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Abstract
Cytomegalovirus (CMV) infection is a common compli-
cation after liver transplantation, and it is associated 
with multiple direct and indirect effects. Management of 
CMV infection and disease has evolved over the years, 
and clinical guidelines have been recently updated. 
Universal antiviral prophylaxis and a pre-emptive treat-
ment strategy are options for prevention. A currently-
recruiting randomized clinical trial is comparing the ef-
ficacy and safety of the two prevention strategies in the 
highest risk D+R- liver recipients. Drug-resistant CMV 
infection remains uncommon but is now increasing in 
incidence. This highlights the currently limited thera-
peutic options, and the need for novel drug discoveries. 
Immunotherapy and antiviral drugs with novel mecha-
nisms of action are being investigated, including leter-
movir (AIC246) and brincidofovir (CMX001). This article 
reviews the current state of CMV management after 

liver transplantation, including the updated practice 
guidelines, and summarizes the data on investigational 
drugs and vaccines in clinical development.
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Core tip: In this article, the authors review the current 
literature of cytomegalovirus (CMV) infection after liver 
transplantation, including the approaches to diagnosis, 
prevention and treatment. The review highlights the 
pros and cons of the prophylaxis vs  pre-emptive preven-
tion strategies, especially in the highest risk D+/R- pop-
ulation. Treatment of CMV infection in liver transplant 
patients is discussed in addition to management of CMV 
resistance, with detailed discussion of recently updated 
clinical CMV management guidelines. Finally, the future 
management of CMV in liver transplant recipients relies 
on new drug discoveries, and the authors describe mul-
tiple investigational drugs and vaccines in clinical trials.
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INTRODUCTION
Cytomegalovirus (CMV) is a ubiquitous double-stranded 
DNA virus also known as human herpesvirus 5 (HHV-5). 
CMV seroprevalence has been reported to be around 
60% in the United States[1-4]; higher prevalence has been 
noted in developing countries[2] and among high risk 
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patients, including patients infected with human immu-
nodeficiency virus (HIV)[5]. Variable rates of  prevalence 
have been reported among ethnic groups in the United 
States, with greater prevalence in the non-Hispanic blacks 
and Mexican-Americans[1]. CMV is an important cause 
of  clinical disease in neonates and immunocompromised 
patients, and it appears to also be associated with poor 
outcome in critically ill immunocompetent patients[6]. All 
members of  the Herpesviridae family establish latency in 
infected cells, with the life-long potential for reactivation 
and production of  infective viral particles[7,8]. Primary 
CMV infection in immunocompetent hosts is usually 
asymptomatic or a nonspecific viral illness followed by la-
tency; however immunocompromised hosts are at higher 
risk for developing serious primary infection or reactiva-
tion. CMV remains latent primarily in lymphoid organs 
and myeloid cells[8]. It can be transmitted by exposure 
to body fluids including saliva, semen, blood and breast 
milk[2], and can also be transmitted via transplantation 
of  solid organs including heart, kidney, lungs and liver[7]. 
CMV can be a significant problem for transplantation, 
as it can increase the predisposition to develop serious 
infections, and increases the risk of  allograft rejection 
and mortality[9]. In this article, we highlight the impact of  
CMV on liver transplantation and reviews recent advanc-
es in the prevention, diagnosis, and treatment of  CMV in 
liver transplant recipients.

CLINICAL IMPACT OF CMV
CMV disease vs infection
CMV remains as one of  the most important infectious 
complications after liver transplantation[3,10]. Multiple risk 
factors are associated with its occurrence, but most nota-
ble among them are the donor/recipient CMV serostatus 
and the severity of  pharmacologic immunosuppression[1]. 
CMV infection represents the presence of  the virus, as 
indicated by the detection of  viral proteins or nucleic 
acids in body fluids or tissue samples, regardless of  clini-
cal symptoms[11]; the presence of  any clinical symptoms 
in patients with CMV infection is termed CMV disease. 
CMV disease in immunocompromised patients may af-
fect one or multiple organs, but may also have atypical 
presentations, requiring close monitoring and high index 
of  suspicion in transplant patients[12].

Direct effects
The direct effects of  CMV after liver transplantation can 
be categorized as CMV syndrome or tissue invasive dis-
ease (Table 1). CMV syndrome is the term for the clinical 
illness characterized by fever, constitutional symptoms, 
and myelosuppression in the presence of  CMV infec-
tion[7,8,11]; this accounts for the majority of  CMV disease 
cases in liver transplant recipients. In addition, CMV can 
invade end-organs and cause tissue-invasive disease. The 
most common organ affected is the gastrointestinal tract, 
causing esophagitis, gastritis, enteritis, or colitis[7]. There 
is the predisposition for the transplanted allograft to 

develop CMV infection in solid organ transplant (SOT) 
recipients, likely secondary to an abnormal allograft im-
mune response[13]. It is therefore not uncommon for 
liver transplant recipients to develop CMV hepatitis[14]. 
Allograft invasion by CMV is likely the result of  viral re-
activation in the transplanted liver allograft that contains 
donor-transmitted virus[2,9].

