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Cytomegalovirus (CMV) is the most common viral pathogen in transplant recipients. The advent of
sensitive diagnostic tests that result in earlier detection of CMV infection, combined with effective
antiviral agents, has led to many trials of proactive
CMV therapy in the forms of prophylaxis and preemptive therapy. Despite the advantages of increased sensitivity and earlier diagnosis, the lack of
specificity and positive predictive value for CMV
disease associated with these diagnostic tests has
rendered preemptive therapy difficult to apply. This
review summarizes the current knowledge of the
pathogenesis, diagnosis, and treatment of CMV infection following solid organ transplantation
(SOT).
CMV in the Normal Host
CMV is a ubiquitous β-herpesvirus that produces
cytopathogenesis and direct immunosuppression. It
typically infects individuals during the early
decades of life, after which, the viral genome remains latent and asymptomatic in immunocompetent hosts. Between 25% and 80% of North Americans are infected with CMV, with variable
prevalence by age, socioeconomic status, and geographical location.
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CMV in the Immunocompromised Host
Immunocompromised patients who have not developed antibodies to CMV are labeled seronegative.
These individuals are most vulnerable to primary
infection and symptomatic disease upon exposure
to CMV. Seropositive patients, however, may also
become ill due to reactivation of the latent virus, or
because of a superinfection with a different strain of
CMV. Similarly, latent virus transplanted into either a seronegative or a seropositive recipient can
reactivate and cause infection in the recipient, resulting in systemic and invasive disease.1-3 The exact
sites of CMV latency and mechanisms of reactiva-
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tion remain difficult to elucidate and have been investigated primarily in animal models of CMV.4,5
Significance of CMV Infection
in SOT Recipients
CMV infection generally occurs between 1 and 6
months following transplantation. In patients who
receive treatment for acute and chronic rejection,
CMV infection and disease can occur several
months, or even years, after transplantation. CMV
disease usually occurs within 2 weeks after the onset of viral shedding. The diverse symptoms of
CMV disease vary from mild to life-threatening. In
patients receiving no prophylaxis, symptomatic
CMV infection occurs in 20% to 60%, 39% to
65%,6 29%, and 25%7 of kidney, heart-lung, liver,
and heart transplant recipients, respectively, depending on the serologic status of donor and recipient. As the most common cause of infection in
SOT, CMV significantly increases mortality and attendant cost. Among orthotopic liver transplant recipients, CMV disease has been shown to be independently associated with increased cost and longer
1st posttransplant year hospital length of stay.8
CMV causes direct cytopathic effects that lead to
well-described, clinical infectious disease syndromes unique to the target organ, whether kidney
(nephritis), liver (hepatitis), heart (myocarditis),
lung (pneumonia), or pancreas (pancreatitis).
In addition to the cytopathic effects directly attributable to CMV, indirect sequelae may include
chronic rejection in the liver (vanishing bile duct
syndrome), heart (accelerated atherosclerosis), lung
(bronchiolitis obliterans), and kidney (glomerulopathy).8 Furthermore, although the heightened
immunosuppression required to manage allograft
rejection increases susceptibility to CMV infection,
the immunosuppressive properties of CMV infection have been shown to be an independent risk
factor for infection with bacterial and fungal
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pathogens, including Pneumocystis carinii pneumonia.6 The virus has been shown to cause leukopenia,
inversion of the ratio of helper to suppressor T-lymphocytes, dysregulation of the cytokine network, a
reduction in the response of the lymphocytes to
antigens, and the suppression of monocyte,
macrophage, and natural killer cell functions.9
Several studies have shown that the most important risk factor for symptomatic CMV infection is
the serologic status of donor and recipients, with
the highest risk assigned to seronegative recipients
who receive transplants from seropositve donors
(D+/R–). Whether as induction therapy or for allograft rejection, antilymphocyte immunoglobulins
enhance the rate of infection, especially in CMV
seropositive individuals. In addition, viral load may
play an important role in identifying patients at
higher risk. Because viral load varies among transplant organs,10 prophylactic measures found to be
effective for renal transplantation, for example, may
not apply to lung or gastrointestinal transplantation. Likewise, lessons learned from CMV infection in bone marrow transplantation can be only
partially extrapolated to the nonhomogenous field
of SOT because of differences in pathogenesis.11
Thus, CMV poses a serious health and financial
burden in transplantation medicine. It is clear that
patient risk identification, prompt diagnosis, and
intervention are pivotal in diminishing the impact
CMV plays in contemporary transplantation.
