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Abstract: HEV is the most common cause of acute hepatitis globally. This review summarizes the
latest knowledge on the epidemiology, clinical characteristics, testing, and treatment of HEV infection.
We also focused on Bangladesh to highlight the distinct challenges and the possible remedies. In low-
income settings, the virus is mainly transmitted between people by fecal contamination of drinking
water causing large outbreaks, and sporadic cases. The disease is usually mild and self-limiting acute
hepatitis. Still, pregnant women and their offspring in low-income countries are at particular risk
for severe disease, with up to 20% maternal mortality. Despite the high burden of the disease, HEV
remains a relatively neglected virus, with detection hampered by costly tests and a lack of suitable
treatments. Molecular PCR diagnostics, together with ELISA antibody tests, remain the preferred
methods for diagnosis of HEV; however, rapid bedside diagnostics are available and could offer a
practical alternative, especially in low-income countries. One vaccine (HEV 239) is only available in
China and Pakistan, as efficacy against the other genotypes remains uncertain. The effectiveness trial
conducted in Bangladesh might lead the way in gathering more efficacy data and could, together
with improved surveillance and raised awareness, dramatically reduce the global burden of HEV.
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1. Introduction

Hepatitis E virus (HEV)—officially known as Paslahepevirus balayani (family
Hepeviridae; subfamily Orthohepevirinae; genus Paslahepevirus) by the International Commit-
tee on Taxonomy of Viruses [1]—was named after Russian virologist Mikhail Balayani. who
discovered this virus [2]. HEV is the fifth human hepatitis virus (Hepatitis A, B, C, D, and E)
and the most common cause of acute hepatitis globally [3]. Considering the increased global
prevalence, HEV is a significant public health concern causing an estimated 20 million
infections in a year globally, with about 3.3 million symptomatic cases [4]. During 2005.
the annual disease burden of HEV was modeled across the nine global burdens of disease
project regions in Africa and Asia (East Asia, South Asia, Southeast Asia, North Africa,
Middle East, Central Sub-Saharan, East Sub-Saharan, Southern Sub-Saharan, Central Sub-
Saharan). In these regions, it was estimated that HEV is responsible for 70,000 deaths
and 3000 stillbirths [5]. In 2015, HEV caused approximately 44,000 deaths, accounting
for 3.3% of viral hepatitis-related deaths [4]. However, the actual burden of HEV has yet
to be determined. In a country like Bangladesh, with over 170 million population, HEV
is the major cause of hospitalization for acute jaundice, resulting in considerable disease
and death. Despite this, HEV testing is still rare, and patients often use treatments from
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traditional healers in rural areas, which leads to maltreatment and dreadful complica-
tions [6]. There is a lack of reliable surveillance statistics on the burden of HEV here, like in
many other endemic countries. However, an estimated nationwide HEV seroprevalence of
20% (95% CI:17-24%) was reported recently [7]. Previous cross-sectional studies indicated
HEV seroprevalence to range from 22% in rural areas to 60% in the capital of Dhaka [8].
Although the case fatality rate is 5% among hospitalized HEV patients in urban and rural
areas in Bangladesh, the fatality rate is much higher among pregnant women (12%) [9]. In
this article, we comprehensively review the literature to give an overview of the history,
taxonomy, transmission, epidemiological aspects, clinical manifestations, and diagnosis
and treatment options available to combat this emerging disease, focusing on Bangladesh.

2. History of Hepatitis E

HEV was first recognized in November 1978 in a rural part of India known as the
Gulmarg region in Kashmir after a massive water-borne jaundice outbreak. In this out-
break, two hundred villages with a population of 600,000 were affected, and among them,
52,000 developed jaundice and 1700 died. The disease was initially classified as “epi-
demic non-A non-B hepatitis,” a waterborne disease such as hepatitis A common in poorer
countries and infrequent in developed parts of the world [10]. Later, another epidemic of
hepatitis E identical to the Kashmir outbreak was reported among Russian soldiers working
in Afghanistan. In 1981, Mikhail Balayani self-experimented by ingesting pooled stools of
infected soldiers and developed severe acute hepatitis with jaundice. When he examined
his stool samples, HEV was visualized [2]. Retrospectively, it is now confirmed that another
epidemic in Delhi in 1955-1956 was also due to HEV; still, it was not recognized until after
the outbreak at the Russian military camp mentioned above [11].

In 1991, the complete genetic material of HEV cDNA was first successfully cloned,
and diagnostic assays were developed [12]. Subsequently, in 1997 the zoonotic potential
of swine HEV (the first animal strain) was demonstrated [13]. In 2010, it was revealed
that HEV also existed between the 7th and 15th centuries and in the 19th and late 20th
centuries [14]. This evidence indicates that Hepatitis E is an ancient disease with historical
significance [14].

HEV Outbreaks in Bangladesh

We found six records of HEV outbreaks in four locations in Bangladesh (Figure 1).
The first documented outbreak in Bangladesh was in late 2008 in the capital city (Dhaka);
4751 suspected HEV cases were identified, and 17 deaths occurred, including four pregnant
women; anti-HEV IgM was identified in 77% of patients who were neighbors of the
case-patients who died [15]. Then, in 2013, at Noakhali Police Training Centre, among
112 suspected cases, 76% were HEV [15], and two outbreaks were reported in northern
Bangladesh, named Rajshahi city, during 2010 with HEV-1 (2162 suspected cases; from
62 probable cases, 58% were IgM anti-HEV positive) [16] and in 2017 [15]. There were
two epidemics in the port city (Chattogram), one in 2012 affecting 698 army personnel
confirmed by third-generation Enzyme Immune Assay [17]. Another large one in 2018
resulted in 2800 cases [18]. A recent study conducted in a private laboratory in Dhaka
identified small outbreaks of HEV infections throughout the year [19].
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Figure 1. Map showing reported outbreak and refugee camp locations in Bangladesh.

3. Classification, Reservoirs, and Transmission

Members of the species Paslahepevirus Balayani (previously known as Orthohepevirus A)
have been assigned to eight different genotypes (HEV 1-HEVS) [1,20] with a diverse
host range, being found in humans, as well as in a wide range of domestic and wild
mammals (pig, wild boar, cow, deer, rabbit, camel) [1]. The host characteristics of HEV-1
to HEV-8 with a specific geographical distribution are shown in Table 1. The emerging
zoonosis of HEV in rats (currently belonging to species Rocahepevirus Ratti changed from
previous species Orthohepevirus C) causing acute hepatitis reported from Spain even among
immunocompetent individuals [21] and transmission of Rat HEV Infection to humans in
Hong Kong [22] reflect the importance of surveillance of these animals, as the chance of
infecting humans in more expansive geographic areas globally, may occur in the future.

There are six major routes of HEV transmission:

(1) Waterborne transmission is most common for HEV-1 and HEV-2. It occurs via
the fecal-oral route due to fecal contamination of drinking water through sewage, floods,
heavy monsoon rain, overcrowding, and polluted water sources in refugee camps and
slums [10].

In Bangladesh, all the outbreaks were due to fecally contaminated water supply in the
rainy season or hot summer months.
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Table 1. Geographical distribution of HEV genotypes and their hosts.

