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Hepatitis E outbreaks are a serious public health concern in developing countries. The disease causes acute infections, primarily in young 
adults. The mortality rate is approximately 2%; however, it can exceed 20% in pregnant women in some regions in India. The causative agent, 
hepatitis E virus (HEV), has been isolated from several animal species, including pigs. HEV genotypes 3 and 4 have been isolated from both 
humans and animals, and are recognized as zoonotic pathogens. Seroprevalence studies in animals and humans indirectly suggest that HEV 
infections occur worldwide. The virus is primarily transmitted to humans via undercooked animal meats in developed countries. Moreover, 
transfusion- and transplantation-mediated HEV infections have recently been reported. This review summarizes the general characteristics 
of hepatitis E, HEV infection status in animals and humans, the zoonotic transmission modes of HEV, and HEV vaccine development status.
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Virological characteristics of hepatitis E virus

Hepatitis E virus (HEV) has been isolated from humans and 
several animal hosts, including pigs. A taxonomic scheme of the 
viral family was recently proposed to create a consensus 
classification based on the complete genome sequences of HEV 
isolates [102]. The family Hepeviridae comprises two genera: 
Orthohepevirus and Piscihepevirus. Orthohepevirus contains 
four species: Orthohepevirus A–D. Orthohepevirus A includes 
four major genotypes (HEV-1 to HEV-4) that infect humans, 
with HEV-1 and HEV-2 occurring only in humans. HEV-3 has 
been isolated from humans and several animal species including 
pigs. HEV-4 has been isolated from humans and pigs. It is 
proposed that additional genotypes including HEV-5 and HEV-6, 
which were recently identified in wild boars, and HEV-7, which 
was identified in camels, belong to Orthohepevirus A. HEV has 
a positive-sense single-stranded RNA genome with a cap and 
poly-(A) tail at its 5´ and 3´ ends, respectively. The HEV genome 
contains three open reading frames (ORFs) designated ORF1, 
ORF2, and ORF3 that encode nonstructural proteins including 
RNA-dependent RNA polymerase, a capsid protein, and a small 
protein, respectively [107].

Humans are generally infected with HEV via the oral route, 
and patients excrete many viruses in their feces. Hepatitis E 

outbreaks in human populations are usually associated with the 
consumption of feces-contaminated water, heavy rainfall, and 
flooding in developing countries [2]. Classical hepatitis E virus 
induces acute infection, but not the chronic infection observed 
in hepatitis B and C. Clinical signs of acute hepatitis E appear 
after two to six weeks of incubation. The major symptoms of 
hepatitis E are fever, nausea, abdominal pain, loss of appetite, 
vomiting, hepatomegaly, jaundice, itching, pale stools, and 
darkened urine [83]. Epidemiological studies indicate that most 
cases of hepatitis E occur in young adults (15–45 years old) 
[64]. The overall mortality rate of hepatitis E is approximately 
2%, but can be more than 20% among pregnant women in some 
regions because of fulminant hepatic failure [64]. 

HEV infection in animal species

HEV genomic sequences were initially detected in 6% of the 
serum and fecal samples of pigs (3/47) in Nepal in 1995 [15]. 
That study also demonstrated HEV-specific antibodies in 33% 
of pigs (18/55), indicating HEV infections occur in pigs. Two 
years later, Meng et al. [81] proposed the term “swine HEV” 
and demonstrated a human HEV-like but distinct virus in pigs 
reared in the USA. Pigs naturally infected with swine HEV did 
not present any of the clinical signs observed in human patients. 
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However, the infectivity of swine HEV was verified in pigs that 
developed viremia, replication intermediate (negative-sense 
antigenomic) RNA, seroconversion, and mild hepatitis. Only 
microscopic hepatitis characterized by mild multifocal 
lymphoplasmacytic hepatitis was observed in the liver tissues 
of HEV-infected pigs. That study also demonstrated the 
cross-reactivity of sera obtained from infected pigs with the 
capsid protein of human HEV strain, very high seroprevalence 
(80–100%) in pigs older than 3 months, and a high genetic 
homology between swine and human HEV strains. A 
subsequent study determined the seroprevalence of HEV in pig 
populations in two HEV-endemic countries (China and 
Thailand) and two HEV–non-endemic countries (Korea and 
Canada) [79]. The results showed that considerable proportions 
of pigs (20–90%) older than 3 to 4 months in all countries had 
anti-HEV IgG antibodies. Thus, the aforementioned studies 
indicate most HEV infections begin in 2 to 3-month-old pigs 
after weaning at about one month. Despite the small number of 
countries included in those studies, the results suggest hepatitis E 
is enzootic in pig populations in both endemic and non-endemic 
countries.

