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Abstract

Hepeatitis E accounts for the major part of enterally transmitted non-A, non-B
hepatitis worldwide. Its agent, the hepatitis E virus (HEV), is a small, single-
stranded RNA virus. Only one serotype of HEV is recognised. Infection results in
protective immunity with long-lived neutralising antibodies. In developing coun-
tries with poor sanitary conditions and high population density, hepatitis E causes
water-borne epidemics with substantial mortality rates in pregnant women. In
addition, more than 50% of cases of acute hepatic failure and sporadic acute
hepatitis are due to hepatitis E. The overall prevalence rates of antibodies to the
HEV in populations native to these areas rarely exceed 25%. Hence, many
individuals remain susceptible to hepatitis E infection, making hepatitis E an
important public health concern.

In this context, the development of an HEV vaccine is warranted. Because
HEV does not grow adequately in cell cultures the development of a vaccine
based on inactivated or attenuated whole-virus particles is not feasible. HEV
vaccines currently under study are based on recombinant proteins derived from
immunogenic parts of the HEV capsid gene. Other approaches such as DNA-
based vaccines or transgenic tomatoes have also been developed. Several recom-
binant protein-based vaccines elicited neutralising antibodies and protective
immunity in vaccinated non-human primates. One such vaccine has passed phase
I trial and is currently under further evaluation in field trials. Even so, several
questions remain to be answered before vaccination programmes could be imple-
mented.

Hepatitis E virus (HEV), a small,

single-

obvious that hepatitis E accounts for the major part

stranded, hepatotropic RNA virus with an enteral
route of transmission is endemic to most tropical
and subtropical areas of the world. Infection causes
acute, self-limited and generally icteric hepatitis,
clinically indistinguishable from hepatitis A. In en-
demic areas, hepatitis E occurs sporadically in the
form of water-borne epidemics (the largest epidemic
involved several thousand individuals).[?! With the
introduction of broadly available serological tests
for antibodies to HEV in the early 1990s, it became

of enterically transmitted non-A, non-B hepatitis. In
recent years, rare sporadic cases emerged in indus-
trialised countries in patients without travel his-
tory.3-71 Therefore, it was simultaneously recog-
nised that HEV circulates in several animal species
native to developing and developed countries. In
particular, pigs®'3 and rats!'"*!5] were shown to be
highly susceptible. It was therefore speculated that
these and other species may serve as a zoonotic
reservoir.l'%! This hypothesis was further supported
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by experimental cross-species transmission studies,
for example swine isolates to non-human pri-
mates!!”!® and the close genetic relatedness of
human and animal strains native to the same re-
gion.l'%12.13] Hence, sporadic cases, some of which
were probably food-borne,!'*?! may be encountered
even in countries where HEV is not endemic (see
Worm et al.21l).,

However, the burden of HEV-associated morbid-
ity and mortality falls predominantly in areas with
poor hygienic conditions and high population densi-
ty. In many developing countries, such as India or
Nepal, more than 50% of cases of acute hepatic
failure,?>?3 as well as sporadic acute hepatitis,>*2>!
are caused by hepatitis E. Both public health and
socioeconomic reasons are the factors behind the
need for the development of an HEV vaccine, even
though the cost of vaccine programmes for popula-
tions at risk will have to be balanced with related
costs for the improvement of sanitary conditions and
water supplies.?%!

1. Populations and Groups at Risk for
Hepatitis E Virus (HEV)

The occurrence of outbreaks (despite being of
variable magnitude) has been surveyed in Southeast
and Central Asia, the Middle East, northern and
southern parts of Africa, and Mexico (figure 1).
Local outbreaks or even larger epidemics are report-
ed nearly annually in parts of the Indian subconti-
nent, such as the Kashmir Valley in India or the
Kathmandu Valley in Nepal (see Labrique et al.?"1).
Considering that the prevalence of anti-HEV anti-
bodies in areas of high endemicity with an annual
occurrence of outbreaks and constant presence of
sporadic disease is about 25%, the rate of hepatitis E
cases can be roughly estimated for such populations.
The case-to-infection ratio during outbreaks and
under sporadic conditions was reported to be 28-30
per 100 infections.”® Converted into population
figures this would mean that 6 of 100 individuals
living in a highly endemic area would experience
acute hepatitis E once in their life (in the case of
waning antibodies the number would be even great-
er). In fact, this would mean >30 000 annual cases
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for a country such as Nepal, or several hundred
thousand annual cases for the population in India,
with a mean anti-HEV antibody prevalence between
4% and 15% (others have even estimated 2.2 million
annual cases??).

