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Cytomegalovirus (CMV) infection is the most common viral infection in liver transplant recipients, affecting
post-transplant patients and graft survival. Recent advances in diagnosis and management of CMV have led to
marked reduction in incidence, severity, and its associated morbidity and mortality. CMV DNA assay is the most
commonly used laboratory parameter to diagnose and monitor CMV infection. Current evidence suggests that
both pre-emptive and universal prophylaxis approaches are equally justified in liver transplant recipients.
Intravenous ganciclovir and oral valganciclovir are the most commonly used drugs for treatment of CMV
disease. Most of the centre use valganciclovir prophylaxis for prevention of CMV disease in liver trasplant
recipient. The aim of this article is to review the current standard of care for diagnosis and management of CMV
disease in liver transplant recipients. ( J CLIN EXP HEPATOL 2017;7:144–151)
ytomegalovirus (CMV) is a ubiquitous double- incidence varies widely depending upon donor and recipi-
Cstranded DNA virus that infects 50–100% of
humans depending upon the population studied.

It is the most common viral infection in liver transplant
recipients and influences the outcome of liver
transplantation.1,2

Types of CMV infection:
CMV infection can be primary CMV infection, CMV reactivation,
or CMV disease. CMV infection is defined as evidence of CMV
replication regardless of symptoms (differs from latent CMV and
reactivation).
Primary infection is defined as occurrence of CMV viremia in a
previously unexposed transplant recipient. Transplant recipients
with donor seropositive and recipient seronegative status are at
higher risk of primary CMV infection.
CMV disease is defined as evidence of CMV infection with attrib-
utable symptoms. CMV disease can be further categorized as a
viral syndrome with fever, malaise, leukopenia, and/or thrombo-
cytopenia or as tissue-invasive disease.
CMV reactivation is defined as evidence of CMV replication in
patients who were previously positive for CMV serology.

Overall, 18–29% of all liver transplant recipients will
develop CMV disease in the absence of prevention strat-
egy.3 In the absence of antiviral preventive strategy, CMV
disease among liver recipients occurs most commonly
during the first 3 months after transplantation.4 Its
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ent CMV serologic status; the incidence is as high as 44–
65% in CMV D+/R�, 8–19% among CMV-seropositive
(CMV R+), and 1–2% among CMV D�/R� patients.
The CMD D�/R� patients usually acquire the virus from
natural transmission or through blood transfusion.3,5,6
PATHOPHYSIOLOGY OF CMV INFECTION

Primary infection results in viral latency mainly in lym-
phoid and myloid cells and ensures the persistence of the
virus throughout the life of the host. This viral latency
plays an important role in liver transplant recipients who
develop CMV infection. The cellular sites of viral latency
become reservoirs for reactivation during periods of
inflammation (such as allograft rejection and critical
illness) and immunosuppression.

CLINICAL MANIFESTATION OF CMV
INFECTION

The classic illness caused by CMV after liver transplanta-
tion is CMV disease in the form of fever and bone marrow
suppression (most commonly, leukopenia and neutrope-
nia) and accounts for 60% of CMV diseases after liver
transplantation. Occasionally, CMV infection may mani-
fest as tissue-invasive disease, which mainly involves the
gastrointestinal tract (in the form of CMV gastritis, esoph-
agitis, enteritis, and colitis). Gastrointestinal CMV disease
accounts for more than 70% of tissue-invasive CMV disease
cases in liver and other solid organ transplant recipients.7

The transplanted liver allograft is also susceptible to
develop CMV hepatitis, and this often manifests with
symptoms that may be clinically indistinguishable from
acute rejection.8
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Table 1 Effect of CMV on Liver Transplant Recipients.