The cross-species infectivity of swine HEV was verified by 
experimental infection of non-human primates [80]. Two 
rhesus monkeys and a chimpanzee inoculated with swine HEV 
(genotype 3) exhibited evidence of viral replication, such as 
viremia, seroconversion, fecal viral shedding, and mild 
hepatitis with elevated serum alanine aminotransferase (ALT). 
Therefore, the possibility of human infection with swine HEV 
was proposed. Pregnant gilts were experimentally infected with 
swine HEV to reproduce fulminant hepatitis, which was 
observed in pregnant women living in some geographic regions 
of developing countries [58]. However, this failed to reproduce 
fulminant hepatitis and abortion. 

The identification of swine HEV prompted the serological 
surveillance of HEV infections in several animal species. 
Animals evaluated in the United States showed the following 
seroprevalence rates: bison, 4.6%; cattle, 15%; dogs, 0.9%; 
Norway rats, 0.6%; farmed swine, 41.2%; and wild swine, 2.9% 
[23]. In contrast, cattle and dogs did not have anti-HEV 
antibodies, but 8.1% of cats harbored antibodies against HEV in 
Korea [103]. A recent seroprevalence study in China reported 
that 21.12% and 6.28% of dogs and cats have anti-HEV 
antibodies, respectively [71]. In India, 4.4 to 6.9% of cattle, 54.6 
to 74.4% of pigs, 22.7% of dogs, and 2.1 to 21.5% of rodents 
have anti-HEV antibodies in their sera [5]. Although those 
authors did not detect antibodies against HEV in goat sera, a 
recent study reported serological evidence of infection of 
HEV-like agents in a goat population in the United States [97]. 
In addition to this indirect serological evidence of HEV 
infection, the identities of HEV or the HEV genome have been 
demonstrated in several animal species, including rabbits, 
chickens, deer, wild boars, mongooses, rats, bats, ferrets, 

camels, and trout [102]. 
Rabbit HEV was recently identified in China [121]. The 

full-length nucleotide sequences of two rabbit HEV isolates 
shared 74%, 73%, 78 to79%, 74 to75%, and 46 to 47% identity 
with genotypes 1, 2, 3, and 4, and avian HEV, respectively. That 
study reported the HEV seroprevalence in rabbits in China to be 
57% (191/335). Additional analysis of full genome sequences 
of rabbit HEV isolates show that they have unique several 
characteristics, including an insertion of 31 amino acids in 
ORF1 (amino acids 927–957), which is never found in any 
isolate of HEV genotypes 1 to 4 [28]. Surprisingly, research 
rabbits including specific pathogen-free rabbits exhibited 40 to 
50% of HEV seroprevalence in the United States [8]. These 
findings indicate rabbit HEV is widespread in rabbit farms and 
research facilities. Therefore, the effects of co-infection of 
rabbits with HEV and other pathogens need to be evaluated. 
Complete genome sequence analysis indicates rabbit HEV is 
closely related to HEV genotype 3 [19]. Rabbit HEV strains 
isolated from Mongolia share 80 to 97% identities with other 
rabbit HEV strains isolated from China, the USA, and France 
[47]. Hence, like other human and swine HEV isolates, variants 
of rabbit HEV appear to emerge in different geographic regions.

