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Infection with hepatitis E virus (HEV) represents the most common source of viral hepatitis globally. Although infecting

over 20 million people annually in endemic regions, with major outbreaks described since the 1950s, hepatitis E remains

an underestimated disease.
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1. Introduction 

Hepatitis E virus (HEV) is a quasi-enveloped, positive strand RNA virus belonging to the family Hepeviridae . HEV is the

causative agent of Hepatitis E, the most common cause of acute viral hepatitis both in resource poor and developed

countries. Hepatitis E presents as a mostly asymptomatic or acute self-limiting disease with a mortality rate up to 3% in

young adults . However the mortality rate may reach 30% in pregnant women . Furthermore, chronic hepatitis E

infections may occur in high-risk groups such as immunocompromised individuals (e.g., transplant recipients), those with

pre-existing liver disease, HIV-positive persons, and cancer patients . A recent study estimates that 939 million

people worldwide have been infected with HEV in the past and that 15–110 million people have recent or ongoing

infections . According to the WHO, an estimated 3.3 million symptomatic hepatitis E cases occur each year in endemic

areas with 44,000 related deaths .

HEV belongs to the genus Orthohepevirus, containing four species, namely Orthohepevirus A, B, C, and D with A
containing the genotypes HEV-1 to HEV-8 . The genotypes that infect humans include HEV-1 to -4, -7, and

Orthohepevirus C, casually termed rat HEV . HEV-1 and -2 infect only humans and cause large waterborne

outbreaks due to contaminated drinking water in endemic regions of South and Southeast Asia, Africa, and Mexico .

HEV-3 and -4 infect both humans and animals, cause sporadic cases in developed countries, and are mainly spread

through consumption or close contact with contaminated animal products . HEV-7 and rat HEV infections are rarely

reported. HEV-1 is mainly transmitted via the fecal–oral route, but also by vertical transmission from mother to child, from

person to person, and by blood transfusions . HEV-2 is transmitted via the fecal–oral route and human-to-human .

In contrast, HEV-3 and -4 are transmitted by transfusion of contaminated blood products, consuming contaminated

shellfish, contact with infected animals, environmental contamination by animal manure run-off, and consumption of raw

or undercooked meat . Hepatitis E is not a sole health burden of the developing world, however, with numbers of

reported sporadic cases increasing in industrialized nations, where the virus is spread primarily through zoonotic

transmission.

Although usually a self-limiting disease in immunocompetent persons, hepatitis E can cause serious complications in at-

risk populations such as pregnant women  and organ transplant recipients . Treatment options remain limited,

and only one vaccine has been developed so far with its use limited to China .

2. Discovery and History

An epidemic of HEV was reported in 1955 in Delhi, India, with about 29,000 cases of icteric hepatitis . After this

epidemic, several waterborne outbreaks were reported throughout India, and most of these cases were non-A and non-B,

leading the disease to be described as enteric non-A non-B hepatitis (ENANBH) . In addition, a major water-related

epidemic outbreak in the Kashmir Valley was reported at the end of 1978, with 52,000 cases and 1700 deaths . The

symptoms of these cases were similar to hepatitis A but were negative for both hepatitis A and hepatitis B and were

therefore confirmed as ENANBH . In 1981, hepatitis occurred in a Soviet military camp in Afghanistan. To investigate

this situation, a doctor in the Russian army, Mikhail Balayan, voluntarily ingested a pooled filtrate of stool samples from

the infected soldiers, and he subsequently developed acute hepatitis . The serum of Dr. Balayan was negative for

hepatitis A virus (HAV) and hepatitis B virus (HBV), suggesting that a new pathogen was responsible for this infection.

Immunoelectron microscopy identified 20–30 nm non-enveloped virus-like particles in stool, confirming a novel ENANBH
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virus . In 1990, this novel ENANBH was partially cloned and sequenced and was henceforth called the hepatitis E virus

(HEV) . It was initially indicated that hepatitis E infection spreads via contaminated water and is limited to resource

poor countries. Later, however, increasing reports of sporadic cases emerged in non-endemic industrialized countries with

high seroprevalence in a few areas of the United States . The reason for this high prevalence was not understood, and

it was speculated that undetected non-pathogenic or less pathogenic HEV strains were circulating. In 1998, genome

sequences confirmed that human HEV were similar to that of HEV in pigs, suggesting zoonotic transmission pathways 

. Overall, these studies led to the identification of a broad spectrum of HEV strains that are either restricted to humans,

animals, or infect both.