1.1 Epidemic Occurrence of HEV Infection

Several studies of large epidemics identified fae-
cal contaminated water supplies (such as riverine
water, shallow wells, bore holes or inadequately
serviced pipes) as the primary source of HEV trans-
mission.[!>3%-3¢6] Hence, populations that depend on
water supplies or riverine water for both sanitary
purposes and source of (untreated) drinking water
are at constant risk of HEV infections. Sewage of
human, and potentially also of animal origin (natu-
rally or in the form of manure), disposed near
riverbanks may contaminate water supplies during
rainy seasons as a result of flooding. In addition,
undiluted sewage drained into inadequately chlorin-
ated water supplies may lead to a high load of HEV
particles. Such contamination may accidentally oc-
cur in large water pumping stations as was the case
in the first reported epidemic in New Delhi, India, in
1955-6,11 or later in 1991 in Kanpur, India,”! in-
volving thousands of individuals.

Epidemiological studies on these outbreaks re-
ported attack rates in a range between 2% and 15%,
with a peak incidence in male adults aged 15-40
years and a low rate among children. The observed
fatality rate varies from 0.07% to 0.6%. However,
the mortality rate in pregnant women in the third
trimester was much higher (10-20%).[1-39-34351 n
addition, higher rates of premature delivery**37! and
the potential of vertical transmission™¥! make
women of reproductive age residing in endemic
areas a main target group for HEV vaccines.

The majority of outbreaks, which are generally
smaller in size, occur in rural areas. In rural popula-
tions living in poor hygienic conditions, prevalence
rates of anti-HEV antibodies are much highert3?4%
and protective immunity may develop as a result of
frequent low-dose exposure to HEV or following
early subclinical infection during childhood. Differ-
ences in living conditions, duration of breast-feed-
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Fig. 1. Global distribution of hepatitis E virus (HEV) infection. The burden of HEV-associated morbidity is depicted for different countries and
graduated into four different zones. Within one country substantial differences may exist for various regions. The countries are classified
according to the region with the highest score. Zone A (black): nearly annual occurrence of HEV epidemics; high burden of HEV-associated
morbidity and mortality; implementation of vaccination programmes would be recommendable; vaccination would probably be recommend-
able to travellers to these regions. Zone B (vertical stripes): outbreaks have been reported; overall prevalence rates of anti-HEV antibodies
are >25%; implementation of vaccination programmes would be recommendable for specific groups at risk of HEV infection. Zone C
(horizontal stripes): outbreaks have not been reported; sporadic cases do occur and the anti-HEV antibody prevalence rates are >5%;
vaccination would probably not be recommendable as specific groups at risk have not been defined. Zone D (white): low or undefined

probability of sporadic HEV infection; low or undefined anti-HEV antibody prevalence rates.

ing or attendance of local institutions may explain
the wide range of anti-HEV antibody prevalence
rates reported for endemic areas. Anti-HEV anti-
body prevalence rates in children <5 years and <10
years old may vary (even if the same test was used)
between 0% and 5% (reported for Pune, India)“!!
and up to approximately 35% and 61% (reported for
rural Egyptian communities),*?! respectively. By
late childhood, the anti-HEV antibody prevalence in
endemic areas never reaches more than 90%, as is
the case for anti-hepatitis A virus (HAV) antibody
prevalence,!! thus exposing a substantial number of
adults to overt disease.
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Molecular studies of sewage samples from a sew-
age treatment plant in Pune, India, detected a signifi-
cantly higher overall prevalence of HAV RNA com-
pared with HEV RNA (p = 0.023) and negative re-
sults for HAV RNA after sewage treatment.[?]
However, sewage treatment did not result in reduc-
tion of HEV RNA-positive samples. Therefore, de-
spite treatment, sewage may remain infectious for
HEV particles.

Outbreaks may occur after natural disasters and
military operations may force refugees to use uncer-
tain water sources.3! Long periods of dryness in
regions with constant water shortage increase the

Drugs 2004; 64 (14)
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pressure on remaining water supplies or may con-
centrate HEV particles, thereby increasing the infec-
tious load.!

The risk of person-to-person transmission of
HEV seems to be rather low (1-2%)[:30441 even
though some studies have suggested a higher
rate.3**1 However, if a vaccine is available in the
future, vaccination of household members of an
index case will not be recommendable as most se-
condary diseases occur within 2 weeks of the index
case.

In summary, populations living in areas with
poor sanitary conditions and unsafe water supplies
constitute the main target group for HEV vaccina-
tion programmes. Figure 1 refines the global risk for
HEV infection for different countries. The risk for
HEV-associated morbidity is graduated into four
different zones, each depicting the possible use of
HEV vaccination in the various countries.

1.2 Groups at Risk for Sporadic HEV Infection

Even though multiple serostudies have been con-
ducted, special risk factors for sporadic infections
with HEV have been poorly defined until now. This
section describes the current evidence for the use of
a potential vaccine in specific risk groups. The evi-
dence is derived from papers published since 1990,
searched for in Medline and EMBASE using the
keywords ‘HEV or hepatitis E virus or viral hepatitis
E’ alone or in combination with keywords such as
‘risk factors or risk groups’. Studies were included if
they could demonstrate an increased risk for HEV-
associated morbidity.

