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Hepatitis E virus (HEV) is a common cause of acute on
chronic liver failure (ACLF) in HEV hyperendemic regions
with high mortality. Treatment for HEV-induced ACLF
is currently not available. Recently, efficacy of ribavi-
rin in genotype 3 chronic hepatitis E patients has been
reported; however, whether ribavirin is effective in gen-
otype 1 HEV infection is not yet known. The present
study includes four patients with HEV-induced ACLF
treated with ribavirin in a genotype 1 HEV hyperendemic
region. Diagnosis of ACLF was made by conventional

criteria and HEV as the cause of ACLF was confirmed
by detection of HEV RNA by reverse transcriptase PCR.
Ribavirin dose ranged from 200 to 600 mg/day and was
used for a median duration of 12 (range 3-24) weeks.
All patients had undetectable HEV in 3-8 weeks, sur-
vived and none had serious adverse effects. This pre-
liminary observation from a single centre indicates that
ribavirin may be an effective therapeutic agent for HEV-
induced ACLF and a randomized control trial is needed
to establish its efficacy.

Introduction

Hepatitis E virus (HEV) is the most common cause of
acute hepatitis in India [1] and HEV superinfection fre-
quently causes acute on chronic liver failure (ACLF) in
HEV hyperendemic regions [2-7]. In a previous study
from our centre [7], 50% of ACLF patients had HEV
RNA in their sera with rapid hepatic decompensa-
tion and a high mortality rate. Recent reports indicate
that ribavirin could eradicate HEV in renal transplant
patients with chronic HEV infection [8-10]. In another
report, ribavirin was effective in eradicating HEV in
patients with alcoholic liver disease and HEV super-
infection [11]. All these case reports included patients
with genotype 3 HEV infections [8-11]; however, in
the Indian subcontinent, human HEV infections are
predominantly caused by genotype 1 [12]. The efficacy
of ribavirin against HEV genotype 1 is not yet reported.
The present report includes four patients with HEV-
induced ACLF from India, in whom HEV infection was
eradicated by ribavirin, resulting in improvement of
liver failure and survival. This preliminary observation
provides prima facie evidence of efficacy of ribavirin
as a therapeutic agent against HEV in HEV-induced
ACLF with consequent survival benefit providing
rationale to conduct randomized controlled trials.
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Case 1

A 50-year-old male was diagnosed with HBV-
associated cirrhosis with hepatocellular cancer (HCC)
in June 2006. He presented with fatigue and had
abnormal liver function tests (LFTs; serum bilirubin
1.3 mg/dl, alanine transaminase [ALT] 75 IU/l, serum
albumin 3.0 g/dl and international normalized ratio
[INR] 1.1). Hepatitis B surface antigen (HBsAg),
hepatitis B e antigen (HBeAg), antibodies against
hepatitis B core antigen (anti-HBc) and HBV DNA
(107 copies/ml) were detected in his sera. Triphasic
CT and MRI detected multifocal HCC. He achieved
HBeAg seroconversion with undetectable HBV DNA
after 48 weeks of treatment with entecavir (0.5 mg/
day), which was continued afterwards. Transarterial
chemoembolisation (TACE) using cisplatin and dox-
orubicin was performed in June 2006 to treat HCC.
He had recurrence of HCC in June 2009, which was
retreated with TACE. He had high-grade oesophageal
varices that were eradicated with endoscopic variceal
ligation. The patient was followed-up at 3 monthly
intervals. In January 2011, clinically overt ascites was
documented following a brief febrile illness. The MRI
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and fluorodeoxyglucose positron emission topogra-
phy documented patent portal and hepatic veins and
absence of HCC recurrence. HBV DNA was unde-
tectable. LFTs revealed serum bilirubin of 0.9 mg/dl
and ALT 44 IU/I, but serum albumin had decreased to
2.4 g/dl from 2.7 g/dl over a period of 6 months. Serum
ascites albumin gradient was high and there was no
evidence of spontaneous bacterial peritonitis. We sus-
pected HEV superinfection and detected HEV RNA
(107 copies/ml) in his sera by reverse transcriptase
(RT)-PCR [13]. Ribavirin (600 mg/day in two divided
doses) was started. HEV RNA became undetectable
after 4 weeks of treatment and remained undetectable
until his last visit in August 2011 with consequent
improvement of his subjective symptoms and ascites
with normal LFTs and undetectable HBV DNA.