Direct effects Indirect effects

CMV syndrome Acute allograft rejection

Fever Chronic allograft rejection

Myelosuppression Vanishing bile duct syndrome

Tissue-invasive CMV disease Opportunistic bacterial and viral infections

Gastrointestinal disease Epstein–Bar virus and PTLD

CMV hepatitis HHV-6 and HHV-7 infections

CMV pneumonitis New-onset diabetes mellitus

CNS disease, retinitis Vascular thrombosis

Adapted from Bruminhent et al.50
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CMV has not only direct effects on tissue that it infects
but also has indirect effects resulting from its ability to
modulate the immune system (Table 1). CMV is a potent
upregulator of alloantigen, which increases the risk of
acute rejection and chronic allograft dysfunction.9–12 A
higher incidence of vascular and hepatic artery thrombosis
has been reported in liver transplant recipients with CMV
disease and thought to be due to infection of the vascular
endothelial cells.13,14 CMV infection/reactivation is asso-
ciated with increased risk of bacterial, other viruses, and
invasive fungal infection.15,16 CMV-infected transplant
recipients are more likely to develop Epstein–Barr
virus-associated post-transplant lymphoid disorder or
coinfections with other viruses such as human herpes
virus (HHV) 6 and HHV7.15–17 Similarly, there is signifi-
cant association between CMV infection and accelerated
course of HCV recurrence and allograft loss after liver
transplant.18–23 In a study of 347 HCV-infected liver
recipients, CMV infection increased the risk of allograft
fibrosis by 1.5 times and CMV disease increased the risk of
allograft inflammation by 3.4 times.24 Recent evidence
has suggested possible role of CMV infection in post-
transplant metabolic diseases such as post-transplant
diabetes mellitus.25 Therefore, the strategies to reduce
the risk of CMV reactivation may help to reduce the risk
of related infections, acute or chronic rejection, or HCV
recurrence.
DIAGNOSIS

The diagnostic modalities for CMV infection include serol-
ogy, qualitative and quantitative polymerase chain reaction
(PCR), pp65 antiginemia, culture, and histopathology.

Viral culture of blood and urine has limited clinical
utility for prediction, diagnosis, and management of CMV
disease in adult liver transplant recipients.26 Similarly,
because of immunosuppression, liver transplant recipients
have delayed or impaired ability to mount an antibody
response and, hence, CMV serology to detect IgG and IgM
Journal of Clinical and Experimental Hepatology | June 2017 | Vol. 7 | No.
antibody has limited role for diagnosis in post liver trans-
plant recipients.27 Although histopathology confirms the
presence of tissue-invasive CMV disease, it is not routinely
used due to its invasive nature. It may be useful in some
cases where CMV is suspected, but CMV testing in blood is
negative especially in the case of gastrointestinal CMV
disease.28

There are several studies supporting the clinical utility
of CMV replication assays, particularly plasma or whole
blood quantitative PCR assay in managing CMV disease.27

The combination of viral load in the initial phase of
infection and the rate of increase in viral load may help
to identify patients at risk of CMV disease. It is commonly
used in many centers to diagnose active CMV disease,
screen for pre-emptive antiviral therapy and monitor
response to antiviral therapy. Quantitative PCR test and
CMV pp65 antigenemia test are available for detecting viral
DNA and antigen, respectively. Antigenemia has higher
sensitivity than culture and is comparable to PCR.29,30 It is
useful to guide pre-emptive therapy for rapid and sensitive
diagnosis of CMV disease and to guide treatment
response.29 However, quantitative PCR assays are more
commonly used than the antigenemia test because CMV
DNA PCR assay has better standardization, increased sta-
bility of the specimen, smaller specimen volume, and abil-
ity to test patients with leukopenia.31 Quantitative CMV
PCR is useful to guide pre-emptive therapy for rapid and
sensitive diagnosis of CMV infection and to guide response
to treatment.31 However, lack of an international reference
standard limited the generation and implementation of
viral threshold for pre-emptive therapy, disease prognosti-
cation, and therapeutic monitoring. Therefore, it recom-
mended that each transplant center should work within
their clinical laboratories to define their relevant viral
threshold for their clinical applications.26 In 2011,
WHO released the first international reference standard
for the quantification of CMV DNA, and commercially
available CMV DNA assays should now be calibrated to
this standard.32,33
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PREVENTION OF CMV DISEASE AFTER
LIVER TRANSPLANT—UNIVERSAL
PROPHYLAXIS VS PRE-EMPTIVE THERAPY

