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Hepatitis E: Another effective vaccine, but will
it make a difference?
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SUMMARY
Hepatitis E virus (HEV) is the commonest cause of acute viral
hepatitis and acute liver failure in adults, in several developing
countries of Asia and Africa, including China and India. This
randomized, double-blind, placebo-controlled, phase 3 trial, conducted
in Dongtai County, Jiangsu Province, China, assessed the efficacy
and safety of a bacterial cell-derived HEV 239 vaccine (Hecolin;
Xiamen Innovax Biotech, Xiamen, China) in the general population.

Between August 2007 and June 2009, a total of 112 604 healthy
individuals, 16–65 years of age and of either gender, were enrolled in
the trial, irrespective of their anti-HEV antibody status. They were
randomly assigned to receive 3 doses of either the HEV 239 vaccine
(30 mg purified recombinant antigen prepared in Escherichia coli
and adsorbed to 0.8 mg of aluminium hydroxide in 0.5 ml buffered
saline) (n=56 302; 43.5% male, mean [SD] age 44.1 [11.4] years) or
of an identical placebo (hepatitis B vaccine in 0.5 ml aluminium
hydroxide) (n=56 302; 43.6% male, 44.1 [11.4] years), intramuscularly
at 0, 1 and 6 months. Randomization was done using computer-
generated permuted blocks (block size=20), and was stratified by age
and sex. Vaccine and placebo doses were repackaged to ensure
identical appearance except for marking with one of four alphabets,
two each for vaccine and placebo. The study participants, carers and
investigators (or monitors) were all unaware of group allocation.
After administration of each dose of placebo or vaccine, the participants
were observed for 30 minutes for immediate adverse reactions. A
subset of participants (vaccine group 1316 and placebo group 1329)
were visited at home (at 6, 24, 48 and 72 hours, and 7, 14 and 28 days
after each dose) by investigators to assess adverse events; this subset
was called the reactogenicity subset. All adverse events were recorded
in a safety diary. All other participants were asked to report any
adverse events occurring within 1 month after each dose. Another
subset of participants (vaccine group 5567 and placebo group 5598),
the immunogenicity subset, included participants in the reactogenicity
subset and those from another township; they provided serum
specimens before the first vaccine dose and 1 month after the third
dose. IgG anti-HEV titres were measured in these sera against a well-
characterized standard, and expressed in WHO units per ml (Wu/ml).
The lower limit of HEV IgG detection was 0.077 Wu/ml, and
specimens testing negative were assigned an arbitrary value of
0.0385 Wu/ml.

The primary end-point was prevention of hepatitis E, in participants
who received 3 doses of vaccine, during the 12 months from the 31st
day after receipt of the third dose. Patients with suspected acute
hepatitis were identified using an active surveillance system, which

was set up for this purpose. The case definition used for hepatitis was:
a person presenting with constitutional symptoms for longer than 3
days, and alanine aminotransferase activity exceeding 2.5 times the
upper limit of normal range. For subjects fulfilling this definition,
paired serum specimens were obtained at the time of presentation
with symptoms and 2–6 weeks later, and were tested for marker of
infection with various hepatotropic viruses (IgM anti-hepatitis A
virus antibody, hepatitis B surface antigen, IgM antibody against
hepatitis B core antigen, anti-hepatitis C virus antibody, IgM anti-
HEV, IgG anti-HEV and HEV RNA). Acute hepatitis was considered
to have been caused by HEV if the serum tested positive for anti-HEV
IgM and RNA, or paired sera showed a >4-times increase in anti-
HEV IgG. An independent data and safety monitoring board (DSMB)
reviewed the clinical and laboratory data to confirm the diagnosis of
hepatitis E before the group assignment code (i.e. vaccine v. placebo)
of trial participants was broken.

Overall, 97 356 individuals (86.5% of those randomized) received
all 3 doses of the vaccine (n=48 693/56 302; 86.5%) or placebo
(n=48 663/56 302; 86.4%). During follow up, 23 cases of hepatitis E
were detected, one in the vaccine group and 22 in the placebo group.
The only detected case of hepatitis E in the vaccine group had
received only 1 dose of vaccine and had onset of symptoms 329 days
after vaccination. Vaccine efficacy for participants who received at
least 1 dose was 95.5% (95% CI 66.3–99.4). Fifteen and 5 recipients
of placebo developed hepatitis E during the 12 months after 3 and 2
doses, respectively. None of those who received 2 or 3 doses of
vaccine developed hepatitis. Vaccine efficacy after 3 and 2 doses was
100% (95% CI 72.1%–100%) and 100% (9.1%–100%), respectively.
Genomic sequencing done for HEV isolates from 13 cases among
placebo recipients revealed genotype 4 HEV isolates in 12 and
genotype 1 HEV in one, supporting vaccine efficacy against both
these virus genotypes.

There were no major side-effects in either group. Most adverse
events were mild. Rates of serious adverse events were similar in
both the groups during the entire follow up. The most common local
adverse events were pain, swelling and itching at injection sites.