Case 2

A 16-year-old male was diagnosed with compensated
type 1 autoimmune cirrhosis in October 1996. His
initial symptoms included low-grade fever and pol-
yarthritis. He had abnormal LFTs (serum bilirubin
0.2 mg/dl, ALT 240 IU/l, serum albumin 4.2 g/dl and
INR 1.2). Serological markers for hepatitis viruses
(HBsAg, anti-HBc, anti-HCV, HCV RNA, IgM anti-
hepatitis-A-virus [HAV] and IgM anti-HEV) were neg-
ative. Anti-nuclear antibody (ANA) and anti-smooth
muscle antibody (ASMA) were positive (titres >1:80).
Liver biopsy revealed cirrhosis with interface hepati-
tis. With prednisolone (1 mg/kg/day) and azathioprine
(50 mg/day) treatment, he achieved clinical and bio-
chemical remission in 4 weeks. He was maintained on
low-dose immunosuppression (prednisolone 10 mg/
day and azathioprine 25 mg/day) and followed-up at
3-6 months. Liver biopsy in December 2004 docu-
mented marked histological improvement. In March
2011, he had acute hepatitis (serum bilirubin 3.4 mg/
dl, aspartate aminotransferase [AST] 844 1U/l, ALT
1,621 U/, alkaline phosphatase 327 IU/l, serum albu-
min 4.0 g/dl and INR 1.1). He was diagnosed to have
acute HBV and HEV coinfection (HBsAg-, HBeAg-,
IgM-anti-HBc-positive; HBV DNA>107copies/ml and
HEV RNA 10°¢ copies/ml). He deteriorated in 2 weeks
(serum bilirubin 16.7 mg/dl and INR 2.07). A diag-
nosis of ACLF was made. Treatment with tenofovir
300 mg/day and ribavirin 400 mg/day in two divided
doses was started and liver functions subsequently
improved. After 3 weeks, HEV RNA became unde-
tectable; however, haemoglobin levels decreased from
14.5 g/dl to 9.6 g/dl and ribavirin was discontinued.
Tenofovir and low-dose immunosuppression were
continued. At the 6-month follow-up, he remained
asymptomatic with normal LFTs and undetectable
serum HEV RNA and HBV DNA.
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Case 3

An 18-year-old female was diagnosed with decom-
pensated autoimmune cirrhosis in August 2010. She
was hospitalized with icterus for 6 months, ascites
for 2 weeks and encephalopathy for 2 days. Investi-
gations revealed haemoglobin of 7.1 g/dl, platelet
count 102,000/mm?3, serum bilirubin 11.3 mg/dl, AST
239 TU/l, ALT 77 TU/l, alkaline phosphatase 673 U/,
serum albumin 2.2 g/dl, serum globulin 6.3 g/l and
INR>4. Hepatitis viral markers including HBsAg, IgM
anti-HBc, IgM anti-HAV, total anti-HBc, IgM anti-
HEV and HCV RNA were negative. ANA, ASMA,
anti-LKM1 and anti-mitochondrial antibody (AMA)
were also negative. She had grade II oesophageal
varices. Triphasic abdominal CT suggested cirrho-
sis. Treatment with prednisolone (1 mg/kg/day) for 4
weeks was started, but her liver functions deteriorated
(serum bilirubin 13.7 mg/dl, ALT 194 IU/l, alkaline
phosphatase 1,275 U/, INR 2, serum albumin 3.4 g/dl
with IV albumin infusion and serum globulin 6 g/dl).
At the time, HEV RNA was detected in her sera in two
consecutive samples. Prednisolone was discontinued
and ribavirin 200 mg/day was started (a lower dose
was given due to presence of severe anaemia). After
8 weeks, HEV RNA was undetectable and her liver
functions improved (Figure 1). After 6 months of treat-
ment, there was marked improvement in her liver func-
tions with clinical remission and ribavirin was discon-
tinued. She has remained stable over a post-treatment
period of 6 months without relapse of HEV infection.

Case 4

The patient was a 50-year-old male who presented
with jaundice over 8 weeks and ascites associated with
intermittent fever over 4 weeks. At admission, he had
moderate ascites without hepatosplenomegaly. His bil-
irubin was 14.1 mg/dl, ALT 44 IU/l and INR 1.82. His
IgM anti-HEV was positive and HEV RNA titres were
1.2x10° copies/ml. HBsAg, anti-HCV, HCV RNA,
HBV DNA, ANA, anti-LKM1, ASMA and AMA were
not detected in his sera. He had low-grade varices and
he also had pneumonia at admission, which responded
to broad-spectrum antibiotics. He was given ribavi-
rin 600 mg/day with a provisional diagnosis of HEV-
induced ACLFE. Over the next 12 weeks, he became
HEV-RNA-negative. His jaundice improved, ascites
disappeared, he became afebrile and his appetite
improved. His LFTs showed bilirubin of 0.3, ALT of
36 IU/l and serum albumin of 3.1 g/dl. Post-treatment
follow-up data is not available.