3. Virology

HEV particles have an icosahedral shape, are non-enveloped, and form virions with a diameter of about 27–34 nm .

The HEV genome is about 7.2 kb in size and consists of a 5′ UTR capped with 7-methylguanosine (M G), followed by

three open reading frames (ORF1, ORF2, and ORF3). The 3′ UTR ends with a poly(A) tail (A ) like the eukaryotic mRNA

structure. Viral replication starts with the translation of the ORF1-encoded non-structural polyprotein. An RNA-dependent

RNA polymerase (RdRp) subsequently transcribes the full-length negative-sense RNA. This RNA serves as a template for

the synthesis of two viral positive-sense RNAs in infected cells, a full-length genomic RNA, and a subgenomic RNA

containing the capsid protein-encoding ORF2 and polyfunctional protein (PP)-encoding ORF3 . The genomic

arrangement and the stages of viral genome replication and protein synthesis are visualized in Figure 1.

Figure 1. Genome arrangement of hepatitis E virus (HEV) and steps of viral genome replication.

ORF1 encodes a non-structural polyprotein of varying length that consists of seven domains comprising a methyl

transferase (Met), X and Y domains, a papain-like cysteine protease (PCP), a proline-rich hypervariable region (HVR),

RNA helicase (Hel), and RNA-dependent RNA polymerase (RdRp) . Of these seven, only the Met, Hel, and RdRp have

been functionally well characterized . The complete function of all ORF1 domains is still not fully understood. In

addition, whether it functions as a multi-domain polyprotein like a "Swiss army knife" or whether it needs to be cleaved for

functional activity  is under debate and there is still no conclusive evidence that PCP has a protease function .

Although ORF1 is essential for HEV replication, its HVR displays considerable sequence divergence even between

isolates of the same virus genotype . Size differences between different HEV genomes can be primarily attributed to

the HVR region. Analysis of different patient derived HEV isolates revealed various strains that harbor insertions from

other regions of the viral genome, or from human genes, within the HVR .

The ORF2 encodes for the capsid protein. Its N-terminal signal peptide shuttles it to the extracellular compartment. The

ORF2 protein contains three potential N-glycosylation sites , and is the main immunogenic target of neutralizing

antibodies . The full-length ORF2 encodes 660aa; however, recent reports suggested that ORF2 protein is

processed into at least two forms, including one or two forms of secreted glycoproteins that are not associated with

infectious particles, and one unglycosylated form which is the structural component of infectious particles . ORF2

has been well characterized for its usefulness in diagnostics and vaccines, including the vaccine Hecolin  p239, which is

currently only approved in China.

The ORF3 protein is a polyfunctional 13-kDa protein of 113 (genotype 3) or 114aa (genotypes 1, 2, and 4). Computational

homology scans did not reveal any domains comparable to other known viral proteins. It has been shown to bind to

microtubules and be involved in particle assembly and egress by interaction with the tumor susceptibility gene 101 protein

(TSG101), a key protein involved in the endosomal sorting complexes of the ESCRT (endosomal sorting complexes

required to transport) transport pathway and involved in the budding of the viruses . Furthermore, it may play a
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role in infectious particle secretion via its palmitoylation and membrane association . Additionally, there are also reports

of its role in intracellular transduction pathways, the potential to reduce host immune responses, and protection of virus-

infected cells . A recent article reports that ORF3 is a functional ion channel required for release of infectious

particles .

HEV exists as quasi-enveloped viral particles in blood and cell culture supernatant and as non-enveloped virions in bile

and feces . When they are shed into the environment, non-enveloped naked virions are enterically transmitted through

contaminated water or food. So far, it is not well understood how HEV virions overcome the intestinal barrier and reach

the liver. However, it is assumed that the virions first infect the enterocytes, where they multiply, and are excreted as

quasi-enveloped virus particles into blood circulation, thus infecting hepatocytes . On their way through the bile duct,

the envelope is stripped off and naked, and more infectious virions are again released via the stool .

