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Abstract Despite remarkable advances in the diagnostic and therapeutic modalities
for its management, cytomegalovirus (CMV) remains one of the most im-
portant pathogens impacting on the outcome of transplantation. Not only
does CMV directly cause morbidity and occasional mortality, it also influ-
ences many short-term and long-term indirect effects that collectively
contribute to reduced allograft and patient survival. Prevention of CMV
infection and disease is therefore key in ensuring the successful outcome of
solid organ transplantation (SOT).

In this regard, antiviral prophylaxis and pre-emptive therapy are similarly
effective in preventing CMV disease after transplantation. However, current
guidelines prefer antiviral prophylaxis over pre-emptive therapy in prevent-
ing CMV disease in high-risk SOT recipients, such as CMV-seronegative
recipients of organs from CMV-seropositive donors (CMV D+/R-), and
lung, intestinal and pancreas transplant recipients. Antiviral prophylaxis has
the benefits of reducing not only the incidence of CMV disease, but also
the indirect effects of CMV on allograft and patient survival. The major
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drawback of antiviral prophylaxis is delayed-onset CMV disease, which occurs
in 15–38% of CMVD+/R- SOT recipients who received 3 months of prophy-
laxis. Allograft rejection, over-immunosuppression and lack of CMV-specific
immunity are factors that predispose patients to delayed-onset CMV disease.
A recent randomized trial in CMV D+/R- kidney recipients demonstrates a
significant reduction in the incidence of CMV disease when valganciclovir
prophylaxis is extended to 200 days (compared with the standard 100 days)
after transplantation; however, the safety and cost of this prolonged ap-
proach has yet to be assessed. In some studies, delayed-onset CMV disease
has been significantly associated with allograft loss and mortality. In the vast
majority of patients, CMV disease responds to treatment with intravenous
ganciclovir. Recently, oral valganciclovir was demonstrated to have an effi-
cacy that is comparable to intravenous ganciclovir in treating mild to mod-
erate cases of CMV disease in SOT recipients. Reduction in the degree of
immunosuppression should complement antiviral treatment of CMV disease.

Although it remains rare, ganciclovir-resistant CMV disease is increas-
ingly seen in clinical practice, potentially fostered by the prolonged use of
antivirals in high-risk over-immunosuppressed transplant recipients. Treat-
ment of drug-resistant CMV is currently non-standardized and may include
foscarnet, cidofovir, CMV hyperimmune globulins or leflunomide. The in-
vestigational drug marivabir had the potential to treat ganciclovir-resistant
CMV disease as it acts through a different mechanism. However, the recent
phase III clinical trial in allogeneic bonemarrow transplant recipients showed
that maribavir was not significantly better than placebo for the prevention of
CMV disease. Similarly, the preliminary data in a liver transplant population
suggests that maribavir was inferior to oral ganciclovir for the prevention of
CMV disease. This article reviews the recent data and other developments in
the management of CMV infection after SOT.

Cytomegalovirus (CMV) continues to be the
single major pathogen affecting the outcome of
solid organ transplantation (SOT).[1] Transplant
recipients develop CMVdisease either as a primary
infection (when CMV is transmitted through
the transplanted allograft to a CMV-naive SOT
recipient), a reactivation infection (when an
endogenous latent virus in the SOT recipient re-
activates after transplantation) or as reinfection
(when donor-transmitted virus is superimposed
on an endogenously reactivated virus). Of these
three mechanisms, primary CMV infection is
considered to be the most serious in terms of di-
rect clinical disease and outcome. Not only does
CMV directly cause morbidity and occasional
mortality, it also influences many short-term and
long-term indirect effects that collectively con-
tribute to reduced allograft and patient survival
(table I).[2,3]

The measures that are currently used for the
prevention of CMV infection and disease in SOT
recipients – antiviral prophylaxis and pre-emptive
therapy – have reduced the direct effects of this
infection. However, the morbidity associated with
CMV remains, particularly among high-risk trans-
plant populations.[4] Despite antiviral prophylaxis
among high-risk SOT recipients, particularly
CMV-seronegative recipients of organs from
CMV-seropositive donors (CMVD+/R-), a large
number (estimates range from 15% to 38%) still
develop delayed-onset (or late-onset) CMV dis-
ease soon after the completion of antiviral pro-
phylaxis.[3,5,6] Although others have suggested
that late-onset CMV disease is not a major factor
that influences transplant outcomes,[7] there is an
increasing amount of data to implicate delayed-
onset CMV disease as a harbinger for higher rates
of allograft failure and mortality.[2,3] These latter
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observations should highlight the need for better
preventive strategies and this continues to be the
major focus of ongoing clinical investigations. In
this article, we review the current state of CMV
management in SOT recipients, with particular
emphasis on the recent developments in the field.

1. Traditional and Newly Identified Risk
Factors of Cytomegalovirus (CMV)
Disease after Transplantation

There are numerous factors that contribute to
the common occurrence of CMV infection after
SOT. In general, CMV infection occurring in an

environment of markedly impaired or deficient
immunity is the scenario that translates to the
occurrence of CMV disease. The classic situation
is the CMV D+/R- sero-mismatched SOT re-
cipient, wherein CMV reactivation (in the trans-
planted allograft) and replication occurs in a
patient who does not possess pre-existing CMV-
specific immunity. Lack of pre-existing immunity
will allow for CMV replication to remain un-
abated, especially in pharmacologically immuno-
suppressed SOT recipients, thereby leading to
symptomatic clinical disease. Accordingly, a
CMV D+/R- serostatus is considered to be the
most important risk factor for the development
of CMV disease after SOT. Without an active
prevention strategy, most CMV D+/R- SOT
patients will develop primary CMV infection and
disease after transplantation. Antiviral prophyl-
axis has reduced the incidence of CMV disease in
CMVD+/R- SOT patients. However, despite the
protection afforded during the time of primary
prophylaxis, most of the patients fail to develop
sufficient CMV-specific immunity to allow effi-
cient control of viral replication upon the com-
pletion of prophylaxis, which predisposes them to
develop delayed-onset (or late-onset) primary
CMV disease.[4] Recent data suggests that in-
dividuals deficient of CMV-specific T-cell im-
munity were more likely to develop delayed-onset
CMV disease (table II).[8]

