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Zoonotic transmission of hepatitis E virus 
in industrialized countries
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INTRODUCTION

Hepatitis E is an infectious viral disease with clin-
ical and morphological features of acute hepati-
tis. The etiological agent is the hepatitis E virus
(HEV), first identified in the early 1980s
(Emerson and Purcell, 2003). The disease is an
important public health concern in developing
countries where it is frequently epidemic
(Aggarwal, 2011). Industrialized countries were
previously thought to be free from HEV, with a
limited number of cases reported only in people
who had travelled to endemic areas. However,
more recent studies have documented a number
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of sporadic cases in developed areas, including
Europe, among patients who had no history of
travelling to hepatitis E endemic countries.
Furthermore, a high anti-HEV seroprevalence has
been detected in a significant proportion of
healthy individuals of non-endemic countries
(Aggarwal and Jameel, 2011).
Since the early 1990s, serological evidence of
HEV infections and virus detection have been re-
ported in many animal species both in developed
and developing countries, suggesting the possi-
bility that these species may become infected with
HEV-like viruses (Emerson and Purcell, 2003).
In 1997, a swine HEV strain was identified for
the first time in the USA. The swine HEV strain
resulted genetically correlated to two human
HEV strains detected in the USA in the same pe-
riod from patients who had not travelled to en-
demic areas (Meng et al., 1997). Since then, swine
HEV strains have been detected across the globe.
Frequently, a strict genetic correlation between
human and swine strains from the same geo-

Hepatitis E is an infectious viral disease with clinical and morphological features of acute hepatitis. The disease rep-
resents an important public health problem in developing countries, where it is often related to outbreaks mainly as-
sociated with consumption of contaminated water. During recent years, an increasing number of sporadic cases have
also been described in industrialized countries. Besides humans, the hepatitis E virus (HEV) has also been identified
in animals. In 1997, the virus was first detected in swine, and is now considered ubiquitous. Human and swine HEV
strains from the same geographical region present a high level of nucleotide identity, and experimental infections
have confirmed the cross-species transmission of swine strains to humans and of human strains to non-human pri-
mates. Studies on anti-HEV antibodies detection have demonstrated that people working in contact with swine or wild
boar have a higher risk of infection than normal blood donors. In Japan and more recently in France, cases of hepa-
titis E have been associated with ingestion of uncooked meat from pigs, wild boar, or deer. The disease is currently
considered an emerging zoonosis.
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graphic region has been observed, and the possi-
bility of cross-species transmission of swine
strains to humans and of human strains to non-
human primates has been demonstrated (Meng,
2011). Furthermore, several seroepidemiological
studies have reported high antibody prevalence
to HEV in people working in direct contact with
swine or wild boar (Carpentier et al., 2012;
Withers et al., 2002). The first direct evidence of
a possible zoonotic transmission of HEV was pro-
vided in Japan in 2003, when cases of hepatitis E
were caused by the ingestion of uncooked meat or
organs from pigs, wild boar, or deer (Tei et al.,
2003; Yazaki et al., 2003). More recently, a study
conducted in France confirmed that 13 human
cases of hepatitis E were eventually linked to the
consumption of raw figatellu pig liver sausages
(Colson et al., 2010). The disease is now recog-
nized as an emerging zoonosis.

ETIOLOGY

Taxonomy and nomenclature
The HEV is classified as the new genus Hepevirus
in the family Hepeviridae (Emerson et al., 2004;
Emerson and Purcell, 2003). HEV strains detect-
ed in humans and other mammalian species rep-

resent the major genus of Hepeviridae (Table 1).
Although avian HEV strains share only 50-60%
nucleotide identity with mammalian HEV strains
(Meng, 2010a), specific antibodies are able to
cross-react with the capsid protein of both groups
of viruses, demonstrating the presence of com-
mon epitopes (Haqshenas et al., 2001).
Nonetheless, avian HEV strains have never been
associated with cases of infection in human be-
ings (Kamar et al., 2012). 
Four genotypes of mammalian HEV are current-
ly recognized (Figure 1), which primarily infect
humans, domestic pigs, wild boar, deer, rabbit,
and mongoose (Meng, 2011). However, genetically
distant HEV strains have more recently been iden-
tified in the rat (Johne et al., 2010b), ferrets (Raj
et al., 2012), wild boar (Takahashi et al., 2011), bat
(Drexler et al., 2012), and cutthroat trout
(Oncorhynchus clarkii) (Batts et al., 2011), sug-
gesting that the Hepeviridae family classification
should be reviewed. Based on the sequence com-
parisons of HEV genomes currently available,
strains are classified in genotypes and sub-geno-
types. Despite the knowledge that different HEV
genotypes occur, the virus seems otherwise to ex-
ist as a single serotype (Aggarwal and Naik, 2009).
In industrialized countries, autochthonous hu-
man cases appear to be related to HEV strains be-
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TABLE 1 - Genotypes and host range of the hepatitis E viruses (adapted from (Meng, 2011). 

HEV strains Natural host Geographic distribution

Mammalian HEV
Genotype 1 Humans Burmese-like Asian strains
Genotype 2 Humans A Mexican strain and some African strains
Genotype 3 Humans, domestic pigs, Worldwide

wild boars, deer, mongoose, 
rabbits

Genotype 4 Humans, domestic pigs, Asia and Europe
wild boars

Novel unclassified genotype, Rat HEV Rats
Novel unclassified genotype, Boar HEV Wild boars Japan
Novel unclassified genotype, Bat HEV Bat Worldwide
Novel unclassified genotype, Ferret HEV Ferret

Avian HEV
Genotype 1 Chicken 
Genotype 2 Chicken 
Genotype 3 Chicken
Genotype ? Chicken Hungary

Trout HEV
Genotype ? Cutthroat trout USA



longing to genotypes 3 and 4 (Emerson and
Purcell, 2003; Scobie and Dalton, 2013), which
are still considered the only zoonotic genotypes.
Genotype 3 was first identified in autochthonous
human cases in the USA, when the 2 human
strains US-1 and US-2, showed only 74-75% nu-
cleotide identity with the previously known geno-
types 1 and 2, and were accordingly classified sep-
arately (Meng et al., 1997). Since then, genotype 3
has been detected worldwide, associated with spo-
radic cases and small outbreaks in North America,
Europe, Japan and New Zealand (Dalton et al.,
2007). This genotype is also commonly detected in
animals, and a strict genetic correlation has been
consistently observed between human and animal
strains circulating in the same geographical area.
In fact, the first swine HEV strain, identified in
the USA in 1997, shared a 92% nucleotide identi-
ty in ORF2 with human strains US-1 and US-2.
Given the strict genetic correlation, the two virus-
es were classified in the same genotype 3, and

since then pigs have been considered a reservoir
of HEV (Meng et al., 1997).
The other zoonotic genotype (genotype 4) is in-
digenous to Asia, where it has been recovered
from both pigs and humans (Colson et al., 2012).
Genotype 4 is increasingly described as being en-
demic in pigs in Asia, and as the cause of spo-
radic cases of hepatitis E in humans and infection
in swine in China, Japan, and recently in Europe
(Colson et al., 2012; Garbuglia et al., 2013). The re-
cent and increasingly frequent detection of geno-
type 4 in Europe is of concern for public health,
and raises the question whether genotype 4 was
somehow introduced into domestic pigs and may
be expected to spread further in farms or whether
it was confined to imported pig meat of Asian ori-
gin into Europe (Colson et al., 2012).

