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1

Hepatitis E, previously known as “enterically transmitted non-A, non-B, non-C 
(non-A-C) hepatitis”, is an infectious viral disease with clinical and morphological 
features of acute hepatitis. The course of disease is mild in most affected people, 
except pregnant women, for whom the mortality rate can rise to 20 % (Aggarwal 
and Jameel 2011). The etiological agent, first identified in the early 1980s, is the 
hepatitis E virus (HEV) (Emerson and Purcell 2003). The disease is an important 
public health concern in developing countries (Southeastern and Central Asia, the 
Middle East, northern and western areas of Africa and America) where it is fre-
quently epidemic, and is mainly transmitted by the fecal-oral route usually through 
the consumption of contaminated water or food (Emerson and Purcell 2003; 
Wibawa et al. 2004; Aggarwal 2011).

Industrialized countries, such as Canada, Europe, Japan and the USA were pre-
viously thought to be exempt from HEV, with a limited number of cases reported 
only in people who had travelled to endemic areas of the world. However, more 
recent studies have documented a number of sporadic cases in developed areas, 
including the USA and Europe, among patients who had no history of travelling to 
hepatitis E endemic countries (Aggarwal and Jameel 2011). Furthermore, a high 
anti-HEV seroprevalence (in some cases reaching 20  %) 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 in some 
cases virus detection have been reported in many animal species such as rhesus 
monkeys, pigs, cattle, sheep, poultry, dogs, cats, goats, rabbits, mongooses, bats 
and rodents, both in developed and developing countries, suggesting the possibil-
ity that these species may become infected with HEV-like viruses (Huang et al. 
2002; Emerson and Purcell 2003). However, for some species, such as dogs, goats 
and cats, the virus has never been recovered or sequenced up to now, and further 
studies are, therefore, needed to fully understand the significance of seropositiv-
ity in these animals. In 1997, a swine HEV strain was identified for the first time 
in the USA, and named swine hepatitis E virus (swHEV) (Meng et al. 1997). The 
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2 1  Introduction

swine virus was genetically correlated to two human HEV strains isolated in the 
USA in the same period from patients affected with hepatitis E, who had not trav-
elled to endemic areas (Meng et al. 1997). Since then, swine HEV strains have 
been isolated across the globe. Frequently, a strict genetic correlation between 
human and swine strains from the same geographic region has been observed and, 
during experimental infections, the possibility of cross-species transmission of 
swine strains to humans and of human strains to non-human primates has been 
demonstrated (Meng et al. 1998a; Williams et al. 2001; Matsuura et al. 2007). 
Furthermore, several seroepidemiological studies have reported high antibody 
prevalence to HEV in people working in direct contact with swine and wild boar 
(Drobeniuc et al. 2001; Withers et al. 2002; Carpentier et al. 2012). The first direct 
evidence of a possible zoonotic transmission of HEV was provided 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, a few weeks before the onset of the disease 
(Tei et al. 2003; Yazaki et al. 2003; Tamada et al. 2004). More recently, a case 
control study conducted in France using both epidemiological and virological data 
confirmed that 13 human cases of hepatitis E were conclusively linked to the con-
sumption of raw “figatellu” pig liver sausages (Colson et al. 2010). The disease is 
now recognized to represent an emerging zoonosis.
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2.1 � Structure of the Virus and Genome Organization

In1983, the hepatitis E virus was first identified by immune electron microscopy 
in the feces of patients with enterically transmitted non-A-C hepatitis. Subsequent 
establishment of the disease in cynomolgus macaques led to cloning and sequenc-
ing of HEV in 1990 (Balayan et al. 1983; Kane et al. 1984).

The hepatitis E virus (HEV) is a small (27–34 nm), icosahedral, non-enveloped 
single-stranded positive-sense RNA virus.

