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Abstract

Early in the 1980s, an epidemic of unexplained acute hepatitis was linked to the hepatitis E virus (HEV) which is now the 5th known type of
viral hepatitis. The virus is single-stranded RNA that mostly affects developing countries but has lately expanded to developed economies as
well. HEV is responsible for large-scale outbreaks of acute viral hepatitis. Acute hepatitis caused by hepatitis E infection has long gone
unacknowledged, and its effects on developed countries are likewise misunderstood. In unhygienic settings, HEV is transmitted by the faecal-
oral route, as well as through vertical transmission and, on rare occasions, through blood transfusions. HEV genotypes 1-4 are the most
prevalent genotypes eliciting infections in humans out of the eight distinct genotypes that have been so far found. Humans are more likely to
get HEV1 and HEV2 infections than HEV3 and HEV4, which are zoonotic. HEV infection has a wide range of clinical phenotypes, which makes
diagnosis difficult. A variety of other variables also contribute to this difficulty. Serological screening alongside molecular analysis of RNA is
used for laboratory diagnosis. Acute HEV infection can resolve on its own and doesn't require any special therapy. However, in certain patients,
notably women who are pregnant and those with underlying chronic liver illnesses, acute HEV infection can proceed to chronic hepatitis and
liver failure. It has been proposed that the accompanying hormonal changes and ensuing immune alterations during pregnancy are secondary
causes of the increased death rate in pregnancy. In this study, we included the most recent information on the virus itself, epidemiology,
diagnosis, pregnancy-related HEV, and treatment options for HEV infection in pregnancy. To comprehend the HEV's natural history, enhance
management, and lessen the burden of disease globally, advancements in the detection and diagnosis of HEV infection are necessary.
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Introduction

unrelated to the transfusion of blood.® Due to this
outbreak, there were approximately 52,000 icteric
illnesses and an estimated 1,700 fatalities.* Later, in
1983, a team of Russian virologists Balayan et al.,’
consumed a pooled faecal extract from infected troops
and used electron microscopy to examine a sample of
their own faeces. The HEV genome was characterized

Hepatitis E virus (HEV), which is a member of the
Hepeviridae family, is the most common source of acute
viral hepatitis globally.? Despite the fact that HEV is a
significant source of hepatitis and that understanding
about it is growing, its origins are still unknown.? In the
late 1970s, India was the first country to report the
presence of an outbreak of non-A, non-B hepatitis

Authorship Contribution: All the authors equally contribute to the conception or design of the work; or the acquisition, drafting the work or
revising it critically for important intellectual content, and final approval of the version to be published.

Funding Source: none
Conflict of Interest: none

J Soc Obstet Gynaecol Pak. 2023; Vol 13. No.1

Received: Nov 28, 2022
Accepted: Mar 15, 2023

57



- Emerging Enigmatic Hepatitis E Virus: Molecular Biology, Epidemiology, Diagnosis and Management in Pregnancy

in the early 1990s by Tam et al.,® and from then up until
2005, HEV infections were thought to be endemic
exclusively in developing nations in Asia, Africa, and
Central America; nevertheless, infections in high-income
countries were thought to be contracted while travelling
through regions where epidemics and occasional cases
occurred. This impression was, however, proved false
with later research.

In this review article, our aim is to provide the most
recent information on HEYV itself, its molecular biology,
epidemiology, diagnosis, pregnancy-related HEV, and
treatment options for HEV infection in pregnancy. This
narrative review is based on a literature search using
online databases, that included Medline, Web of
Science, Scopus, Embase, PubMed, Directory of Open
Access Journals.

Molecular Biology

The genome of HEV has a single-stranded positive
sense ribonucleic acid (RNA) and is a small, non-
enveloped virus with a diameter of 27-34 nm.” The HEV
genome has open reading frames abbreviated as ORF,
which are discontinuous regions. These include (i) ORF1
encoding nonstructural (functional) proteins including
RNA-dependent RNA polymerase and
methyltransferase,® (iij) ORF2 encoding the viral capsid
protein,® and (i) ORF3 encoding a functional ion
channel that plays a crucial role in the release of viral
particles.10 The recently found ORF4 is exclusive to HEV
genotype 1 (HEV-1) and is essential for HEV RNA
polymerase's correct operation.!’ The capsid protein
expressed by ORF2 shows high levels of
immunogenicity and protective and neutralizing
properties are present in antibodies directed against this
protein.12 As a result, it appears that the capsid protein
is an appropriate target for the development of an HEV
vaccine.