Universal prophylactic and pre-emptive therapy are the
two most commonly used strategies to prevent CMV infec-
tion/reactivation in liver transplant recipient. In prophy-
lactic therapy, anti-CMV drug is given to all who are at
increased risk of CMV reactivation, whereas in pre-emptive
therapy, anti-CMV drug is given only when there is evi-
dence of CMV replication. Both of these strategies are
similarly effective in preventing CMV disease after liver
transplantation.3,34–38 However, no large, prospective, well-
controlled, randomized trial with head-to-head compari-
son of pre-emptive therapy and prophylaxis has been done
in liver transplant recipients so far. In a retrospective study
comparing the two approaches in liver transplant recipi-
ents, antiviral prophylaxis was more effective in prevention
of CMV disease in high-risk D+/R�, but there were no
differences in acute rejection, opportunistic infections, or
rate of mortality.39,40 Onor et al. have reported 4.9% and
50.0% (P < 0.001) incidence of CMV viremia at 3 months in
the universal antiviral prophylaxis and pre-emptive therapy
groups, respectively, but the rates were reversed, at 24.6% and
8.3% (P = 0.026), respectively at 6 months, and the reversal of
the rates during the latter period accounts for the higher rates
of late-onset CMV disease with antiviral prophylaxis.41

The prophylactic strategy depends on donor and recip-
ient CMV serological status.
CMV D+/R�: Universal prophylaxis is the standard of care in this
group of patients (duration—3–6 months).
It has been used by the majority of American and European
transplant centers for preventing primary CMV disease in
high-risk CMV D+/R� liver transplant recipients.42,43 Moreover,
it has the added benefit of reduction in bacterial and fungal
opportunistic infections and mortality.44–47 However, according
to the recently updated American Society of Transplantation
(AST) and The Transplantation Society (TTS) guidelines, pre-
emptive therapy may be an option in CMV D+/R� liver trans-
plant recipients.26,31 The main reason for this preference for
antiviral prophylaxis is the rapidity of CMV replication in
CMV D+/R� liver recipients, which may escape detection with
once-weekly CMV surveillance.
CMV D+ or D�/R+: Universal prophylactic or Pre-emptive ther-
apy. Duration—3 months. This group of patients is commonly
encountered in India. The details of both strategies have been
discussed in detail later on.
CMV D�/R�: This group of patients is at low risk of CMV primary
infection and routine use of prophylaxis not recommended.
Universal prophylaxis may be preferred in other high-risk patients,
including those on recent antilymphocyte therapy, potent immuno-
suppression including desensitization, or ABO-incompatible proto-
cols (including those on rituximab, bortezomib, eculizumab, and
plasmapheresis/immunoadsorption).26,31

PRE-EMPTIVE THERAPY

The basic principle of pre-emptive therapy is to detect the
presence of early CMV replication prior to the onset of
146 
clinical symptoms, so that antiviral therapy is adminis-
tered early in order to prevent the progression of asymp-
tomatic infection to clinical disease.35,36,38,48–50 Pre-
emptive therapy has the potential advantage of targeting
therapy to the patient's with highest risk and thereby
decreasing drug costs and toxicity, but this is offset by
the cost of frequent laboratory monitoring and increased
logistic in order to obtain, receive, and act upon the result
in timely fashion. The success of this approach depends
upon the optimal laboratory test and frequency and dura-
tion of monitoring, appropriate patient selection, and
choosing the type, dose, and duration of an antiviral drug.
Quantitative nucleic acid test (NAT) is now the preferred
method for detecting CMV after transplantation29 and
commonly used for diagnosing and monitoring of CMV
infection. A recent study by Reasonable et al. using this
assay in the plasma samples of 267 solid organ (including
liver) transplant recipients demonstrated that patients
with pre-treatment CMV DNA of less than 18200
[4.3 log(10)] IU/mL have 1.5-fold higher chance for
CMV disease resolution. Similarly, CMV suppression to
less than 137 [2.1 log(10)] IU/mL is predictive of clinical
response to antiviral treatment.51 The recommended opti-
mal interval and duration of monitoring for pre-emptive
therapy is once-weekly CMV NAT for 12 weeks after liver
transplantation. If a patient shows viremia above a defined
threshold during the surveillance period, antiviral therapy
(with oral valganciclovir or intravenous ganciclovir) should
be initiated and continued until two consecutive CMV
DNA is not detectable for two weeks.26,31 Studies have
shown that both IV ganciclovir or oral valganciclovir are
effective for pre-emptive treatment of CMV infection
in liver transplant recipients, including high-risk CMV
D+/R� patients.37,49 However, some studies have indi-
cated that pre-emptive therapy may not be completely
effective in CMV D+/R� liver recipients, since the replica-
tion kinetics of CMV in immune-deficient individuals is so
rapid52 that it may escape detection with once-weekly
surveillance.5,35,53