Rabbits infected with rabbit HEV do not show any clinical 
signs of hepatitis. However, they present with serologic and 
microscopic evidence of hepatitis with elevated serum ALT 
levels and local hepatocellular necrosis in the liver tissues [75]. 
In addition, specific pathogen free rabbits infected with rabbit 
HEV showed persistent fecal viral shedding for a long period, as 
well as chronic hepatitis and some degree of fibrosis [32]. The 
development of chronic hepatitis and fibrosis was never 
reported in other animals naturally or experimentally infected 
with HEV. Very interestingly, a recent study provided evidence 
of abortion, vertical transmission of HEV, and high rates of 
mortality in pregnant rabbits experimentally infected with 
rabbit HEV [116]. As mentioned above, pregnant pigs infected 
with swine HEV did not exhibit high mortality rates or 
reproductive failure. Therefore, these results indicate rabbits are 
a better animal model for studying HEV than pigs because they 
reproduce outcomes similar to those in HEV-infected patients.

Rabbit HEVs isolated in Mongolia efficiently replicated in a 
human lung cancer cell line (A549) and a hepatocarcinoma cell 
line (PLC/PRF/5) [47]. Rabbit HEV isolated in China also 
successfully infected cynomolgus macaques, which subsequently 
developed hepatitis [73]. They presented with elevated ALT, 
viremia, fecal viral shedding, and seroconversion. HEV 
amplification was identified in the kidneys, small intestine, 
spleen, and stomach of infected animals, indicating extrahepatic 
replication of rabbit HEV. Those experimental infections in 
human cell lines and non-human primates suggest rabbit HEV 
is another candidate zoonotic agent that can be transmitted to 
humans.

A novel HEV designated avian HEV was isolated from bile 
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Table 1. Nationwide HEV seroprevalence of human population

Population (n) Year of report or study Evaluation method (manufacturer) Prevalence (%) Reference

Korea (2,450) 2007–2009 ELISA (Wantai, China) 5.9 118
Japan (12,600) 2010 ELISA (In-house and Cosmic, Japan) 3.4 104
China (15,862) 2005–2006 ELISA (MP Biomedical, Singapore) 23.5 43
Hong Kong (450) 2008–2009 ELISA (Biotec Lab., UK) 28.7 13
USA (7,885) 2009–2010 ELISA (Diagnostic System, Italy) 6.0 21
Germany (1,019) 2014 ELISA (recomWell, Germany) 6.8 47
England (2,731) 1991, 2004 ELISA (Fortress Diagnostics, Northern Ireland) 13.0 40
Austria (997) 2009 ELISA (Fortress Diagnostics, Northern Ireland) 14.3 64

ELISA, enzyme-linked immunosorbent assay.

samples of chickens with hepatitis-splenomegaly syndrome in 
the United States [33]. The nucleotide sequence of the capsid 
protein of avian HEV shared 57 to 60% identity with those of 
other HEV strains. In a subsequent study, approximately 71% of 
chicken flocks and 30% of chickens in California, Colorado, 
Connecticut, Virginia, and Wisconsin in the United States were 
positive for HEV antibodies [38]. In that study, 11 additional 
avian HEVs were isolated from chickens exhibiting hepatitis- 
splenomegaly syndrome. Their nucleotide sequences were 78 
to 100% homologous with each other and 56 to 61% with other 
strains of human and swine HEV. The seroprevalence rates of 
avian HEV in Korea were comparable to those in the United 
States [65]. In Korea, 57% of chicken flocks and 28% of 
chickens were found to be positive for antibodies against avian 
HEV. These studies imply avian HEV infections are prevalent 
in chicken flocks, at least in these two countries. Phylogenetic 
analysis classified avian HEV isolates into genotype 1 
(Australia), genotype 2 (USA), and genotype 3 (Europe) [7]. 
Rhesus monkeys as a human surrogates were experimentally 
inoculated with avian HEV to identify the cross-species 
infectivity [39], but no evidence of virus infection was 
observed; i.e., they did not show viremia, seroconversion, fecal 
viral shedding, or increased serum liver enzyme. Therefore, 
unlike swine and rabbit HEV, avian HEV does not appear to be 
transmissible to humans. 