The HEV virus has long been regarded as non-
enveloped. This was determined based on the naked
virus particles that were isolated from faeces. The virions
seen in bile also appear similar. However, the viral
particles in blood appear enveloped and wrapped in
host-cell membranes.®® Although the mechanism by
which HEV particles are enveloped is not entirely
understood, ORF3 seems to be an important element.14
It is hypothesized that HEV virions' envelopes may be
degraded by the detergent action of bile, producing the
non-enveloped particles seen in bile and faeces.*® Since
the surface of the enveloped HEV virus particles lacks
any antigenic proteins, they are immune to the
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neutralizing effects of anti-ORF2 antibodies. It's
interesting to note that HEV isolated from serum is less
contagious than HEV isolated from faeces.’® The
enveloped and non-enveloped viral particles penetrate
host cells by different pathways.1” Hence, HEV may both
increase the infectivity of new hosts and circumvent the
immune response of an existing host by taking on these
two different forms.

Epidemiology

The most prevalent cause of acute viral hepatitis is now
understood to be HEV. An estimated 20 million
infections occur annually, leading to three million
symptomatic cases and around 70,000 fatalities from
HEV.18 Despite how huge these numbers are, the real
global burden of HEV is probably far higher.1® According
to seroprevalence studies, up to one-third of the
global population may contract the disease at some
point in their lifespan.2® The case-to-infection ratio in
endemic areas ranges from 1:3 to 1:4; when combined,
these numbers show that more than 500 million people
have had clinically evident hepatitis E.?! At least 63
nations have been found to have hepatitis E outbreaks
or sporadic cases, with almost half of them reporting
significant epidemics.22

Geographical variances in circulating HEV genotypes
are principally responsible for the wide variations in the
epidemiology and clinical manifestation of HEV infection.
It is believed that hepatitis E has been plaguing people
for a very long time since mediaeval literature depicting
jaundice supports this theory.

The HEV progenitor split into anthropotropic and
enzootic forms around 1,344 years ago. As we know
them now, the anthropotropic variation developed into
genotypes 1 and 2, and the enzootic variant became
genotypes 3 and 4.2 So, HEV1, HEV2, HEV3, and
HEV4 are the four HEV genotypes that may infect
people of the eight different HEV genotypes. HEV1 and
HEV2 are mostly found in humans, and no cases of
HEV1 or HEV2 transmission from animals to humans
have yet been documented. Periodically, HEV1 and
HEV2 infections appear in various parts of Asia, Africa,
Mexico, and the Middle East.?* Large waterborne
epidemics in these areas can be brought on by
unintentional faecal contamination of water sources,
especially after flooding and periods of high rainfall.2> In
endemic locations, sporadic HEV infections have also
emerged in addition to the pandemic illness.2¢ Although
infections with genotypes 1 and 2 often result in self-
limiting acute infectious hepatitis, they nonetheless
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place a significant problem on healthcare services in
low-income nations. While vertical transmission from
mother to foetus during pregnancy is well-defined,?’
person-to-person transmission of HEV1 and HEV2 is
uncommon in both sporadic and epidemic settings.28
Additionally, it was noted that HEV1 can be transmitted
by blood transfusions.?® The rate of mortality in acute
HEV1 or HEV2 infection is notably high in pregnant
women and babies for unidentified processes.

Most HEV3 and HEV4 infections arise via zoonotic
transmission, which is brought on by intimate contact
with sick animals or by eating infected food (frequently
raw or undercooked meat). The pig is the primary
reservoir for these two genotypes, but they have also
been found in wild boars, rabbits, goats, sheep, deer,
horses, cats, and dogs.3%31Therefore, it is possible to
think of these animals as probable zoonotic carriers for
human transmission. They can also be found in
significant amounts in the milk of sick cows and the
faeces of asymptomatic animals.3?

HEV was formerly thought to be exclusive to several
underdeveloped countries. As a zoonotic infectious
agent, it is currently recognized being endemic in the
majority of high-income nations. In some affluent
nations, locally acquired (autochthonous) HEV
infections due to genotypes 3 and 4 have emerged as
the leading cause of acute viral hepatitis. China, where
genotype 1 (HEV1) was formerly the most prevalent
genotype, has been surpassed by genotype 4, most
likely as a result of better sanitation and hygiene
practices.33

HEV genotypes 5 and 6 (HEV5 and HEV®6) are not linked
to diseases in people and have only been identified in
wild boars thus far.3* Camels have been found to carry
HEV7 and HEV8.35 The only case of human infection of
HEV7 was in 2016 reported in a patient who consistently
consumed camel milk and meat.3 According to
phylogenetic research, the viruses discovered in patient
samples as well as samples from camel meat and milk
were HEV7. Since then, no other human incidences
have been found, though.