1.2.1 Blood Transfusion Recipients

Parenteral transmission of HEV is unusual, as the
viraemic phase of infection is usually brief. A poss-
ible risk of HEV transmission via blood transfusions
has only been suggested for highly endemic ar-
eas.[*®l At present there is insufficient evidence to
recommend vaccination for patients undergoing
multiple blood transfusions.

1.2.2 Haemodialysis
Several studies showed an increased prevalence
of anti-HEV antibodies in patients on maintenance
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haemodialysis (see Fabrizi and Martin®”!). A case-
control study conducted in Saudi Arabia reported a
prevalence rate of IgM anti-HEV antibodies signifi-
cantly higher in patients on maintenance haemodial-
ysis than that found in controls (odds ratio [OR] 8.9;
p =0.037).81 Serum ALT levels were only moder-
ately elevated and mostly in those with concomitant
chronic viral hepatitis. Despite elevated IgM anti-
HEYV antibodies patients remained clinically asymp-
tomatic. The investigators speculated that patients
with chronic renal disease may fail to recognise
clinical episodes of hepatitis as a result of their pre-
existing condition and less pronounced jaundice
under haemodialysis treatment. A single case of
elevated serum ALT levels and subsequent anti-
HEV seroconversion was reported in Germany.’!
Without doubt, rising serum ALT levels in patients
undergoing long-term haemodialysis, which is often
encountered, will usually not lead the physician to
test for HEV infection. However, the low risk of
HEV-associated severe morbidity and a possible
lower response rate to vaccination would have to be
balanced with potential advantages. There is no
evidence that vaccination should be recommended
for patients undergoing long-term haemodialysis.

1.2.3 Pre-existing Hepatic Diseases

Patients with chronic hepatic diseases may be at
higher risk of HEV-associated morbidity and liver
failure. In Chad, a country with extremely high
hepatitis B virus infection rates, acute and fulminant
hepatitis is more often seen if acute HEV infection is
conjuncted with either chronic or acute hepatitis
B.B% A study from Pakistan reported several cases
of severe liver decompensation in patients with
chronic liver disease and superimposed acute HEV
infection.’!1 A mono-centre study from India con-
ducted within a period of 18 months reported nine
cases of HEV-induced acute liver decompensation
in patients with chronic liver diseases (such as Wil-
son’s disease, chronic hepatitis B infection or
autoimmune hepatitis).’?l Two recently published
case reports from JapanP3 and Francel®¥ described
fulminant hepatic failure due to HEV superinfection
in patients with pre-existing hepatic diseases. The
Japanese patient was a hepatitis B surface antigen
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(HbsAg) carrier with thyrotoxicosis and acute HEV
infection. The patient from France had underlying
cirrhosis and fulminant hepatic failure necessitated
liver transplantation. Vaccination of patients resi-
dent in endemic areas with pre-existing liver disease
as well as those travelling to such regions will be
recommendable.

1.2.4 Travellers fo Endemic Areas

Only a few cases of travel-associated acute HEV
infections have been reported. In fact, a review of
the risk of hepatitis E infection to travellers identi-
fied only 161 cases of travellers who developed
acute hepatitis between 1986 and 1999.151 Interest-
ingly, such cases are mainly reported from a few
laboratories that are well acquainted with HEV tests,
suggesting a gross under-reporting. In a study from
Taiwan conducted in patients with acute non-A,
non-B, non-C hepatitis, hepatitis E infection was
common (18/47; 38%) and mainly in those with a
travel history to endemic areas such as China (OR
22.2;95% CI 4.7, 105.8).5¢ Because of the lack of
larger studies, future recommendation of vaccina-
tion for tourists will have to be judged on an individ-
ual basis. Pregnant women should be cautious.”!
Travellers with pre-existing liver disease could be
regarded as candidates for vaccination, especially if
their journey goes to endemic areas during seasons
with known recurrent epidemics and unsafe water
supply.

1.2.5 Occupational Risk

An elevated risk for sporadic acute HEV infec-
tion or even outbreaks may exist for personnel
working under poor hygienic conditions, such as
military staff crowded together in camps or soldiers
undergoing operations. Even if strict hygiene regu-
lations are followed, HEV infection cannot be pre-
vented in any case.*! Such HEV-associated out-
breaks occurred in Nepal in over 600 soldiers at an
isolated military training camp®® and over 100 pa-
tients were hospitalised in a military unit in Paki-
stan.P8 Smaller clusters or solitary cases have been
reported in French soldiers sent to endemic areas
such as Somalia, where seven acute HEV infection
cases occurred during the Restore Hope internation-
al mission in 1993.1431 Soldiers or peacekeepers sent
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to endemic areas or living in endemic areas consti-
tute a specific risk group and vaccination would be
recommendable.