Genotypes Host Distribution
HEV-1 . Human .Only Asian LMIC (Myanmar, Pakistan, Bangladesh, India,
(Experimental: higher primates such as Rhesus . - .
HEV-2 monkeys) and Nepal), Mexico, the Middle East and Africa
Predominant in industrialized but also in
Humans, domestic pigs, wild boars, deer and other source-limited countries
HEV-3 mammalian animals: rodents, rabbits, cattle, horses, Asia, Europe, the Netherlands, France, Germany,
goats, sheep, dogs, cats, mongoose, bottlenose Taiwan, Greece, France, Spain, Germany, the UK,
dolphin Kyrgyzstan, Italy, Uruguay, New Zealand, South
America, Canada, Australia, Mexico Switzerland
HEV-4 Humans, and mammals: domestic pigs, wild boars,  Affluent Asian countries including China, Taiwan,
cattle, goats, sheep, deer, leopard, black bear, yak Vietnam, and Japan; also circulating in Europe
HEV-5 and HEV-6 Wild boars only Japan
HEV-7 Dromedary Camels, Human Middle East, Africa, Saudi Arabia
HEV-8 Bactrian Camels China

(2) Foodborne transmission is associated with HEV-3 and HEV-4, which usually occurs
through the ingestion of undercooked or raw body parts from an infected animal (e.g., liver,
intestine, and meat of swine, natural wild boar bile juice, game meats such as wild deer,
boar, and the hare, etc.) [23].

Transmission via this route is uncommon in Bangladesh.

(3) Zoonotic transmission other than foodborne occurs via contact with infectious body
fluids or stool and occurs for HEV-3 and HEV-4. Although HEV-4 is widespread in many
animals in India, such as domestic pigs, sheep, goats, and buffalo [24], the role of zoonotic
transmission seems irrelevant in the context of human disease in India and Bangladesh.
as here, HEV infections are caused uniformly by HEV-1 [25]. Swine are also a typical
HEV-3 reservoir in developed countries, and contact creates a risk for HEV transmission
in humans, which has been seen in Norway, where zoonotic transmission of HEV-3 and
HEV-4 has occurred [26]. Farming cows, goats, and ducks are common (pigs uncommon
due to the Muslim faith) in rural Bangladesh, and physical contact with these animals
occurs during cleaning, catering, or milking. In the rural communities of Bangladesh,
animal feces (cow dung) are commonly used as cooking fuel and for repairing house walls
constructed with mud. Thus, exposure remains due to close contact with animals, and their
feces occurs in rural communities.

HEV-8 was already found among Bactrian camels in China, but its zoonotic poten-
tial was unclear [27]. A recent study in multiple provinces in China investigated the
cross-species transmission of HEV-8 from Bactrian camels to cynomolgus macaques. It
demonstrated that HEV-8 could cause both acute and chronic HEV infections in cynomol-
gus macaques, a surrogate for humans, highlighting the potential risk of HEV-8 zoonotic
transmission [28].

There is minimal research on the zoonotic transmission of HEV in Bangladesh. Bac-
trian camels are not native and domesticated dogs or cats as pets are not common in
Bangladesh, unlike rats which are common pests [29]. Pigs in Bangladesh demonstrated
HEV infection, and a study in three slaughterhouses in Dhaka found that the history of
jaundice is significantly higher among pig handlers. Further investigation is needed to iden-
tify the HEV genotypes in pigs and pig handlers to understand the pig’s role in zoonotic
HEV transmission in Bangladesh [30].

(4) Parenteral transmission of HEV through infected blood product transfusion has
been reported in India (HEV-1) [31], Japan (HEV-3) [32], Germany [33], and Denmark [34].

A Bangladeshi study documented possible blood-borne transmission of sporadic HEV-
1in Dhaka from exposure to blood or blood-contaminated sharp instruments such as using
recycled needle syringes and shaving in barbershops with unclean razors/blades [35].
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(5) Vertical transmission: Infected mothers can transmit HEV to their fetus and infants
via intrauterine [36] or transplacental route resulting in a higher risk of maternal and
neonatal death [37]. During the 20082009 hepatitis E outbreak in Bangladesh, pregnant
women with jaundice were at higher risk for miscarrying or delivering a stillborn baby
than non-jaundiced pregnant women [38]. In addition, extrahepatic replication of HEV is
possible in the human placenta, which may cause fetal and maternal mortality following
acute liver failure [39]. The presence of HEV RNA in breast milk indicated a chance of
transmission of HEV to a breastfed child from an infected mother but required additional
research to fully understand this mode of transmission [40].

HEV-1 and HEV-2 have always been reported in pregnancy-related pathogenesis;
however, a recent study on rhesus macaques infected with HEV-4 found the presence of
HEV RNA in the liver, spleen, kidneys, and intestines of the deceased fetus. This evidence
suggests the possible vertical transmission of HEV-4 partially due to the impairment and
shifts in immune states during pregnancy [41].

(6) Person-to-person transmission: Epidemic disease due to HEV transmission via
person-to-person contact was reported in Uganda from 2007 to 2008 and was strongly
supported by Teshale et al. due to a high attack rate in households where multiple or single
HEV-infected persons were residing, and no definite common source of infection (e.g., de-
tection of HEV RNA in contaminated water) was found [42]. Considering the transmission
mode is infrequent, the finding was opposed due to the lack of a detailed epidemiolog-
ical assessment of the route of transmission, and the result remains controversial [43].
The person-to-person transmission of sporadic HEV-1 and HEV-2 was investigated by
Khuroo et al. [44], who suggested the spread of HEV via household contact from the in-
fected patient. However, the intrafamilial spread of sporadic HEV is very uncommon, and
further evidence is required.

Other routes: Nosocomial transmission of HEV has been reported among hemodialysis
patients and kidney transplant recipients [45]. Hepatitis E has also been detected in
homosexual men indicating transmission of HEV can occur via sexual practices that involve
the anus-hand-mouth [46].

4. Rohingya Refugee Camp in Bangladesh and HEV Scenarios

For over 900,000, Rohingya marked their 5th year of living in the southeastern part of
Bangladesh, named “Cox’s Bazar” (Figure 1) in 2022 since their mass displacement from
Myanmar [47]. This is undoubtedly one of the most crowdedly packed refugee camps
in the developing world. Among them, 52% are women and girls, for whom HEV is a
significant concern due to its higher fatality rate among pregnant women. Half of the HEV
outbreaks in sub-Saharan Africa have occurred among refugees and displaced persons
living in humanitarian crisis settings, including the recent outbreaks among refugees from
Ethiopia in Sudan [48]. Open defecation and flooding, which occur in the camps, are
additional risk factors for HEV emergence and can lead to contamination of nearby open
sources of drinking water and food [49]. Water safety and sanitation are compromised
in Cox’s Bazar refugee camp, where limited clean drinking water points cannot meet the
increasing demands. Most water sources are not within 500 m of living places in the
camp [50]. People dig holes for water and sometimes collect water for drinking, cooking,
and other household chores directly from there, where people have bathed, washed, and
practiced open defecation (Figure 2). The safe water scarcity in refugee camps deteriorates
more during summer when temperatures in Cox’s Bazar can reach 40° Celsius. During the
rainy season, the camps are prone to contamination from landslides and flooding (Figure 3).
Overall, the Cox’s Bazar refugee camp has enormous possibilities for disease spread via
person-to-person, waterborne, and zoonotic transmission. This is exacerbated by the highly
crowded living conditions where people are primarily non-immunized; have no separate
living places for cattle; have an increased risk of sexual exploitation of men, women, and
children; and a lack of sanitation and clean drinking water for both the community and
household levels. From January to June 2018, 2253 cases of acute jaundice were recorded in
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the Cox’s Bazar refugee camp, raising the possibility of an HEV outbreak that could quickly
spread in this susceptible population. However, a recent study investigating 275 blood
samples collected from that outbreak through an enhanced surveillance system during less
than a month (28 February to 26 March 2018) found that 56% of samples were positive
for hepatitis A virus (HAV) compared to 0.4% for HEV diagnosed by anti-HEV ELISA for
IgM with evidence of HAV-HEV co-infection [51]. It is important to note that sampling
was conducted at selected sites for a brief period during this surveillance. Moreover, very
few facilities were using rapid tests to confirm the clinical diagnosis of HEV. Thus, there is
a possibility that many suspected cases were not sampled to test for HEV. Although the
investigation did not point towards extensive HEV circulation, the presence of HEV and the
similarity of transmission routes with HAV highlighted particular attention to continued
vigilance of any flare-up of acute jaundice syndrome in the camps in the future.