Indirect effects
Indirect effects of  CMV include inflammatory cytokine-
mediated acute and/or chronic graft rejection, decreased 
graft survival, and increased patient mortality[8,15,16]. CMV 
can also have an immunomodulatory effect in liver re-
cipients, further enhancing the immunosuppression and 
predisposition to opportunistic infections with bacteria, 
fungi or other viruses, including EBV-related post-trans-
plant lymphoproliferative disorder and accelerated HCV 
recurrence[8,13,15]. CMV disease has been found to be an 
independent risk factor in the development of  invasive 
fungal infections in liver transplant recipients[10].

RISK FACTORS
The most important clinical predictor for the develop-
ment of  CMV infection and disease after liver transplan-
tation is the CMV serostatus of  the donor and the recipi-
ent[13,17-19]. Accordingly, prior to transplantation, donors 
and recipients are screened for CMV IgG antibodies 
to accurately stratify patients into risk groups for CMV 
disease[13]. The risk for serious CMV disease is highest 
for primary infections in CMV seronegative recipients 
receiving CMV seropositive allografts (CMV D+/R- mis-
match)[13,19]. One study reported an almost universal CMV 
infection among D+/R- liver transplant recipients[20]. In 
contrast, double negative donor-recipient combinations 
(CMV D-/R-) have the lowest risk for CMV disease after 
liver transplantation[21]. Only about 1%-2% of  this CMV 
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Table 1  Direct and indirect clinical effects of cytomegalovirus 
in transplant recipients

Direct clinical effects Indirect clinical effects

CMV syndrome Acute allograft rejection
   Fever > 38  ℃ for 2/4 d Chronic allograft rejection
   Malaise Allograft failure
   Myelosuppression    Vanishing duct syndrome/ductopenia
Tissue-invasive CMV disease1

   Gastrointestinal disease 
   (entire gastrointestinal tract 
   can be affected)

   Allograft hepatitis and fibrosis

Vascular thrombosis
Opportunistic and other infections

   Hepatitis    Fungal (Aspergillus, Pneumocystis)
   Pneumonitis    Bacterial (Nocardia)
   Retinitis    Viral (HHV-6, HHV-7, EBV)
   CNS disease    Hepatitis C virus recurrence
   Carditis    EBV associated PTLD
Mortality Mortality

1Can affect any organ, listed are most common organs affected. PTLD: 
Post-transplant lymphoproliferative disorder; HHV: Human herpes virus; 
EBV: Epstein-Barr virus; CMV: Cytomegalovirus.



D-/R- transplant population will develop CMV disease 
during the first year after liver transplantation, either as a 
result of  natural transmission or through blood transfu-
sion. In order to preserve this low CMV risk, these pa-
tients must receive leukoreduced and/or CMV antibody 
negative blood products[13,20].

The intensity of  the immunosuppressive regimen 
used in the post-transplant period plays an important role 
in determining the patient’s overall immune status[20,22]. 
Patients given antilymphocyte antibodies (such as thymo-
globulin, alemtuzumab, among others) are significantly 
increased risk of  CMV infection and disease compared 
to their counterparts not receiving this therapy, whether 
these agents are used as induction or anti-rejection ther-
apy[13]. After these therapies are administered, there is a 
systemic release of  tumor-necrosis factor-alpha, which is 
a potent transactivator of  latent CMV[23]. The incidence 
rates of  CMV infection and disease in liver transplant 
recipients are higher during treatment for allograft rejec-
tion, likely due to the accelerated inflammatory state[13,21], 
especially among those who did not receive CMV pro-
phylaxis[23].

Certain co-infections also increase the risk for devel-
oping CMV infection and disease, especially HHV6 and 
HHV7[13,20,24]. There are also reports correlating CMV 
disease risk with lower model for end stage liver disease 
scores, lower total bilirubin, and higher operating time, 
but these findings have been inconsistent among differ-
ent studies[25].