In the immunogenicity subset, 98.7% of vaccine recipients showed
an antibody response of 4-fold or higher rise in IgG anti-HEV
concentration, with geometric mean concentration of 19.0 Wu/ml
(95% CI 18.6–19.4) at 1 month after the third dose; in comparison,
only 2.1% of placebo recipients showed similar antibody response,
perhaps due to subclinical HEV infection.

In conclusion, the HEV 239 vaccine was found to be highly
immunogenic and clinically efficacious, and free of any major
adverse effects.

COMMENT
Infection with HEV is the most common cause of acute hepatitis
among Indian adults.1 HEV infection is typically acute. Chronic
HEV infection, though reported in immune-compromised persons,2

is not known among healthy persons. A major proportion of HEV
infections go unrecognized, since these are either subclinical or
lead to mild symptoms resembling a flu-like illness, but no
jaundice. The most commonly recognized clinical form of HEV
infection is as acute icteric hepatitis, with a short prodromal phase
followed a few days later by jaundice. The illness is usually self-
limiting, and lasts for 4–6 weeks. A few patients with acute
hepatitis progress to develop acute liver failure, a serious condition
with a high mortality rate despite intensive treatment and supportive
measures. HEV infection in pregnant women is particularly
associated with a bad outcome, i.e. a high rate of liver failure,3 a
high maternal mortality rate (15%–25%) and bad obstetric and
foetal outcomes;4 the reason(s) why HEV infection leads to
particularly severe disease during pregnancy remains unknown.
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Another group that is at a particularly high risk of poor outcome
following HEV infection is persons with pre-existing chronic
liver disease.5 For these high risk groups, prevention of HEV
infection appears an attractive proposition, and may help to
prevent HEV-related deaths.

HEV, classified in genus Hepevirus and family Hepeviridae,
is a virus with an RNA genome comprising 3 overlapping open
reading frames (ORFs); of these, ORF 2 encodes the principal
capsid protein. There are 4 HEV genotypes: genotype 1 causes
most human disease, genotype 2 is rare, and genotypes 3 and 4
predominantly cause infection in animals but may occasionally
cause human disease.1 Fortunately, antibodies to viruses belonging
to all the 4 genotypes cross-react, suggesting the existence of a
single serotype and the possibility of using one vaccine to protect
against all the genotypes.1 Since the HEV does not grow well in
cell culture, a subunit vaccine approach using the ORF2 protein
has been tried.

Till now, two HEV vaccines containing truncated ORF2
proteins have been tried in humans. The first vaccine was expressed
in insect cells (Spodoptera frugiperda cells infected with a
recombinant baculovirus). In a phase I trial, 3 doses of 1, 5, 20 or
40 µg of this recombinant protein were shown to induce a dose-
dependent anti-HEV antibody response among healthy volunteers.6

A phase 2 randomized clinical trial of this vaccine included 2000
healthy volunteers from the Nepal Army who lacked detectable
anti-HEV antibody. Participants were randomized to receive
either 3 doses of 20 µg of alum-adjuvant recombinant HEV
protein or a matched placebo at 0, 1 and 6 months, and were
followed up for an average of 804 days.7 Overall, 88% of patients
completed the study. Protective efficacy for acute hepatitis E was
95% among those who received all 3 doses and 86% among those
who received only 2 doses. The study, though a landmark, had
some limitations. First, it included predominantly young males,
but no children or subjects belonging to high risk groups such as
pregnant women and patients with chronic liver disease. Second,
the outcome studied was clinical disease and not HEV infection,
precluding assessment of the effect of vaccine on circulation of
the pathogen in a population. Also, the study reported a dramatic
fall in antibody titre by the end of the follow up period, raising
questions about the duration of protection provided by this vaccine.

The second vaccine, used in the study under review, contains
a truncated HEV ORF2 protein that has been expressed in
Escherichia coli bacteria, purified, adsorbed on aluminium
hydroxide, and suspended in buffered saline (HEV 239 vaccine).8

This vaccine, developed and produced in China, contains a more
extensively truncated HEV ORF 2 protein than the insect cell-
derived vaccine. In a phase 2 randomized human study conducted
in China, which included HEV seronegative subjects (457 adult
and 155 high school students), 3 doses of vaccine (20 µg each
at 0, 1 and 6 months, respectively) were found to be safe, immuno-
genic, and effective in preventing new HEV infection.9

This well designed study has several strengths. It was
population-based, had a large sample size and a high follow up
rate was achieved. The investigators took utmost precaution to
obviate errors in identification and tracking of study subjects by
using fingerprint scanners and digital photographs at each visit,
whether for immunization, blood collection or follow up. Several
steps were taken to minimize bias. These included: (i) assignment
of participants to study groups by workers who had no further
involvement in the trial, (ii) maintenance of masking till the end
of study, (iii) setting up of an active hepatitis surveillance system
using a wide network of health centres, and (iv) determination of

diagnosis of hepatitis E by an independent DSMB before code for
group assignment (i.e. vaccine v. placebo) of trial participants was
broken. These features serve to enhance faith in the study’s
results.

