
pISSN 2287-2728      
eISSN 2287-285X

http://dx.doi.org/10.3350/cmh.2014.20.4.338
Clinical and Molecular Hepatology 2014;20:338-344Review

Corresponding author : Jin-Wook Kim
Department of Internal Medicine, Seoul National University Bundang 
Hospital, 82 Gumi-ro 173 beon-gil, Bundang-gu, Seongnam 463-707, 
Korea 
Tel. +82-31-787-7009, Fax. +82-31-787-4051 
E-mail; kimjw@snubh.org

*	�Soung Won Jeong and YoungRok Choi contributed equally to this work.

Abbreviations: 
CHB, chronic hepatitis B; CNI, calcineurin inhibitor; DAAs, direct acting 
antivirals; EPO, erythropoietin; ETV, entecavir; HBc, hepatitis B core; 
HBIG, hepatitis B immunoglobulin; HBeAg, hepatitis B envelop antigen; 
HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HEV, hepatitis 
E virus; HLA, human leukocyte antigen; IL28B, interleukin28B; LT, liver 
transplantation; NA, nucleos(t)ide analogue; PEG-IFN, pegylated 
interferon; PI, protease inhibitors; RBV, ribavirin; SVR, sustained 
virological response; TDF, tenofovir

Received : Dec. 15, 2014 /  Accepted : Dec. 15, 2014

INTRODUCTION 

During the past decade, great progress has been achieved in the 

field of liver transplantation (LT), with overall 1-year survival rates 

exceeding 85%.1 In addition to the advances in the surgical proce-

dure, successful management of postoperative complications has 

contributes to the improved outcome.2 Especially, management of 

post-transplant viral hepatitis has several evolving issues such as 

the use of hepatitis B immunoglobulin (HBIG) and potent antiviral 

agents for the management of hepatitis B virus (HBV) infection, 

direct acting antivirals (DAAs) for the management of recurrent 

hepatitis C3,4 and ribavirin (RBV) monotherapy for chronic hepatitis 

E infection in liver transplant recipients.5 This mini-review will fo-

cus on the antiviral management after successful LT.

HBV

The survival for patients undergoing transplantation for HBV is 

excellent, and HBV ranks the best of all indications for LT. In the 
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past 10 to 15 years, there have been marked improvements in 

graft and patient survival, and it reflects the advances in manage-

ment to prevent and control HBV infections after LT. High-dose 

Hepatitis B immunoglobulin (HBIG) and nucleos(t)ide analogues 

(NAs), either as monotherapy or in combination, have been most 

commonly used in Korea.6 However, currently, the combination of 

long-term antiviral and low-dose HBIG can effectively prevent 

HBV recurrence in more than 90% of transplant recipients.7-10 This 

effective prevention depends on the complimentary mechanisms 

of HBIG and NAs. Although the mechanism of HBIG is incomplete-

ly understood, it possibly acts by binding to and neutralizing circu-

lating virions and will likely inhibit cell-to-cell infection.11 HBIG had 

little effect on viral replication, as opposed to antivirals that di-

rectly inhibit HBV replication in hepatocytes and extrahepatic res-

ervoirs. Combination of HBIG and antiviral therapy varies with re-

gard to the dosing, duration, and routes of HBIG administration.12 

Currently, low-dose intramuscular (IM) HBIG in combination with 

a potent NA is the most cost-effective prophylaxis.13-15 Recently, 

new and potent NAs such as entecavir (ETV) and tenofovir (TDF) 

are widely used in the post-transplant period in many transplant 

centers. These higher genetic barrier antivirals increase the effica-

cy of post-LT prophylaxis and reduce the need for the expensive 

HBIG preparations at least after the initial post-operative period.16 

ETV and TDF had also similar antiviral efficacy when they com-

bined with HBIG.17 The discontinuation of HBIG is generally re-

served for patients at low risk for HBV recurrence.18

It may be considered over the long term for stable hepatitis B sur-

face antigen (HBsAg) - negative and HBV DNA - negative patients. 

Long-term treatment with antivirals (single or in combination) can 

be used as an alternative prophylactic strategy. ETV and TDF should 

be the first-line options for HBIG-free prophylaxis (Fig.1). 