HEV infection in humans 

Hepatitis E has historically been referred to as enterically 
transmitted non-A, non-B hepatitis. The disease frequently 
causes endemics and outbreaks in developing countries in Asia 
and Africa [2]. HEV infection status in human populations has 
primarily been assessed in Asia, America, and Europe. HEV 
seroprevalence in China, Korea, and Japan is approximately 20 to 
30%, 12 to 20%, and 6.0%, respectively [3,13,14,22,109]. 
Analysis of seroprevalence revealed several characteristics of 
hepatitis E, including a tendency toward increased seroprevalence 

with age. The detection rate of anti-HEV antibodies in children 
younger than 10 years is approximately 8%, whereas that in 
individuals above 60 years old is 21 to 56% in Hong Kong and 
eastern China [13,22]. The HEV seroprevalence in England and 
Germany is approximately 13 to 17%, with the highest prevalence 
occurring in individuals aged above 50 to 60 years [24,42]. 
Similarly, more than 16% of American blood donors harbor 
anti-HEV antibodies, and this amount increases with age [118]. 

However, a recent re-evaluation of HEV seroprevalence in 
large populations in both developing and developed countries 
revealed they have decreased dramatically in most countries 
when compared to previous studies (Table 1). There are several 
possible reasons for the higher seroprevalence in previous 
studies, including relatively small sample sizes, limited study 
areas, different detection kits, and different analytic methods 
[21]. Nevertheless, those studies commonly report an age- 
dependent increase of HEV seroprevalence in most countries 
[13,21,42,45,49,106,120]. Therefore, the higher HEV 
seroprevalence in elderly than younger people implies 
subclinical HEV infections might increase with age. 

Interestingly, very high mortality rates (up to 66%) are 
identified in HEV-infected pregnant women in certain regions 
of India [46,63,86]. Most of these women suffer from fulminant 
hepatic failure and have significantly higher viral load than 
non-pregnant women [57]. In contrast, the mortality rate of 
HEV-infected pregnant women in Egypt does not differ 
significantly from that of non-pregnant women, despite their 
very high anti-HEV prevalence rate [104]. Several plausible 
factors may explain these discrepancies, such as less-virulent 
HEV strains circulating in that region and long-lasting 
immunity acquired by HEV exposure at an early age. However, 
more data are required to draw conclusions about these 
intriguing consequences of HEV infections in pregnant women.

Risk factors for HEV infection

Hepatitis E was previously thought to be an endemic disease 
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in developing countries without a clean water supply system. 
Sporadic cases of HEV infection in developed countries were 
mainly attributed to travel to HEV-endemic developing 
countries [1,11]. Such individuals were assumed to be infected 
by drinking contaminated water during travel. However, 
autochthonous HEV infections are increasingly being reported 
in industrialized countries [90]. The precise sources of infection 
for the autochthonous cases are currently unknown, but several 
risk factors associated with those HEV infections have recently 
been suggested [12].

The prevalence of anti-HEV antibodies was evaluated to 
assess the relationship between HEV infection risk and 
occupation. Accordingly, farmers have a significantly higher 
HEV seroprevalence than other occupations in China (34.4%) 
[45]. The seroprevalence of HEV is approximately 1.5 times 
higher in veterinarians working on swine than in normal blood 
donors in the United States [82]. In addition, the risk of HEV 
infection of swine farmers is reported to be 3.5-fold higher than 
that in the general population in rural Taiwan [68]. Moreover, the 
seroprevalence of HEV-reactive antibodies is higher in 
swine-exposed humans such as those working in slaughterhouses, 
meat inspectors, swine farmers, and veterinarians than in control 
blood donors in Germany and Spain [26,62]. Of note, individuals 
working in slaughterhouses are reported to have the highest 
seroprevalence (41.7%). These results indicate individuals who 
work with pigs or in close contact with animals have a higher 
risk of HEV infection than those who do not.