Deficiencies in innate and cell-mediated adaptive im-
munity have been associated with CMV disease after liver 
transplantation. Specifically, functional polymorphisms 
in Toll-like receptors, which are important receptors that 
recognizes CMV, has been associated with increased risk 
of  CMV disease after liver transplantation[26]. Homozy-
gosity for Toll-like receptor 2 R753Q single nucleotide 
polymorphism is a marker for tissue-invasive CMV dis-
ease after liver transplantation, independent of  other tra-
ditional risk factors[27]. Likewise, liver transplant recipients 
who are deficient in CMV-specific T cells, as indicated by 
undetectable or low levels of  interferon-gamma during 
stimulation with CMV antigens, are at significantly higher 
risk of  CMV disease.

DIAGNOSIS
Several methods are used for the diagnosis of  CMV 
infection after transplantation. Among them, the most 
commonly used technique is nucleic acid testing (NAT), 
which is often performed using polymerase chain reac-
tion (PCR). Using this approach, CMV viral load has 
been used for various indications, including (1) rapid 
diagnosis of  CMV infection; (2) prognostication of  the 
severity of  infection; (3) monitoring for antiviral efficacy; 
and (4) assessing the risk of  relapse[20,28]. Real-time NAT 
are faster technologies with rapid turn-around time that 
will confirm the suspicion of  CMV disease within hours 
of  testing[28]. Its quantitative ability allows for assessing 

the severity of  infection (higher viral load is associated 
with higher likelihood of  severe disease). Serial monitor-
ing will also allow for assessment of  viral load rise (as-
sociated with disease progression) or decline (associated 
with antiviral response). Indeed, the rate of  change of  
viral load over time is as important as the absolute viral 
load values in CMV disease assessment and prognostica-
tion[13,20,28]. CMV NAT is often performed on blood sam-
ples, and there is ongoing debate as to which compart-
ment of  the blood is ideal for CMV NAT. Whole blood 
samples often allow for the detection of  viremia earlier 
and for longer periods than plasma samples[29]; whether 
this is better for diagnostic purposes is still debated. The 
only FDA approved CMV NAT assay in the US detects 
the virus on plasma samples[28]. It is important to point 
out that a negative CMV NAT in blood samples does not 
completely rule out the presence of  compartmentalized 
and localized tissue-invasive CMV cases (such as some 
cases of  reactivation CMV gastrointestinal disease, and 
CMV retinitis)[13].

Until recently, CMV NAT assays are not directly com-
parable. Differences in assay design, platform, target, cali-
brators, and samples (among others) have limited direct 
comparison and portability of  viral load results from one 
assay to another. Accordingly, there were no widely ac-
cepted viral load thresholds that can be used for CMV 
disease management[30,31]. To address this, a World Health 
Organization (WHO) International Standard was de-
veloped to which assays can be calibrated for viral load 
reporting[32,33]. Using an assay that has been calibrated to 
this WHO standard, one study had suggested a viral load 
of  3983 IU/mL (2600 copies/mL), with a 99.6% nega-
tive predictive value (89.9% sensitivity and 88.9% speci-
ficity) as an appropriate cut-off  for initiating treatment 
in CMV-seropositive SOT recipients[31]. Another study 
reported that suppression of  the viral load to < 137 IU 
is associated with faster clinical CMV disease resolution. 
Whether this will also result in lower rate of  CMV dis-
ease relapse, and what viral load threshold can be used 
for various indication are now being investigated in the 
clinical setting.

The gold standard for diagnosis of  tissue invasive 
CMV disease remains the demonstration of  CMV pa-
thology in a biopsy specimen from the involved organ. 
CMV can be demonstrated in the biopsy specimen us-
ing histology (such as demonstration of  CMV inclusion 
bodies), immunohistochemical identification of  CMV 
antigens, in-situ DNA hybridization or (less preferred) 
CMV culture[28]. Serology to demonstrate CMV IgG in 
the blood of  transplant recipients is not recommended 
for the diagnosis of  acute CMV infection after transplan-
tation. Liver transplant recipients may have delayed and 
impaired ability to mount antibody production, thereby 
making serology not as reliable in diagnosis of  acute in-
fection after transplantation.

Detection of  CMV pp65 using fluorescent methods 
on infected peripheral blood leukocytes is another meth-
od for the rapid diagnosis and surveillance of  CMV infec-
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in the preemptive strategy group, while this occurred 
during months 3-6 among patients who received 3 mo 
of  antiviral prophylaxis[37]. Each of  the two approaches 
has advantages and disadvantages as shown in Table 2 
but the prophylaxis strategy has been preferred among 
the majority of  transplant programs in the United States, 
partly due to better long-term outcome and for logistic 
reasons[38]. The major disadvantage of  antiviral prophy-
laxis is the occurrence of  late-onset CMV disease. To 
reduce this complication, some institutions have adopted 
a hybrid approach whereby patients who receive antiviral 
prophylaxis initially are subjected to a preemptive strategy 
during the high-risk period after antiviral prophylaxis[20].