Nosocomial spread from a pregnant woman to
staff members of an operating theatre team was
reported in South Africa.®! In Germany, seropreva-
lence rates for antibodies to HEV were significantly
higher in persons working in emergency admissions
or in surgery.[® Therefore, medical personnel, espe-
cially operating theatre staff and surgeons, residing
in HEV endemic areas would be recommended to
have vaccination.

Since it has been recognised that HEV isolates
circulate in several animal species, several serostud-
ies have been conducted to assess a potential higher
risk for occupations that involve close contact to
animals. Significantly higher prevalence rates were
reported for veterinarians working with swine in the
US,% pig handlers in Taiwan,®” field workers in
Towa, USA[®! and swine farmers in Moldova.l%? In
the latter study elevated anti-HEV antibodies preva-
lence was associated with cleaning barns, assisting
sows at birth or drinking unpasteurised cow’s milk.
However, elevated antibody prevalence rates were
not associated with a history of jaundice or hepatitis.
Zoonotic infection (at least with genotype III animal
strains) may result in less severe disease. Overt
disease seems to be dose dependent and zoonotic
transmission routes may mostly not transmit virus
loads large enough to cause overt disease.[93-64]

1.2.6 Food-Borne Risks

Studies on sporadic cases of acute hepatitis (from
Sicily, Italy'®! and Hong Kong!®®)) reported shellfish
ingestion to be an independent risk factor for HEV
infection; shellfish are filter feeders that can extract
and concentrate viruses if grown in sewage polluted
water and are, therefore, prone to cause viral infec-
tion.[®” When consumed raw, animal products may
cause severe disease, as reported for deer meat!'’!
and pig liver™®! in Japan. Therefore, where there is a
threat of infected animal products, the option would
undoubtedly be cooking rather than vaccinating.
Occupations involved in manufacturing processes of
raw animal products need further evaluation of the
risk regarding HEV-associated morbidity.

Drugs 2004; 64 (14)
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Fig. 2. Structure of the hepatitis E virus (HEV) genome and HEV vaccines derived from the HEV capsid gene. HEV vaccines are generated
from the HEV capsid gene (ORF2). The ORF2 sequence is cloned into various expression systems. The shading in the schematic
presentation used for ORF gene mapping defines: for the ORF1 gene putative functional regions such as (beginning at the 5’end):
Methyltransferase, Domain Y, region of unknown function, papain-like cysteine protease, hypervariable region, proline ‘hinge’, domain X,
helicase, RNA replicase; for the ORF3 gene: the black bars correspond to a hydrophobic region at the 5’end with a polycysteine region and
a transmembrane sequence; for the ORF2 gene: the black bar corresponds to a signal peptide at the 5’end, at the 3’end is a 3"-
nontranslated region (nt 7127-94) followed by An, the ORF2 has three potential glycosylation sites (reversed Y). 1 full-length recombinant
ORF2 protein (pORF2); 72 kDa, amino acids 1-660; 2 full-length ORF2 is expressed in cells of the vaccinee; 3 depicts amino acids
corresponding to the full-length pORF2; 4 forms 42 kDa homodimers; 5 assemble into virus-like particles; 5* NTR = 5’-nontranslated region
(nucleotides nt 1-27); aa = amino acids; An = polyadenylated 3’end; IM = intramuscular; ORF = open reading frame; PO = oral application.

2. HEV overlapping open reading frames (ORFs): ORF1, at

the 5’end of the genome, encodes about 1700 amino

2.1 Molecular Biology of HEV acids encompassing nonstructural, enzymatically

active proteins probably involved in the virus repli-

The HEV was first described in 1983 by means of
immune electron microscopy (IEM) as spherical,
27-30nm virus-like particles (VLPs).[8] After oral
ingestion the virus mainly infects and replicates in
hepatocytes, and the virus particles are excreted via
bile in the faeces. Even though the virus has been
shown to be labile when exposed to high concentra-
tions of salt, freeze-thawing and pelleting,[® infec-
tious particles can persist in sewage for a significant
period.’”! The HEV genome is a single-stranded,
positive-sense, polyadenylated RNA molecule of

cation and viral protein processing.[’>”3 ORF3 en-
codes for a 123-amino acid phosphorylated protein
of unknown function.’¥ ORF3 significantly over-
laps ORF2, which is located at the 3’end and en-
codes a 660-amino acid structural or capsid protein.
Proteins derived from all three ORFs elicit an anti-
body response during the acute state of infec-
tion.[>761 However, recombinant proteins and pep-
tides used in enzyme-linked immunoassays (EIAs)

approximately 7.2Kb with short 5’- and 3’-noncod-
ing regions (figure 2).['72 It contains three partially
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or for vaccination studies are predominately ex-

pressed from ORF2 epitopes.
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2.2 Genetic Diversity of HEV

With the exception of a hypervariable region
within ORFI, the genome of HEV seems to be
relatively stable.”””! However, prototype strains from
locations around the world or even strains from
separate sporadic cases within one region may show
considerable diversity. The overall nucleic acid
identity of the most diverse strains is around 70%,
whereas the deduced amino acid identity is over
80%.!78 Variations in nucleic acid sequences are
often conservative substitutions that do not result in
differences at the amino acid level. In particular, the
epitope regions of ORF2 and ORF3 are highly con-
served.!”!