In contrast, some authors recently argued that the HEV 
seroprevalence rates of people exposed to pigs are not 
significantly higher than those of people not exposed to pigs in 
Northern Thailand and Austria [37,66]. More interestingly, 
women working on swine farms have lower HEV infection 
rates than the general population in Guangdong province in 
China [72]. These studies suggest occupations involving pigs 
and coming into contact with animals are not the main risk 
factors for HEV infection. Accordingly, more studies are 
required to resolve this controversy regarding the occupation- 
related risk factors for HEV infection. 

The following evidence provides important clues about the 
cause of autochthonous HEV infection. HEV sequences isolated 
from patients with hepatitis E are almost identical to or closely 
related to sequences of swine HEV strains [9,10,25,113]. 
Furthermore, swine HEV sequences have been detected in sera 
obtained from indigenous patients in the Netherlands who had 
never traveled to HEV-endemic countries [35]. Similarly, 
indigenous cases of acute hepatitis E infection due to the 
consumption of pork meat and entrails have occurred in Japan 
[84]. These autochthonous infections predominantly occurred 
in middle-aged or elderly men who usually consumed pork 
[20,87]. A few cases of HEV infection acquired by eating 
undercooked or uncooked pork have been reported in other 
countries. Therefore, pigs are now recognized as the main risk 

factor for HEV infections in people in developed countries. 
In addition, pork liver sausage and wild boar are 

acknowledged as important risk factors for HEV infection in 
European countries [67]. Pork liver sausage appears to 
contribute significantly to HEV infection in France [17]. HEV 
present in pork liver sausage infected a human hepatocarcinoma 
cell line, suggesting the possibility of HEV infection via 
consumption of these sausages [6]. A case of acute hepatitis E 
infection was reported in an individual who consumed raw bile 
juice from a wild boar in Korea [59]. The causative agent 
isolated from the wild boar was HEV-4. HEV transmission to 
humans may also occur through the consumption of meat from 
other animals. HEV-3 isolates are commonly detected in 
humans and animals including swine, deer, and wild boars in 
Hungary [92]. Interestingly, the same HEV sequences were 
identified in both humans and roe deer. HEV isolated from wild 
boars in Japan have almost the same nucleotide sequence as 
HEV isolated from deer and hepatitis E patients who ate raw 
deer meat [105]. These data indicate interspecies transmission 
of HEV is possible, and that wild boars and deer play an 
important role in the transmission of HEV to humans.

HEV genomes and infectious HEV particles have been 
reported in wastewater samples [48,76,88], and this wastewater 
probably contaminates seawater and shellfish. Indeed, an 
HEV-3 strain was isolated from seawater in Japan, and its 
sequence was very similar to that of human strains [43]. An 
estimated 4 million people annually are infected with hepatitis 
A and E viruses as a result of the consumption of raw or lightly 
steamed shellfish harvested from polluted seawater [101]. 
Approximately 18% of shellfish samples collected from a 
coastal area of China were contaminated with 16 strains of 
HEV-4, which were closely related to swine and human strains 
[27]. In addition, 8.7% of oysters collected from coastal regions 
in Korea were contaminated with HEV and their nucleotide 
sequences were very similar to those of swine HEV [103]. 
Several cases in developed countries confirm that eating raw 
shellfish is a major cause of HEV infections in humans 
[60,67,91]. Collectively, these findings suggest that most HEV 
transmissions are mediated by the consumption of animal 
meats, meat products, and seafood, particularly in developed 
countries.