Diagnosis of CMV Infection
The diagnosis of CMV can be clinically made in
most instances, although laboratory confirmation is
helpful in the management of SOT recipients. More
important, the early diagnosis and treatment of
CMV may abrogate the sequelae of CMV infection.
Clinical Signs and Symptoms
The diverse symptoms of CMV disease vary from
mild to life-threatening. Fever occurs in two-thirds
of patients with CMV infection. Patients can present with symptoms similar to those of mononucleosis, including arthralgias, myalgias, malaise, and
anorexia. Abnormal laboratory findings may include leukopenia, thrombocytopenia, and atypical
lymphocytosis. The transplanted organ can be the
most affected by the infection. CMV pneumonia,
sagepub.com
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for example, is most common among lung and
heart-lung transplant recipients; it usually presents
with fever, dyspnea, nonproductive cough, and hypoxemia. Radiologically, the disease is typically
symmetrical with bilateral interstitial involvement,
although atypical radiologic findings have been described. CMV pneumonia can also be seen as disseminated CMV disease in patients receiving other
SOT and is associated with significant mortality.
Although it occurs infrequently in recipients of
other solid organs, hepatitis is a common event in
liver transplant recipients. Biochemical evidence of
CMV hepatitis consists of a nonspecific elevation
of aminotransferase levels, or a cholestatic pattern
with elevations in serum bilirubin and alkaline
phosphatase values. This diagnosis requires a tissue
biopsy.
Involvement of the gastrointestinal tract usually
presents with gastric, duodenal, or colonic ulcerations
leading to nausea, vomiting, early satiety, hemorrhage, and, rarely, viscous perforation.12 Retinitis is
a rare and late complication of CMV infection
posttransplant and implies chronic infection.
Diagnostic Tests
The diagnosis of CMV infection is predicated on
the demonstration of replicating virus in tissues or
the bloodstream.
The presence of IgG antibodies against CMV is a
clear indication of past infection. Although the
seropositive individual is immune in the immunologic sense, the individual is latently infected with a
virus that is capable of reactivation, especially when
the immune system is ablated. Infection with a different strain of CMV (e.g., from a donated organ)
remains possible. Serologic tests are valuable for determining the clinical risk from CMV at the time
of transplantation but are of little diagnostic value
thereafter.
Classically, CMV infection in tissue is based on
the identification of cytomegalic inclusion bodies
in cells. CMV may also be detected in tissue specimens by immunohistochemistry or DNA hybridization. The two cell culture methods available
are tube cell culture and shell vial culture. The shell
vial culture is far more efficient and can detect
CMV after 16 h of incubation. Because it detects
the immediate-early or early gene products of
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CMV replication, there is no need to wait for full
replication before obtaining a diagnosis. Although
the specificity of the shell vial assay is excellent
(88%–95%), the sensitivity is less than optimal
(<55%–63%). The conventional tube cell culture
necessitates at least 7 to 14 days of incubation for
CMV detection.
CMV antigenemia and other molecular methods,
such as quantitative polymerase chain reaction
(PCR), represent more sensitive techniques for
demonstrating viremia. Demonstration of virus in
urine or respiratory secretions, though expedient, is
not predictive of clinically important infection.13 In
contrast, detection of CMV in the blood is considered clinically important, although the positive predictive value remains unclear.14
As noted, DNA amplification by PCR is a highly
sensitive assay for CMV detection. Quantitative PCR
is able to measure CMV load. The sensitivity of this
molecular technique is of great value in detecting
viral replication earlier in the posttransplant period,
before the advent of symptomatic disease. Therefore, it can be used to facilitate preemptive therapy
in patients at risk of initial CMV disease or recurrence. PCR demonstrates high negative predictive
value, whereas its positive predictive value (i.e.,
number of patients with a positive PCR result who
develop symptomatic CMV infection) in all patients except those at high risk of CMV is lower.14,15
Treatment of CMV Infection
Effective antiviral agents for the treatment of
CMV include immunoglobulin, foscarnet, acyclovir (ACV), ganciclovir (GCV), valacyclovir, and
valganciclovir. In addition, vaccines have been investigated as more definitive preventative agents.