Figure 3. Rohingya refugee camp Bangladesh.

5. Epidemiology

HEV epidemiology is divided into four unique zones (Figure 4) [10]. The reasons for
these geographical differences in HEV case distributions have yet to be explored.
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Figure 4. Hepatitis E epidemiology in 4 distinctive zones.
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5.1. Hyperendemic and Endemic Zone

HEV-1 and HEV-2 hyperendemic zones are primarily in central, south and southeast
Asia, Africa (east, west, and northern part), and Mexico. HEV is endemic in the Middle
East, some regions of Southeast Asia such as Singapore, and several countries from South
America (Ecuador, Brazil, Uruguay, and Argentina), as shown in Figure 4 [10].

During the last decade, HEV infection has increased among Latin American countries
(620 million inhabitants living in 20 countries) with evidence of complex scenario of HEV
epidemiology due to heterogeneity in the populations and geographical regions where
HEV seroprevalence rates were reported between 4% and 40% [52]. Acute HEV cases
reported in Latin America are mainly sporadic cases caused by HEV-3, but HEV-1 has
also been detected. Only Mexico and Cuba have documented HEV-1, HEV-2 and HEV-3
outbreaks [53]. In Mexico, HEV-2 prevalence varied between 10-36% in adults with limited
data on children~3% [54]. Nonetheless, there is a lack of information on HEV in animals
and the environment in Latin America as it has only been studied in a few areas such as
Argentina, Brazil, Uruguay, Costa Rica, Colombia, Venezuela, Bolivia, Mexico, and Cuba.
Thus, there is a massive underestimation of the actual burden of HEV disease in Latin
America [52].

Acute HEV cases are seen periodically throughout the year in Bangladesh, and the
incidence rises in rainy seasons after floods, as it causes sewage contamination of piped
and groundwater. A study from Bangladesh showed that the HEV incidence was 6%
among >1200 people of all age groups [55]. Among pregnant women living in rural
areas, the HEV infection rate is 46 cases/per 1000 person-year [56]. A prevalence survey
among patients admitted to hospitals with hepatitis showed HEV caused 35% of sporadic
acute hepatitis [57] and 22% of acute-on-chronic liver disease in Dhaka in 2008 [58]. An
earlier survey from 2004 to 2006 identified HEV as the cause for 58% of general patients,
45% of pregnant patients with acute hepatitis, and 56% of cases with hepatic failure in
Dhaka [19]. A serosurvey among adults in a central urban community in Dhaka showed
that HEV prevalence is 30% among adults. An increasing trend of HEV prevalence has
been observed correlating with an increase in age in urban Bangladesh with no gender
difference [57]. The prevalence of HEV is higher in the urban versus rural population of
Bangladesh [9]. The study that revealed 29 small HEV outbreaks (> 2 laboratory-confirmed
cases) identified from a single private laboratory suggests that the actual burden of HEV
infection in Bangladesh is much more significant than previously described by WHO using
data from large outbreaks alone [19]. Strains of HEV-1a are dominant in Bangladesh and
are associated with endemic outbreaks of HEV infection [59], while the 2018 Chattogram
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outbreak was caused by HEV-1f [60]. When compared with HEV-1a strains from India,
Nepal, Pakistan, and Myanmar; within genotype 1a cluster, Bangladesh HEV strains formed
a separate cluster with the 2010 HEV outbreak strains from northern Bangladesh; about
100% of the strains had A317T, T735I, L11201, L1110F, P259S, V14791, G1634K mutations
associates AVH, FHF and RTF [59].

5.2. Distinctive Pattern Zone

The Hepatitis E distinctive zone is still limited to Egypt, as the infection pattern
differs from other world regions [61]. In this zone, the prevalence is higher (60-80%
seropositivity), especially in the first decade of life [62], and most young people develop
HEV IgG antibodies with a seroprevalence resembling that of HAV. Interestingly, the
incidence is lower among pregnant women, and the infection is either asymptomatic or
very mild with no fulminant course. The HEV genotype infecting this population is HEV-1,
with a peculiar subtype (subtype 1) not seen in Asia [63,64].

5.3. Sporadic Zone

Unlike the developing world, HEV is considered sporadic and rarely pathogenic in the
developed world. However, HEV-3 and HEV-4 are increasingly recognized in developed
countries [65]. Each year about 50-100 new cases of HEV are reported from Germany,
France, the United Kingdom, and other countries from Europe among adults and children.
Estimated annual HEV infections were 68,000 in France, 100,000 in the United Kingdom,
and 300,000 in Germany [3]. HEV seroprevalence differs within the same country, between
regions in developed countries, e.g., four times higher in south France than north France,
but the reason has yet to explore [61]. More than two million new HEV infections are
reported in the US yearly, and many infections are missing due to the unavailability of any
FDA-approved diagnostic tests [61]. Sporadic cases of HEV infection through transfusion
have been widely reported. Among blood donors, IgG seroprevalence was found: 33% in
China; 29% in Germany; 27% in the Netherlands; 20% in Spain; 13 % in Austria; 12% in
England; 6% in the USA, and 5% in both Ireland and Scotland [3]. The screening test for
HEV in blood donors has been introduced in some countries but is still lacking in most
regions [3]. It is also important to mention that in the developed world, HEV is sometimes
misdiagnosed as another common liver disease in adults: drug-induced liver injury [66].

6. Clinical Presentation

The clinical presentation for acute HEV infection is like other acute viral hepatitis,
generally asymptomatic (> 90% cases) or mildly symptomatic. During the first week of
HEV infection, common symptoms are nausea and vomiting, malaise, fever, and body
ache followed by dark-colored urine and jaundice among 5-30% of symptomatic patients;
infection is self-limiting usually last <1 month [61,67]. From acute infection with no prior
liver disease, progression to acute liver failure (ALF) is rare (~10%). Children with hep-
atomegaly and male patients over 60 years infected with HEV-3 and HEV-4 are susceptible
to ALF, and mortality rate is high ~70% manifested with complications such as ascites, en-
cephalopathy, and coagulopathy. Although after acute infection patients develop immunity
but re-infection is possible [67].

In Bangladesh, among hospitalized HEV cases, the most common clinical features are
jaundice, anorexia, nausea, vomiting, fever, and abdominal pain. Additionally, patients
with an HAV or HBV co-infection are more prone to die, with an overall case fatality
rate of 5% [9].

6.1. Pregnant Women

Pregnant women infected during third trimester with HEV-1 and HEV-2 are at a higher
risk of having fulminant liver failure and a higher mortality rate of up to 20-25% [4]. In
Bangladesh, there may be approximately 1000 maternal deaths per year associated with
HEYV [68]. Moreover, there is a higher risk of preterm deliveries with lesser survival rates
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for neonates following HEV infection, especially if infected during the third trimester
of pregnancy, where 15-50% of infants die within a week of birth [69]. There are also
higher chances of intrauterine death due to HEV. Another study conducted in Bangladesh
demonstrated that pregnancy might be associated with an inverse correlation between
IgG antibody response and viral load (higher viral loads and a lower IgG response) with
acute HEV-1 infection leading to poorer outcomes with an acute HEV infection compared
to non-pregnant women [70]

6.2. Chronic HEV Infection

Chronic HEV infection is considered when it persists for more than three months [61].
HEV-3 and HEV-4 as well as rat HEV can lead to chronic HEV and cirrhosis in immuno-
suppressed and solid organ transplant patients (both children and adults) from developed
countries within 2-3 years of infection [61,71]. Patients with lymphopenia and receiving
immunosuppressive drugs such as Tacrolimus are at high risk of developing chronic HEV
infection [71].