Diagnosis

The diverse clinical profile of HEV infection makes
diagnosis challenging, and a variety of other variables
add to this difficulty. Acute hepatitis E has biochemical
test findings similar to acute hepatitis caused by other
viruses. Recent appearance or several-fold rise in titres
of particular IgG antibodies or the presence of HEV RNA
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in clinical specimens are used in the laboratory to make
a diagnosis of recent HEV infection.%’

HEV infections typically have a two to six weeks
incubation period.3® An essential indicator of acute HEV
infection is the detection of anti-HEV IgM antibodies in
the blood. Anti-HEV IgM antibodies are positive for a
brief period of time (about 3-4 months), however, it might
sometimes last for a year.3° The length of the anti-HEV
IgG response is yet unknown, despite it being
comparatively long-lasting and an indicator of past-
infection. After three weeks of exposure, HEV RNA may
be found in the blood, and stool viral shedding lasts for
around four to six weeks.4°

The most commonly used serological approach for
determining anti-HEV IgG and IgM antibodies in the
assessment of HEV infection is enzyme-linked
immunosorbent assays. In addition to detecting anti-
HEV antibodies, enzyme immunoassays may also
detect the HEV capsid antigen. The sensitivity and
specificity of several currently used commercial tests for
anti-HEV antibodies, however, are not up to standard.
The sensitivity of each assay in one research that
examined 6 different assays ranged from 72% to 98%,
while the specificity ranged from 78% to 96%.4
Additionally, anti-HEV antibodies are frequently not
detected in individuals with chronic infections who are
immunosuppressed. HEV RNA can be found in blood or
stool by using molecular laboratory testing. Although
these methods provide a more accurate diagnostic test,
there are clear cost restrictions.

The sensitivity of various molecular diagnostic assay
types varies in the detection of HEV RNA. As a result,
the WHO created an international reference panel and
standard for genotypes 1-4.42 This allowed laboratories
to release the findings by means of a common unit,
namely the international unit (IU), and also allows them
to compare the results acquired by various molecular
assays.

Treatment

There are no recommendations from the World Health
Organization for treating hepatitis E. Hepatitis E
treatment is  often  supportive in  nature.
Immunosuppressive medication withdrawal or reduction,
ribavirin administration, interferon administration, or a
combination of these treatments have all been proven
beneficial in treating chronic hepatitis E in solid organ
transplant recipients.*®> The best part is that the vast
majority of the time, acute HEV infection can resolve on
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its own and doesn't require any special therapy.
However, in certain patients, notably pregnant women
and those with underlying chronic liver illnesses, acute
HEYV infection can proceed to chronic hepatitis and liver
failure. Ribavirin or immunosuppressive drugs like
corticosteroids are used to treat extra-hepatic symptoms
of HEV infections.

HEV in Pregnancy

HEV is typically transmitted faeco-orally, even though
the person-to-person transmission has also been
documented.* There is mounting evidence that HEV
infection particularly with HEV1 during the third trimester
of pregnancy significantly increases the risk of fulminant
hepatic failure, maternal morbidity and mortality in South
Asian countries.*® HEV infection during pregnancy has
been linked to miscarriage, preterm labour, or stillbirth in
addition to maternal morbidity. Hepatitis E mortality in
the general population ranges from 0.1 - 4%, while
among pregnant women in the third trimester, it can vary
from 10 - 50%. Uncertainty exists regarding the precise
mechanism causing the significantly high death rate
among pregnant women.46

At the point where maternal and foetal circulation
converges, the placenta releases certain enzymes and
cytokines that decrease cell-mediated immunity,
providing a route for HEV transmission.*¢ Furthermore,
evidence of HEV replication in the placenta has been
reported.*” The only genotypes known to cause
complications in pregnancy are genotypes 1 and 2,
hence the higher virulence of genotypes 1 and 2 as well
as immunological and hormonal changes during
pregnancy are proposed mechanisms.*8