Deficiency in T-cell mediated immunity is
heightened by the use of induction immuno-
suppressive therapy, especially of lymphocyte-
depleting agents such as muromonab-CD3
(OKT3) and antithymocyte globulin[4] or alem-
tuzumab,[9,10] thereby increasing the subsequent
risk of CMV disease. These immunosuppressive
agents cause profound global depletion of
T lymphocytes for a considerable period of time,
thereby failing to control the replication of a re-
activated virus. A similar scenario exists when
SOT patients receive a more intense degree of
maintenance immunosuppression, as exemplified
by the clinical observation of a higher risk of
CMV disease with the use of a three-drug rather
than a two-drug immunosuppressive regimen.[11]

The use of mycophenolate mofetil and predni-
sone at the end of antiviral prophylaxis was

Table I. Clinical impact of cytomegalovirus (CMV) after solid organ

transplantation

Direct effects

CMV syndrome

fever, myalgia, arthralgia

myelosuppression

Tissue-invasive CMV disease

gastrointestinal disease

hepatitis

pneumonitis

CNS disease

retinitis

nephritis

pancreatitis

carditis

othersa

Mortality

Indirect effects

Acute rejection

Chronic rejection

bronchiolitis obliterans

transplant vasculopathy

tubulointerstitial fibrosis

Immunosuppression with opportunistic infections

fungal infections

bacterial infections (nocardiosis, listeriosis)

viral infections (HHV-6, HHV-7, HCV)

viral-associated neoplasia (PTLD)

New-onset diabetes mellitus

Mortality

a Any organ system may be affected by CMV.

HCV =hepatitis C virus; HHV =human herpesvirus; PTLD = post-
transplant lymphoproliferative disease.
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associated with increased risk of CMV disease in
liver transplant recipients (relative to the group
of patients who have been successfully tapered
off of these drugs and maintained on tacrolimus
monotherapy).[5,12]

One major reason for an over-immunosuppres-
sed state is the need to treat or aggressively pre-
vent acute rejection, which by itself has been
associated with CMV disease in SOT recipients.[13]

There is a bidirectional relationship between
CMV disease and acute rejection after trans-
plantation. Through immunomodulation and
upregulation of alloantigens, CMV promotes
the development of acute rejection. Conversely,
allostimulation and acute rejection can trans-
activate CMV, which is further aggravated by
use of anti-rejection treatment, especially with
lymphocyte-depleting agents.[9] These observations
have led to the standard practice of using anti-
CMV prophylaxis concomitantly with treatment
of acute rejection.[3]

As efficient CMV-specific immunity is a major
player in achieving successful control of CMV,
T-cell assays may potentially be useful in assess-
ing the risk of CMV disease in transplant re-
cipients.[14-17] However, the results of studies
evaluating the association between CMV-specific
T cells and clinical outcomes have so far been
conflicting. In a study of 38 SOT recipients, early
immunological responders with T-cell restoration
during the first month following transplantation
were able to control CMV even without antiviral
treatment, while late responders often required
antiviral therapy.[17] In another study, patients
with detectable CMV-reactive CD4+ T cells
during the first month after cardiac transplanta-
tion were less likely to have CMV replication,
acute rejection and vasculopathy.[16] In a third
study, the detection of interferon (IFN)-g during
stimulation of CD8+ T cells with CMV peptides
was correlated with a significantly lower risk of
late-onset CMV disease.[8] On the other hand, the
presence and the level of CMV-specific CD4+
and CD8+ T cells were not significantly asso-
ciated with subsequent CMV DNAaemia in a
study of 45 kidney transplant recipients who re-
ceived valganciclovir prophylaxis.[18] This con-
curs with previous studies showing no significant
correlation between CMV-specific CD4+ and
CD8+ T cells and the development of subsequent
CMV infection. In a study of 20 kidney trans-
plant recipients, a high CD8+ T-cell response was
found to be the ‘consequence’, rather than ‘pre-
dictor’, of CMV viraemia.[14] Similarly, another
study found no correlation between CMV vir-
aemia and the levels of IFNg-producing CD8+
T cells in CMV D+/R- liver recipients.[19] The
disparities in the results of these studies could be
due to the differences in patient populations being
studied (CMV-seropositive vs CMV D+/R-
patients and type of immunosuppressive regi-
mens) and in the assays that are used (cytokine
flow cytometry, IFNg release, enzyme-linked
immunosorbant spot [ELISPOT] assays). Cur-
rently, these assays of CMV-specific immunity
are non-standardized and require further devel-
opment and optimization, and hence cannot yet
be used routinely in clinical practice to guide
preventive and therapeutic strategies.