Antiviral prophylaxis
CMV prophylaxis is usually given to all patients at-risk 
during the initial 3-6 mo after liver transplantation. Addi-
tionally, antiviral prophylaxis is given to patients receiving 
lymphocyte-depleting therapy for acute allograft rejec-
tion[20]. The recommendations for CMV prophylaxis vary 
depending on the serostatus of  the donor and recipient. 
CMV D+/R- liver recipients are recommended to receive 
3-6 mo of  CMV prophylaxis, while 3 mo of  prophylaxis 
may be sufficient for the CMV-seropositive liver recipi-
ents. Most commonly, CMV prophylaxis is with the use 
of  valganciclovir (dose 900 mg daily, adjusted based on 
renal function). Alternative agents are oral ganciclovir (3 
g per day) or intravenous ganciclovir (5-mg/kg daily)[13]. 
Because of  the higher rates of  tissue-invasive CMV dis-
ease in liver transplant recipients who received valganci-
clovir compared to oral ganciclovir prophylaxis, the US 
FDA did not approve the use of  valganciclovir for CMV 
prophylaxis in liver transplant recipients. Notwithstanding 
this statement, multiple experts recommend the use of  
valganciclovir for prevention of  CMV in liver transplant 
patients, and it is subsequently the preferred therapy in 
a large majority (> 70%) of  transplant centers in the 
United States[38]. A more recent study confirmed the 
increased incidence of  late-onset CMV disease in liver re-
cipients[39]. However, valganciclovir has superior bioavail-
ability compared to oral ganciclovir (50%-60% compared 
to 6%-9%)[13,40]. A number of  more recent retrospective 

tion in transplant recipients. Its utility has been declining 
with the rise in molecular methods such as CMV NAT. 
In some studies, the CMV pp65 had comparable sensitiv-
ity to CMV PCR, and higher sensitivity compared to cul-
ture-based methods[13]. However, the pp65 antigenemia 
assay has lower rates of  detection in the lower viral load 
ranges[30,34]. Additionally, although the specificity of  the 
antigenemia assay and CMV NAT are comparable, the 
CMV NAT have a higher negative and positive predictive 
value and much higher sensitivity than the pp65 assay in 
SOT recipients[30]. Moreover, the pp65 antigenemia assay 
is time sensitive: samples must be obtained and tested in 
8 h. There is also significant biological variation, and its 
accuracy decreases in leukopenic patients with absolute 
neutrophil counts less than 1000/mm3 (since pp65 anti-
gen is detected on leukocyte populations)[28,34].

PREVENTION
In the absence of  any prevention strategy, CMV infection 
(36%-100%) and disease (11%-72%) can be expected 
to occur within the first 3-4 mo after liver transplanta-
tion[2,14,35]. This may be subclinical or may present clini-
cally as CMV syndrome or end organ disease[14]. In a 
large cohort of  liver transplant patients, there was an 
independent association between CMV infection or dis-
ease within the first year of  liver transplantation and the 
composite outcome of  allograft loss or mortality (RR = 
3.04, 95%CI: 1.56-5.92, P = 0.001)[36].

Prevention of  CMV infection and disease in liver 
transplant recipients is therefore a priority in post-
transplant management. This can be accomplished either 
with antiviral prophylaxis or pre-emptive therapy, and the 
strategies vary according to institution. Universal pro-
phylaxis provides antiviral therapy to all patients at risk 
for CMV infection after liver transplantation, while the 
preemptive strategy involves frequent viral load monitor-
ing and treatment at the early stages of  CMV infection 
before symptomatic disease develops[13]. In a retrospec-
tive analysis of  two liver transplant cohorts receiving pro-
phylaxis or preemptive therapy, CMV viremia expectedly 
occurred within the first 3 mo after liver transplantation 
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Table 2  Comparison of antiviral prophylaxis and pre-emptive strategies for cytomegalovirus prevention in liver transplant patients

Prevention characteristics Prophylaxis strategy Pre-emptive strategy

CMV disease Very effective at preventing CMV infection and disease Effective to prevent CMV disease; does not prevent CMV infection
Late-onset CMV disease Higher risk of late and very-late onset CMV disease Reduces incidence of late onset CMV disease
Ideal treatment population CMV D+R- are highest risk patients CMV R+ patients
Logistics of strategy Logistically more feasible, but still requires frequent 

monitoring of adverse effects
Requires weekly viral load testing; standardized viral load 

thresholds still being investigated
Cost Higher drug costs; lower laboratory/monitoring costs Higher laboratory/monitoring costs; lower drug costs
Safety/adverse effects More frequent adverse effects such as myelosuppression 

due to longer treatment periods
Shorter treatment periods; fewer toxicities

Indirect CMV effects Better evidence showing reduction of graft rejection, 
improved graft survival, opportunistic infections

Limited evidence overall, but may not reduce indirect effects

Effect on mortality Reduces mortality from CMV disease Limited evidence regarding mortality reduction
CMV resistance More common compared to pre-emptive strategy Some evidence regarding effect on resistance but overall uncommon

CMV: Cytomegalovirus.
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studies found no significant difference in incidence of  
CMV disease in liver transplant patients treated with oral 
ganciclovir vs valganciclovir[41,42].