Defining an HEV genotype as viruses having
nucleotide divergence of not more than 20% of the
nucleotides in the ORF2 region,3%8!1 at least four
major genotypes can be separated of which the
largest group is genotype I (including strains from
Asia and Africa). Genotype II is a small group
represented by single isolates from Mexico and
Nigeria, whereas genotype III comprises several
strains isolated from sporadic cases of acute HEV
infection in the US, parts of Europe (Austria, Italy,
Greece, Spain), Argentina and Japan, and also swine
isolates from various countries such as the US, The
Netherlands, New Zealand, Canada and Korea®*!
(see Worm et al.?!89). Genotype IV consists of
Chinese, Japanese and probably Taiwanese isolates
as well as swine isolates from India and Bali.[®*! In
India, human strains are grouped within genotype I
and strains isolated from pigs into genotype V.84
In Japan, genotype III and IV isolates were reported
in both animals and humans.!?!

Experimental transmission from genotype III
swine isolates to non-human primates caused less
severe hepatitis than did human genotype I and II
isolates.[1%93] Sewage samples of human origin col-
lected from sewage drains in various industrialised
countries such as Spain, the US and France showed
a high rate of contamination with HEV strains (e.g.
in Barcelona the rate was 43%; 20/46).135 The HEV
isolates were clustered predominantly into genotype
III. Therefore, it was speculated that these less viru-
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lent genotype III HEV isolates with probably zoo-
notic transmission routes (e.g. from swine to
humans) could cause little or no disease in humans,
but account for the 0.4-3% anti-HEV antibody prev-
alence in non-diseased blood-donor populations re-
ported for various industrialised countries. A newly
identified avian HEV strain was also shown to share
antigenic epitopes with the swine and human HEV.
Convalescent sera of experimentally infected chick-
ens cross-reacted in EIAs for antibodies to the
human and swine HEV.®! Therefore, the agent
causing the anti-HEV reactivity in industrialised
countries remains to be determined.

Despite this genetic diversity all genotypes seem
to represent a single serotype. Diverse HEV strains
seem to share at least one epitope region within
ORF?2 which elicits neutralising antibodies. This is
an important prerequisite for the development of a
broadly protective vaccine.

3. Hepatitis E Vaccine Development

A further prerequisite for successful implementa-
tion of HEV vaccine programmes would be the
ability of an HEV vaccine to induce antibodies with
broadly HEV neutralising activity, and long-term
immunity and protection against both clinical dis-
ease (i.e. significant elevation of serum ALT levels
and liver damage) and infection (i.e. replication in
host liver cells, vertical transmission and excretion
into the faeces). Vaccination with inactivated or
attenuated whole-virus particles would best mimic
natural or experimental infection and result in simi-
lar broad immunity. Because HEV does not ade-
quately grow in cell cultures, the development of a
vaccine based on inactivated or attenuated whole-
virus particles is not feasible. Most HEV vaccines
currently under study are based on recombinant
proteins derived from immunogenic parts of the
HEV capsid gene. However, monovalent recombi-
nant proteins only derived from parts of the viral
genome could fail to elicit neutralising antibodies or
result in a narrow strain-specific immunity. There-
fore, vigourous studies are crucial to assess the
neutralising ability of such vaccines.

Drugs 2004; 64 (14)
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3.1 Naturally Acquired Antibodies and
their Detection

Natural infection with HEV elicits an antibody
response and results in protective immunity. After
an incubation time (ranging between 15 and 60
days) anti-HEV IgM antibodies appear in the serum
of infected patients with the onset of symptoms and
remain detectable for about 2-3 (up to 6) months.®”!
Anti-HEV IgG antibodies can be detected promptly
after the IgM response. The IgG titre increases
throughout the acute phase of infection and falls
during the convalescent phase. Longitudinal studies
demonstrated persistence of anti-HEV antibodies up
to 1238 and 1439 years. Repeated infections in the
same individual have not been reported. However,
several studies have suggested that in a significant
proportion of patients, mostly children, anti-HEV
antibodies may be short lived,[®®3! and projection
analyses of anti-HEV antibody prevalence rates sug-
gested partial waning of antibodies.[®>** This may
explain the relatively low anti-HEV antibody preva-
lence rates in adults native to endemic areas.

