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a b s t r a c t

Survival following liver transplantation has changed dramatically owing to improvement in surgical
techniques, peri-operative care and optimal immunosuppressive therapy. Post-Liver transplant (LT) de
novo or recurrent viral infection continues to cause major allograft dysfunction, leading to poor graft and
patient survival in untreated patients. Availability of highly effective antiviral drugs has significantly
improved post-LT survival. Patients transplanted for chronic hepatitis B infection should receive life-long
nucleos(t)ide analogues, with or without HBIg for effective viral control. Patients with chronic hepatitis C
should be commenced on directly acting antiviral (DAA) drugs prior to transplantation. DAA therapy for
post-LT recurrent hepatitis C infection is associated with close to 100% sustained virological response
(SVR), irrespective of genotype. De novo chronic Hepatitis E infection is an increasingly recognised cause
of allograft dysfunction in LT recipients. Untreated chronic HEV infection of the graft may lead to liver
fibrosis and allograft failure. CMV and EBV can reactivate leading to systemic illness following liver
transplantation. With COVID-19 pandemic, post-transplant patients are at risk of SARS-Co-V2 infection.
Majority of the LT recipients require hospitalization, and the mortality in this population is around 20%.
Early recognition of allograft dysfunction and identification of viral aetiology is essential in the man-
agement of post-LT de novo or recurrent infections. Optimising immunosuppression is an important step
in reducing the severity of allograft damage in the treatment of post-transplant viral infections. Viral
clearance or control can be achieved by early initiation of high potency antiviral therapy.

© 2020 Elsevier Ltd. All rights reserved.
Introduction

Liver transplantation (LT) is the only curative therapy for pa-
tients with decompensated cirrhosis, with an one year and 5-year
survival of around 90% and 70%, respectively [1]. Survival
following LT has improved over the years from a 1 and 5 year
survival of 70% and 50%, to 90% and 70%, respectively. Significant
improvement in surgical techniques, peri-operative care and
immunosuppression therapy has translated in to better survival.
However, increasing complexity of patients selection and expan-
sion of indications for liver transplantation may influence post-
transplant outcomes. Optimal immunosuppression is essential to
maintain the balance between rejection and infection in the post-
transplant period. Recurrent viral infection in the post-transplant
has been a major obstacle in the previous era causing severe allo-
graft dysfunction leading to graft failure and death.

There exists a wide geographical heterogeneity in the burden of
(D. Jothimani).
chronic liver disease (CLD) across the globe, which may influence
the indication and outcome of LT. Around 350 million people are
affected by Hepatitis B infection (HBV) worldwide, with a higher
prevalence in Asia and Africa (0.7e22.3%) compared to theWest [2].
Likewise, around 200 million people suffer from chronic hepatitis C
infection (HCV) globally, more common in central Asia and Japan
[3]. Approximately, 80% of HCV infected patients develop chronic
liver disease and 16e20% patients develop cirrhosis over 20 years
depending on the host, viral and environmental factors [4]. Hepatic
decompensation occurs in 3e6% annually and 15e20% in these
patients over 3e5 years [4,5]. Chronic Hepatitis C infection is the
most common indications for liver transplantation around the
world.

Considering the long term immunosuppressive state, post-
transplant patients are at a significant risk of ‘de novo’ viral in-
fections, defined as a new onset viral illness in the absence of
previous exposure. The source of de novo infection could be envi-
ronmental or donor derived at the time of transplantation. In
addition, there remains a significant risk of disease reactivation
leading to ‘recurrence’ particularly in patients transplanted for viral
hepatitis. Development of de novo or recurrent viral hepatitis can
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damage the liver allograft leading to a considerable impairment of
graft and patient survival. Understanding the natural history of
viral hepatitis in the LT recipients and the evolution of antiviral
therapy has changed long term survival of these patients
remarkably.

In this review, we focus on the prevalence, natural history and
clinical outcomes of hepatitis C (rHCV), hepatitis B (rHBV), HEV and
other viral infections such as CMV, HSV and EBV in LT recipients. In
addition, given the current COVID-19 pandemic, we discuss impact
of SARS-CoV-2 in the liver allograft and their outcomes.

Hepatitis C

Recurrent Hepatitis C (rHCV) infection of the liver allograft is
universal in untreated patients transplanted for this indication.
Allograft colonisation by viral particles occurs at the time of portal
reperfusion inducing liver damage as early as 72 hours post-LT. A
study on HCV viral kinetics demonstrated an initial sharp decline in
the RNA levels within 24 h of reperfusion followed by a rapid in-
crease to nearly 20 fold higher than the pre-transplant values
during the first week [6]. Untreated rHCV may progress with nec-
roinflammation, leading to allograft injury and fibrosis. In a study to
evaluate the natural course of 183 HCV liver transplanted patients
using protocol liver biopsies, fibrosis score progressed from 1.2 to
2.2 over a 10 year period. Post-LT patients with severe fibrosis at 1
year due to rHCV were associated with poor survival. Furthermore,
donor age >33 years and HCV genotype 1 or 4 developed were
associated with rapid fibrosis [7].

Post-transplant immunosuppression accelerates rHCV related
liver damage with fibrosis progression at the rate of 0.3%e0.8% per
year leading to cirrhosis and graft loss in 20e40% of patients within
5 years [8,9]. Up to 40% patients with rHCV develop hepatic
decompensation within a year of cirrhosis [10]. These patients
follow an accelerated course with a three year survival of only 10%
following hepatic decompensation unlike 60% in those with native
cirrhotic liver. Over all patients transplanted for HCV have a lower 3
and 5 year survival of 73% and 67%, respectively [11].

Rarely (<10%), rHCV can present in a severe form, Fibrosing
cholestatic hepatitis (FCH), characterized by bilirubin >6 mg/dl,
alkaline phosphatase (ALP) and gamma glutamyl transferase (GGT)
>5x upper limit normal, high HCV RNA typically occurring in the
first 6 months post-LT. Liver histology characterised by severe
cholestasis, hepatocyte ballooning spotty necrosis and Kupffer cell
hypertrophy. Progressive FCH is associated with severe allograft
dysfunction leading to graft failure leading to death within 12
months. In summary, HCV LT recipients had worst long term sur-
vival until 5 years ago.

HCV viral clearance described as sustained virological response
(SVR) defined as undetectable HCV RNA at 24 weeks following
antiviral therapy, but recently reduced to 12 weeks (SVR12). SVR
has a major implication in disease progression in rHCV. Similar to
chronic hepatitis C in pre-transplant patients, achieving SVR in
post-transplant patients results in stability of the disease or even
regression of fibrosis in 75% of patients [12]. Whereas, failure to
achieve SVR results inworsening of fibrosis. Unlike, in patients with
chronic liver disease, fibrosis in rHCV progresses at faster pace. In
patients untreated rHCV, fibrosis score �2 progress rapidly to
cirrhosis and graft failure than patients with absent or mild fibrosis
[13]. In a 10 year follow up Italian study of 358 LT patients for HCV,
patients who did not achieve SVR had the worst 10-year survival
39.8% compared to 84.7% in those with SVR [14].

Risk factors for rHCV

A number of studies evaluated recipient, donor and virus related
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risk factors associated with rHCV. Advanced recipient age, diabetes
mellitus, severe liver disease (Child Pugh >10), IL-28B poly-
morphism, high HCV RNA >107 IU/ml, ischemic/reperfusion injury,
CMV, donor age >65 years, cold ischaemic time over 8 h and warm
ischemia over 90 min, marginal graft, DCD donor, higher immu-
nosuppression in particular high dose corticosteroids for acute
cellular rejection, use of anti-thymocyte globulin were significantly
associated with rHCV in the liver allograft [15,16].

Role of immunosuppression in rHCV

Calcineurin inhibitors (CNI) such as tacrolimus and cyclosporine
are the most commonly used immunosuppressive drugs in LT re-
cipients. Ideal immunosuppressive regimen in HCV LT recipients to
avoid rejection and at the same time to reduce the risk of rHCV is
not established. Corticosteroid therapy was considered to be the
main drug associated with increased risk of rHCV. In particular, use
of steroid boluses and rapid tapering has been shown to reactivate
hepatitis C in the graft [17]. Various immunosuppressive modifi-
cations were adopted in the past to reduce rHCV of the allograft.
Low dose slow steroid tapering has shown to reduce rHCV in the
graft. A study by Berenguer et al., showed 29% rHCV in patients with
CNI and tapering steroids over 9e12 months compared to 48% in
the historical controls [18].