CMV IgG
Cytomegalovirus hyperimmune globulin (CMVIG) is an immunoglobulin containing a standardized amount of antibody to CMV. The high concentration of antibodies in the globulin has been
shown to attenuate or reduce the incidence of serious CMV disease in studies of renal transplant patients. At present, it is indicated for use only in renal transplantation and has no impact on overall
CMV infection rate. CMV-IG is not indicated for
individuals with severe reactions to immunoglobulin preparations.9
476
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Randomized trials in SOT recipients indicate that
Ig confers some degree of efficacy in preventing
CMV disease as outlined above. Results are more
consistent with CMV-IG preparations and attenuated by the use of antilymphocyte antibody therapy. Advantages include the relatively infrequent administration and the diminished need for continuous
intravenous (IV) access. The main disadvantages
appear to be cost, inconvenience,11 and the fact that
IgG is not proven effective in either prophylaxis or
preemptive treatments,16 particularly for high-risk
patients.
Foscarnet
The use of foscarnet (trisodium phosphonoformate hexahydrate) for the treatment of CMV disease in SOT recipients has been limited by its toxicity.17 Until more data are available, foscarnet
should be reserved for patients who are intolerant
of ganciclovir or who have failed ganciclovir therapy. Foscarnet inhibits viral DNA polymerase. The
main side effects are nephrotoxicity, anemia, electrolyte abnormalities, nausea, vomiting, and
seizures. It has been suggested that combination
therapy with ganciclovir provides synergy and that
this combination may provide effective therapy for
CMV infection and reduce the side effects experienced with foscarnet therapy alone.18-20
Acyclovir
As a cost-effective measure, many physicians rely
on acyclovir as a prophylaxis for CMV. Such usage
is off-label since acyclovir is not indicated for CMV
prophylaxis. Appearing to have reduced susceptibility in vitro, acyclovir is not efficiently activated in
CMV-infected cells. Acyclovir requires a difficult
regimen and remains unproven in most transplant
settings.
Ganciclovir
Ganciclovir is considered to be the 1st choice for
prevention and treatment of CMV disease posttransplantation and for retinitis in HIV-positive
patients. A nucleoside analogue, ganciclovir inhibits viral replication by competing with deoxyguanosine triphosphate (dGTP) as a substrate
for viral DNA polymerase. Ganciclovir is approximately 26 times more potent than acyclovir against
human CMV in vitro. Available in IV and oral
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formulation, ganciclovir is potentially cost-effective. In addition, ganciclovir may be used in the
context of renal insufficiency if dosing is adjusted
appropriately.
Valacyclovir
Valacyclovir hydrochloride, the hydrochloride
salt of L-valyl ester of acyclovir, is rapidly and almost completely converted to acyclovir after oral
administration. It is currently undergoing clinical
trials. The higher concentration of ganciclovir
triphosphate in CMV-infected cells, and its prolonged intracellular half-life, make ganciclovir far
superior to acyclovir in inhibiting the replication
of CMV.21 The role of valacyclovir in CMV prophylaxis and preemptive treatment is yet to be
determined.
Valganciclovir
Valgancyclovir is an orally administered valine ester of ganciclovir. This new anti-CMV agent offers
high oral bioavailability equivalent compared with
oral and IV ganciclovir blood levels,22,23 and may
avoid the complications associated with the requirement for long-term IV access.24
Vaccines
Renewed efforts by several biotechnology companies are under way to evaluate subunit vaccines containing recombinant CMV glycoproteins (B, H).
Active immunization with the live attenuated CMV
Towne vaccine has been shown to decrease the severity of CMV disease in R– renal transplant patients
who received D+ organs. This vaccine is not currently licensed or available. When compared with
placebo, it had no effect on the rate of CMV infection or disease, and it failed to prevent superinfection with other human CMV strains.9 Although a
vaccine may, at best, afford only partial protection
against CMV, such an approach might be combined with the use of other current regimens.11
Therapeutic Strategies
There are 3 basic approaches to the management
of CMV in the solid organ transplant population.