Serodiagnostic assays (Western blots or EIAs)
have been developed using recombinant proteins
and synthetic peptides derived from antigenic do-
mains within ORF2 and ORF3 to detect IgM and
IgG class antibodies to the HEV. EIAs are the
preferred screening format. The two prototype EIAs
for routine diagnosis of HEV infection and serosur-
veys employ either four short recombinant proteins
derived from the 3’termini of ORF2 (42-amino acid)
and ORF3 (33-amino acid) from Burmese and Mex-
ican prototype sequences,”*?! or two recombinant
proteins derived from complete ORF3 (123-amino
acid) and from a sequence of ORF2 (327-amino
acid) from the Burmese strain.®®

Recently, attempts have been made to generate
recombinant peptides or proteins corresponding to
conformational epitopes, thus mimicking the ter-
tiary or quaternary structure of immunogenic parts
of the HEV structural ORF?2 protein.

1. A 23 kDa peptide corresponding to amino acid
residues 394-604 of the ORF?2 sequence was shown
to naturally interact with one another forming
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homodimers under physiological conditions.”!
These peptides strongly recognised HEV reactive
human sera, but only in their dimerised form.

2. Two 111-amino acid N-terminal truncated ORF?2
proteins, a 53 kDa protein derived from a Pakistani
strain'®® and a 50 kDa protein derived from a Bur-
mese strain,®®! were shown to spontaneously form
VLPs when excreted into the culture medium. These
VLPs resembled the whole virus particles when
visualised with IEM but were smaller in size (ap-
proximately 24nm compared with 27-30nm). Both
the dimerised 23 kDa peptides and the 50 kDa
Burma recombinant VLPs, have been shown to im-
prove the sensitivity of EIAs to detect convalescent-
phase antibodies to HEV and were, therefore, used
for vaccination studies.

Comparison of various EIAs and Western blots
showed a low overall concordance in the detection
of anti-HEV antibodies in a non-diseased popula-
tion.['% Recently, a WHO anti-HEV IgG antibodies
standard was defined, which could be relevant to
appropriately assess immune response in vaccine
programmes. 01!

3.2 Passive Immunisation

Studies on passive immunisation are sparse and
results are conflicting. In experimental settings pas-
sive transfer of convalescent sera from humans and
experimentally infected monkeys protected cross-
challenged monkeys against disease but not against
HEV infection,!'%219] whereas others reported no
efficacy of passive immunisation of rhesus monkeys
with human convalescent-phase serum.’®® In epi-
demic settings in Mexico and India, preliminary
studies with low-dose human serum immunoglobu-
lin showed no beneficial effects on the severity of
the disease,?3* whereas a study conducted during
an outbreak at Karad, India, reported a decline of
disease severity in pregnant women.'®! The effec-
tiveness of a serum immunoglobulin largely depen-
ds on its titre of protective antibodies and the dosage
used. The data available do not allow definite re-
commendations regarding passive immunisation.

Drugs 2004; 64 (14)
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3.3 Serological Cross-Reactivity and
Neutralising Antibodies

Preliminary studies showed that acute- and con-
valescent-phase sera from cases of HEV infection
occurring in geographically distinct regions blocked
antibody binding in a fluorescent antibody test.['%
Therefore, hepatitis E isolates with substantial ge-
netic diversity seem to possess at least one major
cross-reactive epitope. Experimentally infected non-
human primates elicited neutralising antibodies,
making the animals immune to challenge with ho-
mologous and heterologous HEV prototype strains.
Cynomolgus macaques (cynos) infected with the
Burma strain were immune to re-infection with the
Mexico strain!!%! and rhesus monkeys infected with
HEV from the former USSR developed immunity
during infection to divergent Indian HEV iso-
lates."71 Long-term follow-up of the rhesus
monkeys showed persistence of anti-HEV anti-
bodies (though partly declined to a low titre) and
protection against disease (but not necessarily
against infection) when re-challenged with Indian
HEV isolates.[1%8]

On the other hand, preliminary studies showed
only limited neutralising capability for vaccine-in-
duced antibodies. An in vitro study suggested a
limited cross-neutralisation activity for antibodies
elicited against diverse ORF2 recombinant pro-
teins.['%) The study used a polymerase chain reac-
tion-based cell culture neutralisation assay.!''% Nat-
urally or experimentally acquired convalescent-
phase antibodies from humans and cynos showed
broad HEV-neutralising activity, whereas post-im-
munisation antibodies from guinea pigs and rabbits
had limited neutralising activity.'®! Other studies
suggested that the antigenic structure of surface-
expressed HEV proteins were complex and HEV-
neutralising epitopes were conformation depen-
dent.l'"1 Although neutralising monoclonal anti-
bodies (Mabs) to linear epitopes of ORF2 have been
detected,[''>!13] Mabs specific for conformational
epitopes were more effective in blocking convales-
cent-phase antibodies in a competitive EIA com-
pared with Mabs specific for linear epitopes.!'!#!
These results indicate the importance of the struc-
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ture of recombinant proteins used for vaccination. In
addition, the results showed that the efficacy of a
recombinant protein in inducing protective immuni-
ty cannot be predicted even if their linear epitopes
had been characterised.