Studies attempted to eliminate corticosteroids using interleukin
(IL-2) receptor antagonist induction regimens to reduce rHCV. In a
prospective randomised multi-centre trial evaluation dacluzimab
induction followed by tacrolimus and mycophenolate mofetil
(MMF) (n ¼ 153) vs standard treatment showed similar rates of
rHCV, 33% vs 40% (P not significant) [19]. Similarly, a double blinded
comparative study showed no difference in histological rHCV in
patients receiving basiliximab vs steroid-cyclosporine (41% vs 37%)
based immunosuppression [20].

Cyclosporine has been shown to inhibit HCV virus, by blocking
cyclophyllin, a protein that aides viral binding and replication
in vitro. However, human studies failed to demonstrate clinical
benefit. A meta-analysis of nine studies with 1180 HCV trans-
planted patients on cyclosporine vs tacrolimus showed no differ-
ence in histological HCV recurrence (RR ¼ 0.92, 95% CI: 0.71e1.19,
P ¼ 0.51), allograft loss due to rHCV (RR1.62, 95% CI: 0.64e4.07,
P ¼ 0.31) and mortality (RR ¼ 0.98, 95% CI: 0.77e1.25, P ¼ 0.87)
[21].

Donation after circulatory death (DCD) organ and rHCV

With increasing demand for cadaveric organs, DCD organ har-
vest has been increasingly utilized. Studies showed increased rHCV
in patients undergoing LT from a DCD compared to donation after
brain death (DBD) liver, probably related to ischaemic reperfusion
injury [22]. Interestingly, a large case control study on HCV patients
who received DCD liver showed no significant differences in the
HCV RNA titres (P ¼ 0.7), severe rHCV with fibrosis (8% vs 15%,
P ¼ 0.38) and graft loss (5% vs 9%, P ¼ 0.6) between the two groups
at 12 months post-transplant [23].

Diagnosis

Previously, interpretation of abnormal LFTs in patients trans-
planted for HCV infection was difficult to distinguish between a
rejection episode and rHCV infection, in the absence of liver biopsy.
Therefore, management of graft dysfunction in HCV transplant re-
cipients was a challenge. This led to the development of non-
invasive markers of liver fibrosis. Fibroscan using transient elas-
tography technique plays a major role in the assessment of disease
severity in these patients [24].
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Liver histology is definitive in the diagnosis and management of
rHCV. This shows variable severities of portal tract lymphocytic
infiltration, interface hepatitis, ductular reaction, lobular activity
with mononuclear inflammatory infiltrate, necroinflammatory foci
and apoptotic bodies. Nodular lymphoid aggregates may be pre-
sent. FCH is characterised histologically by irregular portal expan-
sion, portal fibrosis with immature pericellular/sinusoidal fibrous
bands, extensive hepatocyte ballooning and degeneration, bile
ductular reaction, marked canalicular and intracellular bilirubino-
stasis, and mild to moderate mononuclear inflammation. Confluent
or bridging necrosis may be present. Varying stages of fibrosis
depending on the disease severity.

HCV treatment in decompensated cirrhosis awaiting LT

Pre-LT HCV RNA level strongly predicts post-transplant rHCV
severity. Therefore, treatment should be aimed at making the pa-
tient virus free prior to liver transplantation. SVR has consistently
shown to improve several aspects of HCV related complications.
Achieving SVR in patients awaiting liver transplantation has shown
to decrease the rate of disease progression, symptomatic
improvement, reduction in MELD score and importantly it im-
proves post-transplant survival [25,26].

Treatment of HCV in the previous era

A decade ago, the treatment of HCV in patients with decom-
pensated cirrhosis was nearly impossible. In the absence of
advanced liver disease, the use of Peg-IFN and ribavirin achieved
50e70% SVR depending on the genotype. Unfortunately, both these
drugs are contraindicated in patients with decompensated cirrhosis
due to higher adverse events, like anaemia and sepsis. Subsequent
introduction of first generation directly acting antiviral (DAA)
therapy, protease inhibitors telaprevir and boceprevir achieved SVR
around 70% given with Peg-IFN and ribavirin. However, protease
inhibitors were effective only against HCV genotype 1 and similarly
these were contraindicated in advanced liver disease. Both these
drugs were discontinued in 2015.

Treatment of HCV in patients with decompensated cirrhosis
changed significantly following the introduction of Sofosbuvir, the
second generation DAA with high efficacy, shorter treatment
course, better safety profile and importantly interferon free regime.

Sofosbuvir with ribavirin for up to 48 weeks in 61 HCV HCC
patients awaiting liver transplantation, showed an undetectable
HCV RNA at the time of LT was associated with 70% SVR12 in the
post-transplant period. Moreover, patients with undetectable HCV
RNA at least 4 weeks prior to LT never developed rHCV. Adverse
events leading to drug discontinuation was noted in 2 patients
(sepsis and kidney injury) which was unrelated to the drug [27].
The success of this therapy changed the perspective of HCV man-
agement in patients undergoing liver transplantation.

Subsequent studies were conducted in HCV patients with
decompensated cirrhosis with second generation DAA. SOLAR-1
was a phase 2 open label multi-centre study on 12 or 24 weeks of
ledipasvir (NS5A polymerase inhibitor), sofosbuvir and ribavirin in
patients with advanced cirrhosis (Child Pugh B or C, n ¼ 108).
SVR12 for Child Pugh B was 87% and 89%, and for Child Pugh C was
86% and 87%, with 12 and 24 weeks treatment irrespective of
previous therapy. Adverse events occurred in 23% of patients but
only 4% discontinued treatment [28]. Similarly, SOLAR-2 study was
conducted across European and New Zealand sites on HCV Child
Pugh B (n ¼ 56) and Child Pugh C (n ¼ 51) with SVR12 of 87% and
96%, and 85% and 78% for 12 and 24 weeks, respectively. Adverse
events occurred in 11e50% of patients, predominantly in Child
Pugh C, including 3 (12%) patients death. These two studies clearly
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demonstrated high SVR rates in patients with 12 weeks of this
combination therapy with effective HCV clearance in patients with
decompensated cirrhosis. With the higher viral eradication rates,
MELD score improved in these patients over a period of time;
however, in many of the study centres patients have undergone
liver transplantation due to shorter waiting times in different parts
of the study sites [29]. Data from our liver unit showed a significant
decline in patients transplanted for chronic HCV from 2009 to 2019
(17.1% vs 10.1%, P ¼ 0.002).

ALLY-1, an open labelled prospective, multi-centre, phase 3
study evaluated the use of 12 weeks daclatasvir 60 mg daily in
combination with sofosbuvir 400 mg twice a day and weight based
ribavirin in patients with decompensated cirrhosis (n¼ 60) with an
SVR12 of 83% [30]. Patients with Child Pugh A and B had a higher
SVR12 than C, 94%, 94% and 56%, respectively. Likewise, genotype
1b had a better SVR12 than genotype 1a (100% vs 76%). In patients
with decompensated cirrhosis, MELD score improved by�0.3,�0.3
and �0.9 across Child Pugh A, B and C patients, respectively. Viral
relapse occurred in 10 patients in decompensated cirrhosis, and
were successfully treated with 24 weeks combination therapy.
Anaemia and fatigue developed in around 20% patients predomi-
nantly attributed to ribavirin.

Higher rates of SVR12 with DAA has shown to reduce HCV
related death by 74% [31]. Achieving SVR12 has shown to reduce the
chance of liver disease progression with improvement in portal
pressure [32]. In several cases there were significant improvement
in MELD score leading to delisting of patients waitlisted for LT. In a
study involving 409 patients with Child B and C cirrhosis, the mean
MELD declined by 0.85 within 6 months compared to untreated
patients (P <0.0001) and encountered reduced episodes of hepatic
decompensation (3.7% vs 10%, P¼ 0.009) in patients with SVR [33].
Importantly, a cohort study from SRTR database showed 32%
reduction in the HCV LT waitlist after they cleared HCV with DAA
therapy [34].