HBV reinfection generally occurs during the first 3 years after LT 

and hardly thereafter.19 Recurrence of HBV infection is identified 

by the appearance of HBsAg in serum. The HBV replication level is 

generally high, and there are large amounts of HBV particles in 

the graft. The recurrence of post transplant HBV infection usually 

comes from failed prophylaxis, either because of noncompliance 

or the development of drug-resistant HBV infection. Selection of 

treatment modality for HBV infection relies on previous therapy 

(i.e., no therapy, HBIG alone, antiviral alone, or HBIG and antiviral 

in combination). The optimal treatment strategy to secure long-

term HBV suppression is to use higher genetic barrier antiviral 

agents such as ETV or TDV.20

Currently, marginal liver grafts from anti-hepatitis B core (HBc) 

positive donors are used to overcome the organ shortage. These 

organs can be an important issue in HBV endemic countries such 

as Asia and the Mediterranean area. The “occult” HBV infection 

in the donor liver may be reactivated in the HBsAg negative recipi-

ent due to post-LT immunosuppressive therapy and then unfortu-

nately, can progress to de novo HBV infection. HBsAg positive re-

cipients are the optimal candidates from anti-HBc positive donors. 

HBsAg negative recipients with anti-HBc positive and anti-HBs 

positive can receive liver grafts from anti-HBc positive donors and 

may need no prophylaxis at all. However, the anti-HBc and/or anti-

HBs negative recipients should receive long term prophylaxis with 

high genetic barrier NAs (Fig. 2).21

HCV

The recurrence of hepatitis C virus (HCV) infection is the most 

common cause of graft loss and death after LT, and covers two-

Figure 1. Prophylaxis for prevention of hepatitis B virus re-
currence after liver transplantation. HBIG, hepatitis B im-
munoglobulin; IV, intravenous; IM, intramuscular. *Hepatitis 
B surface antigen (HBsAg) negative, hepatitis B virus DNA 
(HBV DNA) negative. †Detectable HBV DNA levels, hepatitis 
B envelop antigen (HBeAg) positive, presence of drug-re-
sistant HBV. ‡Higher genetic barrier nucleos(t)ide analogs 
such as entecavir and tenofovir should be the first line op-
tion.

Liver transplantation

Long term ‡antiviral agents 
plus low dose HBIG IM

*Low risk patients for recurrence

Long term HBIG-free prophylaxis 
with ‡antiviral agents 

†High risk patients for recurrence

First week after transplantation – HBIG IV
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thirds of graft failures.22 All patients who undergo LT with detect-

able serum HCV RNA experience recurrent HCV infection. Al-

though the course of fibrosis in HCV-infected transplant recipients 

varies considerably, in the absence of antiviral therapy, the median 

progression to cirrhosis is 8 to 10 years, whereas an estimated 

30% will develop cirrhosis within 5 years of transplantation.22 De-

compensation can occur 15% to 30% within the first year of the 

onset of cirrhosis, and the mortality risk is 40% to 55% within 6 

to 12 months of the onset of decompensation. Until now, retrans-

plantation is the only choice for patients with decompensated cir-

rhosis.

High HCV RNA,23 HCV genotypes 1 and 4,24-26 female gender, 

older donor age, steatosis of the graft, the degree of human leu-

kocyte antigen (HLA) matching or the interleukin28B (IL28B) gen-

otype of the donor and the recipient27-29 are associated with in-

creased risk factors of HCV recurrence.

Post-transplant antiviral therapy is generally reserved for pa-

tients with evidence of progressive disease showing the presence 

of moderate to severe necroinflammation or mild to moderate fi-

brosis. However, this paradigm will change with the appearance 

of more efficacious and less toxic antiviral therapy.30 Liver biopsy of 

the graft is essential before antiviral therapy and it is also useful in 

monitoring disease severity and progression. It can differentiate re-

current HCV infection from other causes of liver enzyme elevations 

such as rejection, biliary obstruction or the degree of steatosis. 