Pregnancy is thought to enhance steroid hormone
synthesis, which  enhances virus replication
and suppresses cell-mediated immunity, particularly
inhibition of CD4 cells.*¢ Although HEV is ostensibly
linked to pregnant mortality, there are important
geographical variations that should not be disregarded.
In northern India, hepatitis E is highly prevalent.
According to a prospective research conducted in New
Delhi, India, hepatitis E infection is responsible for over
60% of viral hepatitis cases in pregnant women. The
probability of developing fulminant hepatic failure was
2.7 times greater in HEV-infected women (55%) than in
non-HEV-infected women (20%). Maternal mortality due
to fulminant hepatic failure was significantly higher in the
HEV-infected group (41%) compared to 7% in the non-
HEV-infected group.*® Contrarily, some regions where
HEV is endemic, including Egypt and the southern part
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of India, have seen little to no HEV-related mortality.46
Anti-HEV prevalence in one research of 2,428 pregnant
women in Egypt was 84.3%. There were no cases of
acute viral hepatitis recorded.’® These geographical
differences raise the possibility that additional elements,
such as the age of exposure, nutritional condition, or
inadequate access to healthcare, are potentially having
a crucial but underappreciated impact on disease
prognosis.

A study including 469 pregnant women looked at the
high likelihood of vertical transmission of the HEV
infection from mother to child and found that 100% of
babies had been exposed, albeit there may have been
some selection bias. The significant transmission rate
nonetheless highlights the significance of vertical
transmission of HEV infection.5!

Studies on animals have not added to our knowledge of
the pathogenesis of HEV in pregnancy. The course of
liver damage was comparable in both groups of
primates in an animal investigation to examine the
effects brought on by HEV in pregnant and non-pregnant
animals.s2 This is not unexpected, though, given that
primates only experience a lesser kind of liver damage
as aresult of HEV infection. One of several potential host
variables, such as variations in immunological and
hormonal factors happening during pregnancy, and the
genetic and environmental factors, may be linked to the
severe liver damage caused by HEV infection during
pregnancy.

Despite the colostrum's anti-HEV antibodies and HEV
RNA, breastfeeding is regarded as safe in asymptomatic
HEV-infected mothers. However, it is deemed risky if the
mother has a high viral load or severe hepatitis. Formula
feeding is indicated in these situations due to the risk of
transmission from contaminated breast milk or sores on
the nipple during sucking.3

Management of HEV in Pregnancy

The Food and Drug Administration (FDA) placed
ribavirin in pregnancy category X due to its embryocidal
and teratogenic impacts in animal studies.>*%% Ribavirin
is thus not advised for usage in women who are
pregnant. The FDA placed IFN-a in pregnancy category
C due to its severe effects and ability to cause abortion
in animals.5® As a result, it was advised against giving
IFN-a to pregnant women.5¢ Sofosbuvir recently
demonstrated antiviral effectiveness against HEV both
in vitro and in vivo, and as a pregnancy category B
medicine, maybe a potential antiviral medication against
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HEV in pregnancy.5” Interferon A1-3 was demonstrated
to prevent HEV replication when compared to other
antiviral options.5® Before sofosbuvir may be advised for
HEV infection during pregnancy, further well-controlled
research is required. There is still more work to be done
on the other antiviral possibilities described above. As a
result, careful monitoring and intense treatment are
presently encouraged in the management of HEV
infection in pregnant women.se Preventing HEV infection
during pregnancy is possibly the most crucial
management strategy given that there is no proven
therapy for HEV infection in pregnant women.®°

HEV Vaccine

In 2010, a phase-3 trial with more than 100,000
individuals from China evaluated an HEV vaccine based
on a protein encoded by ORF 2 of HEV genotype 1. The
long-term effectiveness and safety of this vaccination
were investigated over a period of more than 4 years in
reference to a control group (n = 56302 individuals). Only
60 instances of hepatitis E were confirmed by the
authors, and seven of those belonged to the immunized
group. Moreover, there were no reported severe
vaccine-related side effects.! Additionally, Hecolin
vaccine (from Innovax, China) is being tested in a
significant ongoing study in Bangladesh on more than
20000 pregnant women. To fully comprehend the
efficiency and safety of Hecolin in pregnant women who
are at high risk of HEV1 infections, the findings of this
research will be crucial.5?

Conclusion

HEV infection is not just prevalent in some developing
nations; it is also prevalent in many developed
countries and is mostly zoonotic in origin. In the third
trimester of pregnancy, infection with HEV especially
with HEV1 has a more serious consequence that may
result in fulminant hepatitis, causing maternal and foetal
death. With the exception of individuals who have
symptomatic HEV infection, breastfeeding is generally
safe for mothers with hepatitis E infection. Many aspects
involving HEV, particularly HEV infection during
pregnancy, remain unresolved despite growing
understanding through research. Genomic diversity and
HEV variants could well be related to the extent of HEV
infection in pregnancy, in addition to immunological and
hormonal aspects. Investigating the common HEV
genotypes, their virulence, and pregnant morbidity may
thus be crucial.
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