Due to the major adverse effect of  leukopenia and 
the high cost of  the drug, low-dose valganciclovir dos-
ing has been proposed. In a recent review, there remains 
a high risk of  CMV disease in liver transplant patients, 
despite the use of  valganciclovir prophylaxis at a dose of  
900-mg daily[43]. In a large meta-analysis, the efficacy of  
valganciclovir 450-mg was equivalent to valganciclovir 
900-mg dosing, and the low-dose program was associated 
with lower incidence of  leukopenia and fewer instances 
of  CMV disease or graft rejection[44]. It is possible that 
the low dose valganciclovir would allow for a low level 
exposure of  the immune system to CMV antigens, there-
by allowing for T cells to mount an immune response[44]; 
this however remains speculative. In an earlier retrospec-
tive study of  liver transplant recipients, the efficacy of  
valganciclovir at 450-mg dosing was similar to oral ganci-
clovir[40].

One of  the major drawbacks to antiviral prophylaxis 
is the occurrence of  late-onset CMV disease, which is 
the term for CMV disease cases that occur soon after 
the completion of  universal prophylaxis. Among liver 
transplant recipients who receive 3 mo of  antiviral pro-
phylaxis, late-onset CMV disease would typically occur 
at about 3-6 mo after transplantation[14,45]. The incidence 
of  late-onset CMV disease has been reported to vary 
between 17%-37% depending on the length of  valganci-
clovir prophylaxis[45-47]. Late-onset CMV disease is almost 
exclusively a condition that occurs in CMV D+/R- SOT 
recipients who received antiviral prophylaxis, and rarely 
is observed in CMV-seropositive transplant recipients. 
To address the issue of  late-onset CMV disease, many 
have suggested longer periods of  CMV prophylaxis[45,46]. 
In a study of  kidney transplant recipients (The IMPACT 
study), antiviral prophylaxis for 200 d was associated with 
lower incidence of  CMV disease compared to 100 d of  
prophylaxis, and that the number needed to treat to avoid 
one additional CMV disease diagnosis up to 12 mo post-
transplant was 5[45,46]. Fewer patients in the 200 d group 
developed CMV disease at 6, 9, 12 and 24 mo (7.1%, 
14.2%, 16.1% and 21.3% respectively) compared to the 
100 d group at 6, 9, 12 and 24 mo (31.3%, 35%, 36.8% 
and 38.7% respectively); P value < 0.0001 in all cases[45,46]. 
Additionally, longer prophylaxis was associated with 
fewer opportunistic infections than standard prophylaxis 
(12.9% compared with 27%, P = 0.001)[45,46]. While this 
was conducted in kidney transplant recipients, many 
centers have extrapolated the findings to high risk CMV 
D+/R- liver transplant recipients.

Preemptive therapy
Preemptive therapy is the approach wherein antiviral 
therapy is provided to liver transplant recipients with low-
level asymptomatic CMV infection. The mainstay of  pre-
emptive therapy is close laboratory monitoring of  the at-
risk patients and the initiation of  early antiviral treatment 

when a viral load threshold is reached, so that the infec-
tion does not progress to CMV disease[13,14]. Typically, the 
preemptive approach involves weekly CMV monitoring 
with the use of  pp65 antigenemia assay or CMV NAT 
by PCR, for at least 12 wk after liver transplantation[13,14]. 
Once the virus is detected, antiviral treatment can be initi-
ated either with oral valganciclovir (900 mg twice daily) or 
Ⅳ ganciclovir (5 mg/kg every 12 h). Antiviral treatment 
is continued until the virus is no longer detected in the 
blood[13,14]. Many transplant centers are not comfortable 
with using this approach in the highest risk CMV D+/R- 
group because the rapid viral replication dynamics in this 
high-risk patient may lead to the inability to detect CMV 
soon enough for the initiation of  effective antiviral treat-
ment. Many studies however have demonstrated the effi-
cacy of  preemptive therapy in moderate-risk groups such 
as CMV R+ liver transplant recipients[13,14]. In a study of  
liver transplant population (a third were D+/R-), the use 
of  preemptive therapy guided by CMV NAT by PCR was 
associated with CMV disease rates < 1% at one year and 
< 2% overall, and the inclusion of  CMV D+/R- in this 
study suggests that it is also feasible even in high-risk pa-
tient groups[48].