Structure of the virus and genome organization
HEV is a small (27-34 nm), icosahedral, non-en-
veloped single-stranded positive-sense RNA virus.
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FIGURE 1 - Phylogenetic
tree illustrating different
genotypes of hepatitis E. The
tree is based on full-length
sequences of HEV strains of
either human or animal ori-
gin. The GenBank accession
no. is indicated G1, G2,G3,
G4 indicate genotype 1,2,3
and 4 respectively. G? are
genotype not jet defined..



The HEV genome is approximately 7.2 kb in
length, and presents a 7-methylguanosine cap fol-
lowed by three overlapping open reading frames
(ORFs) and a second non-coding region of about
65-74 nucleotides with a 3¢ poly A tail (Figure 2).
The genome length slightly varies between ani-
mal strains although the genome organization
seemed to be conserved in all these cases. The
ORF1 (5073-5124 nt) codes for a non-structural
polyprotein of about 1,690 amino acids, which is
involved in viral genome replication and viral pro-
tein processing. The ORF3 (366-369 nucleotides)
follows the ORF1, and overlaps the N-terminal
portion of the ORF2 in a different reading frame,
encoding a small phosphoprotein (pORF3).
Recent studies have shown that pORF3 may be
involved in virus release from infected cells
(Okamoto, 2011).
The viral capsid protein encoded by ORF2 as-
sembles into the complete virion, binds to host
cells, and can elicit neutralizing antibodies. The
virus capsid is made of 30 subunits containing
homodimers of the pORF2 (Yamada et al., 2009).
Among the four major mammalian HEV geno-
types, sequence identity between the amino acid
residues of the capsid protein is >85%, and most
amino acid divergence is found in the N-termi-
nal 111 residues. Expression of a truncated cap-
sid protein lacking the first 111 amino acids
and/or the C-terminal 59 amino acids using the
baculovirus expression system in insect cells re-
sulted in self-assembly of the capsid protein (Xing
et al., 2011). Two types of HEV-like particle
(HEV-VLP) were produced with different diam-
eters, corresponding to different proteolytic cleav-
ages. The recombinant HEV capsid protein is cur-

rently undergoing clinical trials as a vaccine can-
didate (Zhao et al., 2013).

Epidemiology of human HEV infection
In developing countries, HEV strains belonging to
genotypes 1 and 2 are responsible for most cases
of hepatitis E. Infection is usually transmitted
among humans by the fecal-oral route, and it has
proven able to cause large outbreaks particular-
ly when associated with the consumption of con-
taminated water.
In industrialized countries, several studies have
reported high HEV seroprevalence rates (5-20%)
among healthy individuals, suggesting wide-
spread infection, which most likely occurs at a
subclinical or asymptomatic level (Emerson and
Purcell, 2003). The actual percentage of subjects
seropositive to HEV might be even higher, if the
more sensitive tests recently developed for anti-
HEV antibody detection are used. Accordingly,
the seroprevalence among blood donors in
Toulose, France, was shown to rise from 16% to
52% using a modern assay with higher sensitivi-
ty than previous assays (Kamar et al., 2012).
Unlike genotypes 1 and 2, infections caused by
genotypes 3 and 4 HEV strains appear to cause
clinical hepatitis in middle-aged subjects and the
elderly, but this unusual demography remains
unexplained. Moreover, the high mortality asso-
ciated with pregnancy and genotype 1 HEV in-
fections has not been reported with either geno-
type 3 or 4 strains.
Until a few years ago, the few cases of hepatitis E
in industrialized countries were reported only in
people who had travelled to endemic areas.
However, in the last decade sporadic cases or
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FIGURE 2 -Genomic organization of HEV, including the 3 ORFs. On the top, functional domains are indicated: MeT
methyltransferase, Y domain, PCP protease, X domain, Hel helicase, RdRp RNA dependent RNA polymerase, pORF2
capsid protein, pORF3.



small clusters of cases have been recorded in sub-
jects without a history of travel abroad, in the
USA, Europe (including the United Kingdom,
France, the Netherlands, Austria, Spain, Italy, and
Greece), and in developed countries of Asia-
Pacific (Japan, Taiwan, Hong Kong, Australia),
suggesting the presence of autochthonous reser-
voirs of HEV in these areas (Meng, 2010a). In in-
dustrialized countries, infection with HEV nor-
mally causes sporadic cases or small outbreaks,
and besides imported cases it seems to be at least

partially associated with zoonotic transmission
(Pavio et al., 2010), and caused by genotype 3 and
4 strains (Figure 3).
As in other developed countries, most cases oc-
curring in Italy are also associated with travel to
endemic areas. The first identification of an au-
tochthonous HEV dates back to 1999, when a
genotype 3 virus similar to swine strain was iden-
tified in a patient who had neither travelled to
nor had contact with individuals associated with
endemic areas (Schlauder et al., 1999). In Italy,
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FIGURE 3 - A: worldwide distribution of HEV infections; B: worldwide distribution of HEV genotypes. The colors
used for each country represent the predominant HEV genotypes of human and animal strains (mostly pigs).



HEV infection is thought to account for approx-
imately 5-10% of reported cases of acute non-A-
C viral hepatitis (Zanetti and Dawson, 1994),
which would lead to estimates of just a few hun-
dred cases per year. However, the number of re-
ported cases of acute infection is probably under-
reported, due both to the frequent occurrence of
sub-clinical infection and to the lack of specific
serological testing in many clinical centers
(Zuccaro et al., 2012).
A recent detailed paper has attributed to HEV the
etiology of 134 of 651 cases of non A-C hepatitis
hospitalized during the period 1994 through 2009
in Northern Italy (Romano et al., 2011). Of these
patients, 22 were confirmed as being autochtho-
nous. Although molecular typing of HEV strains
was possible for only 5 cases, it is remarkable that
these five indigenous strains were all genotype 3
HEV. Similar findings were reported in other
studies throughout Europe (Kamar et al., 2012).
More recently, rare human cases linked to geno-
type 4 HEV strains, normally endemic in both
man and pigs in Asia, have also been reported in
Europe (Garbuglia et al., 2013), but it was not
concluded whether any of these cases may have
originated via zoonotic or foodborne transmis-
sion. Nonetheless, these findings make it obvious
to ask whether genotype 4 may spread further in
Europe, as is presently the case for genotype 3
HEV.

Epidemiology of HEV infection in animals
Animal strains of HEV were discovered in do-
mestic pigs (Meng et al., 1997), wild boars
(Sonoda et al., 2004), chicken (Haqshenas et al.,
2001), rabbits (Zhao et al., 2009), rats (Johne et al.,
2010b), deer (Tei et al., 2003), mongoose
(Nakamura et al., 2006), ferrets (Raj et al., 2012),
and possibly also in cattle (Hu and Ma, 2010) and
sheep (Wang and Ma, 2010). This together with
the existence of other animal species that are
seropositive for HEV antibodies (Meng, 2010a;
Meng, 2010b) have significantly broadened the
host range and diversity of HEV. Once the possi-
bility of zoonotic transmission is accepted, it ap-
pears clear that the higher the prevalence is in
animals, the greater is the risk of transmission to
humans. 
Besides the obvious implications of the ubiqui-
tous presence of HEV in animals relevant for the
food production chain, its spread in several oth-

er animal species raises public health concern for
zoonotic infection also through direct contacts
with infected animals, environmental contami-
nation, particularly surface waters, via animal
HEV shedding in feces, as well as recreational
and professional exposure hazards in the coun-
tryside (Meng, 2010a; Meng, 2010b; Pavio et al.,
2010).