Table II. Traditional and newly-identified risk factors for cytomegalo-

virus (CMV) disease after solid organ transplantation

CMV serostatus of the donor (D) and recipient (R)

CMV D+/R- >D+/R+ >D-/R+ >D-/R-

Allograft rejection

Active CMV infection

high viral replication

Type of organ transplant

lung >heart > kidney

Maintenance immunosuppressive therapy

mycophenolate mofetil

Induction immunosuppressive therapy

muromonab-CD3, antithymocyte globulin, alemtuzumab

Concomitant viral infections

HHV-6, HHV-7

T-cell anergy

lack of CMV-specific CD4+ and CD8+ T cells

Genetic polymorphism of the innate and adaptive immune system

TLR 2, TLR 4, CCR 5, mannose binding lectin, IL-10, MCP-1

Renal insufficiency

Others

retransplantation, volume of blood transfusion, sepsis and other

factors associated with high TNFa secretion

CCR 5= chemokine (C-C motif) receptor 5; HHV =human herpes-

virus; IL-10= interleukin-10;MCP-1=monocyte chemotactic protein-1;

TLR =Toll-like receptor; TNFa= tumour necrosis factor-a.
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Components of the innate immune system are
also involved in the control of CMV infection
after transplantation, as suggested by studies in-
vestigating various aspects of the innate immune
system. Single nucleotide polymorphisms in the
Toll-like receptor (TLR)-2 gene have been asso-
ciated with increased CMV replication and dis-
ease after liver transplantation,[20] while TLR4
gene polymorphism was associated, albeit mar-
ginally, with CMV disease after kidney trans-
plantation.[21,22] Mannose binding lectin (MBL)
deficiency has also been associated with CMV
infection or disease in a small study of kidney
transplant recipients.[22,23] In this study, MBL
deficiency was present in five of seven (71%)
patients with CMV disease, all four (100%)
patients with CMV infection, but not in five
patients without CMV infection (p = 0.005).[23]
Finally, polymorphisms of genes encoding for the
chemokine (C-C motif) receptor 5, interleukin-
10 and monocyte chemotactic protein-1 have
also been associated with CMV disease after
transplantation.[24]

2. Clinical Impact of CMV in Transplant
Recipients

CMV infection in SOT recipients can either be
asymptomatic or progress to full-blown clinical
disease. One of the major factors that determine
this clinical presentation is the net state of
immunosuppression in the host. Transplant
patients who are receiving a higher degree of
immunosuppression are more likely to develop
clinical disease, as they are less likely to mount an
effective immune protection against the virus.

2.1 Direct Effects

Most symptomatic patients will manifest with
a CMV syndrome characterized by nonspecific
signs and symptoms such as fever, fatigue, body
aches and myelosuppression. In some patients,
CMV disease is manifested as tissue-invasive
disease. The gastrointestinal tract is the most
common site of predilection for tissue-invasive
CMV disease, independent of the type of allo-
graft transplant.[25] In this regard, patients often

present with abdominal pain and diarrhoea. In
severe cases, CMV ulceration in the gastro-
intestinal tract could lead to haemorrhage and
perforation. Other organs that could be involved
include the liver, lungs, heart, pancreas and kid-
neys, and may manifest with allograft dysfunc-
tion that could be misdiagnosed as acute or
chronic rejection (table I).[4] For unclear reasons,
chorioretinitis, which is a common manifestation
of CMV disease in AIDS patients, is a very rare
clinical presentation in SOT recipients.[26]

2.2 Indirect Effects

CMV is associated with a variety of indirect
effects that are mediated by its ability to mod-
ulate the immune system (table I).[4] SOT re-
cipients with CMV infection or disease are more
likely to develop opportunistic infections due to
other viruses (i.e. human herpesvirus [HHV]-6,
HHV-7, Epstein-Barr virus-related post-transplant
lymphoproliferative disease),[27-29] bacteria (e.g.
Nocardia spp.)[30] and fungi.[31] CMV infection
was associated with poor allograft and patient
outcome due to hepatitis C virus recurrence in
liver recipients,[32] although this was not demon-
strated in another study.[33] Aside from infec-
tions, patients with CMV infection are more
likely to experience acute and chronic rejection.
Transplant vasculopathy in heart transplant re-
cipients and bronchiolitis obliterans in lung
transplant recipients continue to be reported,
most notably in cases of suboptimal CMV pre-
ventive strategies.[34-37] CMV seropositivity of
cardiac recipients and the lack of aggressive anti-
CMV prophylaxis were significantly correlated
with negative vascular remodelling and greater
loss of vascular lumen.[34] In one study, pre-
transplant recipient CMV seropositivity was amore
powerful predictor of vasculopathy and death
after heart transplantation than traditional risk
factors.[35] CMV infection has also been described
as an independent risk factor for atherosclerosis
in kidney recipients.[36] Interestingly, new-onset
diabetes mellitus has also been reported in pa-
tients with CMV infection or disease after kidney
transplantation,[38,39] while the development of
g-d T cells in response to CMV has been reported
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to be associated with a lower risk of malignancy
after kidney transplantation.[40]

CMV infection is associated with an overall
higher rate of allograft failure and death of SOT
recipients, in part, due to increased opportunistic
infections and acute and chronic allograft rejec-
tion.[4,41] In one study, CMV persistence in the
allograft was associated with reduced allograft
function and survival after kidney transplanta-
tion.[42] Furthermore, late-onset CMV disease
was found to be a strong and independent pre-
dictor of mortality in liver transplant recipients.[2]

The indirect effects of CMV, particularly allograft
rejection and vasculopathy, have been minimized
by strategies of CMV prevention.[43-45] However,
primary antiviral prophylaxis appears to be more
effective in preventing the indirect effects of CMV
than pre-emptive therapy.[46,47]

3. Prevention of CMV Disease in
Recipients of Solid Organ
Transplantation (SOT)

The two major antiviral strategies for the pre-
vention of CMV disease after SOT are antiviral
prophylaxis and pre-emptive therapy. Antiviral
prophylaxis is the strategy wherein an antiviral
drug is provided to all patients at risk of CMV
disease beginning at the time of transplantation
and lasting for at least 3 months. In contrast, pre-
emptive therapy is the strategy wherein patients
are monitored for evidence of CMV reactivation
by use of CMV nucleic acid amplification assay
or antigenaemia assay and, as soon as CMV is
detected, antiviral drugs are given with the goal
of preventing the progression of the infection into
full-blown clinical disease.