The preemptive strategy is advantageous in terms 
of  reducing cost and drug toxicity if  used in recipients 
who are at lower risk for developing CMV disease. Given 
the advantages of  the preemptive approach in cost-
effectiveness and adverse effect reduction, more studies 
need to be designed to test this approach in the highest 
risk D+/R- patients for whom the prophylaxis strat-
egy is currently recommended. One ongoing phase 4 
randomized, controlled study is performing direct head 
to head comparisons of  the prophylaxis and preemp-
tive strategies in D+/R- liver transplant patients[49], and 
hopefully the results of  this and subsequent trials should 
help to answer this question (ClinicalTrials.gov Identifier: 
NCT01552369).

TREATMENT
The standard of  care for the treatment of  CMV disease is 
Ⅳ ganciclovir, at 5 mg/kg twice daily, or valganciclovir, at 
900-mg orally twice daily[13]. Ⅳ ganciclovir administration 
requires intravenous access, the potential need for inpa-
tient hospitalization, and may be complicated by catheter-
related bacterial or fungal infections. Oral valganciclovir 
has excellent bioavailability that provides systemic gan-
ciclovir levels comparable to Ⅳ ganciclovir, but it relies 
on efficient absorption through the gastrointestinal tract. 
Both valganciclovir and intravenous ganciclovir have 
been demonstrated to be efficacious for the treatment of  
mild to moderate CMV disease and asymptomatic CMV 
infection in SOT recipients. In the VICTOR study, the 
safety and non-inferiority of  oral valganciclovir at 900 
mg twice daily was demonstrated in comparison to Ⅳ 
ganciclovir for the treatment of  CMV disease in SOT 
patients, 7% of  whom were liver transplant recipients[50]. 
Oral valganciclovir administration resulted in almost 
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identical mean times to clinical resolution of  disease as 
Ⅳ ganciclovir, with no differences in the incidence of  
graft rejection or adverse effects at the end of  the 21-d 
treatment period[50]. One year follow up of  these patients 
revealed no difference in long-term treatment outcomes 
in patients treated with oral valganciclovir compared to 
Ⅳ ganciclovir. Guidelines therefore recommend the use 
of  oral valganciclovir for treatment of  mild-to-moderate 
CMV disease, but not in life-threatening CMV disease 
cases, those with very high viral load, those patients with 
poor oral absorption, and those with questionable com-
pliance with medications. In such cases, Ⅳ ganciclovir 
would be more appropriate[51]. Oral ganciclovir, acyclovir 
or valacyclovir should not be used for treatment of  CMV 
disease[51]. Ⅳ foscarnet and cidofovir should not be used 
as first-line drugs for the treatment of  CMV disease due 
to their toxicity profiles, but are considered alternative 
agents for treatment of  ganciclovir-resistant CMV.

The duration of  treatment of  CMV disease should 
be guided by viral load monitoring. Previous studies have 
demonstrated that the greatest predictor of  clinical re-
lapse was the persistence of  CMV viremia at the end of  
treatment[52]. Indeed, suppression of  CMV viral load to 
less than 137 IU/mL was associated with resolution of  
clinical disease. Thus, it is recommended that transplant 
recipients with CMV disease should undergo weekly 
viral load monitoring, which will guide the duration of  
treatment. Guidelines currently recommend antiviral 
treatment until two weekly negative CMV PCR’s are 
demonstrated. Patients treated with valganciclovir and 
intravenous ganciclovir should also be monitored closely 
for adverse effects, which include leukopenia[51].

In addition to antiviral drugs, SOT recipients with 
CMV disease should be assessed for the intensity of  im-
munosuppression. In theory, CMV is an opportunistic 
pathogen and its onset is often correlated with a more 
severe intensity of  immune dysfunction. Accordingly, 
one should consider reducing the dose of  immunosup-
pressive therapy in patients with CMV disease, especially 
if  the illness is severe. This should however be done cau-
tiously since drastic and precipitous reduction in immu-
nosuppression may precipitate allograft rejection.

Antiviral resistance
Ganciclovir resistant CMV is still uncommon in the 
general SOT population, although it has been described 
to occur in up to 7% of  high-risk SOT recipients who 
previously received prolonged ganciclovir prophylaxis[53]. 
Prolonged use of  ganciclovir predisposes to the develop-
ment of  CMV resistance[51]. It should be suspected if  vi-
ral loads do not decline despite effective antiviral therapy 
for at least 2-3 wk, if  clinical symptoms recur, or if  viral 
load is not suppressed to undetectable levels despite pro-
longed effective therapy[51,54].