The HEV genome is approximately 7.2  kb in length, and presents a 7-meth-
ylguanosine cap followed by three overlapping open reading frames (ORFs) and 
a second non-coding region of about 65–74 nucleotides with a 3′ poly A tail. The 
genome length slightly varies between animal strains; shorter genomes have been 
detected in rat HEV in Vietnam (6927 nt) (Li et al. 2013), in avian strains (6654 nt) 
(Huang et al. 2004) and in recently detected bat viruses (6767  nt) (Drexler et al. 
2012), although the genome organization seemed to be conserved in all these cases. 
ORF1 (5073–5124 nt) codes for a non-structural poly-protein of about 1,690 amino 
acids, which is involved in viral genome replication and viral protein processing. 
The poly-protein functional domains include a methyltransferase (MeT), flanked 
by the Y domain, a papain-like cysteine protease (PCP), flanked by the macro 
domain (X domain), an RNA helicase, and an RNA-dependent RNA polymerase. 
The N-terminal portion of ORF1 serves as a viral methyltransferase (MeT) that 
catalyzes the capping of both genomic and subgenomic viral RNAs (Rozanov et al. 
1992). Capping of the viral RNA determines its translation and, as recently shown, 
it is decisive for virus defense from the innate host response, inhibiting interferon 
cascade activation (Pichlmair et al. 2006). The MeT is followed by the so-called Y 
domain, which shares significant homology with non-structural proteins of other 
positive-stranded RNA viruses. This is followed by the papain-like cysteine pro-
teases (PCP) and by the formerly designated X domain, more recently renamed as 
the “macro domain”, which may be involved in the binding of ADP-ribose and its 
polymeric form (Neuvonen and Ahola 2009). As for other described PCPs, also in 
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4 2  Etiology

the HEV genome, the presence of a macro domain following the PCP sequence 
strengthens its functional homology with proteases of diverse origin, although the 
specific role of HEV PCP in polyprotein (pORF1) processing still remains unde-
fined (Ahmad et al. 2011). pORF1 is characterized by the presence of a region rich 
in proline residues and without a predicted secondary structure, which might act as 
a flexible hinge within the protein. The predicted helicase domain of HEV contains 
a full complement of conserved helicase motifs (Karpe and Lole 2010), including 
the seven conserved motifs proposed to contain both the NTPase activity and an 
RNA binding domain. The HEV helicase possesses an RNA 5′-triphospatase activ-
ity involved in the first step of RNA capping (Karpe and Lole 2010). The C-terminal 
domain of pORF1 has RNA-dependent RNA polymerase (RdRp) activity (Agrawal 
et al. 2001); this is an essential enzyme for RNA virus replication through the synthe-
sis of an anti-genomic RNA intermediate. The endoplasmic reticulum was identified 
as the site of replicase localization, and the intracellular membranes are the possi-
ble sites where RNA replication occurs (Rehman et al. 2008). ORF3 (366–369 nt) 
follows ORF1 and overlaps the N-terminal portion of ORF2, in a different read-
ing frame, and encodes for a small phosphoprotein (pORF3), which is expressed 
at the intracellular level. The protein contains two hydrophobic and two proline 
rich domains; these regions contain amino acid motifs involved in signal transduc-
tion (Korkaya et al. 2001), and a PSAP motif is present and conserved in all HEV 
isolates, including avian HEV. pORF3 does not show homology with any other 
known protein; its role still remains unclear. Recent studies of the biology of HEV 
replication have shown that pORF3 may be involved in virus release from infected 
cells (Okamoto 2011), since it is associated with the cytoskeleton and is present 
on the virion surface (Yamada et al. 2009) (Fig.  2.1). Moreover, pORF3 down- 
regulates innate host responses through the reduction of the expression of acute phase 
proteins and promotion of the secretion of α1-microglobulins (Panda et al. 2007).

An additional three ORFs have been described in rat and bat HEV genomes, 
but their function remains yet unknown. No suggestive similarity of the putative 
gene products of the internal reading frame to any described protein domain could 
be detected by BLAST comparison (Johne et al. 2010a; Drexler et al. 2012).