6.3. HEV Superinfection

HEYV infection in a patient with chronic liver disease (CLD) previously infected with
another virus (Hepatitis B), is considered HEV superinfection. A study has shown that
HEV superinfection accelerated disease progression and increased long-term mortality
in patients with hepatitis B liver cirrhosis, especially in patients with end-stage liver
cirrhosis [72].

7. Diagnosis

The incubation period of HEV varies from 15 to 60 days, and HEV RNA can be
detected in feces and serum samples and persists for ~4 weeks in blood and ~6 weeks
in stool after infection. Either acute or chronic HEV RNA detection and quantification in
blood, stool, or other body fluids remain the golden standard for active HEV infection.
Detection of anti-HEV antibodies, including anti-HEV IgG and IgM, also plays a vital role
in diagnosing HEV. Still, immunosuppressed patients often showed negative results for
serology due to low titer of anti-HEV antibodies. Positive results for anti-HEV IgM (with or
without positive anti-HEV IgG) together with HEV RNA represent current acute infection;
only a positive result for anti-HEV IgG represents past infection of HEV. Patients reinfected
with HEV usually show a positive result for anti-HEV IgG and HEV RNA but not anti-HEV
IgM. Diagnostic algorithm for HEV infection is shown in (Figure 5) [3,67].
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Figure 5. Diagnostic algorithm of HEV infection [3].

8. Treatment

There are very few articles regarding the treatment of hepatitis E. To date, there are
no approved drugs available for HEV treatment. Ribavirin (a Guanosine analog) is a
possible treatment option for chronic HEV. It has been found to inhibit HEV replication in
immunocompromised patients, thereby allowing HEV clearance, which can prevent fatal
complications; still, there is also a history of treatment failure and additional studies are
required to understand its mechanism of action [71]. It is important to note that ribavirin
is teratogenic and, thus, contraindicated for pregnant women at the highest risk of HEV.
In combination, as treatment options for chronic hepatitis E, ribavirin and sofosbuvir (a
highly potent inhibitor of specific polymerase in the hepatitis C virus) have been tested
after failing ribavirin monotherapy. Nonetheless, the combination therapy was proven
inefficient in sustaining viral response among organ transplant patients with chronic HEV
infection and showed several complications [73]. It is worth mentioning that these antivirals
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are too expensive, need to be taken for more extended periods, and are not affordable
for the general population. Hence, alternative innovative treatment options are urgently
required for pregnant women and chronic HEV infection patients failing ribavirin or other
antiviral treatment.

9. Vaccination

HEV 239 (Hecolin®), manufactured by Xiamen Innovax, China, is the only commer-
cialized vaccine available in China since 2012 as a three-dose regimen (0, 1 month, and six
months) and has recently been available in Pakistan. Hecolin® is composed of virus-like
particles expressed in Escherichia coli (368-606 aa of ORF2) from a Chinese strain of HEV-1.
The vaccine also provides cross-protection against different genotypes, preventing HEV-1
(the vaccine genotype) and HEV-4 (the most prevalent genotype in China) infections and
can provide sustained protection for over four years (87% efficacy at 4.5 years) [74]. How-
ever, for WHO prequalification and a global launch of this vaccine, more safety data need
to be generated, especially in other populations at risk, such as pregnant women, children
<16 years, older patients, patients with chronic liver disease, solid organ transplant recipi-
ents, HIV and those with immune disorders. Overall, the vaccine has already been tested
in Phase 1 and 2 pre-licensure trials and a large Phase 3 trial among healthy participants,
where the safety data was reassuring. Considering the importance of determining the vac-
cine’s safety, immunogenicity and efficacy outside China, where HEV-1 infection is highly
endemic, our team conducted a Phase IV effectiveness trial of the HEV 239 vaccine in rural
Bangladesh among 20,000 women aged 16-39 years which has been completed recently [75].
The data will help to inform policymakers on HEV vaccination strategy shortly.

10. Knowledge Gap and Recommendations

The panorama of HEV research is changing drastically with new and frequent devel-
opments in the field, yet several knowledge gaps still need to be addressed. The pathogenic
mechanism of HEV is still unclear. Does HEV confer lifelong immunity after infection, or
how long immunity persists; we do not know. There is no documentation on long-term
complications among chronic HEV patients.

The safety of Hecolin® when used concomitantly with other vaccines such as Hepatitis
B or Human Papilloma Virus vaccines (HPV) needs to be investigated. The coadministration
of the HEV vaccine with HPV to young adolescent girls before they enter their child-bearing
years would be the most attractive vaccination option, as maternal immunization could be
impractical given the 7-month spacing between the entire course of three doses of vaccine.
This would also cater to any suspected waning immunity over the long term. Hecolin®
vaccine has never been used in an outbreak setting; there is a shortage of much-needed data
about how the vaccine might perform in an outbreak. Spacing three doses of vaccine over six
months pose a challenge to the access and use of the vaccine in routine immunization; hence,
whether a single dose of the vaccine could provide sufficient protection to prevent infection
or to control expansive or prolonged outbreaks needs to be explored. Most importantly,
vaccination should be investigated among pregnant women. No safety data have been
generated yet in this most vulnerable population. Generally, most vaccines, except live ones,
can be safely administered to pregnant women. Although Hecolin® contains thiomersal,
there is no evidence that thiomersal-containing vaccines cause adverse effects in offspring
of women who received these vaccines during pregnancy. Immunoglobin G elicited by
the vaccination to pregnant women is transferred to the fetus via placenta. Additionally,
mucosal immunoglobulins are secreted into the colostrum and milk, which protect the
newborn in the postpartum period. Additionally, thus, acquired immunity by vaccination
benefits not only mothers but for fetuses and neonates.

To reduce the global burden, strategies should focus on health education, improving
water, sanitation, and hygiene in endemic regions, rapid and accurate diagnostics, appro-
priate treatment, vaccine development, and prevention. All patients presenting with a
compatible clinical and laboratory picture of acute hepatitis with no evidence of an apparent
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cause of liver damage should be tested for HEV. To achieve this, we must train healthcare
workers to mitigate the lack of awareness of HEV and increase access to testing services by
establishing Point-of-Care (POC) or with-patient testing by the rapid test method, which
will allow physicians and medical staff to accurately achieve real-time, laboratory-quality
diagnostic results within minutes rather than hours, especially during outbreaks. There
are some commercial diagnostic kits with high sensitivity and specificity, but they are not
available or affordable in the developing world. Identifying environmental factors like
safe water, sanitation and hygiene, farming, and good food habits, may help to reduce
transmission. Research on HEV involving pregnant and non-pregnant women, children,
and immunosuppressed individuals may help us better appreciate the global burden of
this dreaded disease. Clear guidance is needed on how blood and organ donors will be
screened for HEV to avoid HEV transmission through transfusion or organ transplantation.

11. Conclusions

Our understanding of HEV has changed entirely over the decades. However, many
enigmas around HEV need to be solved, which require special attention due to its unique
epidemiologic patterns, limited treatment options, impact on low-resource and displaced
communities, and disproportionate disease burden in pregnant women. Undoubtedly, HEV
must be eliminated to achieve WHO'’s recommendation to eradicate infectious hepatitis
by 2030. However, without the use of a vaccine to protect high-risk populations from
morbidity and mortality, it will be impossible.