Post LT rHCV management

In the previous decade, management of post-transplant rHCV
has been posed several difficulties. Introduction of Peg-IFN and
ribavirin in the treatment of rHCV slightly improved clinical
outcome. Unfortunately, these drugs were associated with signifi-
cant side effects including graft rejection. Therefore, treatment was
recommended only in patients with moderate and severe rHCV. In
an earlier study by Berenguer et al., HCV LT recipients were treated
with 48 weeks of either IFN and ribavirin (n ¼ 31) or Peg IFN and
ribavirin (n ¼ 58) in a median time of 16 months from trans-
plantation. SVR was achieved in 16% and 48% with IFN and Peg-IFN,
respectively. Patients who achieved SVR had a clear survival benefit
(5-year patient survival 93% vs 69%). Unfortunately, 23 (26%) pa-
tients developed hepatic decompensation and 18 (20.2%) patients
had allograft loss following the therapy [35].

Telaprevir and boceprevir, the first generation protease inhibi-
tor, introduced in 2010 for the treatment of chronic hepatitis C.
Although not approved for post-transplant patients, these drugs
were studied in the treatment of rHCV infection. In combination
with Peg-IFN and ribavirin, these drugs achieved around 50% SVR.
Unfortunately, these drugs were poorly tolerated, predominantly
due to adverse effects such as transfusion dependent anaemia.
Moreover, profound inhibition of cytochrome P450-3A4 enzyme by
these drugs increased CNI trough levels leading to toxicity, with
cyclosporine level increase by 4e6 fold and tacrolimus trough
levels by 70 fold [36]. Treatment of rHCV in the previous era
showed disappointing results.

Second generation DAA has completely changed the outlook of
post-transplant rHCV infection [37]. First multicentre open label
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prospective pilot study was conducted across US and European
centres evaluated the safety and efficacy of 24 weeks sofosbuvir
and ribavirin combination therapy in post-transplant rHCV. In 40
patients who received therapy (40% biopsy proven cirrhosis) the
SVR12 was high at 70%. Median time from liver transplantation to
therapy was 4.3 years (range 1e10 years). Virological relapse
occurred in 30% of patients. Fatigue, diarrhoea and anaemia
occurred in 30%, 28% and 20% of patients [38].

Initial studies with sofosbuvir and ribavirin combination ther-
apy for post-transplant rHCV showed poor drug tolerance, how-
ever, the main adverse event was anaemia related to ribavirin in
62% of patients, and subsequent hepatic decompensation related to
the low haemoglobin [39].

SOLAR 1 and SOLAR 2 also evaluated the efficacy of the com-
bination of sofosbuvir and Ledipasvir also included post liver
transplantation rHCV patients.

SOLAR-1 study involving 12 or 24weeks of ledipasvir, sofosbuvir
and ribavirin in post-LT rHCV (n ¼ 229), the SVR12 was 96%, 96%,
86%, 60%,100% in patients with no cirrhosis, Child A, Child B, Child C
and FCH patients with 12 weeks and, 98%, 96%, 88%, 75% and 100%
for 24 weeks therapy. Adverse events such as mild hyper-
bilirubinemia and anaemia however, mostly managed by reducing
median dose of ribavirin to 600 mg daily [38].

SOLAR-2 trial evaluated 226 post-transplant rHCV patients with
ledipasvir sofosbuvir combination however, recipients with Child
Pugh score above 13 were excluded. SVR12 was 93%, 100% and 95%
in patients with no cirrhosis, Child A and Child B cirrhosis with 12
weeks therapy and 100%, 96%, 100% with 24 weeks therapy. These
drugs were well tolerated with 5% adverse events, 2% discontinu-
ation rates, and 2% viral relapse rates [40]. The success of SOLAR
trial with all oral DAA in this challenging population opened the
avenue for patients post LT rHCV.

These two studies clearly demonstrated high SVR rates in pa-
tients with 12 weeks of this combination therapy with effective
HCV clearance post-transplant rHCV, than the previous generation
drugs.

ALLY-1 study also recruited patients with post-transplant rHCV
infection (n ¼ 53) to assess the efficacy of 12 weeks daclatasvir
60mg daily in combinationwith sofosbuvir 400mg twice a day and
weight based ribavirin. SVR12 was 94% in LT recipients. HCV virus
relapsed in 3 post-transplant patients and were subsequently
treated with 24 weeks of daclatasvir, sofosbuvir and ribavirin.
There was no significant drug interaction with CNI requiring dose
adjustments [30]. Interestingly, a real world analysis of daclatasvir
and sofosbuvir showed 87e100% SVR12 in patients with Child B
and C cirrhosis, and 58% of decompensated cirrhotic patients
showed improvement in MELD score [41].

A large multicentre study on daclatasvir in combination with
sofosbuvir or simeprevir with or without ribavirin for 24weeks was
carried out on 97 LT recipients with severe rHCV including 37%
patients with FCH and 31% with cirrhosis. SVR12 with daclatasvir
plus sofosbuvir was 91% and dactlasvir plus simepravir was 72%.
There was a significant improvement in Child Pugh score from 6.8
to 5.7 (P < 0.001) and MELD score from 12.1 to 9.7 (P < 0.001)
following SVR. However, these scores worsened in 13% patients
despite antiviral therapy [42].

Introduction of pangenotypic Velpatasvir-sofosbuvir combina-
tion further simplified HCV therapy with maximal efficacy. A phase
3 study on 624 patients with HCV increased SVR to 99% including in
cirrhotic patients [43].

Monitoring for rHCV

Careful regular monitoring of liver function is essential in pa-
tients undergoing LT for HCV. Higher ALT was shown to accelerate
4

disease progression and cirrhosis. ALT>100 U/L was shown to
predict cirrhosis at 5 years due to rHCV (35% vs 6%). Similarly,
serum bilirubin >3.5 mg/dl was strongly associated with develop-
ment of cirrhosis following rHCV [44,45]. Practice of protocol liver
biopsies at regular intervals post transplantation were carried out
in the past. Presence of moderate to severe lobular inflammation
was associated with disease progression (30% vs 0.10%) compared
to no or minimal inflammation over 5 years post transplantation.

HCV RNA titres has a direct correlationwith the severity of post-
transplant rHCV infection. In a study by Shakel et al., [46]. Peak HCV
RNA in the first year of untreated patients was associated with poor
patient survival. A level of less than 107, 107-108 and >108 U/L was
associated with a median survival of 89, 71 and 12 months,
respectively.

Hepatitis C positive donors

HCV positive (HCVþ) donors has been utilized to curb cadaver
organ demand. However, the risk of graft reinfectionwas a threat to
the recipients who are already HCV positive, in particular when
donor age >50 years. Recipient selection for HCVþ donors should
be carried out with care [47e49]. Alvaro et al., compared patients
transplanted for HCV receiving HCVþ liver donors (n¼ 13) vs HCV-
donors (n ¼ 130). These donors were carefully evaluated based on
normal liver function tests (LFT), normal macroscopic appearance
at the time of harvest, frozen biopsy at the time of donation
showing mild inflammation and no to mild fibrosis. Histologically,
severe rHCV was detected in 23.1% and 22.3% (P ¼ 0.46), with no
differences in 1-,3-, and 5-year graft (P ¼ 0.35) and patient survival
(P¼ 0.25) [50]. In a recent innovative approach non-liver recipients
of HCV positive donors were prescribed a short 7 day course of
newer DAA Glecaprevir/pibrentasvir along with ezetimibe (HCV
entry inhibitor) showed 100% viral clearance at week 12 [51].

In summary, long term survival of HCV LT recipients has
improved dramatically following second generation DAA. With
current SVR close 100%, excellent safety profile DAA therapy are
increasingly used in decompensated cirrhosis and for post-
transplant rHCV treatment.

Treating HCV infection in patients with decompensated
cirrhosis with DAA is associated with significant improvement in
MELD score and may subsequently help reducing transplant wait-
list. There was a debate whether to treat these patients while
waiting for transplant or to treat in the post-transplant period,
because some studies observed an increased risk of HCC following
SVR.

In the management of rHCV, the timing of antiviral therapy is
not well established. Most experts recommend starting DAA after
first 3 months with stable immunosuppression onboard. A study by
Pellicelli et al., showed significant adverse events including hepatic
decompensation and 25% mortality in those with advanced disease
following treatment with daclatasvir and sofosbuvir for post-
transplant rHCV [52]. Similarly, Forns et al., provided compas-
sionate access sofosbuvir and ribavirin to 104 patients with severe
rHCV with life expectancy less than 12 months. SVR was 59% and
much higher (73%) in patients with severe rHCV. However, severe
adverse event occurred in 47% of patients including 13% mortality
[53]. Therefore, it is advisible to commence antiviral therapy prior
to hepatic decompensation. Post-transplant rHCV management
previously included allograft biopsy to assess the severity of rHCV
before commencing anti-viral therapy. However, the necessity of
biopsymay be arguablewith the currently available DAA. Abnormal
liver enzymes in the presence of high HCV RNA level may suffice to
commence DAA.