HEV infection in domestic pigs
Since the first identification of swine infection in
1997 in the USA (Meng et al., 1997), several oth-
er swine strains have been isolated in North and
Central America, Asia, Europe, Africa, New
Zealand, and Australia. At least two genotypes of
swine HEV, genotypes 3 and 4, have been defin-
itively identified and characterized from pigs
worldwide and, as in the case of human strains,
swine strains have also been shown to present a
high degree of nucleotide and phylogenetic di-
vergence from region to region.
Swine strains, particularly those identified in in-
dustrialized countries, have often been related to
human cases of disease in which no specific
source of infection was identified (Meng et al.,
2002). In countries where HEV has been identi-
fied and serological studies have been performed,
most pigs over the age of three to four months
have been shown to possess HEV-antibodies
(Clemente-Casares et al., 2003; Meng et al., 1997;
van der Poel et al., 2001). Swine younger than two
months are usually seronegative or positive at low
prevalence, whereas pigs over that age show
seropositivity rates that often exceed 80%.
In recent years, virological surveys carried out in
many countries (Berto et al., 2012a; Berto et al.,
2012b; Di Bartolo et al., 2012; Leblanc et al., 2007)
have detected HEV in high sample proportions
(often >40%) from apparently healthy animals at
slaughterhouses, next to entering the pork pro-
duction chain and being commercialized.

HEV infection in wild and synanthropic animals
To date, studies aimed at evaluating the presence
of HEV RNA or specific antibody in wild boars
have been conducted in several European coun-
tries (Carpentier et al., 2012; Martelli et al., 2008;
Rutjes et al., 2010; Schielke et al., 2009; Widen et
al., 2011). As HEV is excreted in the feces of in-
fected animals, it can be speculated that HEV
could be transmitted by contact with wild boar

336 F.M. Ruggeri, I. Di Bartolo, E. Ponterio, G. Angeloni, M. Trevisani, F. Ostanello



or their feces (Rutjes et al., 2010). These findings,
together with the observation that HEV infection
may be subclinical and can also be present in an-
imals at an age when they are commonly hunted
to be eaten are somewhat worrying because of
the possible risk of transmission of HEV to man
by either contact with infected boars or ingestion
of contaminated undercooked meat or organs.
Antibodies and viruses were also identified in
deer and roe deer in Europe and Japan (Matsuura
et al., 2007; Rutjes et al., 2010; Tomiyama et al.,
2009), and as revealed by sequence analysis on
strains from Sika deer in Japan and roe deer in
Hungary, both strains belonged to genotype 3 of
HEV (Forgach et al., 2010; Takahashi et al., 2004). 
Antibodies to HEV and sequences of HEV strains
were also identified in rats in Germany (Johne et
al., 2010b), in the USA, and in Vietnam (Li et al.,
2013). Detection of HEV in rats represent a major
concern since rats living close to farms housing
pigs might easily transmit the virus to pigs, sug-
gesting a possible role of rats in spreading of the
infections (Kanai et al., 2012). However, HEV
strains detected in rats can vary substantially. The
HEV strains characterized from German rats
shared only approximately 60% of sequence iden-
tity with human HEV strains (Johne et al., 2010a),
and phylogenetic analyses revealed that the rat
HEV belonged to a putative novel genotype with-
in the genus Hepevirus. Nevertheless, in a recent
study conducted in the USA sequences were ob-
tained from HEV-positive liver samples of wild
Rattus spp., and all isolates belonged to the
zoonotic HEV genotype 3, except one close to the
recently discovered rat genotype from Germany
(Lack et al., 2012). It remains to be determined if
this novel rat HEV can effectively cross any species
barrier, and infect humans or other animals. 
Recently, HEV sequences highly homologous to
rat hepatitis E virus were detected in the feces of
foxes, in the Netherlands. It is however unclear
whether this virus is circulating among foxes or
was derived from their prey (e.g., rats) (Bodewes
et al., 2013).
Several new HEV strains have also been isolated
from farmed rabbits in China (Zhao et al., 2009).
The rabbit HEV belongs to the genotype 3, thus it
is possible that the rabbit HEV may be zoonotic.
More recently, HEV RNA was detected in asymp-
tomatic ferrets in the Netherlands (Raj et al.,
2012) and from 85 different species of bat

(Drexler et al., 2012). As revealed by sequence
analysis these novel viruses may constitute a dis-
tinct genus within the highly diversified family
Hepeviridae. 
Altogether, these findings suggest that hepe-
viruses may have first appeared in mammalian
hosts a long time ago, and have subsequently un-
dergone differentiation into genera according to
different host restrictions. Human HEV-related
viruses found in farmed and peridomestic ani-
mals might thus represent more recent secondary
entry of human viruses in these animal species,
rather than being animal precursors causally in-
volved in the evolution of human HEV (Drexler et
al., 2012).

Other potential animal reservoirs for HEV
Serological evidence of HEV infection has also
been reported in a number of other animal
species including dogs, cats, goats, rhesus mon-
keys, cows, cattle, and horses (Arankalle et al.,
2001; Geng et al., 2010; Meng, 2010a; Peralta et
al., 2009; Tsarev et al., 1994; Zhang et al., 2008).
Thus far, the real basis of anti-HEV seropositivi-
ty in these animal species is uncertain. In fact,
virus or HEV-specific genome sequences were
not recovered or were detected only sporadically
from these animal species (Hu and Ma, 2010;
Wang and Ma, 2010). Thus, it is likely that more
and new animal strains of HEV exist, but more
studies are needed before the natural history of
HEV may be considered fully disclosed.