Author Contributions: All the authors reviewed the paper. A.B.A. conceptualized the paper and
wrote the first draft of the manuscript. ]J.L.D. lead the team, was involved in the writing, and reviewed
and gave final approval of the manuscript. ].J., S.D., M.A., CH.J., Y.J., Y.J.G.K. contributed to the
writing, and reviewed and approved the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding, and the APC was funded by UiO.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Purdy, M.A; Drexler, ].F.; Meng, X.J.; Norder, H.; Okamoto, H.; Van der Poel, W.H.M.; Reuter, G.; de Souza, W.M,; Ulrich, R.G,;
Smith, D.B. ICTV Virus Taxonomy Profile: Hepeviridae 2022. ]. Gen. Virol. 2022, 103, 001778. [CrossRef] [PubMed]

2. Balayan, M.S.; Andjaparidze, A.G.; Savinskaya, S.S.; Ketiladze, E.S.; Braginsky, D.M.; Savinov, A.P.; Poleschuk, V.F. Evidence for a
virus in non-A, non-B hepatitis transmitted via the fecal-oral route. Intervirology 1983, 20, 23-31. [PubMed]

3. Kamar, N.; Izopet, ].; Pavio, N.; Aggarwal, R.; Labrique, A.; Wedemeyer, H.; Dalton, H.R. Hepatitis E virus infection. Nat. Rev.
Dis. Prim. 2017, 3, 17086. [CrossRef] [PubMed]

4. WHO 2022 Fact Sheet. Hepatitis E. Available online: https:/ /www.who.int/news-room/fact-sheets/detail / hepatitis-e (accessed
on 13 December 2022).

5. Rein, D.B,; Stevens, G.A.; Theaker, ].; Whittenborn, J.S.; Wiersma, S.T. The global burden of hepatitis E virus genotypes 1 and 2 in
2005. Hepatology 2012, 55, 988-997. [CrossRef]

6. Khan, A.L; Salimuzzaman, M.; Islam, M.T.; Afrad, M.H.; Shirin, T.; Jony, M.H.K,; Alam, M.A.; Rahman, M.; Flora, M.S.; Qadri, E.
Nationwide Hospital-Based Seroprevalence of Hepatitis A and Hepatitis E Virus in Bangladesh. Ann. Glob. Health 2020, 86, 29.
[CrossRef] [PubMed]

7. Azman, A.S.; Paul, KK,; Bhuiyan, T.R.; Koyuncu, A.; Salje, H.; Qadri, F.; Gurley, E.S. Hepatitis E in Bangladesh: Insights From a
National Serosurvey. |. Infect. Dis. 2021, 224 (Suppl. 2), S805-S812. [CrossRef]

8. Kmush, B.; Wierzba, T.; Krain, L.; Nelson, K.; Labrique, A.B. Epidemiology of hepatitis E in low- and middle-income countries of
Asia and Africa. Semin. Liver Dis. 2013, 33, 15-29. [CrossRef]

9. Paul, R.C.; Nazneen, A.; Banik, K.C.; Sumon, S.A.; Paul, KK.; Akram, A.; Uzzaman, M.S.; Igbal, T.; Tejada-Strop, A.; Kamili,

S.; et al. Hepatitis E as a cause of adult hospitalization in Bangladesh: Results from an acute jaundice surveillance study in six
tertiary hospitals, 2014-2017. PLoS Negl. Trop. Dis. 2020, 14, e0007586. [CrossRef]


http://doi.org/10.1099/jgv.0.001778
http://www.ncbi.nlm.nih.gov/pubmed/36170152
http://www.ncbi.nlm.nih.gov/pubmed/6409836
http://doi.org/10.1038/nrdp.2017.86
http://www.ncbi.nlm.nih.gov/pubmed/29154369
https://www.who.int/news-room/fact-sheets/detail/hepatitis-e
http://doi.org/10.1002/hep.25505
http://doi.org/10.5334/aogh.2574
http://www.ncbi.nlm.nih.gov/pubmed/32211299
http://doi.org/10.1093/infdis/jiab446
http://doi.org/10.1055/s-0033-1338111
http://doi.org/10.1371/journal.pntd.0007586

Viruses 2023, 15, 63 13 of 15

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Khuroo, M.S. Discovery of hepatitis E: The epidemic non-A, non-B hepatitis 30 years down the memory lane. Virus Res. 2011,
161, 3-14. [CrossRef]

Murrison, L.B.; Sherman, K.E. The Enigma of Hepatitis E Virus. Gastroenterol. Hepatol. 2017, 13, 484-491.

Tam, A.W.; Smith, M.M.; Guerra, M.E.; Huang, C.C.; Bradley, D.W.; Fry, K.E.; Reyes, G.R. Hepatitis E virus (HEV): Molecular
cloning and sequencing of the full-length viral genome. Virology 1991, 185, 120-131. [CrossRef] [PubMed]

Meng, X.J.; Purcell, R.H.; Halbur, P.G.; Lehman, J.R.; Webb, D.M.; Tsareva, T.S.; Haynes, ].S.; Thacker, B.J.; Emerson, S.U. A
novel virus in swine is closely related to the human hepatitis E virus. Proc. Natl. Acad. Sci. USA 1997, 94, 9860-9865. [CrossRef]
[PubMed]

Purdy, M.A.; Khudyakov, Y.E. Evolutionary history and population dynamics of hepatitis E virus. PLoS ONE 2010, 5, e14376.
[CrossRef] [PubMed]

Hepatitis E: Major Outbreaks in Bangladesh. Available online: https://iedcr.gov.bd /nbph/issue-sections/1ff3b5d9-35dd-4bb3
-bb71-33797ealb5f4 (accessed on 18 July 2022).

Haque, F; Banu, S.S.; Ara, K,; Chowdhury, I.A.; Chowdhury, S.A.; Kamili, S.; Rahman, M.; Luby, S.P. An outbreak of hepatitis E in
an urban area of Bangladesh. |. Viral. Hepat. 2015, 22, 948-956. [CrossRef]

Rahman, M.M.; Giti, S.; Kabir, S.M.R.; Rashid, M. Hematological changes associated with hepatitis by hepatitis E virus. Banga-
bandhu Sheikh Mujib Med Univ ]. 2018, 11, 291-294. Available online: https://pdfs.semanticscholar.org/8516/5f0b9429ae5d552d4
b31bb569c1e8e906b19.pdf (accessed on 13 December 2022). [CrossRef]

Owada, K,; Sarkar, J.; Rahman, M.K,; Khan, S.A.; Islam, A.; Hassan, M.M.; Soares Magalhaes, R.]. Epidemiological Profile of a
Human Hepatitis E Virus Outbreak in 2018, Chattogram, Bangladesh. Trop. Med. Infect. Dis. 2022, 7, 170. [CrossRef]

Sazzad, H.M.; Labrique, A.B.; Teo, C.G.; Luby, S.P; Gurley, E.S. Surveillance at Private Laboratories Identifies Small Outbreaks of
Hepatitis E in Urban Bangladesh. Am. |. Trop. Med. Hyg. 2017, 96, 395-399. [CrossRef]

Smith, D.B.; Izopet, ].; Nicot, F.; Simmonds, P.; Jameel, S.; Meng, X.J.; Norder, H.; Okamoto, H.; van der Poel, WH.M.; Reuter, G.;
et al. Update: Proposed reference sequences for subtypes of hepatitis E virus (species Orthohepevirus A). J. Gen. Virol. 2020,
101, 692-698. [CrossRef]

Ramirez-Arellano, E.; Alados, J.C.; Rivero, A.; HEPAVIR and GEHEP-014 Study Groups. Orthohepevirus C infection as an
emerging cause of acute hepatitis in Spain: First report in Europe. J. Hepatol. 2022, 77, 326-331. [CrossRef]