Retransplantation for graft failure secondary to rHCV had much
worse outcomes. Retransplantation for rHCV related graft failure is



D. Jothimani, R. Venugopal, M. Vij et al. Best Practice & Research Clinical Gastroenterology 46-47 (2020) 101689
associated with prolonged hospitalization, increased cost and
reduced survival. However, outcome and patients selection differed
amongst various studies. A multi-centred study from the US
showed 1 and 3 year survival of HCV retransplantationwas 69% and
49% with no difference in survival compared to other indications
[54]. However, the currently available DAA, the need for retrans-
plantation likely to have reduced.

Hepatitis B

Hepatitis B is a major cause of chronic liver disease across the
world affecting 350 million population, with higher prevalence in
Asian and African countries despite universal vaccination. Hepatitis
B was considered an absolute contraindication in the initial years of
liver transplantation due to early graft reinfection and poor survival
benefit (less than 50%, 2 year survival) [55,56]. FCH was in fact first
reported in patients with severe rHBV occurred in 25% of transplant
recipients, characterized by rapidly progressive disease with
cholestasis, hepatocyte ballooning leading to severe allograft fail-
ure and death.

Subsequent evolution of antiviral drugs use in pre-and post-
transplant setting and introduction of HBIg in 1980s in the post-
operative period has improved the clinical outcomes with better
long term survival. Factors associated with rHBV includes pre-
transplant HBeAg status and high HBV DNA levels (>20,000 IU/
ml). Interestingly, HBV presenting as acute liver failure has lower
recurrence rates in the post-transplant period due to low DNA level
[57].

Diagnosis of rHBV is established by high HBV DNA with or
without abnormal LFTs. Recurrent chronic HBV infection has amore
aggressive course with more rapid progression of fibrosis and more
severe activity. Liver histology is characterized by lymphoplasma-
cytic portal inflammation, portal fibrosis, interface activity, bile
ductular reaction, lobular disarray, lobular spotty or confluent ne-
crosis and Kupffer cell hyperplasia. Ground glass hepatocytes or
sanded-appearing nuclei may be seen. Immunohistochemistry
demonstrates HBV surface and core antigen. Occasionally, atypical
histological patterns of rHBV have been described. Liver histology
of FCH shows periportal expansion with fibrosis extending as thin
perisinusoidal strands for varying distances into the liver lobule,
along with bile ductular structures with or without an identifiable
lumen. Liver parenchyma shows prominent hepatocyte ballooning,
bilirubinostasis and immunopositivity for HBcAg (nuclear and
cytoplasmic) and to a variable degree for HBsAg.

Treatment aimed at reducing HBV DNAviral load was associated
with better outcomes in the post-transplant period. In addition,
hepatitis B immunoglobulin (HBIg) provides an adequate cover to
minimize viral transmission in the perioperative period.

HBV therapy in the previous era consisted of use of lamivudine
monotherapy, subsequently adefovir was added particularly in
patients with lamivudine resistance. In 2012, with the introduction
of nucleos(t)ide analogue drugs with high genetic barrier to resis-
tance, entecavir and subsequently tenofovir showed better viral
suppression. Patients with decompensated cirrhosis with or
without HCC should be commenced on antiviral therapy prior to
liver transplantation, and should be continued for life following
liver transplantation to minimize Hepatitis B reactivation. Passive
immunization with HBIg given around the time of transplantation
has shown beneficial effects in previous studies. Most experts
recommend to maintain HBsAb titres 100e500 U/L in the first few
months following liver transplantation. Initial high dose HBIg is
usually administered at the anhepatic phase, and subsequent daily
maintenance dose for a week. Further doses depends on the anti-
HBs antibody titres. Combination of HBIg and nucleos(t)ide
analogue is the most commonly used regimen to minimize
5

recurrent Hepatitis B infection of the liver allograft. However, the
dose and route of administration was not clearly established,
moreover, the exorbitant cost, unavailability in several countries
weremajor limiting factors of HBIg. Several studies were conducted
using various protocols in the usage of HBIg. Interestingly, combi-
nation of lamivudine plus intramuscular HBIg up to 800 IU/day for a
week followed by monthly injections was associated with 1 and 5
year HBV recurrence rate of 1% and 4%, respectively [58]. Later
studies found that patients transplanted for Hepatitis B may not
require long term HBIg. In a study of 58 post-LT patients HBIg was
discontinued at 1 year and with the commencement of entecavir or
tenofovir, was associated with low rHBV rates (8.6%) [59]. A similar
study showed, low recurrence rate of hepatitis B following nucle-
os(t)ide therapy and HBIg withdrawal [60]. Subsequent studies
showed that long term HBIg may not be necessary in the presence
of potent antiviral therapy. Teperman et al., studied 40 post-LT
patients with 24 weeks HBIg plus tenofovir-emtricitabine and
then randomised to tenofovir-emtricitabine vs tenofovir-
emtricitabine with HBIg. This study found no HBV recurrence in
both the group [61]. Later studies found post-transplant prophy-
laxis with nucleos(t)ide analogues with complete elimination of
HBIg. In a study of 75 liver transplant recipients for Hepatitis B
received nucleos(t)ide therapy and no HBIg was given in patients
with HBV DNA <2000 IU/ml. The recurrence rate was low at 8% and
resolved after changing antiviral therapy [62]. A larger study pub-
lished in 2013, on 362 post-liver transplant patients without HBIg
showed HBV recurrence at 3 years were 17% and 0% with lam-
ivudine and entecavir, respectively.

Thus, most liver transplant centres adopted lifelong entecavir or
tenofovir to reduce viral relapse following liver transplantation,
particularly in low risk patients such as those with decompensated
cirrhosis with low viral load (<100 copies/ml) and those with ALF
presentation. Low dose and short course HBIg with antivirals may
be useful in patients with high HBV DNA and HBeAg positive
patients.

Tenofovir alafenamide (TAF) is the most recently introduced
formulation of tenofovir, to overcome renal and bone related
adverse events due to tenofovir disoproxil fumarate. The efficacy is
similar to its prodrug tenofovir disoproxil fumarate with a good
safety profile. It is recommended in patients with chronic kidney
disease and osteoporosis. Data in post-transplant patients with TAF
is scarce. Small case series found switching from TDF to TAF
improved renal profile measured by eGFR þ2.5 ml/min/1.73 m2

compared to þ0.29 with TDF over 48 weeks. In addition, there was
no significant drug interaction with immunosuppressants [63].

HBcAb positive donors

HBsAg negative, HBcAb positive organs have been utilized for
transplantation to expand organ pool. However, these recipients
are at risk of disease transmission due to de novo hepatitis B
affecting the graft. Highest risk of de novo infectionwas observed in
hepatitis B naïve recipients receiving HBcAb positive donors as
compared to HBsAg negative HBcAb positive and HBsAb positive
recipients (48% vs 15%) without antiviral therapy [63]. In a study of
40 liver transplant patients receiving HBcAb graft, de novo hepatitis
B occurred in 5 (12.5%) patients, with more occurrence in the
HBcAb negative HBsAb negative compared to HBcAb positive
HBsAb negative (50% vs 4.2%, P ¼ 0.049) in the absence of antiviral
therapy [65]. Therefore, long term anti-viral prophylaxis is neces-
sary in these patients to prevent de novo HBV infection. The rate of
de novo HBV infection in HBSAg naïve patients receiving HBcAb
positive liver showed similar rates of allograft infection irrespective
of lamivudine monotherapy or lamivudine with HBIg combination
(3.6% vs 2.7%) [64,66] indicating that oral antiviral therapy alone
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sufficient to prevent de novo Hepatitis B infection. Currently, most
centres use entecavir or tenofovir long term in the prevention of de
novo hepatitis B infection. Management of patients receiving
Hepatitis B core antibody positive donor liver is illustrated in Fig. 1.

