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Abstract

Hepatitis E, caused by the Hepatitis E virus, is a highly contagious disease that poses a global health risk. It is often
underestimated and misdiagnosed, despite affecting billions worldwide. HEV has emerged as a global pathogen, with cases
reported in both developing and advanced countries. Outbreaks arise when individuals consume water that is contaminated
in regions lacking adequate sanitation measures.Factors like population density and limited access to clean water contribute
to these outbreaks. Hepatitis E prevalence varies by region, with Africa having the highest rates. Underdeveloped countries
have emerging cases of HEV-1 and HEV-2, while developed countries face HEV-3 and HEV-4. In Pakistan, people with weak
immune defense systemshave a maximum chance of being affected by HEV. However, the chances of HEV infection in immune
people are minimal. The acceptance of contagious food, close contact with infected animals, and blood transfusions are also
reasons for HEV transmission. Identification of infected individuals can be challenging due to asymptomatic cases. Treatment

mainly involves supportive measures, although severe cases may require ribavirin. A natural recovery without treatment is

also possible.
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Introduction

In recent times, the emergence of contagious diseases
has become a significant risk to the overall safety of public
health worldwide [1]. Regrettably, the majority of newly
appearing infectious diseases stem from RNA viruses
[2]. HEV is an RNA virus that causes hepatitis E, a disease
characterized by inflammation of the liver. It is worth noting
that hepatitis E has a significant global impact, with an
estimated occurrence in approximately 2.3 billion individuals
based on seroprevalence information [3]. In Pakistan,
HEV primarily affects immunocompromised people, with
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pregnant women being the most vulnerable. Every year, 10
million pregnancies in Pakistan are recorded as being at risk
from HEV. Significantly, a quarter of pregnant women who
contract HEV during the third trimester face a fatal outcome
[4,5]. The Hepatitis E virus is acknowledged as the fifth
member in the family of hepatitis viruses, following A, B, C,
and D. While HEV is recognized as the emerging factor behind
the global prevalence of acute viral hepatitis, demonstrating
its widespread prevalence [6,7]. It has been uncovered that
an estimated number exceeding 20 million individuals in
nine different regions worldwide have experienced hepatitis
E. Notably, East and South Asia contribute to the majority,
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comprising over 61% of all reported cases [8]. In a separate
report from the Southeast Asia Regional Office of the World
Trade Organization, it is stated that there are approximately
6.5 million symptomatic cases of this disease. The annual
mortality rate for diagnosed cases is estimated at 160,000,
and Asia alone has reported over 2,700 cases of stillbirth [9].

Nevertheless, despite the concerningstatisticsmentioned
above, hepatitis E remains significantly underestimated.
Physicians generally lack sufficient awareness about
this disease, resulting in infrequent routine screenings
in hospitals worldwide. Hepatitis E is thus frequently
misdiagnosed or never diagnosed. Additionally, there is a
dearth of knowledge on the disease’s mode of transmission,
particularly in wealthy nations. This information gap results
from specialists’ original assumption that hepatitis E mostly
affects underdeveloped nations.

HEV has gained widespread recognition as an emerging
pathogen that presents a grave risk to public health
worldwide [10]. Instances of HEV infection were indeed
documented exclusively in developing regions such as Africa,
Asia, and Mexico. Nonetheless, isolated cases can also be
observed in both developing and advanced countries [11].
While the prevalence of the disease is mainly concentrated
in certain regions of Asia and Africa, recent research findings
have indicated occasional cases of locally transmitted
infections and significant rates of antibody presence in
developed countries [12,13]. Hepatitis E has undergone
a significant transformation, transitioning from a self-
limiting gastrointestinal illness to a complex, multifaceted,
and chronic disease. The transition from being a regional
affliction to emerging as a worldwide health issue has
broadened its impact significantly [14].

Virology

HEV is a type of virus that belongs to a group called
orthohepeviruses. This group is part of a larger family called
Hepeviridae. Orthohepevirushas four different types called
species A, B, C, and D. The strains of species A are the ones
that can cause diseases in humans. Within species A, there
are eight different variations called genotypes [15,16]. Two
of these cause diseases only in humans (HEV1 and HEV2),
while two can infect animals and then spread to humans
(HEV3 and HEV4). The other types of the virus seem to
mainly affect wild boars (HEV5 and HEV6) and camels
(HEV7 and HEVS), but there has been one documented case
of a person getting infected with HEV7 [17].