Patients with low CMV viral load may have a transient
viremia that generally resolves without treatment.54 Some
authors have suggested that just reduction in immuno-
suppression leads to clearance of CMV. Wadhwan et al.55

have reported CMV reactivation and CMV disease rate of
13% and 2.9%, respectively without prophylaxis in CMV
immunoglobulin G-positive living donor liver transplant
recipients. Only patients with CMV disease were treated
while CMV reactivated patients were not treated. All the
patients with CMV reactivation (without treatment) and
CMV disease (with treatment) became negative for CMV
during follow-up. CMV reactivation or disease did not
affect recipient's survival during median follow-up at 28
months. Although this approach seems attractive, its
applicability is limited by the fact that further study vali-
dating this approach is lacking currently.
© 2017 INASL.
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Several clinical trials have demonstrated the efficacy of
pre-emptive therapy in CMV disease prevention.35–37,49

When conducted properly, pre-emptive therapy, with the
use of IV ganciclovir or oral valganciclovir, resulted in the
reduction of CMV disease by about 70%46,47,56 and was less
likely associated with late-onset CMV disease as compared
to antiviral prophylaxis.35,36 In a survey of CMV prevention
strategies by Levitsky et al., the authors found that val-
ganciclovir is the most commonly used drug for pre-emp-
tive therapy due to its better bioavailability and ease of oral
administration,42 In addition, pre-emptive therapy is also
beneficial in reducing the indirect effects of CMV,
although to a much lesser degree compared to antiviral
prophylaxis. In one study by Singh et al., the incidence of
major opportunistic infections, bacteremia, bacterial infec-
tion, HCV recurrence, and rejection were not significantly
different between liver transplant patients who received
pre-emptive therapy and those who did not have CMV
reactivation.57
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UNIVERSAL ANTIVIRAL PROPHYLAXIS

Antiviral prophylaxis is highly effective in preventing both
the direct and indirect effects of CMV after liver transplan-
tation.3,34,46,47,56 Universal prophylaxis has additional ben-
efit, since both ganciclovir and valganciclovir are active
against other herpes viruses including VZV, HSV, and
EBV.47 Similarly, the use of CMV prophylaxis also reduces
the risk of other infections and complications by reducing
infections that occur more commonly in patients with
CMV reactivations. CMV prophylaxis reduced the risk of
biopsy-proven rejection in liver transplant recipients. Com-
pared to placebo or no treatment, patients who received
antiviral prophylaxis had lower incidence of CMV disease
(58–80% reduction) and CMV infection (about 40% reduc-
tion)46; reduction in all-cause mortality was observed,46,47

mainly due to a decline in CMV-related death.46 The recent
AST and TTS guidelines also prefer antiviral prophylaxis in
CMV D+/R� liver recipients.26,31

Ganciclovir and valganciclovir are the two most com-
monly used drugs for CMV prophylaxis and treatment in
Table 2 Currently Available Antiviral Drugs for Cytomegalovirus 

Drug Route Usual adult prophylaxis
dose

Usual

Ganciclovir Intravenous 5 mg/kg once daily 5 mg/k

Ganciclovir Oral 1 g three times daily Not ap

Valganciclovir Oral 900 mg once daily 900 m

Foscarnet Intravenous Not recommended 60 mg
(or 90 

Cidofovir Intravenous Not recommended 5 mg/k
then e

Adapted from Bruminhent et al.50
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liver transplant recipients. The other commonly available
drugs are shown in Table 2.
VALGANCICLOVIR VS GANCICLOVIR

Ganciclovir-based regimen is more effective than acyclovir
or immunoglobulins in reducing the incidence of CMV
disease after liver transplantation.3,58,59 However, Oral
ganciclovir is poorly absorbed resulting in low systemic
ganciclovir levels with oral administration.60 Valganciclo-
vir provides systemic ganciclovir levels that are comparable
to IV ganciclovir.60,61 Pharmacokinetic studies indicate
that a 900 mg dose of valganciclovir achieves a similar
daily area under the concentration time curve (AUC24)
as an IV dose of 5 mg/kg of ganciclovir.60