Hepatitis B core antibody recipient receiving hepatitis B negative
liver graft

HBsAg negative, HBcAb positive, HBV DNA negative patients
undergoing liver transplantation are at extremely low risk of hep-
atitis B reactivation [67]. These patients should receive double dose
hepatitis B vaccine prior to liver transplantation and any abnor-
mality in the liver enzymes should trigger HBV DNA analysis for
reactivation.

With high genetic barrier for resistance currently preferred drug
for post-LT patients is either entecavir or tenofovir. Renal function
should be monitored regularly in patients receiving tenofovir,
particularly in the post-transplant where CNI can also affect the
kidney function. Entecavir is the most commonly used antiviral
drug due to its excellent ling term efficacy and safety profile.

Hepatitis D

Hepatitis D is an incomplete RNA virus requires Hepatitis B for
its replication. HDV occurs in 5% patients with Hepatitis B infection
either as a co-infection or superinfection. HDV-HBV can lead to
severe liver disease with rapid progression to cirrhosis and hepatic
decompensation or acute liver failure. However, post-transplant
outcomes are similar or better than HBV monoinfected patients.
Due to effective control of HBV with currently available antiviral
drugs against HBV, HDV is rarely an issue encountered in LT re-
cipients [68].

Non-HBV patients undergoing LT should be adequately vacci-
nated against Hepatitis B, preferably while on the waiting list. Pa-
tients with advanced liver disease may produce suboptimal
response to vaccination. Hence, double dose vaccination with 40
mcg at standard intervals recommended.
Fig. 1. Treatment of liver recipient wit
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All patients undergoing liver transplantation for chronic HBV
liver disease should be commenced on antiviral therapy if not
already. Choice of antiviral therapy is one with high genetic barrier
of resistance (entecavir or tenofovir). Routine use of HBIg is no
longer recommended in post-transplant patients. HBV DNA should
be checked in patients with post-transplant graft dysfunction.

COVID-19

The current pandemic corona virus disease (COVID-19) is caused
by a new strain of corona virus named as SARS-CoV-2, with 80%
similar phylogenetic homology to previous SARS-CoV [69]. It is a
single positive stranded RNA virus belonging to beta coronavirus
genus and is a chimeric variant of bat coronavirus [70]. This disease
initially started as a zoonotic infection from a sea food market of
Wuhan in December 2019 causing potentially fatal pneumonia,
with person to person droplet spread nuclei resulting in rapid in-
crease in infections across the world earning it a pandemic status
by March 11, 2020 [71]. SARS-CoV-2 uses angiotensin converting
enzyme (ACE2) receptors for cell entry as it has similar receptor
binding domain to that of SARS-CoV [72]. ACE2 is abundantly
expressed in alveolar type II cells and less commonly in bronchial
epithelial cells of lungs. ACE2 is also expressed in stratified
epithelial cells of oral and esophageal mucosa, enterocytes of small
intestine and colon, liver, myocardial cells, vascular endothelium
and smooth muscle cells [73]. SARS-CoV-2 has 10 to 20-fold higher
affinity than SARS-CoV to ACE2 receptors. This disease canmanifest
with mild respiratory or gastrointestinal symptoms to interstitial
pneumonia, acute respiratory distress syndrom (ARDS) and diffuse
thromboembolic events leading on to multiorgan failure and death.
Over all the case fatality of COVID-19 ranges from 5.65% to 15% with
geographic heterogenicity [70].

Liver & SARS-CoV-2

Hepatic involvement occurs in 14e53% of patients with COVID-
19, particularly in severe cases [74]. ACE2 receptor is highly
h hepatitis B core positive donor.
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expressed in cholangiocytes (59.7%) and vascular endothelial cells.
Interestingly, only 2% hepatocytes express ACE2 and no expression
observed in sinusoidal endothelial cells [73]. Liver involvement in
COVID-19 is probably to the direct viral cytopathic effect and also
related increased cytokine storm associated with severe disease
(Fig. 2).

In a recent multicentre study on COVID-19 patients with un-
derlying cirrhosis (n ¼ 50), 97% required hospitalization and 71%
required respiratory support. The number of patients with
MELD>15 increased from 13% to 26% (P ¼ 0.037) and acute on
chronic liver failure (ACLF) occurred in 28% of patients, with a 30-
day mortality of 34% [75]. SARS-CoV-2 in patients with decom-
pensated cirrhosis is associated with higher mortality [76]. Analysis
of APASL COVID-19 Liver injury spectrum study (APCOLIS) on 228
patients (43 cirrhotics), hepatic decompensation occurred in 9%
and ACLF in 11.6% of patients. Child Pugh score >9 predicted higher
mortality (ROC 0.94, HR 19.2). In patients with decompensated
cirrhosis, mortality was 33% compared to 16.3% in compensated
cirrhosis [77]. Based on a recent survey from European LT registry,
the crude incidence of COVID-19 in patients awaiting liver trans-
plantationwas 1.05% (0.5e20%) with a crude death rate of 18% [78].
Post-LT de novo COVID-19

LT recipients are more susceptible for SARS-CoV-2 infection,
owing to their immunosuppressive state and associated comor-
bidities. Incidence of COVID-19 in post-LT patients was 0.34%
(0.1e4.8%), with a crude death rate of 15% [78]. Initial analysis on 90
solid organ transplant recipients with COVID-19 showed that 76% of
patients required hospitalization with 18% mortality [79]. Earlier,
Donato et al., from Italy reported COVID-19 incidence of 1.25% in
640 post LT patients of which three-fourths developed only mild
disease [80].

Similar to non-transplant COVID-19 patients, Becchetti et al.,
observed fever (79%), cough (55%) and gastrointestinal symptoms
(33%) in the majority of LT recipients. Risk factors such as hyper-
tension (56%) and diabetes (37%) were observed in these cohort.
ARDS developed in 19% with a case fatality rate of 12e17% [81]. An
interim analysis from COVID-Hep registry showed 23% mortality in
a cohort of 39 LT patients. Interestingly, mortality was not influ-
enced by time from transplant or immunosuppressive drugs [82]. A
study from Spanish society for liver transplantation reported 111
recipients with COVID-19, where 86.5% required hospitalization for
their symptoms of whom of 19.8% required respiratory support and
10.8% patients required intensive care. MMF was an independent
predictor of severe COVID-19; whereas tacrolimus appeared
Fig. 2. Liver Injury in SARS-CoV-2 infection.
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protective. Allograft function showedmildly elevated liver enzymes
in 14.7% patients and severe graft dysfunction were observed in
2.7% patients. Mortality in post-LT patients with COVID-19 was 18%.

A largest multicentric international COVID-19 registry analysis
of 151 post-LT and 627 chronic liver disease patients showed higher
ICU admission (28% vs 8%, p < 0.0001), invasive ventilation (20% vs
5%, (p < 0.0001) in post-transplant group. Interestingly, mortality
was less in LT recipients (19% vs 27%, p ¼ 0.046) [83].

Drugs used in COVID-19 treatment can cause liver injury and
drug interactions. Remdesivir, was initially considered in the man-
agement of COVID-19 but a recent randomized controlled trial failed
to show clinical benefit in COVID-19 treatment. Unfortunately,
10e13% of patients developed drug induced liver injury [84]. This
may lead to allograft dysfunction in LT recipients. Similarly,
lopinovir-ritonovir inhibits cytochrome P450 leading to significant
drug interaction particularly CNI trough level in post LT patients.

Based on expert opinions, international bodies recommends
against stopping immunosuppression particularly CNI. However,
MMF may be dose reduced at the time of COVID-19 illness,
particularly in those with severe lymphopenia, superadded bacte-
rial or fungal infection.

Hepatitis E (HEV)

HEV is a single stranded RNA virus; four genotypes have been
described. Genotype 1 and 2 spreads through faeco-oral contami-
nation, a self-limiting illness, prevalent in Asian and African
countries. Genotype 3 and 4 are acquired as a zoonotic infection
through the consumption of undercooked swine, boars, deer and,
camel meat andmilk recently recognised in thewesternworld [85].
Post-LT HEV infection is an increasingly recognised cause of chronic
allograft dysfunction, predominantly genotype 3 and 4. A surveil-
lance study from the US identified 22% HEV seroprevalence
amongst blood donors. This may cause transfusion related trans-
mission in liver transplant recipeints [86]. A study by Koning et al.,
identified HEV seroprevalence of 42% in patients transplanted for
HCV. Surprisingly, none of these patients developed HEV reac-
tivation [87]. This may be due to the protective effect of Peg-IFN
used in the treatment of HCV.