Non zoonotic transmission
There is no clear demonstration sustaining that
direct viral transmission of HEV from person to
person is indeed an efficient method for trans-
mitting infection. However, virus spread from in-
fected individuals by fecal shedding in the envi-
ronment inside confined areas or via contami-
nated fomites might play a role. Different immi-
gration fluxes from countries where hepatitis E is
endemic might explain the difference observed
in the anti-HEV seroprevalence between north-
ern and southern regions of Italy (Scotto et al.,
2013; Zanetti and Dawson, 1994). However, the
habit of eating raw shellfish common in south-
ern Italy could also be considered an additional
risk factor, possibly also favored by HEV shed-
ding by infected immigrants into sewage and by
consequent coastal seawater pollution.
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A marked gradient of anti-HEV seroprevalence
was also shown from North to South of France,
but in this case the risk factors seemed to be sev-
eral, including personal water supplies, particu-
lar food eating habits, and possession of pet pigs
(Renou et al., 2008).
A mix of different transmission modes acting si-
multaneously may have fed the unique out-
breaks involving passengers on a ship returning
from a world cruise in 2008, causing overt hep-
atitis E with jaundice in four patients and IgM
seroconversion in 4% of the 789 subjects tested
(Said et al., 2009). Overall, 25% of passengers
showed anti-HEV IgM and/or IgG, indicating
both recent and past infections. The virus de-
tected in patients was a single genotype 3 HEV
similar to strains circulating in Europe, sug-
gesting a common source of infection, and
seafood consumption was a risk factor.
However, from the experience built from
norovirus outbreaks aboard cruise ships, it can-
not be excluded that virus transmission was fa-
vored by other routes, such as water or envi-
ronmental contamination in common areas.
Unlike other systemic viral infections (such as
HIV, HBV, and HCV), diverging data exist on the
association between HEV transmission and in-
jection drug use (IDU). Specific seroprevalence
ranged from 2% to over 60% in different coun-
tries, although significant differences between
IDU subjects and healthy blood donors have not
been observed in all cases (Gessoni and Manoni,
1996). This might be related to either low viral
load in the blood or transient viremic status for
HEV, which might explain the higher impact of
blood, blood products transfusion or organ trans-
plantation as a risk factor for hepatitis E (Halac
et al., 2012). There is no evidence of sexual trans-
mission (Kamar et al., 2012; Scobie and Dalton,
2013).
Finally, vertical transmission from mother to the
fetus has been reported frequently, exiting in the
death of the fetus (Aggarwal, 2011).

Zoonotic transmission
Early after the discovery of swine HEV in 1997,
and a few years later in other animals, the exis-
tence of endemic animal reservoirs was ques-
tioned with respect to the sporadic cases report-
ed in humans in industrialized countries. The
ability of genotype 3 HEV strains to cross species

barriers has been widely supported (Meng,
2010a), and the foodborne transmission of ani-
mal viruses from pork, wild boar and deer has
been confirmed by different evidence.
The ability of HEV to cross the species barrier
was confirmed by experimental infections of
Specific Pathogen-Free piglets with a human
genotype 3 virus, and by similar demonstration
that swine genotypes 3 and 4 strains are able to
infect non-human primates (Meng, 2011), in
support of the observations that genotype 3
strains typically detected in swine can natural-
ly infect humans (Pavio et al., 2010). Since the
molecular basis for host-pathogen interaction
in HEV is still largely unknown, strains that nor-
mally present lower virulence might lead to a
more severe course of disease in particular host
conditions (Bouquet et al., 2012a). Different lev-
els of restriction in the cross-species infection
with animal HEV strains exist, as clearly shown
in a recent study conducted on recently report-
ed rat and rabbit HEV strains (Cossaboom et al.,
2012).
Finally, important evidence supporting the oc-
currence of zoonotic transmission of HEV has
derived from the phylogenetic analysis of human
and swine strains isolated in different regions of
the world. Many studies have in fact reported full
identity or close nucleotide and amino acid sim-
ilarities between human and swine strains from
the same geographic region (Lu et al., 2006;
Meng, 2010b), that were often closer than be-
tween strains detected from the same species but
in different countries.

Foodborne transmission
There is already some clear evidence linking the
onset of hepatitis E to the consumption of con-
taminated food items, resulting in either spo-
radic cases or epidemic outbreaks. In Japan,
analysis of risk factors and molecular character-
ization of HEV from 10 patients with fulminant
hepatitis E showed that the patients had eaten
grilled or undercooked pig liver 2-8 weeks before
onset. The HEV RNA sequences found in clinical
specimens were identical or similar to HEV de-
tected in packaged pig liver sold in the market
or farm swine samples (Yazaki et al., 2003).
Further observations confirming the association
between pig liver or uncooked meat consump-
tion, wild boar, or deer, and hepatitis E were re-
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ported in the following years also in Europe
(Bouquet et al., 2012b; Colson et al., 2010; Dalton
et al., 2007).
Sequences of HEV strictly related genetically to
those recovered from human cases were detect-
ed in samples of raw smoked liver sausages (i.e.
figatellu) during a case-control study carried out
in Corsica, France in 2010 (Colson et al., 2010).
In assessing the risk related to the presence of
HEV in food, some facts may play a significant
role and need to be evaluated, such as the infec-
tious dose, which is still unknown, previous ex-
posures (immunity), pregnancy, and the presence
of other diseases.
Pig meat may be a vehicle of infection for con-
sumers. The presence of HEV in pig liver or pork
at grocery stores was confirmed in the USA
(Feagins et al., 2007), the Netherlands
(Bouwknegt et al., 2007), UK (Berto et al., 2012a),
Italy, Spain, and the Czech Republic (Di Bartolo
et al., 2012), and a recent study confirmed that
HEV present in pork liver sausage is infectious,
highlighting the actual risk for consumers (Berto
et al., 2013).
Cross-contamination can occur during swine
slaughtering, and in fact slaughterhouse tools
(knives) and surfaces (belt and floor) were found
positive for HEV RNA (Di Bartolo et al., 2012).
Following hygienic practices and cooking proce-
dures may also play an important role in main-
taining a high level of contamination with infec-
tious virus. 
To better understand the possible HEV inactiva-
tion during industrial processing, pâté-like prepa-
rations were produced and different time/tem-
perature combinations were applied, ranging be-
tween 62°C and 71°C, and 5 to 20 min (Barnaud
et al., 2012). The residual infectivity was tested
by experimental inoculation of homogenates in-
travenously to a group of pigs, testing both the
seroconversion and fecal virus shedding. Only
treatments of pâté-like preparations at 71°C for 20
min allowed a complete loss of infectivity, which
was only partially reduced under different con-
ditions.
In addition to meat from infected animals, the
use of HEV-containing pig manure, or water con-
taminated with animal or human waste for land
application and crop field irrigation may lead to
contamination of other foodstuffs, such as pro-
duce or shellfish, by runoff into rivers and coastal

waters, and eventually cause disease among con-
sumers (Halac et al., 2012; Renou et al., 2008). 
Infectious swine HEV was demonstrated to be
present in pig manure storage facilities in farms
in the USA (Kasorndorkbua et al., 2005).
Epidemiological evidence strongly suggests that
HEV can persist in environmental waters and in
soil (Parashar et al., 2011). HEV has been detect-
ed in wastewater deriving from gut processing at
slaughterhouses and in pig slurry stores (Rutjes
et al., 2009). A recent investigation conducted in
three European countries demonstrated that
HEV was found in 4.8% of lettuce sampled at pri-
mary production level and in 3.2% of samples at
the point of sale, and in 5% of irrigation water
samples (Kokkinos et al., 2012).
HEV was also detected in shellfish, such as mus-
sels and oysters farmed in Scotland (Crossan et
al., 2012) and in bivalve shellfish (Corbicula japon-
ica) in Japan (Li et al., 2007). An association be-
tween shellfish consumption and HEV infection
was suspected in outbreaks (Said et al., 2009).
Consumer habits play a fundamental role in the
risk of HEV transmission. However, it should be
noted that compared to norovirus, the presence
of HEV in mussels seems to be rare, possibly due
to the different binding affinity of HEV to he-
patopancreas cells or to a lower release into the
environment. 