HEV is a virus with a specific shape and genetic material
called RNA. Its genome is about 7.2 kilobases long and
contains three sections called open reading frames (ORFs).
These ORFs provide instructions for making different
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proteins. One protein is responsible for copying the virus’s
RNA (ORF1), another forms the protective outer shell of
the virus (ORF2), and the third helps release the virus from
infected cells (ORF3). Although ORF2 has been extensively
studied because it triggers an immune response, the role of
the less understood ORF3 protein is believed to be important
in how the virus interacts with the immune system of the
infected host [18].

The complete mechanism responsible for the
encapsulation of HEV particles remains unclear, although the
involvement of ORF3 appears to be of significant importance
[19]. Experts have proposed that bile, a substance produced
in our bodies, might have the ability to break down the
protective covering of HEV viruses. This could be the reason
why we observe virus particles without their outer covering
in bile and feces [20].

The special type of HEV viruses, called quasi-enveloped
virions, doesn’t have certain proteins on their outer surfaces.
Because of this, antibodies that are designed to neutralize
these viruses by targeting those specific proteins (called anti-
ORF2 antibodies) cannot work against them [19]. By using
quasi-enveloped forms, HEV can avoid the immune response
of its current host and increase its ability to infect new hosts.

Figure 1: Current classification of HEV.

Pathogenesis

The exact mechanisms underlying the development of
hepatitis E are not yet fully comprehended. How the virus
particles reach the liver, given that transmission occurs
through the fecal-oral route, is still uncertain. However,
recent findings have shed some light on this matter. Studies
have demonstrated that HEV1 and HEV3 replication can
occur in primary cultures of intestinal cells. Furthermore, in
a patient suffering from a persistent infection, researchers
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have detected HEV RNA and ORF2 antigen specifically in the
intestinal crypts. These findings offer significant knowledge
regarding the precise distribution and plausible replication
locations of the virus within the human body [21].
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Figure 2: Pathogenesis of HEV.

Based on the research findings, it is suggested that
HEV undergoes an initial replication process within the
gastrointestinal tract. Following this, it enters the liver via
the bloodstream while being enclosed in a quasi-enveloped
form. Once inside hepatocytes, HEV can replicate within the
cytoplasm and then be released into the bloodstream and
bile as particles associated with lipids. Capelli N, et al. [22]
conducted a study using polarized hepatocytes in a controlled
laboratory environment, revealing that the majority of HEV
particles are discharged from the apical membrane, which
corresponds to the side facing the bile [22]. Bile salts play a
vital role in eliminating fats from the virus expelled through
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feces. The liver cells are not directly harmed by the HEV
itself; instead, an HEV infection may induce liver damage
through the immune response facilitated by cytotoxic T cells
and natural killer cells [23].

Outbreaks

The primary cause of outbreaks stems from the
consumption and utilization of polluted water in
environments characterized by inadequate sanitary and
hygienic conditions [24]. The initial recorded instance of a
verified HEV outbreak was documented in Delhi in 1955.
After that, several outbreaks have been documented in
countries with warm temperatures, including tropical and
subtropical regions. These outbreaks have predominantly
occurred in countries across Asia and Africa. Among the most
significant outbreaks were the ones in Kanpur, India, between
1990 and 1991, which affected around 79,000 individuals,
and the outbreak in China between 1986 and 1988, which
affected approximately 119,000 people [25,26]. A new study
has used modeling techniques to identify the best areas for
HEV viruses to thrive in nature. They found that the Ganges
Valley in India and Pakistan is one of the most suitable
places for these viruses to exist [27]. Several key factors
have a significant role in causing outbreaks of HEV that are
related to water. These factors include how many people
live in a particular area, the economic and social conditions
of the population, the quality of sanitation practices, and
the availability of safe drinking water [24,27]. To stop HEV
outbreaks, we can prevent them by making sure places have
good hygiene and people can easily get clean drinking water.
See Table 1-5 for outbreaks in India, Pakistan, Bangladesh,
Uganda, and the Central African Republic, respectively, that
occur most frequently in India and have different modes of
transmission, as well as different modes of transmission in
Pakistan, that affect thousands of people annually.

Reported Cases Mode of Transmission Year References

82 Waterborne 1998 [28]
185 Contaminated water 2002 [29]
538 Drinking untreated raw river water 2004 [30]
429 Contaminated drinking water 2005 [31]
64 Fecal contamination of water resources 2007-2008 [32]
23915 Sewage contamination of the river 2008 [33]
4472 Waterborne 2005-2010 [34]
102 Waterborne 2010 [35]
180 Fecal contamination of drinking water 2012 [36]
240 Sewage contamination of drinking water 2013 [37]
17 Waterborne 2014-2016 [38]

Table 1: Outbreak in India.

Mazhar MW, et al. Hepatitis E; An Emerging Killer. Virol Immunol ] 2023, 7(2): 000334.