Post-LT HEV infection

Clinical presentation of acute hepatitis E infection in the post-
transplant patients is similar to the non-transplant setting, how-
ever, chronic presentation defined as detectable HEV RNA or HEV
IgM in the serum for 6 months, and is exclusively observed in the
post-transplant patients [88].

Chronic HEV in liver transplant recipients was first recognised
by Kamar et al. These patients continued to have allograft
dysfunction following an acute infection and persistent positive
HEV RNA in serum or stool for 10e24months [89]. Exact prevalence
of HEV seroprevalence in LT recipients is unknown. Based on HEV
RNA or HEV IgG level, a retrospective analysis of frozen sera showed
1%e16% seroprevalence of HEV in LT recipients [90]. In a French
study, HEV seroprevalence (HEV IgG) was observed in 12.9% of
patients during pre-LT evaluation, interestingly one third of these
patients became HEV negative in the post-transplant period [91].
Studies show that over all seroprevalence is low in transplant re-
cipients compared to the general population, but given the
immunosuppressive state the rates of chronic infection remains
high, 50e65%, leading to significant graft fibrosis and failure [92].
Most of these infections are de novo chronic HEV infection. Rare
cases of donor derived HEV have been described, confirmed by
higher levels of HEV RNAwith similar phylogenetic sequence in the
stored donor liver tissue [93].
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Clinical features of chronic HEV include amodest increase in ALT
between 100 and 300 IU/L, unlike acute viral hepatitis. Liver his-
tology is characterized by portal fibrosis, variable portal inflam-
mation and interface hepatitis. In severe cases, increased lobular
hepatitis and progressive graft fibrosis [88]. Factors associated with
chronic HEV disease progression were studied. A multi-centre Eu-
ropean study on post LT patients showed tacrolimus usage inde-
pendently predicted chronic HEV infection (OR 1.87, P ¼ 0.04).
However, more studies are clearly required to evaluate the exact
role of immunosuppression in chronic HEV infection [94].

Post-LT chronic HEV causes allograft dysfunction, leading to
chronic liver disease, cirrhosis and death. Diagnosis of HEV in the
post-transplant period is difficult due to the heterogeneity in the
sensitivity of HEV IgM detection; HEV RNA quantification is more
reliable however, it is not widely available and there are variations
in the assays.

Treatment of Chronic HEV alleviates allograft dysfunction.
Lowering immunosuppression as in other post-transplant viral
infections may lower HEV RNA level. Although no treatment has
been firmly established, ribavirin has been found useful in post-LT
chronic HEV infection, with a clearance rate of 78% [95]. However,
around 20% of patients can be viremic leading to disease progres-
sion. Recently, an invitro study showed inhibitory effect of sofos-
buvir on HEV genotype 3 replication as an add on therapy to
ribavirin [96]. Unfortunately, a phase 2 study of 9 post-transplant
chronic HEV patients (n ¼ 9), sofosbuvir 400 mg once a day for
24weeks failed to clear the virus. Surprisingly, patients onMMF but
not mTOR inhibitor showed higher viral suppression [97].
Cytomegalovirus (CMV)

Cytomegalovirus is a ubiquitous large DNA herpes virus that
belongs to Betaherpesvirinae subfamily. It infects 60e100% of adult
population and usually causes asymptomatic illness. CMV similar to
other herpes infection causes latent infection in hematopoietic cells
particularly in myeloid lineage.

CMV is the most common infection in post-transplant setting
with the highest risk first 3months correlating with higher levels of
immunosuppression [98]. CMV occurs in various forms in post-
transplant setting either as a de novo primary infection or as a
reactivation [99]. CMV serology done in donor and recipients pre-
transplant helps to determine the individual risk for reactivation
or de novo infection.

CMV infection can be latent when the virus is in a non-
replicating phase. Active viral replication as in reactivation or
active primary infection can present as any of asymptomatic with
no clinical manifestations, viral syndrome like illness or tissue
invasive CMV disease with histopathological evidence of CMV in
end organs as illustrated in Table 1.

CMV donor positive recipient negative (Dþ/R-) are at highest
risk (44-65%) of de novo CMV infection, whereas donor and
recipient positve (Dþ/Rþ), and donor negative recipient positive
(D-/Rþ) carry moderate risk (8-19%) and those with donor and
Table 1
CMV disease clinical presentation: EBV, Epstein Barr Virus; PTLD, Post-transplan

Viral like Syndrome Tissue invasive Disease

Fever Gastritis
Malaise Esophagitis
Neutropenia Enteritis
Thrombocytopenia Colitis

Hepatitis
Pneumonitis
Retinitis
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recipient negative (D-/R-) carry lower risk of CMV infection. The
latter group may acquire the disease as a primary infection or
through blood transfusion [100e102].

The most common clinical manifestation of CMV disease in
post-LT situation is viral like syndrome (60%) with bone marrow
suppression with fever, leukopenia and thrombocytopenia. 70% of
tissue invasive CMV present as GI manifestation [103]. CMV being a
potent up regulator of alloantigen increases the risk of acute
rejection [104e106]. Incidence of HAT and other vascular throm-
bosis are common with post-transplant CMV infection [107].

Diagnostic strategies and follow-up testing

CMV serology, CMV DNA quantitative and qualitative analysis,
pp65 antigenemia, culture and histopathology are the available
modalities for diagnosis of CMV infection or CMV disease. Due to
impaired ability to mount antibody response in immunosup-
pressed state serology is not an useful test to monitor or diagnose
CMV infection in post-transplant setting [107]. Likewise, blood
culture has limited utility in this situation [108].

Measuring CMV DNA from whole blood is more sensitive and
allows early detection. Level of CMV DNA determines the risk and
severity of the disease [109,110]. Negative PCR in blood does not
exclude invasive CMV disease especially in presence of clinical
symptoms, where concomitant immunohistochemical testing for
pp65 antigen is useful in diagnosis [111]. A rise of CMV titre by
factor 3 (>0.5 log copies/ml) within 1 week is an indication for
initiation of treatment [112]. WHO released international reference
standard for CMV DNA quantification should be used to calibrate
the commercially available assays.

A weekly PCR based testing is necessary in case of preemptive
treatment strategy. Monthly testing for CMV DNA PCR followed by
3monthly testing is recommended for patients on antiviral therapy
in their first year.

Preventive strategies

The two approaches followed in themanagement of CMV are pre-
emptive and prophylactic antiviral treatment most importantly dur-
ing thefirstmonthafter LT. The choiceof approach isbasedon the risk
benefit ratio, drug related toxicities and risk of developing CMV dis-
ease determined by sero-status of the donor and recipient. The In-
ternational CMV consensus guidelines recommend 3 months
antiviral prophylaxis for high risk patients (Dþ/R-) [113]. In a recent
randomized multicentric trial where 205 CMV negative recipients
received CMV positive liver, the occurence of CMV disease with end
organdamagewasreduced inpremptive therapygroup(9%)recieving
Valganciclovir 900 mg BD until 2 negative tests a week apart when
compared toprophylactic antivirals for 100days (19%) at the endof12
months post transplant. Whereas allograft rejection (28% vs 25%),
graft loss (2%vs2%) opportunistic infections (25%vs27%) donot differ
significantly inboth the groups [114].Hencepreemptive therapywith
valgancyclovir can be considered in high risk individuals [114].
t Lymphoproliferative Disorders.

Indirect effects

Acute rejection
Chronic rejection
Opportunistic infections e bacterial, fungal and viral.
EBV/PTLD
Diabetes mellitus e new onset
Vascular endothelial damage and thrombosis.
HCV recurrence
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Pre-emptive therapy warrants weekly CMV DNA monitoring for
first 3 months and advocating therapy at the time of early viral
detection thereby pre-empting the occurrence of CMV disease. The
expected viremia is high in pre-emptive therapy as reported by
Onor et al., 4.9% had significant viremia in prophylaxis group as
against 50% in preemptive group. The outcomes of therapy were
similar in both groups [115].