Professional exposure transmission
Human populations with occupational exposure
to environmental sources of domestic animal
waste and wild animals (professional categories
such as veterinary surgeons, farmers, slaughter-
house workers, people assigned to the care of an-
imals may be at risk) have been shown to present
higher anti-HEV serum antibody rates than nor-
mal blood donors or normal citizens, in several
studies. For instance, 26% of veterinarians were
found to be seropositive to HEV compared to
18% of regular blood donors in the USA (Meng et
al., 2002), and HEV antibody prevalence was re-
ported to be 4.5 times higher in subjects exposed
to contact with pigs than in normal people
(Withers et al., 2002). In addition, HEV RNA or
specific antibodies were detected in slaughter-
house workers or butchers (Dalton et al., 2007),
suggesting that HEV transmission from pigs to
humans during slaughtering may also occur.
Sewage workers were shown to have a signifi-
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cantly higher anti-HEV seroprevalence than nor-
mal individuals, that increased with the numbers
of years spent in that job, highlighting a specific
occupational risk (Vaidya et al., 2003).

CONCLUSIONS

Epidemiological and virological studies con-
ducted in the last few years have clearly demon-
strated that hepatitis E should be considered
an emerging zoonosis. Swine appears to repre-
sent the major animal reservoir for the virus,
and the large global relevance of the pork food
chain creates public health concerns for the fu-
ture. HEV infection can be transmitted through
food by the ingestion of infected meat products
(Tei et al., 2003). However, the possibility of
cross-contamination between raw meat prod-
ucts and the risk of virus spread in the envi-
ronment through manure from pig farms, with
the consequent possible contamination of veg-
etables and drinking or bathing water, should
also be taken into consideration. Contamination
of water could also lead to the contamination of
filtering shellfish, thereby further compound-
ing public health risks.
Another possible route of transmission of hepa-
titis E virus to humans is direct contact with in-
fected animals. In this case, people such as farm-
ers, workers attending the animals, and veteri-
narians who work in contact with pigs during
the viremic period or when the virus is excreted
with the feces may be at greater risk of infection
(Withers et al., 2002; Yazaki et al., 2003).
Furthermore, for these population categories the
possibility of infection by indirect contact with
instruments and tools contaminated with in-
fected feces cannot be ruled out. Knowledge of
these risks should thus encourage the imple-
mentation of hygiene and biosecurity procedures
that may help avoid or minimize the chances of
infection. 
The enzootic nature of swine HEV infection in
pigs in many countries, together with the virus
ability to cross the species barrier, raise concerns
with regard to the possibility of zoonotic trans-
mission, and food and environmental safety.
Nevertheless, many veterinary aspects of infec-
tion are not yet known. Knowledge is still limit-
ed with respect to the genetic correlation between

different animal and human strains of HEV. The
natural history of infection in pigs also requires
further study, as does the economic impact of the
disease on pig production. The host range of the
infection is not fully known, and the cases asso-
ciated with the ingestion of uncooked meat from
wild boars and deer in Japan indicate that the
role of wild animals, as well as swine and rumi-
nants, should be further considered in the epi-
demiology of the disease.
Despite the obvious health implications of this
emerging zoonosis, information on the signifi-
cance of HEV circulation in swine herds, and in
other animals in developed countries including
Europe is still insufficient. In countries like Spain,
Italy, the Netherlands, and the UK, where larger
epidemiological studies have been conducted, it
has been demonstrated that the virus is circulat-
ing actively in the pig herds. Considering the pos-
sibility of zoonotic transmission of the infection
as actual, a higher prevalence in animals would
certainly imply a greater risk of transmission to
humans, requiring more attention to the veteri-
nary public health and food safety aspects of pork
production.

REFERENCES

AGGARWAL R. (2011). Clinical presentation of hepati-
tis E. Virus Res. 161, 15-22.

AGGARWAL R., JAMEEL S. (2011). Hepatitis E.
Hepatology. 54, 2218-2226.

AGGARWAL R., NAIK S. (2009). Epidemiology of hepa-
titis E: current status. J. Gastroenterol. Hepatol.
24, 1484-1493.

ARANKALLE V.A., JOSHI M.V., KULKARNI AM, GANDHE,
S.S., CHOBE L.P., RAUTMARE S.S., MISHRA A.C.,
PADBIDRI V.S. (2001). Prevalence of anti-hepatitis
E virus antibodies in different Indian animal
species. J. Viral Hepat. 8, 223-227.

BARNAUD E., ROGEE S., GARRY P., ROSE N., PAVIO N.
(2012). Thermal inactivation of infectious hepati-
tis E virus in experimentally contaminated food.
Appl. Environ. Microbiol. 78, 5153-5159.

BATTS W., YUN S., HEDRICK R., WINTON J. (2011). A
novel member of the family Hepeviridae from cut-
throat trout (Oncorhynchus clarkii). Virus Res.
158, 116-123.

BERTO A., GRIERSON S., HAKZE-VAN DER HONING R.,
MARTELLI F., JOHNE R., REETZ J., ULRICH., R.G.,
PAVIO. N., VAN DER POEL W.H., BANKS M. (2013).
Hepatitis E virus in pork liver sausage, France.
Emerg. Infect. Dis. 19, 264-266.

BERTO A., MARTELLI F., GRIERSON S., BANKS M.

340 F.M. Ruggeri, I. Di Bartolo, E. Ponterio, G. Angeloni, M. Trevisani, F. Ostanello



(2012a). Hepatitis E virus in pork food chain,
United Kingdom, 2009-2010. Emerg. Infect. Dis.
18, 1358-1360.

BERTO A., MESQUITA J.R., HAKZE-VAN DER HONING R.,
NASCIMENTO M.S., VAN DER POEL W.H. (2012b).
Detection and characterization of hepatitis E virus
in domestic pigs of different ages in Portugal.
Zoonoses Public Hlth. 59, 477-481.

BODEWES R., VAN DER GIESSEN J., HAAGMANS B.L.,
OSTERHAUS A.D., SMITS S.L. (2013). Identification
of multiple novel viruses, including a parvovirus
and a hepevirus, in feces of red foxes. J. Virol. 87,
7758-7764.

BOUQUET J., CHEREL P., PAVIO N. (2012a). Genetic char-
acterization and codon usage bias of full-length
Hepatitis E virus sequences shed new lights on
genotypic distribution, host restriction and genome
evolution. Infect. Genet. Evol. 12, 1842-1853.

BOUQUET J., CHEVAL J., ROGEE S., PAVIO N., ELOIT M.
(2012b). Identical consensus sequence and con-
served genomic polymorphism of hepatitis E virus
during controlled interspecies transmission. J.
Virol. 86, 6238-6245.

BOUWKNEGT M., LODDER-VERSCHOOR F., VAN DER POEL

W.H., RUTJES S.A., DE RODA HUSMAN A.M. (2007).
Hepatitis E virus RNA in commercial porcine liv-
ers in The Netherlands. J. Food Prot. 70, 2889-
2895.

CARPENTIER A., CHAUSSADE H., RIGAUD E., RODRIGUEZ J.,
BERTHAULT C., BOUE F., TOGNON M., TOUZE A.,
GARCIA-BONNET N., CHOUTET P., COURSAGET P.
(2012). High hepatitis E virus seroprevalence in
forestry workers and in wild boars in France. J.
Clin. Microbiol. 50, 2888-2893.