Traditional HEV transmission is well known to occur via the 
fecal-oral route. However, it has also been suggested that blood 
transfusion plays an important role in HEV transmission in 
HEV-endemic countries [4]. This suggestion was based on 
evidence of the appearance of HEV-specific antibodies and 
increased levels of ALT in some HEV-negative recipients after 
blood transfusion. Transfusion-associated hepatitis E infections 
have been confirmed in rhesus monkeys that developed acute 
hepatitis after plasma transfusion from hepatitis E-viremic 
donors [117]. Autochthonous HEV infections have recently 
been reported in developed countries where HEV is not 
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endemic. These infections may be due to blood transfusion- 
mediated transmission. Indeed, some blood recipients have 
actually been infected with HEV via blood transfusion 
[34,36,77]. Most HEV infections occur primarily in young 
adults aged 15 to 45 years in HEV-endemic regions [16]. 
However, a few studies suggest that children can be infected 
with HEV via blood transfusion [18,41]. Therefore, blood 
transfusion is now recognized as a new risk factor for HEV 
transmission. 

Chronic hepatitis E

Immunosuppressed patients exhibit a tendency to develop 
chronic or persistent HEV infection [53]. Persistent HEV 
infection has also been reported in a patient with T-cell 
lymphoma who did not produce antibodies against HEV 
because of lymphoma and chemotherapy [108]. Accordingly, 
the absence of HEV-specific antibodies is one possible reason 
for the long-term HEV infection in this patient. Furthermore, 
chronic HEV infection was observed in a patient concurrently 
infected with human immunodeficiency virus (HIV) [44,50]. 
Other authors have proposed that solid organ transplantations 
can enhance the development of chronic hepatitis E and 
cirrhosis [52,93]. The incidence of chronic hepatitis E is higher 
in liver transplant recipients than normal control groups 
[29,31,89]. Similarly, many chronic hepatitis E patients are 
kidney or heart transplant recipients [61,85]. The factors 
associated with the development of chronic hepatitis E in solid 
organ recipients were analyzed from relatively large numbers of 
clinic records [53]. The treatment of solid organ recipients with 
the immunosuppressive drug tacrolimus but not cyclosporine A 
was strongly associated with the induction of chronic hepatitis 
E [53]. The effects of immunosuppressive drugs including 
steroids, tacrolimus, cyclosporine A, and mycophenolic acid 
(MPA) on HEV replication were further evaluated in vitro with 
the human hepatoma cell line Huh7 [111]. A high dose of 
tacrolimus, a T-cell–specific immunosuppressant, enhanced 
HEV infection, whereas steroids did not influence HEV 
infection in liver cells. These findings suggest that suppression 
of the T-cell–mediated immune response is an important reason 
that increases the development of chronic hepatitis E in solid 
organ recipients. 

HEV treatment

Reduction of immunosuppressive therapy is clinically 
recommended to resolve chronic HEV infection [53,61,85]. 
However, some chronic hepatitis E patients are unresponsive to 
such reductions and require applicable antiviral drugs. 
Pegylated interferon--2a (Peg-IFN--2a) and Peg-IFN--2b 
have been successfully used to treat chronic HEV infection in 
liver transplantation patients [30,55]. Peg-IFN--2a has also 

been administered to chronic hepatitis E patients who 
developed the disease after kidney transplantation [51]. As a 
result, Peg-IFN therapy inhibited HEV replication in the 
majority of these chronic hepatitis patients. Ribavirin is another 
antiviral drug that may cure chronic hepatitis E [56]. The effects 
of ribavirin monotherapy were evaluated in 59 solid-organ 
transplant recipients who developed chronic HEV infections 
[54]. This treatment resulted in HEV clearance in 95% of the 
patients’ sera. HEV RNA could not be detected in 78% of the 
patients at least 6 months after stopping ribavirin therapy. A 
recent study demonstrated that MPA, an inhibitor of inosine 
monophosphate dehydrogenase, inhibits HEV replication in 
Huh7 cells [111]. That study also demonstrates that combined 
therapy with MPA and ribavirin more effectively suppresses 
HEV replication than MPA or ribavirin alone. Therefore, these 
therapeutic drugs may be administered to hepatitis E patients. 