Copyright© Mazhar MW, et al.



https://medwinpublishers.com/VIJ

Virology & Immunology Journal

Reported Cases Mode of Transmission Year References
3827 Waterborne 1993-1994 [39]
104 Fecal contamination—water system 1998 [40]
300 Waterborne 2019 [41]
14 Parental to child 2022 [42]
Table 2: Outbreak in Pakistan.
Reported Cases Mode of Transmission Year References
4751 Sewage contamination—municipal water 2009-2012 [43]
200 Waterborne 2010 [44]
103 Waterborne 2014-2015 [45]
661 Waterborne 2014-2017 [46]
Table 3: Outbreak in Bangladesh.
Reported Cases Mode of Transmission Year References
146 Waterborne 2007-2009 [47]
>10,000 Substantialperson-to-person 2008 [48-50]
987 Contaminated water 2009-2012 [51]
Table 4: Outbreak in Uganda.
Reported Cases Mode of Transmission Year References
213 Rainy season 2004 [52]
745 Waterborne 2008-2012 [53]
149 Waterborne 2018 [54]

Table 5: Outbreak in the Central African Republic.

Epidemiology

Developing nations exhibit a higher prevalence of HEV
antibodies in their populations in contrast to developed
countries [55]. Africa has the highest rate of people who have
antibodies against HEV, with about 21.76% of the population
testing positive. Asia follows with 15.80%, Europe with
9.31%, North America with 8.05%, South America with
7.28%, and Oceania with 5.99%. When considering IgM
antibodies, the prevalence is comparatively reduced.In
Africa, about 3.09% of the population has IgM antibodies
against HEV. In Asia, it's 1.86%; in Europe, it's 0.79%; in
North America, it’s 0.22%; and in South America, it's 2.43%
[56]. Four main types of genotypes can make people sick,
and two of them, called HEV-1 and HEV-2, are mostly present
in underdeveloped countries. These genotypes are usually
spread through water that has been contaminated with feces,
but sometimes they can also be passed from one person to
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another or from a mother to her baby [57]. In Table 6, the
strains of HEV that are of the A (HEV 1-8) genotype have
global epidemiology:.

Hepatitis E is a type of liver inflammation that usually
happens in outbreaks or isolated cases.Teenagers and young
adults tend to experience this occurrence more frequently.
When we look at different age groups, the estimated rate
of hepatitis E infection is around 0.5% to 1.0% for children
aged 0 to 15 years. The rates increase to about 1.0% to 1.4%
for those aged 15 to 20 years but then drop quickly to a lower
rate of 0.2% or less for people older than 30 years [8]. HEV-3
is the main cause of local infections in developed countries,
while HEV-4 is mostly found in Asia and occasionally in
Europe [58,59]. These viruses often spread when we eat
contaminated food, come into close contact with infected
animals, or receive a blood transfusion from someone with
the virus in their blood [60].
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Global Distribution Transmission Route Genotype Host
India, Pakistan, Bar_lgladesh, F-O-R HEV-1 Human,primates
Myanmar, China,
Mexico, Nigeria F-O-R HEV-2 Human, primates
Industrialized countries Zoonotic transmission HEV-3 Human, pig, wild boar, rabbit.

contaminated blood

Asian countries

Zoonotic transmission /
contaminated blood

Human, pig, wild boar, cow, Rhesus

HEV-4
monkey

UAE Zoonotic

HEV-7 Human dromedary camel

Table 6: The following table is Orthohepevirus Genotype A epidemiology in Global [61].

Transmission

HEV is mainly transmitted through the fecal-oral
pathway. In less developed areas, HEV genotypes 1 and 2
often propagate through the contamination of water sources,
leading to significant outbreaks and epidemics. On the
other hand, in industrialized or developed regions where
HEV genotypes 3 and 4 are more common, transmission
to humans is primarily associated with consuming animal
products that are contaminated, such as raw meat or liver.
It's important to mention that, apart from the fecal-oral
route, new transmission routes have been discovered in
recent times [62]. HEV particles and the capsid protein
linked to HEV were detected in the urine of rhesus
macaques infected with the virus as well as in individuals
who have compromised immune systems. An experiment
of significance demonstrated the successful transmission
of HEV to monkeys by injecting them with urine from a
monkey infected with HEV. This experiment underscored
the potential for HEV to be transmitted orally through urine
[63,34].

The global incidence of HEV infection transmitted
through blood has garnered significant international
concern. Numerous instances of HEV infection resulting from
transfusions have been extensively documented, particularly
among immunosuppressed individuals, potentially leading to
the development of chronic hepatitis E. Vertical transmission
of HEV can take place and is mainly attributed to genotype 1
HEV. Additionally, HEV genotypes 3 and 4 have demonstrated
the potential for vertical transmission in animal models,
including rabbits and rhesus macaques [65,66].