Fig.  2.1   Genomic organization of HEV, including the three ORFs. Nucleotide positions are 
referred to a prototype strain (Acc. No. M73218). 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
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The viral capsid protein encoded by ORF2 works for particle assembly, binding 
to host cells, and elicitation of neutralizing antibodies. pORF2 is glycosylated, and 
three asparagine (Asn) residues for N-linked glycosylation sites have been identi-
fied. The virus capsid is made up of subunits containing 30 homodimers of pORF2 
(Yamada et al. 2009). The crystal structure of a truncated recombinant pORF2 pro-
tein has been obtained, but the real size of the protein in mature virions remains 
unknown (Yamashita et al. 2009). Among four major mammalian HEV genotypes, 
sequence identity among the amino acid residues of the capsid protein was over 
85 %, and many amino acid divergences were found in the N-terminal 111 resi-
dues. The N-terminal region of the HEV capsid protein is most likely to represent 
the shell domain, whereas the C-terminal region of pORF2 is more variable and is 
considered to be the protruding domain of the HEV capsid protein (Li et al. 2009). 
The initial contact with host cells in order to initiate viral infection is believed to 
occur through these protrusions (Pichlmair et al. 2006). Expression of a truncated 
capsid protein lacking the first 111 amino acids and/or the C-terminal 59 amino 
acids in insect cells by the baculovirus expression system resulted in self-assem-
bly of the capsid protein and in the production of two types of HEV-like particle 
(HEV-VLP) with different diameters (Li et al. 1997; Caprioli et al. 2005; Xing 
et al. 2011), corresponding to different proteolytic cleavages. As demonstrated 
by protein expression in the baculovirus insect cell expression system, the mini-
mum requirement for assembly was inclusion of amino acid residues 126–601 (Li 
et al. 2005a). The N-terminal domain followed by the signal sequence (residues 
28–101) is an arginine-rich domain resembling the RNA-binding domain of the 
coat proteins of tombusviruses. The capsid protein binding to Huh-7 liver cells 
has been studied, and it appeared to be mediated by heparin sulfate proteoglycans 
(HSPGs), specifically syndecans, as demonstrated using the baculovirus expressed 
pORF2, assembled in VLPs (Kalia et al. 2009).

Recent studies on HEV particles have provided useful information about 
the HEV life cycle as well as for the possible development of monovalent or 
polyvalent vaccines. Indeed, the recombinant HEV capsid protein is currently 
undergoing clinical trials as a vaccine candidate (Zhu et al. 2010; Zhao et al. 
2012), and genotype 2 HEV VLPs have been proposed as a useful carrier for 
foreign DNA (Takamura et al. 2004) or epitopes into mucosal epithelial cells 
(Niikura et al. 2002). However, several knowledge gaps still remain concerning 
the structure of HEV capsid, such as what role pORF3 may possibly have in the 
virion architecture and function. Further studies will be needed to answer these 
questions.

2.2 � Taxonomy and Nomenclature

Because of limitations in allowing it to grow reproducibly and efficiently in vitro, 
HEV classification has been mainly based on the analysis of the viral RNA by 
sequencing and phylogenetic techniques (Korkaya et al. 2001).

2.1  Structure of the Virus and Genome Organization
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HEV was initially classified within the Caliciviridae family, but the increas-
ing numbers of sequences collected afterwards have clearly unmasked significant 
differences with other caliciviruses, and since 2004 HEV has been classified as a 
new genus called Hepevirus in the family of Hepeviridae (Emerson and Purcell 
2003). HEV strains detected in humans and other mammalian species represent 
the major genus of the Hepeviridae (Table 2.1). 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 common epitopes (Haqshenas et al. 2001). 
Nonetheless, avian HEV strains have never been associated with cases of infection 
in human beings (Kamar et al. 2012), causing hepatitis-splenomegaly syndrome 
(HS) only in chickens (Haqshenas et al. 2001). Consequently, it has been proposed 
to assign avian HEV to a separate genus, consisting of at least three different gen-
otypes (Bilic et al. 2009; Marek et al. 2010).