HEV vaccine

The HEV capsid protein encoded by ORF2 plays an 
important role in protection against HEV infection and 
interaction with host cells [40]. It was suggested that several 
neutralizing antibody epitopes might be present in the capsid 
protein [78,99]. Subsequent studies indicate that most 
neutralizing antibody epitopes are concentrated in the E2s 
domain, which is a protruding domain in the HEV capsid 
protein [69,119]. Although several experimental HEV vaccines 
have been developed, only one was recently approved after a 
successful phase III clinical trial in China [114]. This vaccine 
was generated in Escherichia coli as a virus-like particle (VLP) 
comprising the E2 domain of HEV-1 capsid protein [70]. Its 
efficacy was 100% after the administration of three doses in the 
general population. The same degree of efficacy without any 
side effects was achieved in pregnant women [115,122]. 
Furthermore, the vaccine’s efficacy was demonstrated in 
non-human primates by protection against the heterologous 
HEV-4 as well as the homologous HEV-1 [70]. The vaccine was 
recently demonstrated to contain neutralizing antibody epitopes 
on the VLP surface that may be involved in the VLP’s high 
prophylactic efficacy [112].

Another HEV vaccine has been developed, and its safety and 
efficacy were evaluated in a phase II clinical trial in Nepal 
[100]. The vaccine was generated from insect cells infected 
with recombinant baculovirus expressing a truncated capsid 
protein of HEV-1 Pakistani strain [94]. The recombinant protein 
vaccine was demonstrated to be effective in non-human 
primates and humans in pre-clinical studies [95,110]. In the 
phase II clinical trial, the efficacy of the recombinant capsid 
protein vaccine was 95.5% after the administration of three 
doses [100]. Serologically, 100% of subjects developed at least 
20 Walter Reed antibody units of anti-HEV antibodies per 
milliliter of sera. It was speculated that this high antibody 
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response could protect subjects from HEV infections.
Because HEV infections are widespread among animal 

species, the only possible means to interrupt the transmission of 
HEV from animals to humans is effective animal HEV 
vaccines. A vaccine made up of a single genotype would 
provide cross-protection efficacy against different genotypes of 
HEV. Indeed, pigs infected with genotype 3 swine HEV were 
protected from subsequent infections with genotype 3 human 
and swine HEV, and genotype 4 human HEV 12 weeks later 
[96]. However, pigs immunized with N-truncated capsid 
proteins originating from swine, rat, and avian HEV were not 
completely protected from challenge with human HEV-3 [98]. 
These findings suggest that capsid protein alone cannot provide 
complete cross-protection of pigs from challenge by different 
genotypes. However, rabbits immunized with HEV 239 vaccine 
developed with the capsid protein of HEV-1 were completely 
protected from swine HEV-4 and rabbit HEV with high titers of 
anti-HEV antibodies [74]. Therefore, a human HEV 239 
vaccine is an alternative measure for the prevention of HEV 
infections in rabbits. However, the development of HEV 
vaccines that provide complete cross-species protection to pigs 
requires further research.

Conclusion

Hepatitis E is now recognized as an emerging zoonosis. The 
seroprevalence and isolation of HEV indicate that HEV 
infections may be highly prevalent in both humans and animals. 
Most HEV infections in humans are mediated by the 
consumption of contaminated water and undercooked animal 
meats. Meanwhile, the blood transfusion-mediated transmission 
of HEV and the development of chronic hepatitis E in patients 
who receive solid organ transplantation are emerging issues. A 
prophylactic HEV vaccine for humans has been licensed and 
used in China. The development of more efficient HEV 
vaccines for uses in both humans and animals can be expected. 
Application of HEV vaccines to animals will contribute to 
suppression of HEV transmission from animals to humans.
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