CLEMENTE-CASARES P., PINA S., BUTI M., JARDI R.,
MARTIN M., BOFILL-MAS S., GIRONES R. (2003).
Hepatitis E virus epidemiology in industrialized
countries. Emerg. Infect. Dis. 9, 448-454.

COLSON P., BORENTAIN P., QUEYRIAUX B., KABA M.,
MOAL V., GALLIAN P., HEYRIES L., RAOULT D.,
GEROLAMI R. (2010). Pig liver sausage as a source
of hepatitis E virus transmission to humans. J.
Infect. Dis. 202, 825-834.

COLSON P., ROMANET P., MOAL V., BORENTAIN P.,
PURGUS R., BENEZECH A., MOTTE A., GEROLAMI R.
(2012). Autochthonous infections with hepatitis
E virus genotype 4, France. Emerg. Infect. Dis. 18,
1361-1364.

COSSABOOM C.M., CORDOBA L., SANFORD B.J., PINEYRO

P., KENNEY S.P., DRYMAN B.A., WANG Y., MENG X.J.
(2012). Cross-species infection of pigs with a nov-
el rabbit, but not rat, strain of hepatitis E virus
isolated in the United States. J. Gen. Virol. 93,
1687-1695.

CROSSAN C., BAKER P.J., CRAFT J., TAKEUCHI Y., DALTON

H.R., SCOBIE L. (2012). Hepatitis E virus genotype
3 in shellfish, United Kingdom. Emerg. Infect. Dis.
18, 2085-2087.

DALTON H.R., THURAIRAJAH P.H., FELLOWS H.J.,
HUSSAINI H.S., MITCHELL J., BENDALL R., BANKS M.,
IJAZ S., TEO C.G., LEVINE D.F. (2007).
Autochthonous hepatitis E in southwest England.
J. Viral Hepat. 14, 304-309.

DI BARTOLO I., DIEZ-VALCARCE M., VASICKOVA P., KRALIK

P., HERNANDEZ M., ANGELONI G., OSTANELLO F.,
BOUWKNEGT M., RODRIGUEZ-LAZARO D., PAVLIK I.,
RUGGERI F.M. (2012a). Hepatitis E Virus in Pork
Production Chain in Czech Republic, Italy, and
Spain, 2010. Emerg. Infect. Dis. 18, 1282-1289.

DREXLER J.F., SEELEN A., CORMAN V.M., FUMIE TATENO

A., COTTONTAIL V., MELIM ZERBINATI R., GLOZA-
RAUSCH F., KLOSE S.M., ADU-SARKODIE Y., OPPONG

S.K., KALKO E.K., OSTERMAN A., RASCHE A., ADAM

A., MULLER M.A., ULRICH R.G., LEROY E.M.,
LUKASHEV A.N., DROSTEN C. (2012). Bats world-
wide carry hepatitis E virus-related viruses that
form a putative novel genus within the family
Hepeviridae. J. Virol. 86, 9134-9147.

EMERSON S.U., ANDERSON D., ARANKALLE A., MENG X.J.,
PURDY M., SCHLAUDER G.G., TSAREV S.A. (2004).
Hepevirus. In C. M. Fauquet, M. A. Mayo, J.
Maniloff, U. Desselberger, L.A. Ball (Eds): Virus
Taxonomy: Eighth Report of the International
Committee on Taxonomy of Viruses Elsevier/
Academic Press, London, 853-855.

EMERSON S.U., PURCELL R.H. (2003). Hepatitis E virus.
Rev. Med. Virol. 13, 145-154.

FEAGINS A.R., OPRIESSNIG T., GUENETTE D.K., HALBUR

P.G., MENG X.J. (2007). Detection and character-
ization of infectious Hepatitis E virus from com-
mercial pig livers sold in local grocery stores in
the USA. J. Gen. Virol. 88, 912-917.

FORGACH P., NOWOTNY N., ERDELYI K., BONCZ A.,
ZENTAI J., SZUCS G., REUTER G., BAKONYI T. (2010).
Detection of hepatitis E virus in samples of ani-
mal origin collected in Hungary. Vet. Microbiol.
143, 106-116.

GARBUGLIA A.R., SCOGNAMIGLIO P., PETROSILLO N.,
MASTROIANNI C.M., SORDILLO P., GENTILE D., LA

SCALA P., GIRARDI E., CAPOBIANCHI M.R. (2013).
Hepatitis E virus genotype 4 outbreak, Italy, 2011.
Emerg. Infect. Dis. 19, 110-114.

GENG Y.S., WANG C.B., ZHAO C.Y., YU X.L., HARRISON

T.J., TIAN K.G., WANG Y.C. (2010). Serological
prevalence of hepatitis E virus in domestic ani-
mals and diversity of genotype 4 hepatitis E virus
in China. Vector-Borne Zoonot. 10, 765-770.

GESSONI G., MANONI F. (1996). Hepatitis E virus in-
fection in north-east Italy: serological study in the
open population and groups at risk. J. Viral Hepat.
3, 197-202.

HALAC U., BELAND K., LAPIERRE P., PATEY N., WARD P.,
BRASSARD J., HOUDE A., ALVAREZ F. (2012). Chronic
hepatitis E infection in children with liver trans-
plantation. Gut. 61, 597-603.

HAQSHENAS G., SHIVAPRASAD H.L., WOOLCOCK P.R.,

Zoonotic transmission of hepatitis E virus in industrialized countries 341



READ D.H., MENG X.J. (2001). Genetic identifica-
tion and characterization of a novel virus related
to human hepatitis E virus from chickens with
hepatitis-splenomegaly syndrome in the United
States. J. Gen. Virol. 82, 2449-2462.

HU G.D., MA X. (2010). Detection and sequences
analysis of bovine hepatitis E virus RNA in
Xinjiang Autonomous Region. Bing Du Xue Bao.
26, 27-32.

JOHNE R., HECKEL G., PLENGE-BONIG A., KINDLER E.,
MARESCH C., REETZ J., SCHIELKE A., ULRICH R.G.
(2010a). Novel Hepatitis E Virus Genotype in
Norway Rats, Germany. Emerg. Infect. Dis. 16,
1452-1455.

JOHNE R., PLENGE-BONIG A., HESS M., ULRICH R.G.,
REETZ J., SCHIELKE A. (2010b). Detection of a nov-
el hepatitis E-like virus in faeces of wild rats using
a nested broad-spectrum RT-PCR. J. Gen. Virol.
91, 750-758.

KAMAR N., BENDALL R., LEGRAND-ABRAVANEL F., XIA

N.S., IJAZ S., IZOPET J., DALTON H.R. (2012).
Hepatitis E. Lancet. 379, 2477-2488.

KANAI Y., MIYASAKA S., UYAMA S., KAWAMI S., KATO-
MORI Y., TSUJIKAWA M., YUNOKI M., NISHIYAMA S.,
IKUTA K., HAGIWARA K. (2012). Hepatitis E virus in
Norway rats (Rattus norvegicus) captured around
a pig farm. BMC Res. Notes. 5, 4.

KASORNDORKBUA C., OPRIESSNIG T., HUANG F.F.,
GUENETTE D.K., THOMAS P.J., MENG X.J., HALBUR

P.G. (2005). Infectious swine hepatitis E virus is
present in pig manure storage facilities on United
States farms, but evidence of water contamination
is lacking. Appl. Environ. Microbiol. 71, 7831-7837.