3.1 Antiviral Prophylaxis

Antiviral prophylaxis is recommended for all
high-risk SOT recipients, including CMV D+/R-
SOT recipients, lung/heart-lung recipients, in-
testinal recipients and pancreas/kidney-pancreas
recipients.[48] Using this strategy, all high-risk
SOT patients receive antiviral medications for the
first 3–6 months (or even longer) following
transplantation.[48] Multiple clinical trials have

demonstrated the benefits of antiviral prophy-
laxis in reducing the incidence of CMV disease. In
recent meta-analyses that collectively compiled
the results from individual clinical trials, it was
demonstrated that primary antiviral prophylaxis
was effective in preventing the direct and some of
the indirect effects of CMV (table III).[46,47,49]

Compared with placebo or no treatment, primary
CMV prophylaxis reduced the incidence of CMV
disease by 58–80%[46,47,49] and CMV infection by
39%.[46] Further investigations of the indirect ef-
fects of CMV showed that the incidence of acute
rejection was reduced by 25%.[47] In addition,
infections due to other herpesviruses, bacteria
and protozoa were less common among patients
who received antiviral prophylaxis.[46] Moreover,
all-cause mortality was reduced[46,47] and this was
mainly due to the decline in CMV-related deaths.[46]

3.1.1 Drugs Used for CMV Prophylaxis

Over the years, there have been a variety of
antiviral agents used for CMV prophylaxis, with
the continual development of newer agents that
are intended to be better than previous drugs.
Currently, the drugs with proven efficacy for the
prevention of CMV disease are valaciclovir (in
kidney transplant recipients only), oral and in-
travenous ganciclovir, and oral valganciclovir,
a prodrug of ganciclovir with much improved
bioavailability (table IV). Foscarnet and cidofo-
vir are generally not regarded as first-line drugs
for the prevention of CMV disease due to con-
cerns about their toxicity profile, primarily ne-
phrotoxicity in patients who are already receiving
other drugs that could potentially affect renal
function. An alkoxyalkyl prodrug of cidofovir,
CMX-001 (also known as HDP-cidofovir, where
HDP is hexadecyloxy-propyl), is anticipated to
have a lower toxicity profile and is currently
being evaluated in early-phase clinical trials as an
oral agent for the prevention of CMV disease in
transplant recipients.[51] Of all the drugs currently
available in the clinical setting, valganciclovir is
considered as the drug of choice in most trans-
plant centres because of its excellent pharmaco-
kinetic profile.

Antiviral prophylaxis with valganciclovir
(900mg once daily) was compared with oral
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Table III. Recent meta-analyses of randomized controlled trials (RCTs) of antiviral prophylaxis and pre-emptive therapy for the prevention of cytomegalovirus (CMV) disease after

solid organ transplantation

Study Study characteristics CMV diseasea CMV infectiona All-cause mortalitya Other effects

Antiviral prophylaxis

Hodson et al.[46] RCT of ganciclovir, aciclovir

and valaciclovir prophylaxis

vs placebo or no treatment

0.42 (0.34, 0.52)

19 trials

1981 patients

0.61 (0.48, 0.77)

17 trials

1786 patients

0.63 (0.43, 0.92)

17 trials

1838 patients

Reduction in HSV and VZV infections, bacterial

and protozoal infections

Kalil et al.[47] Prophylaxis vs placebo or no

treatment

0.20 (0.13, 0.31)

11 trials

1582 patients

NA 0.62 (0.40, 0.96)

7 trials

1338 patients

Reduction in allograft rejection (RR: 0.74; 95%
CI 0.59, 0.94)

Small et al.[49] Ganciclovir prophylaxis vs

placebo or no treatment

0.34 (0.24, 0.48)

8 trials

930 patients

NA 0.99 (0.68, 1.43)

12 trials

1322 patients

No significant reduction in rejection (RR: 0.90;

95% CI 0.79, 1.01)

Hodson et al.[50] RCT comparing IgG with

placebo or no treatment

0.80 (0.61, 1.05)

16 trials

770 patients

0.94 (0.80, 1.10)

14 trials

775 patients

0.57 (0.32, 1.03)

8 trials

502 patients

IgG reduced CMV-related deaths (RR: 0.33; 95%
CI 0.14, 0.80)

No differences in the risk of CMV disease, CMV

infection and all-cause mortality between antiviral

drug combined with IgG and antiviral medication

alone

Pre-emptive therapy

Hodson et al.[46] RCT of pre-emptive therapy

vs placebo or no treatment

0.29 (0.11, 0.80)

6 trials

288 patients

NA 1.23 (0.35, 4.30)

2 trials

176 patients

No significant effect of acute rejection (RR: 1.06;

95% CI 0.64, 1.76)

Kalil et al.[47] Pre-emptive therapy vs

placebo or no treatment

0.28 (0.11, 0.69)

6 trials

398 patients

NA 0.94 (0.32, 2.76)

3 trials

253 patients

Reduction in allograft rejection (RR: 0.47; 95%
CI 0.24, 0.91)

Small et al.[49] Pre-emptive therapy with

ganciclovir

0.30 (0.15, 0.60)

9 trials

457 patients

NA 0.94 (0.43, 2.07)

4 trials

208 patients

No significant reduction in rejection (RR: 0.54;

95% CI 0.29, 1.01)

a Data presented as relative risk (95% confidence intervals), number of trials included and number of patients.