The results of this phase 3 trial not only provide evidence for
clinical efficacy of a bacterial cell-derived recombinant HEV 239
vaccine, but also extend the field of HEV vaccines beyond
existing knowledge. First, the study included subjects with a
much wider age range and both sexes, and thus has extended the
age and gender range for applicability of these vaccines. Second,
by showing that a bacterial cell-derived vaccine, which may be
easier and cheaper to produce than the previous insect cell-
derived vaccine, it has reduced the barriers to utilization of
vaccine strategy for preventing hepatitis E. Third, the authors
conducted this study in a region where genotypes 1 and 4 HEV
co-circulate with the latter being predominant; thus, they were
able to show the efficacy of a vaccine derived from genotype 1
HEV against genotype 4 HEV, providing evidence of cross-
genotype protection. This implies that it may be possible to use a
common vaccine around the world despite geographical differences
in prevalent virus genotypes. Furthermore, immunogenicity data
were obtained in a fairly large number of participants; the finding
of seroconversion in nearly 99% of vaccinated individuals with
very high post-vaccination antibody titres add to the strength of
evidence supporting the vaccine. An important secondary
observation was a high efficacy rate even after only 2 doses, given
a month apart. This makes this vaccine particularly useful for
travellers planning to visit areas where hepatitis E is highly
endemic.

However, the study leaves some issues unanswered. It did not
include children and people above the age of 65 years; future
studies will need to address the issue of immunogenicity and
protection in these extremes of age. The study design did not
require women to practise contraception. Thus, one would expect
that some vaccinated women participants became pregnant after
receiving the vaccine. It would have been interesting to see
immunogenicity and safety data in such women. Though this
report does not include these, one would hope that these will
become available in future publications from this study. The
antibody level was assessed at only 2 time points, i.e. before
vaccination and at 1 month after the third dose. Measurements at
other time points could have provided useful information about
serological responses after 1 or 2 doses of the vaccine. Similarly,
measurement of anti-HEV antibody during follow up could have
helped evaluate the sustainability of antibody response. As with
the trial using the insect cell-derived vaccine, only acute hepatitis
cases were looked for and the frequency of subclinical HEV
infections was not studied, precluding determination of effect, if
any, of the vaccine on disease transmission.

Data from this study, albeit limited, suggest that even 1 dose of
the vaccine had a protective effect. This suggests that 1 dose of the
vaccine may be useful for interrupting HEV outbreaks or for
unplanned travel to endemic countries. However, this will need
further data from future studies specifically directed at this
question.

What do these findings really mean? We now have two highly
effective hepatitis E vaccines that can prevent clinical disease.
However, we need to determine how to use these: as travellers’
vaccines, for high risk groups (pregnant women and persons with
chronic liver disease), or as part of routine immunization
programmes. Both vaccines appear excellent for use among
travellers from developed countries to areas where hepatitis E is
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highly endemic. However, its use for the other 2 situations,
applicable primarily in hyperendemic araeas (usually under-
developed countries), poses a problem. The first vaccine, though
shown to be effective against hepatitis E some years ago, has
failed to see the light of the day yet—possibly because of a lack
of commercial interest among manufacturers. For either vaccine
to be used, its price will have to be within the reach of people
residing in disease-endemic regions. Alternatively, governments
of such countries or other funding agencies in the health sector
will need to find innovative ways to fund immunization
programmes against this disease. These steps are necessary before
the potential benefits of this vaccine can become a reality.

What does this study imply for us in India? The disease is
particularly common in the Indian subcontinent. Thus, the
availability of vaccines against hepatitis E should be of particular
interest to us. However, the scenario regarding its use appears
bleak, given the fact that we have not been able to fully implement
neonatal hepatitis B vaccination, which protects not only against
acute hepatitis but also against long term sequelae such as liver
cirrhosis and liver cancer, and affords life-long protection—
nearly 30 years after the discovery of that vaccine.

The demonstration of extended protective efficacy of this
newer vaccine against genotype 4 HEV is of particular interest to
countries such as China, Taiwan and Japan, where infection with
genotype 4 HEV is common. Infection with this genotype has not
been reported from India, and all reported cases have been due to
genotype 1 HEV. Thus, we would be more interested in protection
against genotype 1 HEV infection. In the Chinese study under
review, only 1 placebo recipient had genotype 1 infection. Hence,
additional data on the efficacy of this vaccine against genotype 1
HEV disease would be desirable.

In conclusion, this study showed that the HEV 239 vaccine,
based on a recombinant truncated HEV capsid protein produced

in bacterial cells, has high immunogenicity and protective efficacy
against hepatitis E, besides a favourable safety profile. This opens
the scientific field for use of active immunization to prevent this
major cause of morbidity and mortality in several developing
countries, such as India. However, often it is economics, and not
science, that drives this world. We will thus need to wait and see
whether the money will make the mare go—against HEV.
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