Sridhar, S.; Yip, C.C.; Wu, S.; Chew, N.E; Leung, K.H.; Chan, ].E; Zhao, P.S.; Chan, WM.; Poon, RW.; Tsoi, H.W,; et al. Transmission
of Rat Hepatitis E Virus Infection to Humans in Hong Kong: A Clinical and Epidemiological Analysis. Hepatology 2021, 73, 10-22.
[CrossRef]

Yugo, D.M.; Meng, X.J. Hepatitis E virus: Foodborne, waterborne and zoonotic transmission. Int. J. Environ. Res. Public Health
2013, 10, 4507-4533. [CrossRef] [PubMed]

Aggarwal, R. Hepatitis E: Historical, contemporary and future perspectives. J. Gastroenterol. Hepatol. 2011, 26 (Suppl. 1), 72-82.
[CrossRef] [PubMed]

Arankalle, V.A.; Chobe, L.P; Joshi, M.V.; Chadha, M.S.; Kundu, B.; Walimbe, A.M. Human and swine hepatitis E viruses from
Western India belong to different genotypes. J. Hepatol. 2002, 36, 417-425. [CrossRef] [PubMed]

Lange, H.; Overbg, J.; Borgen, K.; Dudman, S.; Hoddevik, G.; Urdahl, A.M.; Vold, L.; Sjurseth, S.K. Hepatitis E in Norway:
Seroprevalence in humans and swine. Epidemiol. Infect. 2017, 145, 181-186. [CrossRef] [PubMed]

Woo, P.C.; Lau, S.K; Teng, ].L.; Cao, K.Y.; Wernery, U.; Schountz, T.; Chiu, T.H.; Tsang, A.K.; Wong, P.C.; Wong, E.Y.; et al. New
Hepatitis E Virus Genotype in Bactrian Camels, Xinjiang, China, 2013. Emerg. Infect. Dis. 2016, 22, 2219-2221. [CrossRef]

Wang, L.; Teng, J.L.L.; Lau, S.K.P; Sridhar, S.; Fu, H.; Gong, W.; Li, M.; Xu, Q.; He, Y.; Zhuang, H.; et al. Transmission of a Novel
Genotype of Hepatitis E Virus from Bactrian Camels to Cynomolgus Macaques. J. Virol. 2019, 93, €02014-18. [CrossRef]
Labrique, A.B.; Zaman, K.; Hossain, Z.; Saha, P.; Yunus, M.; Hossain, A.; Ticehurst, J.; Kmush, B.; Nelson, K.E. An exploratory
case—control study of risk factors for hepatitis E in rural Bangladesh. PLoS ONE 2013, 8, e61351. [CrossRef]

Haider, N.; Khan, M.S.U.; Hossain, M.B.; Sazzad, H.M.S.; Rahman, M.Z.; Ahmed, F.; Zeidner, N.S. Serological evidence of hepatitis
E virus infection in pigs and jaundice among pig handlers in Bangladesh. Zoonoses Public Health 2017, 64, 572-577. [CrossRef]
Khuroo, M.S.; Kamili, S.; Yattoo, G.N. Hepatitis E virus infection may be transmitted through blood transfusions in an endemic
area. J. Gastroenterol. Hepatol. 2004, 19, 778-784. [CrossRef]

Matsubayashi, K.; Nagaoka, Y.; Sakata, H.; Sato, S.; Fukai, K.; Kato, T.; Takahashi, K.; Mishiro, S.; Imai, M.; Takeda, N.; et al.
Transfusion- transmitted hepatitis E caused by apparently indigenous hepatitis E virus strain in Hokkaido, Japan. Transfusion
2004, 44, 934-940. [CrossRef]

Juhl, D.; Baylis, S.A.; Bliimel, J.; Gorg, S.; Hennig, H. Seroprevalence and incidence of hepatitis E virus infection in German blood
donors. Transfusion 2014, 54, 49-56. [CrossRef] [PubMed]

Holm, D.K.; Moessner, B.K.; Engle, R.E.; Zaaijer, H.L.; Georgsen, ].; Purcell, R.H.; Christensen, P.B. Declining prevalence of
hepatitis E antibodies among Danish blood donors. Transfusion 2015, 55, 1662-1667. [CrossRef]

Sazzad, HM.; Luby, S.P,; Labrique, A.B.; Kamili, S.; Hayden, T.M.; Kamili, N.A.; Teo, C.G.; Gurley, E.S. Risk Factors Associated
with Blood Exposure for Sporadic Hepatitis E in Dhaka, Bangladesh. Am. J. Trop. Med. Hyg. 2017, 97, 1437-1444. [CrossRef]
[PubMed]

Verghese, V.P,; Robinson, J.L. A systematic review of hepatitis E virus infection in children. Clin. Infect. Dis. 2014, 59, 689-697.
[CrossRef] [PubMed]


http://doi.org/10.1016/j.virusres.2011.02.007
http://doi.org/10.1016/0042-6822(91)90760-9
http://www.ncbi.nlm.nih.gov/pubmed/1926770
http://doi.org/10.1073/pnas.94.18.9860
http://www.ncbi.nlm.nih.gov/pubmed/9275216
http://doi.org/10.1371/journal.pone.0014376
http://www.ncbi.nlm.nih.gov/pubmed/21203540
https://iedcr.gov.bd/nbph/issue-sections/1ff3b5d9-35dd-4bb3-bb71-33797ea1b5f4
https://iedcr.gov.bd/nbph/issue-sections/1ff3b5d9-35dd-4bb3-bb71-33797ea1b5f4
http://doi.org/10.1111/jvh.12407
https://pdfs.semanticscholar.org/8516/5f0b9429ae5d552d4b31bb569c1e8e906b19.pdf
https://pdfs.semanticscholar.org/8516/5f0b9429ae5d552d4b31bb569c1e8e906b19.pdf
http://doi.org/10.3329/bsmmuj.v11i4.38619
http://doi.org/10.3390/tropicalmed7080170
http://doi.org/10.4269/ajtmh.16-0411
http://doi.org/10.1099/jgv.0.001435
http://doi.org/10.1016/j.jhep.2022.01.028
http://doi.org/10.1002/hep.31138
http://doi.org/10.3390/ijerph10104507
http://www.ncbi.nlm.nih.gov/pubmed/24071919
http://doi.org/10.1111/j.1440-1746.2010.06540.x
http://www.ncbi.nlm.nih.gov/pubmed/21199517
http://doi.org/10.1016/S0168-8278(01)00297-5
http://www.ncbi.nlm.nih.gov/pubmed/11867187
http://doi.org/10.1017/S0950268816002144
http://www.ncbi.nlm.nih.gov/pubmed/27671461
http://doi.org/10.3201/eid2212.160979
http://doi.org/10.1128/JVI.02014-18
http://doi.org/10.1371/journal.pone.0061351
http://doi.org/10.1111/zph.12372
http://doi.org/10.1111/j.1440-1746.2004.03437.x
http://doi.org/10.1111/j.1537-2995.2004.03300.x
http://doi.org/10.1111/trf.12121
http://www.ncbi.nlm.nih.gov/pubmed/23441647
http://doi.org/10.1111/trf.13028
http://doi.org/10.4269/ajtmh.17-0261
http://www.ncbi.nlm.nih.gov/pubmed/28820721
http://doi.org/10.1093/cid/ciu371
http://www.ncbi.nlm.nih.gov/pubmed/24846637

Viruses 2023, 15, 63 14 of 15

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

Pérez-Gracia, M.T.; Suay-Garcia, B.; Mateos-Lindemann, M.L. Hepatitis E and pregnancy: Current state. Rev. Med. Virol. 2017,
27,€1929. [CrossRef]

International Centre for Diarrhoeal Disease Research Bangladesh. Outbreak of hepatitis E in a low income urban community in
Bangladesh. Health Sci. Bull. 2009, 7, 14-20.