3.4 Experimental Vaccination Studies

Serostudies demonstrated that antibodies to
ORF3 proteins were predominantly found in the
acute phase of HEV infection and that these anti-
bodies were more strain specific.''>! Therefore,
HEV vaccine research focused on ORF2-derived
recombinant proteins (pORF2). Several immu-
nodominant epitopes have been described within the
ORF2  sequence.">!LIZH4AHSL  These  ORF2
sequences can be cloned into various expression
systems, such as Escherichia coli and baculovirus
(figure 2). In the E. coli expression systems, full-
length or partial ORF2 sequences are cloned into the
E. coli genome using fusion sequences.[!!7-118] Ex-
pressed recombinant proteins correspond exactly to
the cloned sequence but include transcribed fusion
sequences. Therefore, the linear epitopes are con-
served but conformation-dependent immunogenic
capability could be impaired. When expressed from
a baculovirus vector in insect cells the full-length 72
kDa ORF?2 protein is further processed to smaller
proteins (‘truncated proteins’), probably by bac-
ulovirus proteinase(s).”%%111 These truncated pro-
teins seem to include conformation-dependent
epitopes.

3.4.1 HEV Vaccines Based on Recombinant

Proteins or Peptides

Recombinant Proteins or Peptides Expressed in
Escherichia coli Expression Systems

One of the earliest studies reported the im-
munisation of cynos with intramuscular injection of
a 436-amino acid pORF2 derived from a Burmese
strain (designated TrpE-C2, expressed as a trpE-
HEV ORF2 fusion protein in E. coli).l''”) Immunisa-
tion was only seen if the monkeys had received three
doses (the third composed of unadjuvanted trpE-C2
protein, which seemed to induce different antibodies
compared with the adjuvanted one). Monkeys vacci-
nated with three doses showed protection against
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homologous challenge but signs of infection when
challenged with a heterologous isolate.l'!” A recent
study used a short, 23 kDa peptide (designated pE2)
expressed in E. coli from a region located near the
3’terminal of ORF2 of a Chinese strain.!''® The 23
kDa peptide naturally forms homodimers. It was
speculated that such homodimers mimic more close-
ly the conformation of the tertiary structure of im-
munogenic parts of the capsid protein. Vaccination
of three rhesus monkeys with two doses prevented
experimental infection with a homologous strain in
two of three rhesus monkeys and reduced viral ex-
cretion in one.[!!8]

Recombinant Proteins or Peptides Expressed in
Baculovirus Expression Systems

Advantages of baculovirus expression systems in
insect cells (e.g. Spodoptera frugiperda, Sf-9) have
become apparent. EIAs based on baculovirus-ex-
pressed proteins proved a superior performance in
detecting convalescent-phase anti-HEV antibodies
than fusion proteins made in E. coli. It was assumed
that baculovirus-expressed proteins may, therefore,
be more likely to induce neutralising antibodies. The
72 kDa baculovirus-expressed full-length protein of
the HEV ORF2 capsid gene is further processed to
smaller proteins with structures similar to that of the
native protein (figure 2).1939%:119]

Three of these proteolytically processed proteins
which are excreted into the culture medium were
challenged in different vaccination schedules.

1. A 56 kDa protein derived from a Pakistani strain
was studied extensively and is discussed in section
3.5.

2. A 62 kDa protein (designated r62K), derived from
the HEV Burma isolate, was purified and used to
immunise three cynos.!''”! Two sequential doses of
20pg alum-precipitated r62K protein were injected
intramuscularly. When challenged with a heterolo-
gous Mexican isolate, two of the vaccinated
monkeys were immune to both disease and infec-
tion, whereas one monkey showed a delayed appear-
ance of the infection (breakthrough infection) with-
out disease 4 weeks after challenge.['?"!

3. A 50 kDa protein, derived from a Burma strain,
was shown to self-assemble spontaneously as VLPs
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after secretion into the culture medium.”7%?) The
VLPs resemble wild-type HEV particles but are
somewhat smaller in size. They can be dispensed via
the oral route. In a preliminary study purified VLPs
were orally administered to mice four times in a
concentration ranging between 50 and 100ug.l'2!l
No adjuvants were used. The oral immunisation
induced both systemic and intestinal antibody res-
ponse. Induced serum IgG and faecal IgA reacted
with native HEV antigen, as determined by a West-
ern blot. Subsequently, the VLP vaccine was studied
in two cynos. The cynos were immunised orally
with four subsequent doses of 10mg rHEV VLPs
during a 36-day period and an additional booster
dose at day 80. Both cynos showed a serum IgM,
IgG and IgA response. When subsequently chal-
lenged with a homologous HEV strain both cynos
were protected against disease. One cyno showed
secretion of the virus into stool for 3 days.l'??! A
recent study suggested that HEV VLPs could be
utilised as an orally inoculated carrier molecule for
foreign antigenic epitopes inserted into VLPs either
by incorporating an epitope!'?®! or a plasmid
DNA [124]