The transmission of HEV from mother to child can
result in newborns developing jaundice shortly after
birth. Generally, this leads to a mild and temporary illness
for infants, without any long-lasting effects. However, in
some cases, it can be fatal within 48 hours due to severe
complications such as hypothermia, hypoglycemia, or rapid
liver failure. Researchers also have identified HEV RNA in
semen samples of individuals with chronic HEV infection,
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suggesting a potential for sexual transmission of the virus
[67].

Diagnosis

There are various techniques accessible for identifying
HEV, both through direct and indirect means. These
techniques encompass IEM, fluorescent antibody blocking
assay, EIA, immunoblot (IB), immune chromatography, and
RT-PCR [68]. Following exposure and subsequent infection
with HEV, there is an incubation period ranging from 15 to 60
days. Roughly three weeks following infection, the detection
of HEV RNA is possible in both fecal and blood specimens
[69]. HEV RNA becomes detectable just before the onset
of clinical symptoms, and after four weeks after infection,
Immunoglobulin M (IgM) antibodies start to emerge,
followed by the appearance of IgG antibodies a few days later
[70]. The presence of the virus in the bloodstream can persist
for a period of three to six weeks, while the excretion of the
virus in feces can continue for four to six weeks [71,72]. [gM
antibodies can typically be detected in the body for a period
of three to four months following the initial infection with
HEV. On the other hand, IgG antibodies remain present in the
system for an extended duration, lasting for years after the
primary HEV infection [73].

The detection of HEV RNA through molecular testing
involves the utilization of NAAT-based assays. These assays
employ the reverse transcription PCR method to detect and
amplify RNA [74,75]. Traditional testing methods focus on
identifying highly conserved regions of ORF2 and ORF3 to
detect all four genotypes of HEV [76]. Polymorphisms have
led to misleading negative outcomes, but incorporating a
minor modification in minor groove binding alleviates this
issue by improving sensitivity [77]. Molecular tests are used
to identify HEV RNA in blood or stool, indicating an active
HEV infection. Persistent HEV RNA for at least three months
confirms chronic hepatitis E. Molecular tests are preferred
over antibody tests for screening immunocompromised
patients due to the potential undetectability of antibodies.
Thus, detecting HEV RNA is the most effective diagnostic
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approach in such cases.

Diagnosing Acute HEV infection involves detecting
anti-HEV antibodies. IgM antibodies appear shortly after
symptoms or approximately four weeks after exposure,
followed by IgG antibodies in a few days, persisting for years.
Serologic testing combines enzyme immunoassays with HEV
NAAT to detect antibodies. Anti-HEV IgM and IgA testing
increase diagnostic sensitivity. In a study of 60 HEV patients
with positive IgM and IgA tests, all also tested positive for
HEV RNA [78].

There are specificlimitations to thisapproach thatneed to
be acknowledged. Firstly, it may notbe suitable for individuals
who are unable to produce antibodies, thereby rendering it
ineffective for such patients. Secondly, individuals who are
undergoing long-term immunosuppressive therapy are not
optimal candidates for this particular testing method [56].
Additionally, there probably exists a considerable chance of
cross-reactivity between EBV (Epstein-Barr virus) and CMV
(Cytomegalovirus) in antibody tests. More specifically, in
samples that tested positive for HEV (Hepatitis E virus) IgM
antibodies, approximately 33.3% of them were also detected
as positive for EBV, whereas 24.2% showed positivity for
CMV [79].

Enzyme immunoassays are a dependable method for
detecting HEV antigens, which prove useful in diagnosing
both acute and chronic cases of the infection. However,
it is important to note that these tests have shown lower
positivity rates in comparison to RT-PCR tests. Specifically,
the positivity rates for sera and stool samples were observed
to be 55% and 76%, respectively. It is worth mentioning
that enzyme immunoassays can still show elevated results
in stool samples even after the HEV RNA becomes negative,
indicating that the presence of HEV antigens does not
necessarily correlate with the presence of infectious HEV
virions [80].

The utilization of immunochemistry in the examination
of the HEV ORF2 protein has been valuable for hepatitis E
diagnosis. The presence of open reading frames 1 and 3 in
cells has been observed, although at times their traceability
or detectability has been uncertain and inconclusive [81].