Hepeviridae includes four genotypes of mammalian HEV, which primar-
ily infect humans, domestic pigs, wild boar, deer, and rabbits (Meng et al. 2012). 
However, genetically distant HEV strains have more recently been identified in the 
rat (Johne et al. 2010b), ferrets (Raj et al. 2012), wild boar (Takahashi et al. 2011), 
bats (Drexler et al. 2012), and cutthroat trout (Oncorhynchus clarkii) (Batts et al. 
2011), suggesting that the Hepeviridae family classification should be reviewed. 
A proposed revision includes introduction of separate clades: one genus would 
comprise human HEV genotypes and closely related animal viruses, while the oth-
ers would include viruses from chiropteran (bat), rodent (rat), and avian (chicken) 
hosts (Drexler et al. 2012). The “cutthroat” hepevirus is genetically the most 

Table 2.1   Genotypes and host range of the hepatitis E viruses. Adapted from Meng et al. (2011)

HEV strains Natural host

Mammalian HEV
Genotype 1 Humans
Genotype 2 Humans
Genotype 3 Humans, domestic pigs, wild boar, deer,  

mongooses, rabbits
Genotype 4 Humans, domestic pigs, wild boar
Novel unclassified genotype, Rat HEV Rats
Novel unclassified genotype, Boar HEV Wild boar in Japan
Novel unclassified genotype, Bat HEV Bats
Novel unclassified genotype, Ferret HEV Ferrets
Avian HEV
Genotype 1 Chickens
Genotype 2 Chickens
Genotype 3 Chickens
Genotype ? Chickens (Hungary)
Trout HEV
Genotype ? Cutthroat trout (USA)
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distant animal strain, and it might correspond to a separate taxonomic unit of a 
higher rank, e.g., a subfamily.

Based on the sequence comparisons of the HEV genome currently avail-
able, strains are classified in genotypes and sub-types. The four major genotypes 
identified in mammalians to date include (Fig.  2.2 and Table  2.1): genotype 
1 (Burmese-like Asian strains), genotype 2 (a Mexican strain and some African 
strains), genotype 3 (strains from humans and animals, worldwide), and genotype 
4 (strains from human cases and animal strains, in Asia and Europe) (Meng 2011). 
Avian HEV, genetically distant from mammalian strains, has been classified sepa-
rately and comprises at least three different genotypes (Marek et al. 2010), since 
a putative novel avian HEV genotype has been identified but not yet classified 

Fig. 2.2   Phylogenetic tree illustrating different genotypes of hepatitis E. The tree is based on 
full-length sequences of HEV strains of either human or animal origin. The GenBank accession 
number of each strain used in the tree is indicated

2.2  Taxonomy and Nomenclature
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(Banyai et al. 2012). However, with the recent identification of genetically dis-
tinct HEV strains from rats (Johne et al. 2010a), ferrets (Raj et al. 2012), and wild 
boar (Takahashi et al. 2011), new previously unrecognized genotypes have been 
proposed.

Despite the knowledge that different HEV genotypes occur, the virus seems 
otherwise to exist as a single serotype (Aggarwal and Naik 2009).