Clinical and biochemical events after starting ribavirin
treatment for each of the four cases are shown in Fig-
ure 1 and in Table 1.
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Figure 1. Trends in AST, ALT, bilirubin, albumin and haemoglobin levels following treatment with ribavirin in four HEV ACLF patients
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The numbers 1, 2, 3 and 4 against each of the laboratory parameters denote the corresponding values in cases 1, 2, 3 and 4, respectively. ‘Day 0' is the time at
which ribavirin therapy was started. The follow-up of 24 weeks for cases 1, 2 and 3, and 12 weeks for case 4 is shown. Values are expressed in [U/I for aspartate
aminotransferase (AST) and alanine aminotransferase (ALT), g/dI for serum albumin and haemoglobin, and mg/dI for serum bilirubin. ACLF, acute on chronic liver

failure; HEV, hepatitis E virus.

Discussion

Hepatitis E is a frequent cause of acute hepatitis, acute
liver failure (ALF) and ACLF in hyperendemic regions
for HEV [1]. Although acute hepatitis E is self-limiting
with complete clinical, biochemical and virological
recovery in 95-98% of cases [1], patients with HEV-
associated ALF and ACLF have a high mortality rate of
60-70% [2-7,14]. Medical therapeutic options in such
patients are only supportive and liver transplantation is
the only effective treatment. The present report indicates
that ribavirin could eradicate HEV viraemia with sub-
sequent improvement in clinical as well as biochemical
liver function, which contributed to the survival of all
four patients; therefore, ribavirin may be an effective
medical therapeutic option in HEV-induced ACLE.

Four important questions need to be addressed before
ribavirin could be established and recommended as the
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therapy of choice in HEV ACLEF. These issues would
include: what is the natural history of HEV viraemia
in patients with ACLF and whether antiviral treat-
ment shortens the viraemia period? Is HEV treatment
with ribavirin efficient in terms of disease outcome and
survival in HEV ACLF? Is treatment with ribavirin in
HEV ACLF safe? What is the possible mechanism of
action of ribavirin in eradicating HEV infection in such
patients? Adequate data on the issues raised by the
above questions are not available yet in literature. In
the following paragraph, we address these issues based
an available evidence.

Long-term cohort follow-up assessing the status
of HEV viraemia in patients with HEV ACLF during
its natural course is not available in current literature.
All studies on HEV ACLF to-date focus on the high
short-term mortality [1-4] and have used IgM anti-
body against the fusion protein of ORFs 2 and 3 (IgM
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Table 1. Clinical course and treatment outcomes in four HEV ACLF patients treated with ribavirin

Case Dose of Duration of
number ribavirin, mg/day therapy, weeks of HEV clearance, weeks

Time to first documentation Side
effects

Duration of follow-up after

stopping ribavirin, months  Relapse Comments

1 6007 7 4

2 400 3 3

3 200 24 8

4 600° 12 4

None 6 No

Anaemia 6 No

None 6 No

None NA NA

Treatment stopped early as
the patient developed
haematuria.

Lower dose given initially
with plan to step-up the
dose later. Treatment was
stopped early after
discussing with the patient
as he had a decrease of
haemoglobin of 3 g/dl over
3 weeks.

Treatment started at a
lower dose due to presence
of severe anaemia
(haemoglobin 7.2 g/dl) at
baseline.

Completed 12 weeks of
therapy, scheduled for
follow-up.

12 mg/kg/day. ACLF, acute on chronic liver failure; HEV, hepatitis E virus; NA, not applicable (as the post-treatment follow-up is not available presently).

anti-HEV) to diagnose HEV superinfection [14]. How-
ever, in 2007 we used detection of HEV RNA in sera of
patients to diagnose HEV ACLF [7]. Among 42 ACLF
patients in this study, 21 (50%) had detectable HEV
RNA and in all but one, HEV RNA was detected at or
beyond 4 weeks of the onset of illness. This suggests that
HEV viraemia in the 21 patients was prolonged in com-
parison to immunocompetent individuals without pre-
existing chronic liver disease, in whom the HEV virae-
mia lasted for approximately 2 weeks [1,14]. In these
immunocompetent patients, the disease is self-limiting
with complete clinical and biochemical remission in
4-6 weeks. By contrast, the natural course of ACLF is
associated with rapid deterioration of liver function
resulting in high mortality. Among the 21 patients with
HEV ACLF reported in our earlier study, 13 (65%) died
within 4 weeks and all died within 12 months. Péron
et al. [11] reported HEV ACLF in two patients with
underlying alcoholic liver disease who were treated with
ribavirin. In them, the interval between ribavirin treat-
ment and disappearance of HEV RNA was approxi-
mately 4 weeks. The existing evidence trends support
persistent viraemia in HEV ACLE

The preliminary evidence in all these reported cases
of HEV ACLF would indicate that ribavirin eradicated
the HEV in these ACLF patients (four cases described
in the present study and two cases described in an ear-
lier study [11]). Subsequent clinical and biochemical
improvement was also observed, with 100% survival
that seems unlikely to have happened spontaneously,
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particularly when the previously reported patients with
HEV ACLF without treatment had very high mortality.