Treatment

The majority of individuals diagnosed with acute
hepatitis E tend to recover naturally without the requirement
for any specific treatment, apart from supportive measures
aimed at alleviating symptoms. In rare documented cases,
patients suffering from severe AHE have received ribavirin
as a treatment option, resulting in positive changes in
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laboratory indicators and a reduction in HEV RNA levels
[82,83]. However, without implementing any measures
to regulate the situation, it is not feasible to attribute this
enhancement solely to the medication, leaving room for the
possibility that the recovery occurred naturally.

Patients diagnosed with chronic hepatitis E have
two potential therapeutic approaches based on available
observational data. The first approach involves restoring
the patient’s immune status by either reducing the dosage
or discontinuing the use of immunosuppressant drugs.
Additionally, in HIV-positive individuals, antiretroviral
therapy may be administered to achieve the same goal.
The second approach involves the administration of either
ribavirin or PEGylated interferon. It is worth noting that
the first approach has been linked to HEV clearance in
approximately one-third of the patients [84]. Although there
is a possibility of the transplanted organ being rejected, it
is still recommended as the preferred method whenever
feasible. In cases where this method is not an option or
proves ineffective in eliminating HEV infection, oral ribavirin
seems to be the most suitable medication.

Ribavirin treatment has proven to be effective in
managing chronic HEV infection in individuals with
weakened immune systems, such as those who have received
solid organ or bone marrow transplants.The use of ribavirin
in solid-organ graft patients with persistent hepatitis E was
investigated in a retrospective, multi-center investigation.
The patients received a median dose of approximately 8.1
mg/kg of ribavirin for 3 months. Results showed that 78%
of the 59 patients achieved a sustained virological response,
meaning that their serum HEV RNA levels remained
undetectable six months after discontinuing ribavirin.
The most commonly reported adverse event was anemia,
which often required adjustments in ribavirin dosage,
administration of erythropoietin, or blood transfusions [85].
The existing information does not provide precise guidelines
regarding the specific dosage and duration of ribavirin
treatment.

The complete understanding of how ribavirin works
in treating HEV infection remains unclear. However, it
seems to hinder HEV replication by reducing the available
supply of guanosine triphosphate within the cells [86].
Alternative suggestions have been put forth, involving
various mechanisms such as the modulation of the immune
system, enhanced activation of interferon-stimulated genes,
induction of viral mutagenesis, and the thwarting of viral
replicative processes [87]. The dynamics of viral replication
while undergoing ribavirin treatment could serve as an
indicator of the prognosis of chronic HEV infection. According
to a published study, a reduction of 0.5 log10 copies/mL or
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more in HEV RNA levels after 7 days of ribavirin therapy
appeared to be a reliable predictor of a sustained virological
response [88].

A G1634R mutation in the polymerase region of the HEV
RNA was discovered in two individuals who had ongoing
HEV infections and did not respond to ribavirin therapy. The
mutation was observed to enhance viral replication in an in
vitro system, but there was no evidence of it causing drug
resistance [89].

Prevention

In areas where waterborne infections are prevalent,
the key approach to preventing such diseases revolves
around enhancing sanitation measures and access to safe
drinking water [90,91]. Research has demonstrated a clear
link between the lack of intervention in sterilizing drinking
water during epidemics and the subsequent occurrence of
more widespread outbreaks [25]. In regions where zoonotic
transmission is prevalent, it is crucial to take appropriate
measures in the preparation of food items to prevent
infections. Vulnerable individuals, including women who are
expecting, those with liver issues, and others with weakened
immune systems, need to exercise caution and refrain from
consuming raw meat, To ensure safety, it is advised for
individuals involved in the handling of pigs, wild boar, and
related products to minimize direct interaction and employ
protective gear [92]. China has made a highly efficient
vaccine accessible to the public for nearly six years [93]. The
purpose of developing this vaccine is to provide extended
safeguarding against all variants of HEV. However, the
approval for worldwide implementation is still pending, as
additional phase IV trials are necessary to evaluate its safety
in specific groups, such as children, the elderly, individuals
with weakened immune systems, and those with pre-existing
liver conditions [94,95].

Conclusion

Hepatitis E virus (HEV) affects people globally and is an
emerging Killer, particularly in underdeveloped countries
due to poor sanitation systems. Another big reason in
underdeveloped countries is the high annual pregnancy
rate, which is a leading factor for immunocompromization.
Hepatitis E has become prevalent in immunocompromised
peopleandleadsto death.Itisneeded toemphasize awareness
and increase public health care, as well as understanding the
virology, pathogenesis, and outbreak it, which are crucial
factors for prevention and control strategies to mitigate the
infection of that emerging killer. Underdeveloped countries
need to take steps like developed countries to overcome its
futuristic dangerous effect on their precious people’s lives.
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