Naked HEV particles possibly attach to target cells via heparin sulfate proteoglycans (HSGPs)  and heat shock cognate

protein 70 (HSC70) . Integrin α3 has been described recently  as a candidate receptor to mediate entry into the cells

by dynamin-dependent, clathrin-mediated endocytosis, supported by the GTPases Ras-related proteins Rab5A (RAB5)

and Rab7a (RAB7), which are necessary for quasi-enveloped particle internalization . Quasi-enveloped particles

attach less efficiently to cells and likely enter the cell in a manner similar to exosomes . Not requiring HSGPs allows

attachment in a non-cell-specific manner, possibly explaining HEV’s capacity to infect extrahepatic tissues . Following

this, lysosomal degradation of the lipid membrane (in the case of enveloped particles) and subsequent viral capsid

uncoating take place, followed by release of the genomic HEV positive strand RNA into the cytoplasm . The host

cellular transcriptional machinery translates ORF1 polyprotein containing RdRp from HEV RNA. The polymerase

transcribes the full-length negative-sense HEV RNA. From this negative strand, two RNAs are transcribed by RNA

helicases and RdRp to form a full-length genomic RNA and a 2.2 kb bicistronic subgenomic RNA. These two capped and

polyadenylated RNAs serve as templates for the translation of non-structural ORF1 polyproteins, ORF2 capsid proteins,

and polyfunctional ORF3 proteins .

The subsequent steps are viral assembly and release. ORF2 and ORF3 and positive-sense genomic HEV RNA are

known to form a complex in the ER–Golgi intermediate compartment and produce viral progeny particles . The

particles of the progeny virus bind to the TSG101 protein and are secreted in a presumably basal fashion as enveloped

particles . When leaving hepatocytes from the apical part, the envelope is stripped as described above . There

are many significant gaps in the understanding of the HEV life cycle and virus–host cell interactions , and further

studies are urgently needed. Several in vitro systems exist to study the virus. Reverse genetics models based on

infectious cDNA clones have been described for several genotypes. The most commonly used are the Sar-55-related

genotype 1 clone , the genotype 3a and 3c Kernow-C1- , and 47832-related  clones, respectively, both of which

contain insertions in the HVR, and the genotype 4 TW6196 clone . A recent presentation of a novel in vitro method to

produce high viral titers, allowing study of the full HEV replication cycle in cell culture, has additionally created confidence

that we may overcome our limited understanding of HEV pathophysiology . Although these systems are most

commonly used in conventional cell culture systems, several animal infection models have been developed. Rhesus

monkeys have been shown to be susceptible to HEV-1 through -4 , while cynomolgous monkeys and chimpanzees

have been used as models for HEV-1 and -2 . As natural hosts for HEV-3 and -4, pigs can be readily infected by

strains of these genotypes . Recent reports have also described successful infection of human liver chimeric mice

with HEV-1 and -3 strains . Moreover, small animal and avian models exist for the study of animal HEV. Although

animal infection models provide more physiological conditions than cell culture systems, limitations are also present.

Neither non-human primates nor mice represent natural hosts of HEV, while pigs can only be infected with HEV-3 and -4.

Experiments with primates also raise ethical concerns.

4. Conclusions

Infection with hepatitis E virus is still an under-reported disease worldwide. However, awareness of the prevalence of this

virus has grown exponentially in the last decades. Before and since its discovery, there had been numerous large-scale

outbreaks in the developing world with tens of thousands of cases, demonstrating that HEV is the most common cause of

viral hepatitis worldwide. While HEV-1 and HEV-2 occur mainly in waterborne epidemics in areas with insufficient hygienic

conditions, sporadic cases of HEV-3 and HEV-4, which are transmitted zoonotically or via contaminated blood products in

industrialized countries, have confirmed that HEV is not a health burden solely of resource poor regions. Although much

effort has been put into elucidating the mechanisms of infection, replication, and pathology of the virus, many questions

are still left unanswered, underlining the importance of further research on its virology. This is especially important as
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hepatitis E infections—depending on the genotype—can cause severe liver disease in risk groups such as pregnant

women and immunocompromised persons. With these aspects in mind, it is clear that further research is vital to develop

more effective treatment options and approved vaccination strategies.
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