Prophylactic antiviral therapy has no current role in the manage-

ment of HCV infection after LT.31 The current treatment strategy 

for recurrent HCV infection after transplantation is to wait for sig-

nificant fibrosis on the liver graft before initiating antiviral therapy 

because pegylated interferon (PEG-IFN) based regimens has poor 

tolerability in early after LT. The optimal management is to achieve 

a sustained virological response (SVR) with antiviral therapy be-

fore LT and eliminate the risk of recurrent HCV infection. A SVR 

greatly ameliorates graft and overall survival, however this only 

occurs in 30% of transplant recipient (20–30% in genotype 1 pa-

tients and 40–50% in genotype 3 patients) using PEG-IFN and 

ribavirin (RBV).32 Until 2011, the combination therapy of PEG-IFN 

and RBV was the only standard therapy. Now the approval of 

DAAs including protease inhibitors (PI), polymerase or other non-

structural proteins inhibitors begins a new era in HCV infection. 

Although PEG-IFN and RBV therapy is still the standard treatment 

in non-genotype 1 patients, genotype 1 patients are treated with 

first generation NS3/4 PI such as boceprevir (BOC) or telaprevir 

(TVR). SVRs are increased from 45–50% to 60–70% for treat-

ment naive patients in non-transplant patients, and first genera-

tion PI are now widely used in most countries that have approved 

BOC or TVR.33 DAAs are expected to evolve into the new standard 

treatment for LT recipients infected with genotype 1 virus, al-

though currently, neither DAAs are approved for use in transplant 

recipients because of safety and tolerance. Data with triple thera-

py are encouraging in HCV recurrence after LT. Response rates of 

about 60% at end-of-therapy have been described.34 Although 

there are great hopes for their use in the field of LT, there are 

some limitations for safety and tolerance. One limitation is the po-

tential interaction with calcineurin inhibitor (CNI).35 In recent 

study, the concomitant administration of immunosuppressive ther-

apy with TVR in healthy volunteers resulted in a significant in-

crease in cyclosporin (5-fold) and tacrolimus levels (70-fold) due 

to the inhibition of the P4503A cytochrome.36 Because of potent 

drug–drug interaction, the introduction of PI required a close 

monitoring after LT. Before PI initiation, CNI trough blood concen-

tration has to be stabilized to reach the lowest target rate. Side 

effects of DAAs are frequent and severe, particularly anemia, in-

fections and acute renal insufficiency. The incidence and severity 

Figure 2. Algorithm for allocation and man-
agement of anti hepatitis B core positive liver 
grafts. HBc Ab, hepatitis B core antibody; HB-
sAg, hepatitis B surface antigen; HBsAb, hep-
atitis B surface antibody; LT, liver transplanta-
tion; HBIG, hepatitis B immunoglobulin; NA, 
nucleos(t)ide analogue.

Figure 2.

Donor

Recipient

Post-LT
prophylaxis

HBc Ab (+)

HBsAg (+)

HBIG+NA

HBcAb (+)
HBsAb (+)

None

HBcAb (+)
HBsAb (-)

HBcAb (-)
HBsAb (+)

HBcAb (-)
HBsAb (-)

NA
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of anemia are increased by 20% with first-generation DAAs in 

non-transplant patients.37 Triple therapy leads to the nearly con-

stant use of erythropoietin (EPO), a dose reduction in RBV in al-

most 75% of patients and the use of blood transfusions.38 These 

suggest that anemia should be carefully monitored and managed. 

Proposed algorithm for antiviral strategy for hepatitis C virus in-

fection after liver transplantation is noted in Figure 3.39,40

In the near future, newer pangenotypic, IFN-free DAAs with im-

proved SVR rates and better tolerability will potentially result in 

fewer HCV patients coming forward as liver transplant candidates 

and also result in improved mortality and morbidity post-LT.

HEV

Hepatitis E virus (HEV) infection can evolve to chronic hepatitis 

in immunocompromised patients. In liver transplant recipients, 

HEV infection is considered as an uncommon disease. The preva-

lence may be as high as 1% to 2%.41 However, when the cause of 

graft hepatitis is unclear, a high suspicion is required. There are 4 

genotypes (HEV1-HEV4) that are part of a single serotype.42 HEV1 

and HEV2 are found only in humans, with the main transmission 

being fecal-oral route from contaminated water. HEV3 and HEV4 

can infect humans, pigs, and other mammals. HEV3 and HEV4 are 

primarily swine viruses that are transmitted to humans by direct 

contact or by the ingestion of infected meat, with humans acting 

as accidental hosts.43 Until now, all reported cases of HEV infec-

tion after LT have been HEV genotype 3.