HSV =herpes simplex virus; IgG = immunoglobulin G; NA = not assessed; RR = relative risk; VZV = varicella-zoster virus.
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Table IV. Prevention of cytomegalovirus (CMV) disease in solid organ transplant recipientsa

Type of

transplant

Modifying

circumstance

Primary (preferred) strategy and

agent(s)

Alternative strategy and agent(s) Comments

Kidney, liver,

pancreas and

heart

D+/R- Antiviral prophylaxis is preferred:

valganciclovir 900mg PO od · 3–6
months

Antiviral prophylaxis: ganciclovir 1 g

PO tid

Valaciclovir 2 g PO qid (for kidney

recipients only)

Pre-emptive therapy: valganciclovir

900mg PO bid or ganciclovir

5mg/kg IV every 12 hours for

positive CMV PCR or antigenaemia

test (duration of treatment is guided

by CMV surveillance)

Valganciclovir is not US FDA-approved for liver

transplant recipients but it is still the most commonly

used drug for prophylaxis

Late-onset CMV disease is the major complication of

prophylaxis; occurring in 10–30% of D+/R- patients

Six months of valganciclovir prophylaxis has been

studied only in kidney recipients

Recurrent CMV viraemia may occur with

pre-emptive therapy, requiring repeated treatment

Some centres add CMV hyperimmune globulin for heart

recipients

R+ Antiviral prophylaxis: valganciclovir

900mg PO od· 3 months

Ganciclovir 1 g PO tid

Valaciclovir 2 g PO qid (for kidney

recipients only)

Low risk of late-onset CMV disease when compared

with D+/R- patients

Leukopenia and neutropenia are common adverse

effects of ganciclovir

Neurological toxicity occurs with high-dose valaciclovir

Pre-emptive therapy: valganciclovir

900mg PO bid for positive CMV

PCR or antigenaemia (duration is

guided by repeat CMV surveillance)

Ganciclovir 5mg/kg IV every 12

hours for positive CMV PCR or

antigenaemia test (duration guided

by repeat CMV surveillance)

Oral ganciclovir and valaciclovir should not be used for

pre-emptive therapy

Foscarnet and cidofovir are not generally recommended

for pre-emptive therapy because of high risk of toxicities

Lung (and heart-

lung)

D+/R- Antiviral prophylaxis is preferred:

valganciclovir 900mg PO od for at

least 6 months

Antiviral prophylaxis: ganciclovir

5mg/kg IV every 12 hours

Oral ganciclovir is not recommended because of poor

absorption and the risk of drug resistance development

Some centres start with IV ganciclovir and then

transition to valganciclovir

Some centres add unselected or CMV hyperimmune

globulin

R+ Antiviral prophylaxis is preferred:

valganciclovir 900mg PO od · 3–6
months

Antiviral prophylaxis is preferred:

ganciclovir 5mg/kg IV every

12 hours or ganciclovir 1 g PO tid

Pre-emptive therapy: valganciclovir

900mg PO bid or ganciclovir

CMV R+ lung transplant recipients are considered as

high risk, and antiviral prophylaxis is preferred

Oral ganciclovir is generally not preferred because of

poor absorption and the risk of drug resistance

development
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ganciclovir (1 g three times daily) in a large, ran-
domized, controlled, multicentre, clinical trial
that enrolled kidney, liver, pancreas and heart
transplant recipients.[52] The study did not in-
clude lung and intestinal transplant recipients.
In this study, both oral ganciclovir and valgan-
ciclovir had comparable efficacy in preventing
CMV disease in CMV D+/R- SOT recipients.[52]

However, in a subgroup analysis, liver transplant
recipients who received valganciclovir developed
more episodes of late-onset tissue-invasive CMV
disease when compared with those who received
oral ganciclovir prophylaxis.[52] Because of this
finding, valganciclovir was not approved by the
US FDA for prevention of CMV disease in liver
transplant recipients. Nonetheless, despite these
results and the FDA call for caution, valganci-
clovir is widely used for prophylaxis in liver
transplant recipients. In a smaller study of lung
transplant recipients, valganciclovir prophylaxis
was also found to be as efficacious as oral ganci-
clovir in preventing CMV disease.[53]

There is currently no recommendation on the
use of immunoglobulins for CMV prevention
after SOT.[50] Compared with placebo or no
treatment, the incidences of CMV disease, CMV
infection and all-cause mortality among patients
who received immunoglobulins were not sig-
nificantly reduced.[50] Moreover, the addition of
immunoglobulins to antiviral drugs did not pro-
vide added benefit, in terms of further reduction
in the incidence of CMV disease, when compared
with SOT recipients who were receiving antiviral
medication only. Interestingly, immunoglobulin
use was associated with lower death rate from
CMV-related causes.[50]

Until recently, the investigational drug mar-
ibavir, a benzimidazole riboside that inhibits viral
DNA assembly and the egress of viral capsids
from the cell, was being developed for the pre-
vention of CMV disease in allogeneic haemato-
poietic stem cell (HSCT) and liver transplant
recipients. In vitro studies have shown activity
against CMV resistant to ganciclovir, cidofovir
or foscarnet.[54] Data from a phase II clinical trial
investigating the use of maribavir for prophylaxis
in allogeneic HSCT recipients were encouraging,
with lower rates of CMV infection in patientsT
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who received maribavir when compared with
placebo.[55] However, a recent phase III study of
maribavir in allogeneic HSCT recipients did not
confirm these observations and found that it was
not significantly better than the placebo com-
parator. The incidence of CMV disease within
6 months was 4.4% in the maribavir group and
4.8% in the placebo group (p = 0.79). The rates of
CMV DNAaemia were 30.4% in the placebo
group and 27.8% in the maribavir group. There
were no significant differences between maribavir
and placebo for either the primary endpoint
(CMV disease within 6 months) or for any of the
secondary endpoints (i.e. rate of anti-CMV
treatment within 6 months, incidence of graft-
versus-host disease, mortality and CMV disease-
free survival). As a result of the discouraging data
from the latter study, the phase III trial compar-
ing maribavir and oral ganciclovir prophylaxis in
CMV D+/R- liver transplant recipients was dis-
continued. In the interim analysis of this prema-
turely halted liver transplant trial, patients who
were receiving maribavir reportedly had higher
rates of CMV infection than those who received
oral ganciclovir prophylaxis.