KOKKINOS P., KOZYRA I., LAZIC S., BOUWKNEGT M.,
RUTJES S., WILLEMS K., MOLONEY R., DE RODA

HUSMAN A.M., KAUPKE A., LEGAKI E., D’AGOSTINO

M., COOK N., RZEZUTKA A., PETROVIC T., VANTARAKIS

A. (2012). Harmonised investigation of the occur-
rence of human enteric viruses in the leafy green
vegetable supply chain in three European coun-
tries. Food Environ. Virol. 4, 179-191.

LACK J.B., VOLK K., VAN DEN BUSSCHE R.A. (2012).
Hepatitis E virus genotype 3 in wild rats, United
States. Emerg. Infect. Dis. 18, 1268-1273.

LEBLANC D., WARD P., GAGNE M.J., POITRAS E., MULLER

P., TROTTIER Y.L., SIMARD C., HOUDE A. (2007).
Presence of hepatitis E virus in a naturally infect-
ed swine herd from nursery to slaughter. Int. J.
Food Microbiol. 117, 160-166.

LI T.C., AMI Y., SUZAKI Y., YASUDA S.P., YOSHIMATSU

K., ARIKAWA. J., TAKEDA N., TAKAJI W. (2013).
Characterization of full genome of rat hepatitis E
virus strain from Vietnam. Emerg. Infect. Dis. 19,
115-118.

LI T.C., MIYAMURA T., TAKEDA N. (2007). Detection of
hepatitis E virus RNA from the bivalve Yamato-
Shijimi (Corbicula japonica) in Japan. Am. J. Trop.
Med. Hyg. 76, 170-172.

LU L., LI C., HAGEDORN C.H. (2006). Phylogenetic
analysis of global hepatitis E virus sequences: ge-
netic diversity, subtypes and zoonosis. Rev. Med.
Virol. 16, 5-36.

MARTELLI F., CAPRIOLI A., ZENGARINI M., MARATA A.,
FIEGNA C., DI BARTOLO I., RUGGERI F.M., DELOGU

M., OSTANELLO F. (2008). Detection of hepatitis E
virus (HEV) in a demographic managed wild boar
(Sus scrofa scrofa) population in Italy. Vet.
Microbiol. 126, 74-81.

MATSUURA Y., SUZUKI M., YOSHIMATSU K., ARIKAWA J.,
TAKASHIMA I., YOKOYAMA M., IGOTA H., YAMAUCHI

K., ISHIDA S., FUKUI D., BANDO G., KOSUGE M.,
TSUNEMITSU H., KOSHIMOTO C., SAKAE K., CHIKAHIRA

M., OGAWA S., MIYAMURA T., TAKEDA N., LI T.C.
(2007). Prevalence of antibody to hepatitis E virus
among wild sika deer, Cervus nippon, in Japan.
Arch. Virol. 152, 1375-1381.

MENG X.J. (2010a). Hepatitis E virus: animal reser-
voirs and zoonotic risk. Vet. Microbiol. 140, 256-
265.

MENG X.J. (2010b). Recent advances in Hepatitis E
virus. J. Viral. Hepat. 17, 153-161.

MENG X.J. (2011). From barnyard to food table: the
omnipresence of hepatitis E virus and risk for
zoonotic infection and food safety. Virus Res. 161,
23-30.

MENG X.J., PURCELL R.H., HALBUR P.G., LEHMAN J.R.,
WEBB D.M., TSAREVA T.S., HAYNES J.S., THACKER

B.J., EMERSON S.U. (1997). A novel virus in swine
is closely related to the human hepatitis E virus.
P. Natl. Acad. Sci. USA. 94, 9860-9865.

MENG X.J., WISEMAN B., ELVINGER F., GUENETTE D.K.,
TOTH T.E., ENGLE R.E., EMERSON S.U., PURCELL,
R.H. (2002). Prevalence of antibodies to hepatitis
E virus in veterinarians working with swine and in
normal blood donors in the United States and oth-
er countries. J. Clin. Microbiol. 40, 117-122.

NAKAMURA M., TAKAHASHI K., TAIRA K., TAIRA M., OHNO

A., SAKUGAWA H., ARAI M., MISHIRO S. (2006).
Hepatitis E virus infection in wild mongooses of
Okinawa, Japan: Demonstration of anti-HEV an-
tibodies and a full-genome nucleotide sequence.
Hepatol. Res. 34, 137-140.

OKAMOTO H. (2011). Hepatitis E virus cell culture
models. Virus Res. 161, 65-77.

PARASHAR D., KHALKAR P., ARANKALLE V.A. (2011).
Survival of hepatitis A and E viruses in soil sam-
ples. Clin. Microbiol. Infect. 17, E1-4.

PAVIO N., MENG X.J., RENOU C. (2010). Zoonotic hep-
atitis E: animal reservoirs and emerging risks. Vet.
Res. 41, 46.

PERALTA B., CASAS M., DE DEUS N., MARTIN M., ORTUNO

A., PEREZ-MARTIN E., PINA S., MATEU E. (2009).
Anti-HEV antibodies in domestic animal species
and rodents from Spain using a genotype 3-based
ELISA. Vet. Microbiol. 137, 66-73.

RAJ V.S., SMITS S.L., PAS S.D., PROVACIA L.B.,

342 F.M. Ruggeri, I. Di Bartolo, E. Ponterio, G. Angeloni, M. Trevisani, F. Ostanello



MOORMAN-ROEST H., OSTERHAUS A.D., HAAGMANS

B.L. (2012). Novel hepatitis E virus in ferrets, the
Netherlands. Emerg. Infect. Dis. 18, 1369-1370.

RENOU C., MOREAU X., PARIENTE A., CADRANEL J.F.,
MARINGE E., MORIN T., CAUSSE X., PAYEN J.L.,
IZOPET J., NICAND E., BOURLIERE M., PENARANDA G.,
HARDWIGSEN J., GEROLAMI R., PERON J.M., PAVIO N.
(2008). A national survey of acute hepatitis E in
France. Aliment. Pharm. Ther. 27, 1086-1093.

ROMANO L., PALADINI S., TAGLIACARNE C., CANUTI M.,
BIANCHI S., ZANETTI A.R. (2011). Hepatitis E in
Italy: a long-term prospective study. J. Hepatol.
54, 34-40.

RUTJES S.A., LODDER-VERSCHOOR F., LODDER W.J., VAN

DER GIESSEN J., REESINK H., BOUWKNEGT M., DE

RODA HUSMAN A.M. (2010). Seroprevalence and
molecular detection of hepatitis E virus in wild
boar and red deer in The Netherlands. J. Virol.
Methods. 168, 197-206.

RUTJES S.A., LODDER W.J., LODDER-VERSCHOOR F., VAN

DEN BERG H.H., VENNEMA H., DUIZER E., KOOPMANS

M., DE RODA HUSMAN A.M. (2009). Sources of hep-
atitis E virus genotype 3 in The Netherlands.
Emerg. Infect. Dis. 15, 381-387.

SAID B., IJAZ S., KAFATOS G., BOOTH L., THOMAS H.L.,
WALSH A., RAMSAY M., MORGAN D. (2009). Hepatitis
E outbreak on cruise ship. Emerg. Infect. Dis. 15,
1738-1744.