The role of valganciclovir in the prevention of CMV
disease after liver transplantation was evaluated in a multi-
centre randomized noninferiority clinical trial that com-
pared it with oral ganciclovir in a cohort of 364 CMV D
+/R� solid organ recipients including liver transplant
recipients. Among all solid organ transplant recipients,
the 6-month incidence of CMV disease was 12% and
15% in the valganciclovir and oral ganciclovir groups
and 12-month incidence was 17% and 18% with valganci-
clovir and oral ganciclovir, respectively.34 However, on
subgroup analysis of the 177 liver transplant recipients,
the incidence of CMV disease was 19% in the valganciclovir
group as opposed to only 12% in the ganciclovir group.
There was also a higher incidence of tissue-invasive CMV
disease in the valganciclovir group.34 Based on these results,
valganciclovir did not gain approval from the United States
Food and Drug Administration (US-FDA) for prophylaxis
against CMV disease after liver transplantation. A recent
meta-analysis of 5 controlled clinical studies, including 380
liver transplant recipients who received valganciclovir (450
or 900 mg daily) prophylaxis, showed that the overall CMV
disease rate was 12%, and 20% among D+/R� patients. The
risk of CMV disease with valganciclovir was 1.81-fold higher
than ganciclovir. For high-risk CMV D+/R� patients, the
risk of CMV disease was 2-fold higher than ganciclovir. The
risk of leukopenia with valganciclovir was 1.9-fold higher
Prophylaxis and Treatment in Liver Transplant Recipients.

 adult treatment dose Major toxicity

g twice daily Bone marrow suppression
plicable Low oral bioavailability; high pill burden

g twice daily Ease of administration; leukopenia

/kg every 8 h
mg/kg every 12 h)

Second-line drug intravenous access;
nephrotoxicity

g once weekly � 2
very 2 weeks thereafter

Third-line drug intravenous access;
nephrotoxicity
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than those using ganciclovir.62 Despite these results and
non-FDA-approval of valganciclovir for this indication, val-
ganciclovir remains as the most widely used drug for CMV
prophylaxis after liver transplantation.42

Similarly, the optimal duration of CMV prophylaxis in
LT recipient is not defined. Since there was concern for
late-onset CMV disease with 3 months of antiviral prophy-
laxis in CMV D+/R� patients, another study was done to
compare 100 days vs 200 days of valganciclovir prophylaxis
in kidney transplant recipients and incidence of CMV
disease was 16.1% vs 36.8% (P < 0.001) at the end of one
year in the 200 vs 100 days groups, respectively and the
result persisted up to 2 years after transplantation (21.3%
vs 38.7% P < 0.001).61,62 Although a similar comparative
study has not been done in LT recipient, many centers have
extrapolated this result in prevention of CMV disease in
high-risk liver transplant recipients. However, it must be
emphasized that prolonged prophylaxis is associated with
theoretical risk of ganciclovir resistance and drug toxicity
such as leukopenia and also increases the cost of drug
considerably.63,64
Figure 1 Approach to CMV prophylaxis in adult post liver transplant recipie
antithymocyte globulin for biopsy-proven rejection ABO-incompatible liver tr
steroid on empirical ground for suspected rejection but not in range of steroid 

status. Clinical suspicion of CMV reactivation alone.

148 
Therefore, in summary, duration of prophylaxis in D
+/R� liver recipients should be between 3 and 6 months.
For seropositive recipients, most of the centers recommend
3 months of prophylaxis.

Based on available evidence and guidelines in literature,
our institutional post liver transplant CMV prophylaxis
strategy is described below.

We classify liver transplant recipients into high,
medium, and low risk of CMV infection. High-risk group
includes D+/R�, patients receiving steroid pulse therapy
or antithymocyte globulin for biopsy-proven rejection or
ABO-incompatible liver transplant. We use universal pro-
phylaxis for the high-risk group.26,31 Medium-risk group
includes D+ or D�/R+ patients, patients transplanted for
acute liver failure, retransplantation patients, or who
receive bolus steroid on empirical basis for suspected rejec-
tion but not in range of steroid pulse therapy. We use pre-
emptive approach in this group of patients.26,31 Low-risk
group includes D�/R� patients or those with clinical
suspicion of CMV reactivation. Here, we send CMV
DNA and start intravenous ganciclovir if the level is above
nts. *High risk—D+/R� status. Patient receiving steroid pulse therapy or
ansplant. **Medium risk—or D�/R+ status. Patients who receive bolus
pulse therapy. Acute liver failure. Re-transplantation. ***Low risk—D�/R�

© 2017 INASL.
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threshold (>200 copies per mL in our institute) (Figure 1).
Our strategy allows universal prophylaxis in high-risk
group, whereas it avoids over treatment of CMV infection
and associated drug related side effect, cost for medium
and low-risk recipients. In our experience of 272 living
donor liver transplant recipients from January 2012 to
April 2013, 55 (20.5%) out of 272 recipients (all CMV
IgG positive before transplant) were found to have CMV
reactivation at median time of 25 days (range 2–90 days)
after liver transplant. The 90 days survival was significantly
low in patients with CMV reactivation as compared to
those without CMV reactivation (73.2% vs 92.6%,
P = 0.001).65

However, it is important to note that patients who
complete CMV prophylaxis after liver transplantation
are at risk for late-onset CMV disease, which may be
associated with graft loss and increased mortality.44

Late-onset CMV disease is relatively uncommon in patients
who are managed with pre-emptive CMV therapy.26

A Hybrid strategy of prophylaxis followed by pre-emp-
tive monitoring after prophylaxis has been used at some
centers but adequate data are lacking for such an
approach. In a study of 71 high-risk recipients by Lisboa
et al., weekly virology monitoring of patients who com-
pleted prophylaxis was ineffective at predicting CMV
disease.66
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TREATMENT OF CMV DISEASE AFTER LT

The current evidence suggests that CMV disease after liver
transplantation should be treated with either IV ganciclo-
vir or valganciclovir.49,67 However, oral ganciclovir should
not be used for the treatment of CMV disease because of its
poor bioavailability.15 The degree of pharmacologic immu-
nosuppression should be reduced whenever possible dur-
ing treatment of CMV disease.15

In a multicenter noninferiority trial, 321 solid organ
(including liver) transplant recipients with nonsevere CMV
disease were randomized to valganciclovir (900 mg twice
daily) or IV ganciclovir (5 mg/kg twice daily) for a fixed 21-
day course, followed by valganciclovir (900 mg once daily)
maintenance treatment for 4 weeks. There was no signifi-
cant difference in viral eradication at 21 and 49 days
between the groups.68 The overall time to viral eradication
was 21 days with valganciclovir and 19 days with IV ganci-
clovir. The study population in this trial were mostly CMV-
seropositive kidney recipients with nonsevere CMV disease;
this pivotal trial now supports the use of valganciclovir for
oral treatment of CMV disease, at least in selected trans-
plant patients.68 IV ganciclovir is preferable to valganci-
clovir in patients with severe or life-threatening disease, or
in patients who may have a problem with gastrointestinal
absorption of the oral drug. In many instances, valganci-
clovir is used as a step-down treatment when the clinical
Journal of Clinical and Experimental Hepatology | June 2017 | Vol. 7 | No.
symptoms have resolved after an initial induction treat-
ment with IV ganciclovir.

The duration of treatment of CMV disease is based on
viral load monitoring. The persistence of the virus at the
end of therapy (by PCR or pp65 antigenemia) is associated
with a higher risk of clinical relapse.29 It is now generally
accepted that multiple (at least two) weekly negative CMV
PCR results should be obtained before antiviral therapy is
discontinued.31 Similarly, patients should also be moni-
tored for side effect of these medicines particularly
leucopenia.31
CONCLUSION

CMV infection is the most common viral infection in liver
transplant recipients. Recent advances in diagnosis and
management of CMV has led to marked reduction in
incidence, severity, and associated morbidity and mortal-
ity. CMV DNA assay is the most commonly used labora-
tory parameter to diagnose and monitor CMV infection.
Current evidence suggests both pre-emptive and universal
prophylaxis approaches are equally justified in liver trans-
plant recipients. IV ganciclovir and oral valganciclovir are
the most commonly used drugs for treatment of CMV
disease. Most of the centers use valganciclovir prophylaxis
for prevention of CMV disease in liver transplant recipi-
ents. The duration of treatment should be individualized
and is usually 3–6 months.
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