3.1.2 Duration of Prophylaxis

Virtually no cases of breakthrough CMV dis-
ease occur during the time of antiviral prophy-
laxis. However, almost all cases of CMV disease
occur after the cessation of antiviral prophylaxis
– hence the term delayed-onset (or late-onset)
CMV disease.[3,5,6] The 1-year incidence of
delayed-onset CMV disease among CMV D+/R-
liver, heart, kidney and pancreas recipients who
received prophylaxis for 3 months is 29%.[3,5,6,13]

The median time-to-CMV disease is 55 days after
the end of prophylaxis, hence the onset of disease
in most cases occurs during the first 3 months
after cessation of prophylaxis.[3,5,6] While one
study found no significant association between
late-onset CMV disease and transplant out-
comes,[7] two studies observed that delayed-onset
CMV disease was associated with poor patient
and graft survival after kidney and liver trans-
plantation.[2,3] Therefore, research efforts have
been focused on finding better preventive strate-
gies. In this regard, one study tested the use

of pre-emptive therapy following completion of
prophylaxis, but found the strategy to be com-
plicated logistically and this resulted in modest
compliance with CMV surveillance.[56] Another
potential strategy consists of extending the
duration of antiviral prophylaxis, mainly in high-
risk CMV D+/R- SOT patients. The potential
drawbacks to this strategy would be an increased
incidence of drug resistance and drug toxicity,
and higher drug costs. A small single-centre study
of 68 CMVD+/R- kidney recipients demonstrated
a lower incidence of CMV disease among those
who received 24 weeks compared with 12 weeks
of oral ganciclovir prophylaxis (7% vs 31%,
respectively).[57]

To further investigate this approach, an inter-
national, randomized, prospective, double-blind
trial (IMPACT [Improved Protection Against
Cytomegalovirus in Transplant]) was conducted.
In this study, 318 CMVD+/R- kidney transplant
recipients received prophylaxis with either val-
ganciclovir 900mg once daily (or equivalent
dose after adjusting for the renal function) for
100 days followed by placebo until 200 days after
transplantation or valganciclovir 900mg once
daily for 200 days after transplantation. CMV
disease, allograft rejection and loss, and safety
were analysed up to 12 months after transplant.
Confirmed CMV disease, defined as CMV syn-
drome or tissue-invasive disease, developed in
36.8% versus 16.1% of patients in the 100-day
prophylaxis group versus the 200-day prophy-
laxis group, respectively (p < 0.0001). The rates of
acute rejection (17.2% vs 11%; p = 0.11) and al-
lograft loss (1.8% vs 1.9%; p= 0.9) were low and
similar between the 100-day and 200-day pro-
phylaxis groups. There was no significant differ-
ence in overall tolerability, and the incidence and
grading of haematological parameters (neutro-
phils, haemoglobin and platelets) were similar
between groups. The authors concluded that, over-
all, 200 days of once-daily oral valganciclovir
prophylaxis provides a significant reduction in
the incidence of CMV disease compared with
100 days of prophylaxis in high-risk kidney trans-
plant recipients, as assessed 12months after trans-
plant, without adversely impacting on safety.[58]

As a result of this study, the new American
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Society of Transplantation guidelines now recom-
mend 3–6 months of antiviral prophylaxis for
high-risk CMV D+/R- SOT recipients.[48]

Recently, a small single-centre study compared
the use of delayed primary CMV prophylaxis
(wherein antiviral prophylaxis was not started
until 2 weeks after SOT) and conventional pro-
phylaxis (wherein antiviral prophylaxis is started
immediately after transplantation). The under-
lying hypothesis is that delayed prophylaxis will
allow transient exposure of the immune system to
CMV, which would lead to the development of
adequate CMV-specific immunity while the virus
is suppressed. Interestingly, CMV disease oc-
curred in 7 of 26 patients (27%) receiving con-
ventional prophylaxis compared with only 1 of
18 patients (5.5%) receiving delayed prophylaxis
(p= 0.07). Furthermore, five patients (19%) receiv-
ing conventional prophylaxis developed CMV
colitis, while none of the patients receiving de-
layed prophylaxis developed tissue-invasive dis-
ease (p = 0.048).[59] The observations in this small
study are interesting enough that this approach
should be investigated in a larger controlled
clinical trial.