SCHIELKE A., SACHS K., LIERZ M., APPEL B., JANSEN A.,
JOHNE R. (2009). Detection of hepatitis E virus in
wild boars of rural and urban regions in Germany
and whole genome characterization of an endemic
strain. Virol. J. 6, 58.

SCHLAUDER G.G., DESAI S.M., ZANETTI A.R.,
TASSOPOULOS N.C., MUSHAHWAR I.K. (1999). Novel
hepatitis E virus (HEV) isolates from Europe: ev-
idence for additional genotypes of HEV. J. Med.
Virol. 57, 243-251.

SCOBIE L., DALTON H.R. (2013). Hepatitis E: source
and route of infection, clinical manifestations and
new developments. J. Viral. Hepat. 20, 1-11.

SCOTTO G., MARTINELLI D., GIAMMARIO A., PRATO R.,
FAZIO V. (2013). Prevalence of antibodies to hep-
atitis E virus in immigrants: a seroepidemiologi-
cal survey in the district of Foggia (Apulia-south-
ern Italy). J. Med. Virol. 85, 261-265.

SONODA H., ABE M., SUGIMOTO T., SATO Y., BANDO M.,
FUKUI E., MIZUO H., TAKAHASHI M., NISHIZAWA T.,
OKAMOTO H. (2004). Prevalence of hepatitis E virus
(HEV) Infection in wild boars and deer and ge-
netic identification of a genotype 3 HEV from a
boar in Japan. J. Clin. Microbiol. 42, 5371-5374.

TAKAHASHI K., KITAJIMA N., ABE N., MISHIRO S. (2004).
Complete or near-complete nucleotide sequences
of hepatitis E virus genome recovered from a wild
boar, a deer, and four patients who ate the deer.
Virology. 330, 501-505.

TAKAHASHI M., NISHIZAWA T., SATO H., SATO Y., JIRINTAI

NAGASHIMA S., OKAMOTO H. (2011). Analysis of the
full-length genome of a hepatitis E virus isolate
obtained from a wild boar in Japan that is classi-
fiable into a novel genotype. J. Gen. Virol. 92, 902-
908.

TEI S., KITAJIMA N., TAKAHASHI K., MISHIRO S. (2003).
Zoonotic transmission of hepatitis E virus from
deer to human beings. Lancet. 362, 371-373.

TOMIYAMA D., INOUE E., OSAWA Y., OKAZAKI K. (2009).
Serological evidence of infection with hepatitis E
virus among wild Yezo-deer, Cervus nippon
yesoensis, in Hokkaido, Japan. J. Viral Hepat. 16,
524-528.

TSAREV S.A., TSAREVA T.S., EMERSON S.U., YARBOUGH

P.O., LEGTERS L.J., MOSKAL T., PURCELL R.H.
(1994). Infectivity titration of a prototype strain
of hepatitis E virus in cynomolgus monkeys. J.
Med. Virol. 43, 135-142.

VAIDYA S.R., TILEKAR B.N., WALIMBE A.M., ARANKALLE

V.A. (2003). Increased risk of hepatitis E in sewage
workers from India. J. Occup. Environ. Med. 45,
1167-1170.

VAN DER POEL W.H., VERSCHOOR F., VAN DER HEIDE R.,
HERRERA M.I., VIVO A., KOOREMAN M., DE RODA

HUSMAN A.M. (2001). Hepatitis E virus sequences
in swine related to sequences in humans, The
Netherlands. Emerg. Infect. Dis. 7, 970-976.

WANG Y., MA X. (2010). Detection and sequences
analysis of sheep hepatitis E virus RNA in
Xinjiang autonomous region. Wei Sheng Wu Xue
Bao. 50, 937-941.

WIDEN F., SUNDQVIST L., MATYI-TOTH A., METREVELI

G., BELAK S., HALLGREN G., NORDER H. (2011).
Molecular epidemiology of hepatitis E virus in hu-
mans, pigs and wild boars in Sweden. Epidemiol.
Infect. 139, 361-371.

WITHERS M.R., CORREA M.T., MORROW M., STEBBINS

M.E., SERIWATANA J., WEBSTER W.D., BOAK M.B.,
VAUGHN D.W. (2002). Antibody levels to hepatitis
E virus in North Carolina swine workers, non-
swine workers, swine, and murids. Am. J. Trop.
Med. Hyg. 66, 384-388.

XING L., WANG J.C., LI T.C., YASUTOMI Y., LARA J.,
KHUDYAKOV Y., SCHOFIELD D., EMERSON S.U.,
PURCELL R.H., TAKEDA N., MIYAMURA T., CHENG

R.H. (2011). Spatial configuration of hepatitis E
virus antigenic domain. J. Virol. 85, 1117-1124.

YAMADA K., TAKAHASHI M., HOSHINO Y., TAKAHASHI H.,
ICHIYAMA K., NAGASHIMA S., TANAKA T., OKAMOTO

H. (2009). ORF3 protein of hepatitis E virus is es-
sential for virion release from infected cells. J.
Gen. Virol. 90, 1880-1891.

YAZAKI Y., MIZUO H., TAKAHASHI M., NISHIZAWA T.,
SASAKI N., GOTANDA Y., OKAMOTO H. (2003).
Sporadic acute or fulminant hepatitis E in
Hokkaido, Japan, may be food-borne, as suggest-
ed by the presence of hepatitis E virus in pig liv-
er as food. J. Gen. Virol. 84, 2351-2357.

Zoonotic transmission of hepatitis E virus in industrialized countries 343



ZANETTI A.R., DAWSON G.J. (1994). Hepatitis type E in
Italy: a seroepidemiological survey. Study Group
of Hepatitis E. J. Med. Virol. 42, 318-320.

ZHANG W., SHEN Q., MOU J., GONG G., YANG Z., CUI L.,
ZHU J., JU G., HUA X. (2008). Hepatitis E virus in-
fection among domestic animals in eastern China.
Zoonoses Public Hlth. 55, 291-198.

ZHAO C.Y., MA Z.R., HARRISON T.J., FENG R.F., ZHANG

C.T., QIAO Z.L., FAN J.P., MA H.X., LI M.S., SONG

A.J., WANG Y.C. (2009). A Novel Genotype of
Hepatitis E Virus Prevalent Among Farmed

Rabbits in China. J. Med. Virol. 81, 1371-1379.
ZHAO Q., ZHANG J., WU T., LI S.W., NG M.H., XIA N.S.,

SHIH J.W. (2013). Antigenic determinants of hep-
atitis E virus and vaccine-induced immunogenic-
ity and efficacy. J. Gastroenterol. 48, 159-168.

ZUCCARO O., TOSTI M.E., MELE A., SPADA. E., SEIEVA,
COLLABORATIVE, AND GROUP (2012). Epidemiology
of acute viral hepatitis in Italy: results of the sur-
veillance through SEIEVA (Sistema Epidemiologico
Integrato dell’Epatite Virale Acuta). Rapporti ISTI-
SAN 12/4, Roma.

344 F.M. Ruggeri, I. Di Bartolo, E. Ponterio, G. Angeloni, M. Trevisani, F. Ostanello