Bose, PD.; Das, B.C.; Hazam, R K.; Kumar, A.; Medhi, S.; Kar, P. Evidence of extrahepatic replication of hepatitis E virus in human
placenta. J. Gen. Virol. 2014, 95, 1266-1271. [CrossRef]

Rivero-Juarez, A.; Frias, M.; Rodriguez-Cano, D.; Cuenca-Lopez, E; Rivero, A. Isolation of hepatitis E virus from breast milk
during acute infection. Clin. Infect. Dis. 2016, 62, 1464. [CrossRef]

Yu, W.; Hao, X.; Li, Y,; Yang, C; Li, Y,; He, Z.; Huang, F. Vertical transmission of hepatitis E virus in pregnant rhesus macaques.
Sci. Rep. 2020, 10, 17517. [CrossRef]

Teshale, E.H.; Grytdal, S.P.; Howard, C.; Barry, V.; Kamili, S.; Drobeniuc, J.; Hill, VR.; Okware, S.; Hu, D.J.; Holmberg, S.D.
Evidence of person-to-person transmission of hepatitis E virus during a large outbreak in Northern Uganda. Clin. Infect. Dis.
2010, 50, 1006-1010. [CrossRef]

Aggarwal, R. Hepatitis E virus and person-to-person transmission. Clin. Infect. Dis. 2010, 51, 478-479. [CrossRef] [PubMed]
Khuroo, M.S.; Dar, M.Y. Hepatitis E: Evidence for person-to-person transmission and inability of low dose immune serum
globulin from an Indian source to prevent it. Indian ]. Gastroenterol. 1992, 11, 113-116. [PubMed]

Hosseini-Moghaddam, S.M.; Zarei, A.; Alavian, S.M.; Mansouri, M. Hepatitis E virus infection: A general review with a focus on
hemodialysis and kidney transplant patients. Am. J. Nephrol. 2010, 31, 398-407. [CrossRef] [PubMed]

Bali, S.; Ratho, RK,; Kumar, S.; Singh, A. Transmission of hepatitis E in a group of homosexuals in a village of North India. Internet
J. Epidemiol. 2006, 3. Available online: https://print.ispub.com/api/0/ispub-article /9133 (accessed on 13 December 2022).
Rohingya Refugee Response: WFP Bangladesh Information Booklet (April 2022). Available online: https:/ /reliefweb.int/report/
bangladesh/rohingya-refugee-response-wfp-bangladesh-information-booklet-april-2022 (accessed on 13 December 2022).
Ahmed, A ; Alj, Y.; Siddig, E.E.; Hamed, J.; Mohamed, N.S.; Khairy, A.; Zinsstag, ]. Hepatitis E Virus Outbreak among Tigray War
Refugees from Ethiopia, Sudan. Emerg. Infect. Dis. 2022, 28, 1722-1724. [CrossRef]

Ahmed, A.; Mohamed, N.S.; Siddig, E.E.; Algaily, T.; Sulaiman, S.; Ali, Y. The impacts of climate change on displaced populations:
A call for action. . Clim. Chang. Health 2021, 3, 100057. [CrossRef]

Chan, E.Y.Y,; Chiu, C.P,; Chan, G.K.W. Medical and health risks associated with communicable diseases of Rohingya refugees in
Bangladesh 2017. Int. |. Infect. Dis. 2018, 68, 39—43. [CrossRef]

Mazhar, M.K.A; Finger, F; Evers, E.S.; Kuehne, A.; Ivey, M.; Yesurajan, F.; Shirin, T.; Ajim, N.; Kabir, A.; Musto, J.; et al. An
outbreak of acute jaundice syndrome (AJS) among the Rohingya refugees in Cox’s Bazar, Bangladesh: Findings from enhanced
epidemiological surveillance. PLoS ONE 2021, 16, e0250505. [CrossRef]

Pisano, M.B.; Mirazo, S.; Re, V.E. Hepatitis E Virus Infection: Is It Really a Problem in Latin America? Clin. Liver Dis. 2020,
16, 108-113. [CrossRef]

Echevarria, ].M.; Gonzalez, ].E.; Lewis-Ximenez, L.L.; Dos Santos, D.L.; Munné, M.S.; Pinto, M.A.; Pujol, EH.; Rodriguez-Lay, L.A.
Hepatitis E virus infection in Latin America: A review. J. Med. Virol. 2013, 85, 1037-1045. [CrossRef]

Sarmiento-Silva, R.E.; Arenas-Huertero, F. Hepatitis E in Latin America. Ann. Hepatol. 2019, 18, 541-542. [CrossRef] [PubMed]
Labrique, A.B.; Zaman, K.; Hossain, Z.; Saha, P.; Yunus, M.; Hossain, A.; Ticehurst, ].R.; Nelson, K.E. Epidemiology and risk
factors of incident hepatitis E virus infections in rural Bangladesh. Am. J. Epidemiol. 2010, 172, 952-961. [CrossRef] [PubMed]
Rahman, S.; Mamun-Al-Mahtab Jahan, M.; Tabassum, S.; Fazle Akbar, S.M. Epidemiology of Hepatitis E Virus in an Urban
Community in Dhaka City. Euroasian |. Hepatogastroenterol. 2014, 4, 4-6. [CrossRef] [PubMed]

Begum, A.; Tabassum, S.; Islam, M.; Afzalunnessa, M. Seroprevalence of Hepatitis E Virus (HEV) Infection among Patients
Attending BSMMU, Dhaka. BJMM [Internet]. 25 May 2016 [Cited 5 July 2020]. Volume 1, pp. 52-55. Available online:
https:/ /www.banglajol.info/index.php /BJMM/article /view /21509 (accessed on 12 December 2022).

1zopet, J.; Labrique, A.B.; Basnyat, B.; Dalton, H.R.; Kmush, B.; Heaney, C.D.; Nelson, K.E.; Ahmed, Z.B.; Zaman, K.; Mansuy, ] M.;
et al. Hepatitis E virus seroprevalence in three hyperendemic areas: Nepal, Bangladesh and southwest France. |. Clin. Virol. 2015,
70,39-42. [CrossRef]

Hoa, T.N.; Munshi, S.U.; Ngoc, K.N.; Ngoc, C.L.; Thanh, T.T.T.; Akther, T.; Tabassum, S.; Parvin, N.; Baker, S.; Rahman, M. A
tightly clustered hepatitis E virus genotype 1a is associated with endemic and outbreak infections in Bangladesh. PLoS ONE 2021,
16, €0255054. [CrossRef]

Baki, A.A.; Haque, W,; Giti, S.; Khan, A.A.; Rahman, M.M.; Jubaida, N.; Rahman, M. Hepatitis E virus genotype 1f outbreak in
Bangladesh, 2018. J. Med. Virol. 2021, 93, 5177-5181. [CrossRef]

Belei, O.; Ancusa, O.; Mara, A.; Olariu, L.; Amaricai, E.; Folescu, R.; Zamfir, C.L.; Gurgus, D.; Motoc, A.G.; Stanga, L.C.; et al.
Current Paradigm of Hepatitis E Virus Among Pediatric and Adult Patients. Front. Pediatr. 2021, 9, 721918. [CrossRef]

Sayed, LM.; Abdelwahab, S.F. Is Hepatitis E Virus a Neglected or Emerging Pathogen in Egypt? Pathogens 2022, 11, 1337.
[CrossRef]