3.2 Pre-Emptive Therapy

This strategy consists of weekly laboratory
monitoring to detect CMV in the blood using
pp65 antigen assay or polymerase chain reaction
(PCR) prior to the onset of symptoms. Once
CMV is detected, pre-emptive therapy is initiated
to prevent the progression of asymptomatic in-
fection to clinical disease.[4,60,61] The potential
advantage of pre-emptive therapy is the exposure
of the host’s immune system to CMV, thereby
allowing earlier CMV-specific T-cell reconstitu-
tion, which could potentially explain the very low
rates of late-onset CMV disease with this ap-
proach. However, the success of pre-emptive
therapy is highly dependent on the consistency of
collecting weekly specimens and the pre-dictive
value of the assay used. Most transplant centres
currently use CMV PCR, which is known to have
very high sensitivity and specificity, allowing
early detection of CMV in the preclinical phase.
Furthermore, the ability to provide patients with

CMV PCR kits makes the collection of specimens
through local laboratories possible and, there-
fore, improves patient compliance. Indeed, in one
study, the major limitation compromising the
success of this strategy was compliance;[56] 41% of
patients who developed CMV disease did not
submit at least one required sample prior to CMV
disease.[56] Among CMV D+/R- patients, pre-
emptive therapy is further undermined by the
rapid replication of the virus in these high-risk
patients[62] and it may result in clinical disease
prior to CMV detection by a weekly PCR as-
say.[60,61] In our clinical experience, one out of
four CMV D+/R- liver recipients develop CMV
disease while being monitored with CMV weekly
PCR.[60,61] Accordingly, current guidelines do not
recommend pre-emptive therapy for the preven-
tion of CMV disease in high-risk CMV D+/R-
SOT recipients.

There have been multiple studies that assessed
the efficacy of pre-emptive therapy in preventing
CMV infection and disease; the results of those
studies were collectively analysed in three meta-
analyses (table III). In all three studies, the aver-
age reduction in incidence of CMV disease was
70%. In addition, pre-emptive therapy was as
effective as primary prophylaxis in preventing
CMV disease[46,47,49] and the costs are similar.[63]

Acute rejection was reduced in one study.[47]

However, pre-emptive antiviral therapy did not
reduce the incidence of all-cause mortality.[46,47,49]

Currently, valganciclovir is the drug of choice
for the pre-emptive treatment of patients with
asymptomatic detectable CMV viraemia. In one
study, pre-emptive valganciclovir therapy had a
primary efficacy of 79% in preventing progres-
sion to CMV disease among kidney transplant
recipients.[64] This was also demonstrated in an-
other study of CMV-seropositive SOT recipients
with detectable CMV antigenaemia.[65]

4. Treatment of CMV Disease in SOT
Recipients

Transplant patients presenting with CMV
disease should be carefully evaluated to define
the extent of their disease. While most patients
present with CMV syndrome, some present with
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severe and possibly life-threatening tissue-invasive
disease. Since the severity of disease and clinical
presentation is influenced by the net state of
immunosuppression, it is generally recommended
that, in addition to antiviral drug therapy, the
doses of immunosuppressive medications should
be reduced to the lowest safe dose in all patients.

Intravenous ganciclovir remains the drug of
choice for the treatment of CMV disease in trans-
plant recipients,[48] especially those with severe
infection. In contrast, oral ganciclovir should not
be used for the treatment of CMVdisease because
of the limited absorption and poor bioavaila-
bility. More recently, the introduction of val-
ganciclovir has allowed for the oral treatment of
CMV disease in SOT recipients.[4] In a recent
clinical study, CMV decay was similar between
intravenous ganciclovir and valganciclovir.[66,67]

Indeed, valganciclovir was recently shown to
be as effective as intravenous ganciclovir in the
treatment of mild-to-moderate (i.e. non-severe)
CMV disease. A total of 321 SOT recipients with
CMV disease were randomized to receive induc-
tion therapy with valganciclovir or intravenous
ganciclovir for 21 days followed by valganciclovir
maintenance therapy for 4 weeks. The pro-
portions of viral eradication at day 21 and day 49
were comparable between the intravenous ganci-
clovir and valganciclovir groups. Similarly, re-
solution of clinical symptomatology was not
significantly different between valganciclovir and
intravenous ganciclovir. The overall time to viral
eradication was 21 days with valganciclovir and
19 days with intravenous ganciclovir. The calcu-
lated viral decay was 11.5 days with valganciclo-
vir and 10.4 days with intravenous ganciclovir.[68]

It is worth emphasizing that the patients enrolled
in this study were mostly CMV-seropositive kid-
ney recipients and patients with severe CMV
disease were excluded. This pivotal trial supports
the use of valganciclovir for the oral treatment of
CMV disease, at least in SOT patients with mild-
to-moderate disease. During long-term follow-up
at 1 year, clinical recurrence (beyond day 49)
was 14.8% among valganciclovir recipients and
15.5% among intravenous ganciclovir recipients
(p = 0.89).[69] The rate of virological recurrence
was also not significantly different between the

two groups (30.9% in the valganciclovir group
and 29.1% in the intravenous ganciclovir group;
p = 0.77).

The duration of treatment for CMV disease
should be individualized, and guided by viro-
logical and clinical surveillance. Undetectable
viraemia should be achieved prior to discontinua-
tion of therapy in order to reduce the risk of
clinical relapse. Previous studies have shown that
persistent viraemia at the end of therapy is asso-
ciated with a higher risk of disease relapse.[70,71]

At least two CMV PCR assays performed 1 week
apart should be negative prior to discontinua-
tion of treatment. However, occasionally tissue-
invasive disease is not accompanied by viraemia
(also known as ‘compartmentalized disease’),
which limits the ability to use serum PCR assays
to guide therapy.

CMV gastrointestinal disease is the most
common form of CMV tissue-invasive disease.[72]

Clinical relapse following treatment is not un-
common, especially in high-risk patients. A re-
cent study investigated the clinical predictors of
relapse among CMV D+/R- SOT recipients with
biopsy-proven CMV gastrointestinal disease.[25]

CMV relapse, which occurred in 27% of patients,
was significantly associated with extensive dis-
ease defined as upper and lower gastrointestinal
tract involvement. CMV seroconversion, viral
load, treatment duration, maintenance therapy
and endoscopic evidence of resolution of gastro-
intestinal disease were not associated with lower
risk of CMV relapse.[25] According to those results,
end-of-treatment colonoscopy or upper endo-
scopy should not be routinely recommended to
document clearance of gastrointestinal CMV
disease prior to discontinuation of therapy.