HEV genotype 3 causes self-limiting infection in non-immuno-

compromised patients.44,45 However, it can progress to chronic 

hepatitis and cirrhosis in patients who have received solid-organ 

transplants,45 and may require retransplantation.46 This retrans-

plantation in patients with HEV viremia in the liver may induce 

chronic HEV infection again.47 Hence, viral clearance should be a 

goal in patients with chronic HEV infection, to avoid potential pro-

gression of liver fibrosis and extrahepatic manifestations. The cur-

rent gold standard for the diagnosis of HEV infection is the detec-

tion of HEV RNA in serum, stools, or both. 

Until recently, there is no specific treatment for patients with a 

chronic HEV infection. As clearance of the virus depends on the 

development of both humoral and cellular immunity, lowering the 

immunosuppressive medication has been recommended.48 A re-

duction in immunosuppressive therapy, mainly immunosuppres-

sants that target T cells, has resulted in HEV clearance in nearly 

30% of solid-organ transplant recipients with chronic hepati-

tis.46,49-52

In LT patients, PEG-IFN therapy has been found to efficiently 

treat chronic HEV infection.53,54 However, the optimal dosing, the 

duration of treatment and the role of the pretreatment viral load 

as a predictor of treatment success remains unclear. Recently, Ka-

mar et al reported the effects of RBV monotherapy for solid-organ 

transplant recipients with prolonged HEV viremia.5 The mecha-

Figure 3. Proposed algorithm for antiviral 
strategy for hepatitis C virus infection af-
ter liver transplantation. HCV, hepatitis C 
virus; RNA, ribonucleic acid; IFN, interferon; 
RBV, ribavirin; F, firbrosis; BOC, boceprevir; 
TOC, telaprevir; DAA, direct-acting antivi-
ral agent. *Second generation NS3/4A 
protease, HCV polymerase or NS5a inhibi-
tors. 

HCV RNA positivity after transplantation

Post transplant antiviral therapy

Prophylactic 
antiviral therapy  
– not current  

role -
(paradigm will change 
with more efficacious 
and less toxic *new DAA 
regimens)

*New DAA regimens

Non responders to 
Peg-IFN/RBV

Fibrosis stage - F3-4

Naïve patients
Relapser to Peg-IFN/RBV

Triple therapy 
(BOC or TVR) or 

*New DAA regimens

Peg-IFN/RBV 
or 

*New DAA regimens

Genotype 1Genotype non-1

Significant histological disease
(moderate to severe inflammation or mild to moderate fibrosis)
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nisms by which RBV achieves HEV clearance are unknown. RBV 

inhibits the replication of a wide range of RNA and DNA viruses.55 

The overall rate of SVR was 78% (46 of 59 patients) in this study, 

and six of the 10 patients who had a recurrence were re-treated. 

Finally, 50 of the 59 patients (85%) had clearance of HEV viremia. 

Anemia was the main identified side effect and required a reduc-

tion in RBV dose in 29% of the patients, the use of EPO in 54%, 

and blood transfusions in 12%. A 3-month course seems to be an 

appropriate duration for this therapy, though a longer therapy can 

be given to heavily immunosuppressed patients and those who 

still have viremia 1 month after the initiation of therapy.  Prospec-

tive studies are required to determine the most beneficial dose 

and duration of ribavirin therapy.

CONCLUSION

Viral reactivation is common in liver transplant recipients, and 

early detection of viral hepatitis may be tricky because many pos-

sible causes need to be differentiated such as chronic rejection, 

biliary complication, recurrence of underlying non-infectious liver 

diseases and opportunistic systemic infections. Recently, the ap-

pearance of potent antiviral agents improved the management of 

HBV infection after LT and new DAAs are expected to evolve into 

the new standard of care for recurrent HCV infection, and RBV 

monotherapy is considered as better approach for HEV infection 

after LT recipients. The effective management of viral hepatitis in 

post transplant recipient is essential for successful long term sur-

vival. Team approach may be warranted for the optimal care of 

post-transplant viral hepatitis.
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