The current recommendations are 3e6 months of prophylaxis
with valganciclovir 900 mg/day orally for high risk recipients and
for 3 months in moderate risk recipients. Glomerular filtration
rate (GFR) dependent dose modification is required in patients
renal insufficiency. IV ganciclovir is given at a dose of 5 mg/kg
body weight per day. At these doses both the drugs can cause
hematological toxicities which can limit duration of CMV pro-
phylaxis or need dose adjustments. Universal prophylaxis is more
cost effective and does not need a strict testing regime [116]
(Fig. 3).
Fig. 3. CMV Prophylaxis in Post liver transplant recipients. CMV, Cytomegalo virus; DNA, D
Recipient positive status; R-, Recipient negative; D-, Donor negative.
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Treatment of CMV disease

DNA polymerase inhibitor such as ganciclovir 3e5 mg/kg body
weight twice daily (intravenous) or oral valganciclovir 900 mg
twice daily is the recommended treatment for CMV disease.
Intravenous route is preferred for life threatening CMV infection
[117]. These drugs are excreted through the kidneys and hence
regular monitoring of renal function is recommended for nephro-
toxicity. In addition, although no direct drug interaction docu-
mented with CNI, patients should be observed for nephrotoxicity
(Table 2).

Foscarnet is a viral DNA polymerase inhibitor used as a second
line agent particularly useful in patients with ganciclovir resistance
(UL 97). Cidofovir have been tried in difficult to treat CMV. Both
these drugs have been used off label in post-transplant setting.

Leflunomide used as immunosuppressive in rheumatoid
arthritis is also tried in gancyclovir resistant CMV infection with
mixed results [118]. Letermovir is a recently approved drug for stem
eoxyribonucliec acid; PCR, Polymerase chain reaction; Dþ, Donor positive status; Rþ,



Table 2
Antiviral drugs for cytomegalovirus infection.

Drug Prophylaxis Treatment Toxicity

Ganciclovir 5 mg/kg IV once daily
Or 1 gram thrice daily oral

5 mg/kg IV twice daily Nephrotoxicity
Bone marrow suppression
Poor oral bioavailability

Valganciclovir 900 mg oral once daily 900 mg oral twice daily Bone marrow suppression leucopenia
Foscarnet Not recommended 60 mg/kg IV thrice daily

Or 90 mg/kg IV twice daily
Second line drug
Nephrotoxicity

Cidofovir Not recommended 5 mg/kg IV once weekly for 2 weeks followed by once in 2 weeks Third line drug
Nephrotoxicity
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cell recipients which is devoid of myelosuppression and minimal
drug to drug interactions, not subjected to UL97 and UL54mediated
resistance. It is yet to be approved for use in post LT patients [119].
Treatment should be continued till two samples are negative for
CMV DNA one week apart.

Late onset CMV disease occurs in 25% of patients after
completion of prophylaxis. Especially in (Dþ/R-) recipients.
Whereas the incidence is reduced to 8.3% in recipients recieving 3-6
months pre-emptive treatment. Some studies report mitigation of
this by extending the prophylaxis to 200 days, but data are insuf-
ficient [120]. Hence surveillance after prophylaxis need to be
advocated as an alternative when prolonged drug exposure is not
warranted and especially in high risk individuals [121].

CMV & immunosuppression

Immunosuppression increases the risk of CMV reactivation
Studies show MMF but not CNI increases the risk and severity of
CMV infection [122]. Interestingly, everolimus, a mTOR inhibitor
has been found to have a virostatic effects on CMV [123,124].
Therefore, it is better to avoid MMF in post-LT patients with CMV
and maintain low tacrolimus trough level.

Persistence of CMV DNA beyond 6 weeks despite antiviral
therapy indicates drug resistance which entails resistance testing
for UL-97 & UL54 gene mutation. Resistance mutation occurs in
both genes for ganciclovir and only in UL54 for Cidofovir and Fos-
carnet [116,125]. In summary, CMV is themost common infection in
post tranplant period. CMV negative recipents recieving CMV
positive liver allogarft have high risk of CMV infection. Prophylactic
therapy with valgancyclovir 900 mg OD for 3 months for all high
and moderate risk recipients is the current recommendation. Pre-
meptive therapy can also be done after close CMV DNA monitoring
in first 3 months after transplant. Immunosupression dose reduc-
tion or modification is necessary while treating post transplant
CMV.

Epstein Barr virus (EBV)

Epstein Barr virus also known as human herpes virus 4 (HHV4)
is a DNA virus belonging to herpes virus family. EBV infection is
most commonly acquired in childhood with 90% seropositivity in
adulthood. Acute de novo EBV infections are self-limited and re-
solves with supportive care. The virus remains latent in B cells for
life and reactivates in conditions with decreased immunity [126].
EBV reactivation occurs due to reduced activity of cytotoxic T-cells.
Post-LT, immunosuppression supresses memory T cell function
causing proliferation of EBV mediated B cells in 10% of patients.
Usually asymptomatic but rarely uncontrolled proliferation and
clonal transformation of EBV infected B cells results in post-
transplant lymphoproliferative disorders (PTLD) with an inci-
dence of 4.7% in children and 1% in adult LT recipients [127e129].
Incidence of PTLD is highest in first year following LT. About 90% of
10
PTLD are associated with EBV infection. In a large SRTR database
analysis, 383 (0.95%) out of 40,437 LT recipients developed PTLD.
This study revealed that recipient EBV seronegative status as a
significant risk factor for PTLD, with an adjusted HR 3.49 (<0.0001)
[130]. However, in the paediatric transplant recipients PTLD is
caused by activation of persistent donor B lymphocytes after
engraftment.

EBV serostatus is routinely determined by serological assays,
VCA (EBV viral capsid antigen), EA (early antigen) and EBNA
(Epstein Barr nuclear antigen) [131] (Table 3). These are useful only
in pre-transplant setting and may disappear in the post-transplant
period. EBV DNA viral load monitoring is required in the post-LT
period to assess viral reactivation [132].

According to WHO, PTLD has been classified in to early, poly-
morphic, monomorphic and classic Hodgkin’s lymphoma types
[132]. Early PTLD is always associated with EBV and further sub-
classified into infectious mononucleosis like PTLD, plasmacytic and
florid follicular type. Early PTLD is characterized by abnormal B cell
production due to reactive hyperplasia but no formation of tumor
cells and hence these 3 subclasses of PTLD are known as non
destructive PTLD. Polymorphic, monomorphic and classic Hodgkins
lymphoma types broadly grouped as destructive PTLD. Poly-
morphic PTLD has both B& Tcell proliferation, tumor cell formation
is present but it does not qualify to be classified as lymphoma. 90%
of polymorphic PTLD are associated with EBV. Monomorphic PTLD
is the most common type representing 50% of cases, with a clinical
presentation of a diffuse large B cell lymphoma or occasionally T
cell lymphoma. Only 50% of monomorphic PTLD are associated
with EBV, whereas 90% of classic Hodgkin -like PTLD is also asso-
ciated with EBV [133]. Lymphnodes, gastrointestinal tract, central
nervous system, liver, lung, tonsils and salivary glands are the most
common locations for PTLD. Clinical presentation vary from local
asymptomatic lesions to wide spread disease with multiorgan
failure. In LT recipients chronic fever, night sweats, anorexia and
weight loss (B symptoms) occur in classical lymphomas [134]. PTLD
features a bimodal clinical distribution, with an early disease
occurring within 12 months following transplantation affecting
liver allograft and a ‘delayed’ presenting as Hodgkin’s lymphoma.
High EBV viral load is associated with the severity of PTLD and
therefore serial monitoring of EBV DNA level is recommended in
these patients [132]. Other investigations includes a whole body
positron emission tomography (PET-CT) and tissue histology. There
are no definitive established treatment for PTLD. A pre-emptive
reduction of immunosuppressive medications has shown to
regress PTLD with reduction of EBV DNA by partially restoring EBV
specific cellular immunity [135]. Age > 50 years, advanced stage of
the disease with larger lesions (> 7 cm) may show complete lack of
response to reduction in immunosuppression. Rituximab, an anti-
CD20 monoclonal antibody, weekly for 4 weeks may be required
in patients who do not respond to the initial immunosuppression
reduction [136]. Patients with aggressive tumor often requires
cytotoxic chemotherapy as used in other lymphomas [137].



Table 3
EBV specific markers and interpretation. VCA, Viral capsid antigen; EA, early antigen; EBNA, Epstein Barr nuclear antigen.