To become an active drug, ganciclovir must be phos-
phorylated to ganciclovir triphosphate via three enzymatic 
steps; the initial phosphorylation is catalyzed by UL97-
encoded viral kinase[54]. The ganciclovir triphosphate sub-

sequently incorporates competitively into the DNA via 
the UL54 DNA polymerase and stops viral replication[54]. 
Cidofovir and foscarnet do not require the initial UL97-
catalyzed phosphorylation, but they also act on UL54 
DNA polymerase to terminate viral replication. The 
primary mechanism for CMV resistance to ganciclovir is 
due to mutations of  the UL97 phosphotransferase gene 
which is responsible for the initial ganciclovir monophos-
phorylation step[55]. Less commonly, mutations in UL54 
may occur, and this may result in cross-resistance among 
ganciclovir, foscarnet and cidofovir.

The CMV D+/R- transplant recipients are at high-
est risk of  drug resistance with an incidence of  5%-10%; 
rates of  resistance vary depending on the organ trans-
planted, with greater incidence in lung and pancreas 
recipients[54,55]. While traditionally considered to be at 
a lower risk, transplant patients on preemptive therapy 
have also been demonstrated to be at risk of  ganciclovir-
resistant CMV disease, especially if  preemptive therapy 
is prolonged or when oral preemptive therapy is started 
when the viral load is initially high[54,55]. Earlier studies 
described an increased incidence of  resistance in patients 
treated with oral ganciclovir compared to valganciclovir, 
attributed to better viral suppression in the valganciclovir 
group[39,56]. More recently however, SOT recipients treat-
ed with either Ⅳ ganciclovir or oral valganciclovir have 
been found to have similar risk of  developing ganciclovir 
resistance[55]. Genotypic drug assays have been developed 
to identify ganciclovir resistance mutations to UL97 and 
UL54 and can provide relatively rapid confirmation in 
cases of  suspected ganciclovir resistance[51,54].

In life-threatening cases where antiviral resistance 
is suspected, an empiric switch in treatment, often to 
foscarnet, is recommended. If  low-level resistance is 
confirmed, increasing the dose of  Ⅳ ganciclovir (or 
switching from oral valganciclovir to Ⅳ ganciclovir) is 
recommended as first-line of  treatment with close moni-
toring for myelosuppressive and nephrotoxic adverse ef-
fects[51]. In cases of  high-level resistance, foscarnet is the 
recommended antiviral therapy[51]; since many ganciclovir 
resistance mutations also confer cidofovir resistance, the 
latter is a poor alternative[54]. Foscarnet (second line) and 
cidofovir (third line) are associated with significant neph-
rotoxicity however, and can be challenging to administer 
in patients with reduced renal function or electrolyte 
imbalances. Ganciclovir-foscarnet combination therapy 
has been proposed as an option for treatment of  resis-
tant CMV, but this has variable response and is no longer 
strongly recommended since it was associated with more 
toxicity without proven clinical benefits[57].

There are some data to support the use of  adjunctive 
treatments like intravenous immunoglobulin or CMV im-
munoglobulin (CMV Ig), a switch to mammalian target 
of  rapamycin inhibitors (sirolimus, everolimus), or use of  
leflunomide[51]. The incidence of  CMV disease has been 
lower than expected in transplant recipients on sirolimus-
containing immunosuppressive regimens[58]. Another re-
cent study revealed that while CMV-Ig and CMV neutral-
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izing antibodies may be able to reduce viral spread during 
initial infection, during subsequent reactivation, they are 
unable to stop cell-to-cell viral spread[59]. Additionally, 
CMV-Ig has been shown to reduce CMV related mortal-
ity in SOT patients[60].

Several drugs in clinical development have been used 
for prevention and treatment of  CMV disease, including 
those caused by drug-resistant CMV. Maribavir, a benz-
imidazole inhibitor of  the UL97 kinase, has been shown 
to be a potential drug for the treatment of  drug-resistant 
CMV. However, the clinical trials in HSCT and liver 
transplant recipients were disappointing and the drug was 
not effective for CMV infection and disease prevention. 
In a randomized controlled trial comparing maribavir to 
oral ganciclovir as prophylaxis in liver transplant patients, 
there were significantly fewer patients with CMV infec-
tion or disease at 3 or 6 mo when treated with ganciclovir 
compared to maribavir[61]. Some have speculated that the 
dose of  maribavir chosen (100-mg twice daily) contrib-
uted to the inability to prove noninferiority, as previous 
phase Ⅱ trials demonstrated adequate antiviral activity 
at higher doses (400-mg twice daily), but higher doses 
were associated with significant dysgeusia[62]. Maribavir 
may still remain an option for treatment of  multi-drug 
resistant CMV due to differences in resistance mecha-
nisms[63]. New clinical trials (ClinicalTrials.gov Identifier: 
NCT01611974) are actively recruiting SOT and HSCT 
patients to investigate maribavir as a treatment for resis-
tant or refractory CMV[64].