Most human infections that occur in Asia and Africa are caused by genotype 
1, whereas genotype 2 is commonly found in Mexico and West Africa (Nigeria 
and Chad). In industrialized countries, where until a few years ago hepatitis E 
was considered non-endemic, autochthonous cases appear to be related to HEV 
strains belonging to genotypes 3 and 4 (Emerson and Purcell 2003; Okamoto 
2007; Kamar et al. 2012; Scobie and Dalton 2013), that are still considered the 
only zoonotic genotypes. Genotype 3 HEV was first identified in human cases 
locally acquired in the USA, when the two human strains, called US-1 and US-2, 
showed only 74–75 % nucleotide identity with genotypes 1 and 2, being classified 
separately (Meng et al. 1997). Since then, genotype 3 has been detected through-
out the entire world, associated with sporadic cases and small outbreaks in North 
America, Europe, Japan and New Zealand (Tsang et al. 2000; Mansuy et al. 2004; 
Dalton et al. 2007a, b). This genotype is also commonly detected in animals, and a 
strict genetic correlation has been observed between human and animal strains cir-
culating in the same geographical area. The first animal strain of HEV was iden-
tified in swine in the USA in 1997. The virus was shown to belong to genotype 
3, and presented a high identity with some human strains (Meng et al. 1997). In 
particular, the virus shared a 92 % nucleotide identity in ORF2 with the two HEV 
genotype 3 autochthonous human strains (US-1 and US-2) detected in the same 
period in the USA. Given the strict genetic correlation, the two viruses were clas-
sified in the same genotype 3, and since then pigs have been considered a reservoir 
of HEV (Meng et al. 1997).

Recently, a study conducted in Japan identified a new potential reservoir of geno-
type 3 HEV virus in the mongoose. As revealed by phylogenetic analysis, the HEV 
RNAs detected belonged to genotype 3 and were classified into two groups, one of 
which contains sequences very similar to mongoose HEV previously detected in the 
same area as well as to HEV identified in a pig (Nidaira et al. 2012).

Genotype 4, the other genotype transmitted by the zoonotic route, is indige-
nous to Asia, where it has been recovered from both pigs and humans (Wang et al.  
2012). Since its first report in China in 1999, genotype 4 has been increasingly 
described as being endemic in pigs and as the cause of sporadic cases of hepatitis 
E in humans and infection in the swine in China and Japan, and more recently in 
Europe (Hakze-van der Honing et al. 2011; Colson et al. 2012; Garbuglia et al. 
2013). The question for the recent and increasingly frequent detection of genotype 
4 in Europe is of concern for public health, and raises the question whether geno-
type 4 was somehow introduced into domestic pigs and may be expected to spread 
further on farms or whether the problem is to be correlated to importation of pig 
meat of Asian origin into Europe (Colson et al. 2012).
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The recent availability of increasing numbers of HEV sequences emphasizes 
the genome diversity among HEV isolates. According to the nucleotide identity, 
the four genotypes were further subdivided into subtypes. HEV strains belong-
ing to genotype 1 are more conserved and can be further classified into five sub-
types (1a–1e). Genotype 2 sequences are classified into two subtypes (2a and 2b). 
Genotypes 3 and 4 are extremely diverse and are divided into ten (3a–3j) and seven 
subtypes (4a–4g), respectively. Thus, in total, at least 24 subtypes of HEV exist in 
nature (Lu et al. 2006). The diversity of genotypes 3 and 4 appears related to their 
zoonotic origin from a variety of animals in different parts of the world, whereas 
the relative conservation of genotypes 1 and 2 is consistent with their primary cir-
culation in humans and a less frequent isolation from animals (Pavio et al. 2010).

Nevertheless, several studies have supported the existence of intra-host quasispe-
cies in both humans (Grandadam et al. 2004) and swine (Bouquet et al. 2012b). 
A recent study conducted using next generation sequencing (NGS) confirmed the 
existence of intra-host quasispecies in experimentally infected swine, underlining 
that the range of quasispecies diversity is lower than for other human viruses, but is 
in line with other zoonotic viruses (Bouquet et al. 2012b). In human patients under-
going solid-organ transplantation with chronic HEV infection, the quasispecies 
diversification seems to be related to rapid development and progression of liver 
fibrosis, since patients had lower quasispecies diversification during the first year 
than had patients without liver fibrosis progression (Lhomme et al. 2012).