4.1 Treatment of Ganciclovir-Resistant
CMV Disease

In the current era, ganciclovir-resistant CMV
has become an increasingly significant clinical
challenge.[73] Ganciclovir resistance is more likely
to develop among CMVD+/R- patients, lung and
pancreas recipients, and in the context of high-
level viral replication, potent immunosuppressive
therapy and suboptimal ganciclovir levels.[4,74,75]
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The incidence of ganciclovir-resistant CMV with
oral ganciclovir prophylaxis ranged from 0%
(among liver transplant recipients) to 13% (among
kidney-pancreas transplant recipients).[74] While
the incidence appears to be lower with valganci-
clovir prophylaxis, which was estimated at <4%,
this may rise with prolonged use of the drug,
especially with suboptimal dosing in high-risk
CMV D+/R- recipients. Most cases of ganciclo-
vir-resistance are attributed to a UL97 muta-
tion.[74,76-78] UL97 is the gene that encodes for a
viral kinase that initially phosphorylates ganci-
clovir into its active form. Hence, a mutation in
the UL97 gene would keep the ganciclovir in its
inactive non-phosphorylated form. A mutation
in the UL54 gene, which encodes for the CMV
DNA polymerase, the target for all available
systemic anti-CMV drugs, could occur in-
dependently or following UL97 mutation, and it
could lead to cidofovir and/or foscarnet resis-
tance or cross-resistance among ganciclovir, fos-
carnet and cidofovir.

The treatment options for ganciclovir-resistant
CMV are limited. In addition, most antiviral drugs
available to treat ganciclovir-resistant CMV have
serious adverse effects, which could explain the
significant morbidity and mortality associated
with this disease. Among 225 CMV D+/R- SOT
recipients who received 3 months of valganciclo-
vir prophylaxis, CMV disease occurred in 65
patients (29%), including four (8%) that were due
to drug-resistant CMV.[79] Those four patients
were treated with foscarnet or cidofovir, and two
of them developed drug-induced nephrotoxicity
and allograft loss.[79] Other potential therapeutic
agents for multi-drug-resistant CMV include
immunoglobulins, leflunomide[80] and artesu-
nate,[81,82] although data supporting their use re-
mains anecdotal.[83] Hence, there is a need to
identify novel agents and strategies for the man-
agement of CMV infection and disease. Cur-
rently, artesunate is undergoing a phase III trial
in HSCT recipients. Despite the failure of mar-
ibavir as a primary agent for the prevention of
wild-type CMV disease, it could still be con-
sidered an option for treatment of multi-drug-
resistant CMV as it has a completely different
mechanism of action compared with currently

available and approved agents. However, its
clinical development is currently on hold.

Other compounds that are currently under-
going investigation for use in the management of
CMV infection are CMX-001 and the immuno-
suppressive drugs sirolimus and everolimus.
CMX-001, an ester formulation of cidofovir, has
the same mechanism of action as the parent
compound (and may not offer a novel strategy)
but it is reported to have a lesser toxicity profile.
Sirolimus and everolimus have been observed,
anecdotally and in clinical immunosuppression
trials, to be associated with a lower incidence of
CMV disease.[84,85] Hence, everolimus, a macro-
cyclic immunosuppressant that blocks growth
factor-driven transduction signals, is now under-
going a phase II trial in kidney transplant re-
cipients as an add-on treatment.

There are several CMV vaccine candidates
(CMV gB vaccine, VCL-CB01, CMV pp65 pep-
tide, ALVAC-CMV, VCL-CT02) that are un-
dergoing early-phase clinical trials in healthy and
transplant recipients.[86] Previous data using the
attenuated CMV vaccine (Towne strain) showed
that CMV infection was not prevented in vacci-
nated transplant candidates but the severity of
CMV disease was markedly reduced.[87] With this
knowledge, the major aim of CMV vaccination
trials should therefore be focused on inducing
CMV-specific immunity in order to reduce not
only the clinical consequences of primary CMV
infection, but also the severity of CMV re-infec-
tions and reactivation in at-risk individuals.[86]

The transfer of CMV-specific T cells through
adoptive immunotherapy has also been evaluated
in pilot clinical studies for the prevention and
treatment of CMV disease after transplantation,
with promising results.[88,89] This is now being
investigated in controlled clinical trials to assess
its safety and efficacy for prevention[90] and
treatment of persistent or refractory CMV infec-
tions[91] after transplantation.[86]

5. Conclusions

Despite remarkable advances in its prevention
and treatment, CMV remains a common disease
that negatively influences the outcome of SOT
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recipients. In addition to viral factors and phar-
macological immunosuppression, the roles of in-
nate and adaptive immune deficiencies are now
being recognized in its pathogenesis. Such novel
findings should provide additional avenues and
opportunities for improving our management
strategies. Prevention of CMV with antiviral
prophylaxis and pre-emptive therapy are both
effective. However, delayed-onset primary CMV
disease is a common consequence of antiviral
prophylaxis. Extending the duration of prophy-
laxis to 6 months may further reduce the in-
cidence of CMV disease. Intravenous ganciclovir
and oral valganciclovir are equally effective
treatment of CMV disease, although intravenous
ganciclovir should remain the drug of choice for
patients with severe disease and those with high
viral loads. Ganciclovir-resistant CMV is in-
creasingly being recognized in the SOT popula-
tion and, while it remains rare, the morbidity
associated with it is enormous; as antiviral drug
use becomes widespread, we anticipate an in-
crease in the incidence of drug-resistant CMV.
While judicious use of antiviral drugs is likely to
curtail drug-resistant CMV, we also encourage
the development of novel drugs in order to com-
bat this emerging challenge.
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