Darwish, M.A; Faris, R.; Clemens, ].D.; Rao, M.R; Edelman, R. High seroprevalence of hepatitis A, B, C, and E viruses in residents
in an Egyptian village in The Nile Delta: A pilot study. Am. J. Trop. Med. Hyg. 1996, 54, 554-558. [CrossRef]


http://doi.org/10.1002/rmv.1929
http://doi.org/10.1099/vir.0.063602-0
http://doi.org/10.1093/cid/ciw186
http://doi.org/10.1038/s41598-020-74461-7
http://doi.org/10.1086/651077
http://doi.org/10.1086/655157
http://www.ncbi.nlm.nih.gov/pubmed/20635871
http://www.ncbi.nlm.nih.gov/pubmed/1506045
http://doi.org/10.1159/000294505
http://www.ncbi.nlm.nih.gov/pubmed/20357431
https://print.ispub.com/api/0/ispub-article/9133
https://reliefweb.int/report/bangladesh/rohingya-refugee-response-wfp-bangladesh-information-booklet-april-2022
https://reliefweb.int/report/bangladesh/rohingya-refugee-response-wfp-bangladesh-information-booklet-april-2022
http://doi.org/10.3201/eid2808.220397
http://doi.org/10.1016/j.joclim.2021.100057
http://doi.org/10.1016/j.ijid.2018.01.001
http://doi.org/10.1371/journal.pone.0250505
http://doi.org/10.1002/cld.931
http://doi.org/10.1002/jmv.23526
http://doi.org/10.1016/j.aohep.2019.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31167734
http://doi.org/10.1093/aje/kwq225
http://www.ncbi.nlm.nih.gov/pubmed/20801864
http://doi.org/10.5005/jp-journals-10018-1087
http://www.ncbi.nlm.nih.gov/pubmed/29264310
https://www.banglajol.info/index.php/BJMM/article/view/21509
http://doi.org/10.1016/j.jcv.2015.06.103
http://doi.org/10.1371/journal.pone.0255054
http://doi.org/10.1002/jmv.26739
http://doi.org/10.3389/fped.2021.721918
http://doi.org/10.3390/pathogens11111337
http://doi.org/10.4269/ajtmh.1996.54.554

Viruses 2023, 15, 63 15 of 15

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

Blackard, J.T.; Rouster, S.D.; Nady, S.; Galal, G.; Marzuuk, N.; Rafaat, M.M.; Daef, E.; El Din, S.S.; Purcell, R. H.; Emerson, S.U.;
et al. Genotypic characterization of symptomatic hepatitis E virus (HEV) infections in Egypt. J. Clin. Virol. 2009, 46, 140-144.
[CrossRef]

Kuniholm, M.H.; Purcell, R.H.; McQuillan, G.M.; Engle, R.E.; Wasley, A.; Nelson, K.E. Epidemiology of hepatitis E virus in
the United States: Results from the Third National Health and Nutrition Examination Survey, 1988-1994. ]. Infect. Dis. 2009,
200, 48-56. [CrossRef] [PubMed]

Grewal, P; Ahmad, J. Beware of HCV and HEV in patients with suspected drug-induced liver injury. Curr. Hepatol. Rep. 2018,
17,270-275. [CrossRef]

Liang, Z.; Wang, L.; Wang, L. Updates on hepatitis E virus. Chin. Med. J. 2022, 135, 1231-1233. [CrossRef] [PubMed]

Labrique, A.B.; Sikder, S.S.; Krain, L.J.; West KPJr Christian, P.; Rashid, M.; Nelson, K.E. Hepatitis E, a vaccine-preventable cause
of maternal deaths. Emerg. Infect. Dis. 2012, 18, 1401-1404. [CrossRef] [PubMed]

Rasheeda, C.A.; Navaneethan, U.; Jayanthi, V. Liver disease in pregnancy and its influence on maternal and fetal mortality: A
prospective study from Chennai, Southern India. Eur. J. Gastroenterol. Hepatol. 2008, 20, 362-364. [CrossRef]

Sultana, R.; Islam, M.T.; Bhuyan, G.S.; Sarker, S.K.; Noor, FA.; Hossain, M.; Rashid, M.; Rahmat, R.; Zaman, K.; Begum, M.N_;
et al. IgG antibody response demonstrates inverse correlation with viral load in Bangladeshi women with acute hepatitis E virus
genotype 1 infection. Int. J. Infect. Dis. 2021, 104, 482-490. [CrossRef]

Kamar, N.; Del Bello, A.; Abravanel, F,; Pan, Q.; Izopet, ]. Unmet Needs for the Treatment of Chronic Hepatitis E Virus Infection
in Immunocompromised Patients. Viruses 2022, 14, 2116. [CrossRef]

Zhao, H.; Ye, W.; Yu, X.; Hu, J.; Zhang, X.; Yang, M.; Sheng, J.; Shi, Y. Hepatitis E virus superinfection impairs long-term outcome
in hospitalized patients with hepatitis B virus-related decompensated liver cirrhosis. Ann. Hepatol. 2022, 28, 100878. [CrossRef]
Schulz, M.; Papp, C.P; Bock, C.T.; Hofmann, J.; Gerlach, U.A.; Maurer, M.M.; Eurich, D.; Mueller, T. Combination therapy
of sofosbuvir and ribavirin fails to clear chronic hepatitis E infection in a multivisceral transplanted patient. J. Hepatol. 2019,
71,225-227. [CrossRef]

Zhang, J.; Zhang, X.E; Huang, S.J.; Wu, T.; Hu, YM.; Wang, Z.Z.; Wang, H.; Jiang, H.M.; Wang, Y.J.; Yan, Q.; et al. Long-term
efficacy of a hepatitis E vaccine. N. Engl. . Med. 2015, 372, 914-922. [CrossRef]

Zaman, K.; Dudman, S.; Stene-Johansen, K.; Qadri, F; Yunus, M.; Sandbu, S.; Gurley, E.S.; Overbo, ].; Julin, C.H.; Dembinski, J.L.;
et al. HEV study protocol: Design of a clus-ter-randomised, blinded trial to assess the safety, immunogenicity and effectiveness
of the hepatitis E vaccine HEV 239 (Hecolin) in women of childbearing age in rural Bangladesh. BM] Open 2020, 10, e033702.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jcv.2009.07.007
http://doi.org/10.1086/599319
http://www.ncbi.nlm.nih.gov/pubmed/19473098
http://doi.org/10.1007/s11901-018-0410-1
http://doi.org/10.1097/CM9.0000000000001998
http://www.ncbi.nlm.nih.gov/pubmed/35787530
http://doi.org/10.3201/eid1809.120241
http://www.ncbi.nlm.nih.gov/pubmed/22931753
http://doi.org/10.1097/MEG.0b013e3282f246d6
http://doi.org/10.1016/j.ijid.2020.12.081
http://doi.org/10.3390/v14102116
http://doi.org/10.1016/j.aohep.2022.100878
http://doi.org/10.1016/j.jhep.2019.03.029
http://doi.org/10.1056/NEJMoa1406011
http://doi.org/10.1136/bmjopen-2019-033702
http://www.ncbi.nlm.nih.gov/pubmed/31959609

	Introduction 
	History of Hepatitis E 
	Classification, Reservoirs, and Transmission 
	Rohingya Refugee Camp in Bangladesh and HEV Scenarios 
	Epidemiology 
	Hyperendemic and Endemic Zone 
	Distinctive Pattern Zone 
	Sporadic Zone 

	Clinical Presentation 
	Pregnant Women 
	Chronic HEV Infection 
	HEV Superinfection 

	Diagnosis 
	Treatment 
	Vaccination 
	Knowledge Gap and Recommendations 
	Conclusions 
	References