2.3 � Viral Replication Cycle

Because cell culture and small animal models to investigate HEV infection was 
developed only recently, the viral replication and regulation processes involved 
are poorly understood, being mainly based on HEV genome analysis and homol-
ogy with other positive-stranded RNA viruses. Nevertheless, the recent identifica-
tion of various cell lines permissive to HEV replication (hepatic cell lines HuH7, 
PCL/PRF/5, HepG2; lung carcinoma cell lines A549; human hepatoma-derived 
cell line, HepaRG; porcine embryonic stem cell-derived cell line, PICM-19) 
(Okamoto 2011; Rogee et al. 2012) has significantly contributed to clarify some 
essential steps of the replicative cycle. Although no cellular receptors have been 
identified up to now, a role of heparin sulfate proteoglycans (HSPGs) in medi-
ating virus attachment has been demonstrated (Kalia et al. 2009). The mecha-
nisms by which the virus is released into the cytoplasm are unknown. Genomic 
RNA appears to be translated directly into the ORF1 polyprotein, even though 
it is unclear whether the polyprotein is or is not processed into individual func-
tional units. The RdRp mediates the replication of the positive-sense genomic 
RNA into negative-sense RNA transcripts, that serve as a template for the syn-
thesis of the full genome, and into the single 2.2 kb subgenomic RNA including 
the overlapping ORF2 and ORF3 that are translated in the capsid protein pORF2 
and in pORF3. pORF2 is assembled in a capsid particle where the RNA genome 

2.2  Taxonomy and Nomenclature
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is packaged to construct the newly formed virion. Although the role of pORF3 
remains largely unclear, this protein mediates virus budding likely based on the 
interaction of lipid-associated virions with plasma membranes or endomembranes 
(Ahmad et al. 2011). Binding of the cellular TSG101 (tumor susceptibility gene 
101) to pORF3 through amino acid PSAP motif (i.e., amino acids proline, ser-
ine, alanine, and proline) has been demonstrated (Surjit et al. 2006). TSG101 has 
been identified as the critical protein for budding of enveloped viruses, such as the 
human immunodeficiency virus type-1 (HIV) from the plasma membrane (Martin-
Serrano et al. 2001). It is likely that pORF3 mediates virus budding by recruiting 
the TSG101 (Okamoto 2011).
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Hepatitis E virus (HEV) infection is mainly present in developing tropical and 
sub-tropical countries of most of Asia, North Africa, the Middle East, and Central 
and South America (Emerson and Purcell 2003; Panda et al. 2007) (Fig. 3.1).

In developed countries, hepatitis E was considered a disease strictly associ-
ated with travelling through endemic countries. However, in the last decade spo-
radic cases or small series of cases in subjects without history of travel abroad 
have been recorded 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 reservoirs of hepatitis E virus in these areas.

In highly endemic areas, HEV strains belonging to genotypes 1 and 2 are respon-
sible for most endemic and epidemic cases of hepatitis E. Infection is usually 
transmitted among humans by the fecal-oral route, and it has proven to cause large 
outbreaks, particularly when associated with the consumption of contaminated water.

The genotype 1 of HEV is mainly associated with infections in Asia and Africa 
(Fig.  3.2), whereas genotype 2 is represented by the prototype sequence from 
an epidemic in Mexico, 1986, and new variants were recently identified from 
endemic cases in some African countries. There is no known animal reservoir 
for HEV genotypes 1 and 2 (Scobie and Dalton 2013) except for a genotype 1 
reported in horses (Saad et al. 2007)

By contrast, in non-endemic areas infection with HEV normally causes sporadic 
cases or small outbreaks, and other than in imported cases, it seems to be at least 
partially associated with zoonotic transmission (Pavio et al. 2010). The autochtho-
nous cases in these areas, corresponding to industrialized countries, are related to 
genotype 3 and 4 strains (Fig. 3.2). Of these, HEV genotype 3 is more widely dis-
tributed globally, from the USA through European countries, to China and Japan. 
Whereas genotype 3 HEV infects a high number of animal species (pigs, deer, wild 
boar, mongooses, rodents, and others), genotype 4 seems to affect only humans and 
pigs in East Asia, apart from recently reported infection in both swine and humans 
in Europe (Hakze-van der Honing et al. 2011; Garbuglia et al. 2013).