EBV Negative status Primary Infection Past Infection Reactivated infection

VCA IgM Negative Positive Negative Negative
VCA IgG Negative Positive Positive Positive
EA IgG Negative Negative Negative Positive
EBNA IgG Negative Negative Positive Positive
EBNA IgM Negative Positive Negative positive
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Localised lesions can be surgically removed or can be given radia-
tion therapy. EBV specific cytotoxic T lymphocytes are being used as
immunotherapy but cumbersome and expensive [131,137] (Fig. 4).
One year survival with PTLD is 56.5% in adult LT recipients. Hepatic,
neurological, bone marrow involvement are associated with poor
prognosis [138].
Herpes simplex virus (HSV)

Herpes simplex virus type 1 and type 2 belong to alpha
herpesvirus subfamily of Herpesviridae family. Humans are the
only known reservoir for herpes simplex viruses [139]. With high
prevalence in the general population, most adults are seropositive
by 5th decade [140]. Post-transplant HSV occurs primarily as a
reactivation of latent infection and in few as a de novo including
donor derived infection [141]. Mucocutaneous lesions make up the
majority of HSV infection in post-transplant period of which 85%
are orolabial followed by anogenital infections. Most lesions are
mild occurring in the oral cavity posterior pharynx, chin and neck.
Anogenital typically involves glans and shaft of penis in males and,
Fig. 4. Management of post-transplant PTLD. RIS, reduction in immunosuppression; R-CHOP
adriamycin/bleomycin/vinblastine/dacarbazine

11
vulva, labia and vaginal introitus in women [142]. A study of HSV
infection post-LT patients revealed 91% were limited to local in-
fections; however, 9% had fatal disseminated disease [143].

HSV oesophagitis can be difficult to distinguish from other
causes of post-transplant oesophagitis such as candida and CMV
infections. Presence of concurrent orolabial infection may point
towards HSV. Pneumonitis caused by HSV in LT recipients leads to
significant mortality and morbidity [144]. Antiviral prophylaxis
during first month post-transplant may reduce incidence of infec-
tion/reactivation. Acyclovir is the drug of choice for the treatment
of HSV infections [145]. Valacyclovir and ganciclovir can also be
used as alternative therapy [146]. Mucocutaneous infection usually
need treatment for 7e14 days. Visceral infections need a prolonged
course of antivirals [147].
Varicella Zoster

Varicella Zoster, that causes chicken pox remains latent in the
dorsal root ganglia. This can reactivate following immunosuppression
leading toHerpes zoster, characterized bypainful vesicular rash along
, Rituximab combined cyclophosphamide/doxorubicin/vincristine/prednisolone; ABVD,
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thedermatomaldistribution,usually restricted tooneside. The1-year
incidence is3%whereas the5-and10-year incidencesare14%and18%
respectively [148]. In a studyof 209 consecutive LTrecipients 12% (25)
developed zoster infection in amedian timeof about 23months from
the timeof transplantation [149].Reductionof immunosuppression is
the first step in the management of Herpes zoster, particularly
temporarily withholding anti-metabolites like azathioprine and
mycophenolate mofetil. Antivirals such as valacyclovir, acyclovir and
ganciclovir are effective in the treatmentofherpes zoster. Thesedrugs
should be given for at least 2 weeks along with pain killers like
gabapentin [150]. Post herpetic neuralgia occurs in one third of pa-
tients with persistent long standing pain.

Human herpes virus 6

Human Herpes Virus 6 (HHV-6) belongs to beta herpesviridae
subfamily under Roseolovirus genus. This is a common name for 2
similar viruses HHV-6A and HHV-6B, the latter accounting in most
cases [151]. Asymptomatic exposure to HHV-6 occur in childhood
such that 90e95% adult population are seropositive [152]. The
circular DNA of the virus integrates with the host genome and may
remain latent for several years in the mononuclear cells [153,154].
HHV-6 infection occurs as a result of reactivation in the post-
transplant state. Occasionally, donor derived infections or rarely
through blood products have been reported [155].

Incidence of HHV6 varies between 14% and 82% [156],
commonly occurring in the first 2e8 weeks after liver trans-
plantation. Sporadic cases were reported as early as 10 days and
rarely after 5 years following liver transplantation [157]. In a pro-
spective study of 51 LT patients, 11 (21.5%) developed HHV-6B
reactivation, of which 4 had fever and abdominal pain [158].
Reactivation rates are less when in patients receiving gancyclovir
prophylaxis against CMV.

Most HHV-6 reactivation occurs as an asymptomatic infection
with low viral load [159] and they usually do not require treatment.
Clinically, HHV-6 reactivation presents with fever, skin rash and
raised liver enzymes [160,161].

Histologically, HHV-6 hepatitis may mimic acute cellular rejec-
tion with elevated liver enzymes, portal lymphocytic infiltration
and confluent periportal necrosis [155,160]. In 170 LT patients with
graft hepatitis, high levels of intrahepatic HHV-6 DNA and HHV
antigenemia were significantly associated with decreased graft
survival [162]. HHV-6 encephalitis though rare in LT recipients may
occur within 4e6 weeks of transplantation. HHV-6A is a neuro-
trophic virus and is detected in plasma as well as CSF. Brain imaging
shows characteristic signal intensity in medial temporal lobes
involving amygdala and hippocampi. HHV-6 infection may also
present as post-transplant colitis [163]. It may present as a co-
infection with CMV where HHV-6 antigenemia precedes CMV
antigenemia [164]. In an analysis of 45 LT recipients 23 (51.1%) had
CMV infection and 12 (26.7%) HHV-6 infection [165]. HHV-6
infection associated with higher incidence of opportunistic in-
fections, invasive fungal infections and mycobacterial disease
[160,166]. HLA-DR15 positivity in donor liver biopsy predisposes
the graft to HHV-6 infection and subsequent rejection [167]. HHV-6
is highly cell bound and the rates of PCR positivity are comparitively
less in plasma (33%) and whole blood (19%). Liver biopsy may show
two distinct patterns of liver injury. Recipients with high viral load
may show severe periportal inflammation and necrosis, whereas
those with low viral load have lobular activity with mild portal
inflammation [168]. Biopsy remains the gold standard in diag-
nosing end organ damage. HHV-6 IgM antibodies appear by 2e4
weeks of primary infections reactivations, whereas IgG antibody
titres increase 4 fold by 4e6 weeks.

Ganciclovir and valganciclovir are the most common drugs used
12
for treatment of HHV-6 infection in LT patients [161,169]. Few pa-
tients exhibit ganciclovir resistance. Cidofovir can be used but these
patients needs close monitoring for nephrotoxicity. Foscarnet is the
most selective in vitro inhibitor of HHV-6, and is preferred in pa-
tients with underlying anemia [170].

To summarise, HHV-6 infection after LT is rare, but its reac-
tivation has found to be has associated with significant increase in
graft failure, mortality, hepatitis C progression and CMV disease
[171]. HHV infections in LT patients can be treated successfully with
CMV antivirals ganciclovir, Cidofovir and foscarnet.
Conclusion

Post-LT viral infections can cause significant allograft dysfunc-
tion. Early recognition, diagnosis and systematic approach can
ameliorate the infective process and preserve allograft function.
Newly evolving less familiar viral infections such as COVID-19
should also be considered in the differential diagnosis of post-LT
viral infections. Management of post-transplant viral infection
has improved over the last decade due to significant changes in
immunosuppression protocols, and availability of effective anti-
viral drugs with high genetic barrier for resistance. These high
potency anti-viral drugs have translated in to better long-term
allograft and patient survival.
Practice points

� Patients with decompensated cirrhosis due to chronic Hepatitis
B or hepatitis C infection should be commenced on high efficacy
antiviral therapy

� Post-liver transplant patients with recurrent hepatitis C infec-
tion should be treated with 12 weeks of second generation
directly acting antiviral therapy

� Carefully selected HCV positive donor liver can be used for
transplantation.

� Recurrent Hepatitis B can effectively controlled with Entecavir
or Tenofovir without the need for HBIg

� Mortality of liver transplant recipients with COVID-19 is around
20%.

� Post-liver transplant chronic HEV can lead to graft fibrosis and
failure

� CMV infection causes significant allograft dysfunction and sys-
temic illness. MMF increases the risk of CMV

� 90% of PTLD cases are associated with EBV infection.
Research agenda

� Pathogenesis of COVID-19 in post-liver transplant patients re-
quires larger studies.

� Ideal immunosuppressive regimen to reduce the chance of
recurrent or de novo viral infection needs to be studied.

� Developing vaccines to prevent de novo viral infections in post-
transplant patients will be a crucial milestone.
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