS, Freeman R, McGregor CG.
Successful treatment with trisodium phosphonoformate for pri-
mary cytomegalovirus infection after heart transplantation. J Heart
Transplant 1987; 6: 120–122.

42. Mylonakis E, Kallas WM, Fishman JA. Combination antiviral ther-
apy for ganciclovir-resistant cytomegalovirus infection in solid-
organ transplant recipients. Clin Infect Dis 2002; 34: 1337–
1341.

43. Boivin G, Goyette N, Gilbert C et al. Absence of cytomegalovirus-
resistance mutations after valganciclovir prophylaxis, in a prospec-
tive multicenter study of solid-organ transplant recipients. J Infect
Dis 2004; 189: 1615–1618.

44. Bhorade SM, Lurain NS, Jordan A et al. Emergence of ganciclovir-
resistant cytomegalovirus in lung transplant recipients. J Heart
Lung Transplant 2002; 21: 1274–1282.

45. Green M, Michaels MG, Katz BZ et al. CMV-IVIG for prevention of
Epstein Barr virus disease and posttransplant lymphoproliferative
disease in pediatric liver transplant recipients. Am J Transplant
2006; 6: 1906–1912.

46. Winston DJ, Young JA, Pullarkat V et al. Maribavir prophylaxis
for prevention of cytomegalovirus infection in allogeneic stem
cell transplant recipients: A multicenter, randomized, double-blind,
placebo-controlled, dose-ranging study. Blood 2008; 111: 5403–
5410.

S86 American Journal of Transplantation 2009; 9 (Suppl 4): S78–S86