3.4.2 HEV DNA Vaccines

A completely different approach to HEV vacci-
nation is the development of DNA vaccines. Puri-
fied plasmid DNA containing coding sequences
with immunogenic activity is administered intra-
muscularly (figure 2). Similar to natural infection,
the antigen is subsequently expressed in liver cells
in their native form. A recent study used the plasmid
construct pJHEV containing the full-length HEV
ORF2 sequence.['?>126] The injection of three se-
quential doses of the HEV DNA vaccine in mice
elicited high levels of serum IgG to HEV in less time
than the usual incubation period of natural HEV
infection. It was speculated that such a DNA vaccine
could possibly be used for post-infection vaccina-
tion.[?®) A recent study evaluated the efficacy of
such a DNA vaccine using an expression vector
containing the full-length ORF2 from the Burma
strain of HEV to immunise cynos.["?”! Four cynos
were immunised intramuscularly with four sequen-
tial doses of the DNA vaccine. Vaccination induced
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an anti-HEV antibody response in all cynos. Inter-
estingly, the humoral immune response was only
modest and a lack of boosting effect of repeated
vaccination on antibody levels was observed. Only
two of the four vaccinated cynos were protected
against HEV infection with a heterologous strain of
the virus. Recently, this DNA vaccine was success-
fully administered by gene gun to cynos.['?8]

3.4.3 Transgenic Plant Vaccine

Recently, ORF2 partial gene (representing amino
acid residue 394-604, designated HEV-E2 gene)
was transferred to tomato plants to develop a plant-
derived HEV oral vaccine.'?”! A plant expression
vector of the partial HEV antigen was constructed
and transformed into tomatoes with Agrobacterium
tumefaciens. EIAs demonstrated the expression of
HEV-E2 derived proteins at low levels (average
47.9 ng/g fresh weight leaves and 62 ng/g fruits)
with specific antigenicity in fruit tissue of transgenic
tomatoes.

3.5 A Vaccine Candidate

Thus far, a single vaccine candidate has passed
phase I trial (safety study)!'*"! and is currently being
tested in a field trial in Nepal. The vaccine is based
on a recombinant baculovirus expressed 56 kDa
ORF?2 protein derived from a Pakistani strain.[°®
The vaccine was developed and manufactured by
the Hepatitis Viruses section of Novavax (Bethesda,
MD, USA), under the sponsorship of Glaxo
SmithKline Biologicals (Rixensart, Belgium).

In a preliminary study eight cynos were im-
munised by either one or two intramuscular injec-
tions with 50ug of the adjuvanted 56 kDa pro-
tein.['%? All vaccinated cynos were protected against
disease when challenged with the Pakistani strain.
Only the twice-vaccinated animals showed no ex-
cretion of the virus into the faeces. A subsequent
dose evaluation study tested the efficacy of four
different doses in a range between 0.4 and 50ug of
the recombinant 56 kDa protein.!'3!! Sixteen rhesus
monkeys were vaccinated by intramuscular injec-
tion of two sequential doses 1 month apart. Vaccine
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dose and induced anti-HEV antibodies titre correlat-
ed directly. All animals were protected against hepa-
titis, but viraemia and faecal excretion were seen in
most animals following both homologous and heter-
ologous challenge. The high rate of infection was
most likely due to the very high challenge dose used.
A further study evaluated the usefulness of a third
dose and the duration of protection following two
doses.'*?l Tt was shown that a third dose could
improve vaccination efficacy, with protection last-
ing for at least 6 months. A recent preclinical trial
showed that two doses of the vaccine were essential
and that the 1ug formulations were equally effective
compared with 10ug formulations.!!33!

The phase I trial used 1, 5, 20 and 40ug formula-
tions.!"3% The 1ug formulation seemed to be less
immunogenic, the other formulations resulted in
seroconversion rates between 88.9% and 95% in
healthy volunteers.

4. Prospects and Conclusion

Substantial progress has been made in develop-
ing an HEV vaccine. Further and crucial tests will
have to determine the long-term efficacy of HEV
vaccines. In case these tests show acceptable effi-
cacy rates, vaccination will constitute an important
tool to reduce HEV-associated morbidity. However,
the complex epidemiological profile of hepatitis E
will need to be counteracted by: (i) strategies to
improve the safety of potable water; (ii) defining
populations and specific groups exposed to the bur-
den of HEV-associated morbidity and mortality;
(iii) defining the cost effectiveness of HEV vaccina-
tion programmes for various HEV risk zones; and
(iv) implementation of institutionalised vaccination
programmes for populations and specific risk
groups susceptible to HEV infection. The burden of
HEV-associated morbidity and mortality falls pre-
dominantly in areas with poor hygienic conditions.
Therefore, international health organisations will
have to be involved to ensure that HEV vaccination
will not be withheld from HEV susceptible popula-
tions in developing countries.
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