Another investigational agent is letermovir (AIC246) 
which inhibits the enzyme UL56 terminase and shows 
promise in early studies with antiviral efficacy against 
drug resistant strains and minimal cross-resistance[51,65-67]. 
Additionally, cyclopropavir is another novel compound 
that has been shown to be effective against CMV by 
inhibition of  the UL97 kinase[68,69]. Resistance usually 
involves mutations of  UL97 kinase that are different 
from those seen in ganciclovir resistance, therefore cy-
clopropavir can potentially still retain activity against 
ganciclovir resistant strains[68]. CMX001 (Brincidofovir) 
is another investigational therapy with activity against 
multiple DNA viruses[70]. It is a well-tolerated oral lipid-
conjugate derivative prodrug of  cidofovir which delivers 
antiviral directly to target cells before being cleaved, and 
with no evidence of  nephrotoxicity or myelosuppression 
and increased potency compared to cidofovir[63,71]. Mul-
tiple clinical trials using CMX001 are ongoing, including 
one which preliminarily reported that CMV viremia was 
reduced with CMX001 use in HSCT patients with refrac-
tory CMV disease[72]. Additionally, results of  the phase 
Ⅱ randomized, controlled, dose-escalated clinical trial 
presented at the 2012 BMT Tandem meetings revealed a 
reduction in new or progressive CMV infection in HSCT 
patients using higher doses of  CMX001 for CMV pro-
phylaxis[73]. The phase Ⅲ study (ClinicalTrials.gov Iden-
tifier: NCT01769170) is now recruiting participants to 
continue to study the safety and efficacy of  CMX001 for 
CMV prevention in HSCT patients[74]. Resistance patterns 
in CMX001 would theoretically be similar to cidofovir, 

however a de novo CMX001 resistant strain (D542E, a 
novel UL54 mutation) has been generated after pro-
longed selection pressure in vitro[75]. Clinical trials of  these 
compounds in the liver transplant population are yet to 
be performed.

Other drugs approved for other indications have been 
used off-label and anecdotally for treatment of  resistant 
CMV. Leflunomide is an anti-inflammatory drug ap-
proved for rheumatoid arthritis that also causes inhibition 
of  CMV viral kinases and pyrimidine synthesis[54]; how-
ever more investigations need to be conducted to identify 
its role in the treatment of  multi-drug resistant CMV. 
Similarly, artesunate is an antimalarial with activity against 
drug resistant CMV, with proposed activity against viral 
kinase signaling pathways; experience with artesunate in 
this capacity has only been anecdotal[54].

Due to the virus’ ability to evade host defenses, pri-
mary infection with CMV has not been shown to confer 
immunity from subsequent infections[76]. Notwithstand-
ing this, there are efforts to develop CMV vaccine for 
prevention and therapy. These however remain in clinical 
development, and none has been subjected to phase Ⅲ 
clinical trials.

CONCLUSION
Despite decades of  studies dedicated to the discovery of  
new treatment and prevention options, CMV remains the 
single most devastating viral infection causing morbidity 
and mortality in liver transplant patients[20]. It is known 
that contributions from both the innate and adaptive 
immune system are necessary for a complete immune 
response to CMV, but the virus has a unique ability to 
evade both arms, causing latency and reactivation. Mul-
tiple antiviral therapies are approved for treatment and 
prophylaxis of  CMV infection in transplant patients, but 
ganciclovir (and valganciclovir) is the most commonly 
used antiviral drug. High-risk D+/R- liver transplant 
patients require a more aggressive form of  prevention, 
which in many centers have translated to longer duration 
of  antiviral prophylaxis. Preemptive therapy may also 
work, if  coordinated properly. Multiple viral mutations in 
UL97 and less commonly UL54 gene contribute to CMV 
resistance, and the challenge in these times is to produce 
a reliable alternative treatment option in cases of  multi 
drug resistant CMV. Several drugs and compounds are 
currently being developed in clinical trials, including a po-
tentially effective vaccine to reduce the impact of  CMV 
on transplantation outcomes[77].
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