1. Standard therapy is treatment based on the
detection of active CMV infection with signs
and symptoms attributable to CMV.
sagepub.com
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2. Prophylactic therapy is the universal treatment of transplant patients to prevent CMV
infection.
3. Preemptive therapy is often considered to be
a subset of prophylaxis, where antiviral treatment is administered to patients who are
thought to be at high risk to develop CMV
disease.
Risk assessment can be based on either laboratory
markers of CMV or patient characteristics, such as
donor/recipient serologic status.13,25 Although the
treatment of CMV disease is well established, the
use of several available agents in the context of prophylactic and preemptive therapy is not as clear and
deserves special review.
Prophylaxis
Prophylactic therapy is the treatment of all transplant patients to prevent CMV infection. Arguments in favor of prophylaxis include
1. the fact that the deleterious effects of CMV
may antedate clinical disease;9
2. the preference of prevention over treatment,
given the increased morbidity and mortality
of CMV in certain SOT recipients;30
3. the simplicity of patient compliance with a
regimen.11
To date, a number of prophylactic measures have
been evaluated in an attempt to prevent the occurrence of CMV infection and disease in SOT recipients. These include the use of CMV-seronegative
blood products, active immunization with a vaccine, passive immunization with immune globulins, and prophylaxis with antiviral agents.26
Passive immunization was the 1st attempt at prophylaxis. Anti-CMV immunoglobulin was found
to be of benefit in high-risk kidney transplant recipients.26,27 This agent was also found to provide
prophylaxis in seropositive liver transplant recipients; however, there was no impact on the incidence of CMV disease in liver recipients in the
high-risk category (D+/R–).16,28,29
Investigation into the prophylactic use of high
dose oral acyclovir (ACV) was shown to be beneficial in the prevention of CMV disease in kidney recipients during the 1st posttransplant year.30 How-
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ever, most trials of ACV prophylaxis provided no
benefit to liver transplant recipients.29,31 More recently, prolonged, high-dose oral ACV was found to
reduce the incidence of CMV disease and delay the
onset of CMV infection in liver transplant recipients. CMV prevention, however, was not significant.32
IV GCV used in short course (2 weeks) prophylaxis in liver transplant recipients, followed by
longer course ACV, demonstrated a significant beneficial effect when compared with ACV.33 However,
long course prophylaxis with IV GCV prevented
CMV disease in high-risk liver transplant recipients. This prolonged regimen (100 days posttransplant) virtually eradicated CMV disease.34 However, long-term IV GCV treatment is expensive,
requires maintenance of IV access for a considerable time, and may expose some patients to the
deleterious side effects of IV GCV.
Long-term oral GCV has been used as prolonged
prophylaxis, eliminating the need for long-term IV
therapy. The initial experience with oral GCV
demonstrated a beneficial effect in seropositive and
high-risk liver transplant recipients.33 This pivotal,
multicenter randomized trial of 304 liver transplant
recipients (R+ or D+) who received 100 days of oral
GCV demonstrated the efficacy of oral GCV in
prevention of CMV disease in SOT. In a recent retrospective analysis of 100 simultaneous kidney/
pancreas patients, combined prophylaxis with
long-term oral GCV and anti-CMV immunoglobulin in high-risk recipients delayed the onset of
CMV disease but had minimal effects on severity.28
Current prophylactic approaches vary widely
among different transplant programs. Reasons for
discrepancies include the absence of large, multicenter randomized trials; the variety of agents used;
and the more recent interest in preemptive therapy.
Preemptive Therapy
Considered a form of prophylaxis, preemptive
treatment is administered to patients at high risk of
developing clinical CMV disease. It may lessen toxicity risk, lower cost, and preclude the emergence of
resistant viral strains. Preemptive treatment requires the ability to detect CMV infection when it
is still subclinical, so that antiviral agents can be
given to prevent symptomatic infection or CMV
disease. Current laboratory methods include PCR
and antigenemia.25
478
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PCR for CMV detection, although highly sensitive, has been found to have a poor positive predictive value for the development of CMV disease in
SOT recipients.14 In contrast, quantitative PCR
(QPCR) combines the sensitivity of PCR with the
ability to identify the number of viral genomic
copies per number of leuokocytes. In a cohort of 97
consecutive liver transplant recipients, plasma viral
load by QPCR was as useful as antigenemia in predicting CMV disease.35 These strategies allow initiation of treatment when a patient is found to
have crossed a diagnostic threshold associated with
the development of CMV disease. The lack of a
standardized, commercially available QPCR assay
for CMV has hindered further advances in preemptive therapy and has made available data difficult to interpret.