Efficacy of short-course ribavirin against HEV leading
to undetectable viraemia has been documented in patients
with chronic HEV viraemia persisting for >6 months in
post-transplant immunosuppressed patients [8—10].

This preliminary evidence provides the prima facie
evidence that HEV viraemia in HEV ACLF may be pro-
longed and ribavirin might have shortened the duration
of viraemia, resulting in alteration in the natural course
with survival benefit. These observations may estab-
lish the rationale to conduct randomized control trials
using ribavirin in HEV ACLE

The experience of ribavirin treatment in HEV ACLF
is limited to the four cases included in the present
report and two patients of HEV ACLF described by
Péron et al. [11]. The only side effect documented was
anaemia (a well-known side effect of ribavirin) in one
patient included in the present report. Furthermore, rib-
avirin treatment in patients with chronic HEV infection
was found to be safe [8-10].

Ribavirin is a guanosine analogue effective against
both DNA and RNA viruses. However, the exact
mechanism of its action is unclear. Inhibition of inosine
phosphate dehydrogenase by ribavirin with consequent
inhibition of conversion of inosine phosphate to guano-
sine (leading to depletion of guanosine) may decrease
synthesis of RNA-dependent RNA polymerase (RdRp)
of HEV located in its ORF1 region [15]. Furthermore,
ribavirin may affect guanosine-mediated capping of
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Table 2. Comparative data of studies and case reports that have used ribavirin treatment in patients with acute or acute on

chronic HEV infections

Dose of Duration  Time to first
Patient, ribavirin, of therapy, documentation of Side Duration of
Reference n mg/day weeks HEV clearance, weeks effect follow-up  Relapse, n Genotype Comments
[8] 2 600-800 12 4 Anaemia requiring  8-12 weeks None 3 Chronic HEV
dose modification infection in post-
in one patient transplant/
immunosuppressed
setting
[9] 8 400-800 12 2-8 Anaemia requiring 24 weeks in 2 (over 3 Chronic HEV
transfusion and 6 patients 24 weeks) infection in post-
dose modification renal transplant
in two patients setting
[10] 1 800 12 4 None 16 weeks None 3 Chronic HEV
infection in post-
heart-lung
transplant setting
[11] 2 200 mg on 1.5-12 4 Anaemia in one Not None 3 HEV ACLF
alternate days patient mentioned
to 1,000 g/day
Present 4 200-600 3-24 3-8 Anaemia requiring  0-6 months None Not done, HEV ACLF
study treatment likely
interruption in genotype 1
one patient

ACLF, acute on chronic liver failure; HEV, hepatitis E virus.

messenger RNA, which is essential for RNA stabil-
ity. HEV genome is capped and polyadenylated and
therefore interference with capping of HEV genome
by ribavirin may cause HEV RNA destruction [16,17].
Ribavirin is converted to ribavirin mono-, di- and
triphosphates in the human cell and they are all inhibi-
tors of RdRp [18]. Ribavirin has also been documented
to enhance the T-cell-mediated antiviral immunity by
switching host T-cell phenotype from Th2 to Th1 [19].
Therefore, ribavirin in HEV ACLF might be acting
through multiple mechanisms. Furthermore, ribavirin
is likely to act against all the genotypes of HEV. To-
date, HEV genotyping is done by sequencing the ORF2
region of HEV [1,14]; however, ribavirin is likely to act
against RdRp located in ORF1 region and its hetero-
geneity across genotypes has not yet been documented.

Recently, chronic HEV infection causing chronic
hepatitis was reported among immunosuppressed
liver and renal transplant patients [9]. Kamar et al.
[9] reported that 45.7% of 35 post-renal transplant
patients developed chronic HEV infection (HEV virae-
mia for >6 months with increased liver enzymes). Such
patients could be effectively treated with ribavirin for
12 weeks in doses similar to that used in the treatment
of chronic hepatitis C (800 mg/day; Table 2) without
any serious adverse events. Chronic infections are likely
to become a significant problem especially in the post-
transplant setting. Liver transplants are increasingly
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being done in developing countries like India, which
are hyperendemic for HEV; the present study highlights
further importance in providing a possible therapeutic
agent to treat such patients. In summary, ribavirin may
be an effective and safe therapy option in HEV ACLF;
however, further appropriate study is necessary.
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