Antigenemia remains the most applicable assay
for preemptive treatment of CMV in SOT. A recent, randomized controlled study of oral versus IV
GCV in a CMV antigenemia-directed preemptive
trial demonstrated that both oral and IV GCV prevent tissue invasive disease when used preemptively
in 72 consecutive liver transplant recipients. As a
result, 69% of patients never received anti-CMV
therapy and did not develop CMV. These results
suggest that preemptive administration of oral
GCV is an effective prophylaxis for CMV disease
after liver transplantation.36 In another cohort of
liver transplant recipients, preemptive therapy
guided by CMV antigenemia was found to be useful and cost-effective.37
In a study of 77 consecutive liver transplant recipients, CMV antigenemia of less than 50 positive
cells with low and intermediate risk for CMV disease were not treated unless they were symptomatic. These data suggest that mandatory therapy
should be restricted to patients with either >50 positive cells or <50, only if symptomatic.38
In a lung transplant population, preemptive therapy with GCV using CMV antigenemia was found
to be as effective as universal prophylaxis in preventing CMV disease.39
Thus, preemptive therapy is a promising approach
to the prevention of CMV disease in transplant recipients. It may be applied to those patients at high
risk for developing CMV disease. However, when
based on the early detection of CMV, preemptive
therapy is still undefined in terms of clinically sig-
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nificant thresholds for initiation of treatment. Further investigation is needed to elucidate completely
the diagnostic indicators for preemptive therapy
(viral antigen or DNA load), in combination with
the various antiviral regimens currently available.
CMV Resistance
Resistance to antiviral agents may occur, especially
in the context of widespread prophylaxis and preemptive therapy. CMV resistance has been reported in HIV patients, bone marrow transplant recipients, and SOT recipients.40-43 One study quotes a
7.6% incidence of CMV in AIDS patients treated
with ganciclovir for more than 3 months, who then
suffered progressive CMV disease.44 Although the
data in SOT does not allow an accurate estimate of
frequency, it is observed that transplant patients
who develop resistance to antiviral drugs are usually seronegative recipients receiving seropositive organs, and who have received several courses of antiviral agents.41 These observations suggest that
indiscriminate use of antiviral agents may increase
the risk of developing resistant CMV strains and
make it difficult to treat. Furthermore, genetic mutations may make the demonstration of resistance
difficult by conventional virological assays,41,43 requiring discriminative PCR testing to identify mutant viral strains.42,43 Because of the difficulty in the
diagnosis of antiviral drug resistance, clinicians
must be able to recognize those patients at high risk
for resistant CMV infection. Risk factors include
1. viral burden where higher viral load correlates with higher incidence of genetic mutation events;45
2. inadequate antiviral therapy, augmented immunosupression;2
3. and persistent viral replication during
therapy.46,47
It is clear that viral resistance is an elusive threat
that should be considered when formulating antiviral regimens.
Summary
In summary, the advent of both effective antiviral
agents and sensitive diagnostic modalities has allowed for significant advancements in the diagnosis
and treatment of CMV infection in SOT recipisagepub.com
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ents. The treatment of active CMV infection and
disease with ganciclovir is well established. However, optimal preventive measures need to be determined. Ideally, universal prophylaxis should be
considered if the agent were inexpensive, orally formulated, and associated with minimal side effects.
Alternatively, preemptive therapy combining effective antiviral agents with highly sensitive yet specific, diagnostic tests will result in the treatment of
only those patients otherwise predicted to develop
CMV disease. Continued emphasis should be
placed on the identification of risk factors for CMV
infection and the standardization of molecular diagnostic modalities, with high positive predictive
values used to guide preemptive therapy. These therapeutic strategies will culminate in the cost-effective
eradication of CMV disease in SOT recipients.
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