Chapter 3
Epidemiology of the Human HEV Infection

F. M. Ruggeri et al., Hepatitis E Virus, SpringerBriefs in Food, Health, and Nutrition, 
DOI: 10.1007/978-1-4614-7522-4_3, © Franco Maria Ruggeri, Ilaria Di Bartolo, 
Marcello Trevisani, Fabio Ostanello 2013
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3.1 � Epidemiology of Human Infection in Regions with High 
Disease Endemicity

In these areas, the disease usually occurs with epidemic outbreaks that affect 
large parts of the population, and are often separated by intervals of a few years. 
These outbreaks have been observed in the Indian subcontinent, China, Southeast 
and Central Asia, the Middle East, and the northern and western parts of Africa. 
In North America (Mexico), two small outbreaks took place between 1986 and 
1987, but no further outbreaks have since been reported (Aggarwal and Jameel 

Fig.  3.1   Worldwide distribution of HEV infection in non-endemic countries, in high-endemic 
regions or areas, corresponding to developing countries where waterborne outbreaks are mainly 
described, and in areas with low endemicity, corresponding to industrialized countries

Fig. 3.2   Distribution of HEV genotypes worldwide. The colors used for each country represent 
the predominant HEV genotypes of human and animal isolates (mostly pigs), respectively, from 
that country
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2011). Outbreaks are often large, and some reports account for outbreaks affecting 
thousands of people, particularly in China, India, Somalia, and Uganda (Zhuang  
et al. 1991; Naik et al. 1992; Bile et al. 1994; Teshale et al. 2010). Most reported 
outbreaks have been related to the consumption of drinking water which had 
been contaminated with human feces, and infection had clearly been transmit-
ted through the classical fecal-oral route. The time course of outbreaks in highly 
endemic countries varies from a few weeks to more than 1  year, and outbreaks 
with a more extended duration are likely to be related to a persisting source of 
water contamination, such as sewage systems intersecting surface water reser-
voirs, lakes, rivers, or clean water pipelines (Kamar et al. 2012). Particularly, the 
large outbreaks frequently follow heavy rainfall and floods, which may abruptly 
determine the discharge of human excreta into the sources of drinking water. 
Nonetheless, some outbreaks have occurred in hot and dry months, possibly as a 
result of diminished water flows in rivers that may have led to an increased con-
centration of fecal contaminants. In Southeast Asia, recurrent epidemics have been 
shown to be associated with disposal of human excreta into rivers and subsequent 
use of water from the same river for drinking, cooking, and personal hygiene. 
Outbreaks of hepatitis E have occurred in underdeveloped urban areas with leaky 
water pipes passing through the soil, which was found to be contaminated by sew-
age. Intermittent water supply in these areas leads to negative pressure in pipes 
during periods with no flow, allowing inward suction of contaminants (Sailaja  
et al. 2009). Although the dissemination of HEV infection through contamination 
of food may be possible, few outbreaks related to food-borne transmission have 
been reported from hepatitis E endemic areas. Less frequent routes of transmission 
include contaminated food and transfusion of infected blood products (Aggarwal 
and Jameel 2011). Direct person-to-person transmission seems to be uncommon; 
however, in a large outbreak recently reported in Uganda household factors (e.g., 
hygiene measures, storage of drinking water in large-mouthed containers) have 
been considered to be significant for increasing transmission of infection (Howard 
et al. 2010).

Overall attack rates during hepatitis E outbreaks have ranged from 1 to 15 % 
(Aggarwal and Jameel 2011). The rates are higher among young adults (3–30 %), 
but the reason for this is not clear. Lower attack rates among children may be par-
tially related to a higher proportion of asymptomatic infections at younger ages 
and not only to an authentic scarceness of infection in young individuals.

However, in most endemic areas, seroprevalence in children below 10 years of 
age is approximately 5 %, whereas the ratio rises to 10–40 % among adults over 
the age of 25 years (Emerson and Purcell 2003).

The disease can be long lasting. Men are clinically infected two to five times 
more frequently than women; this may be due either to their greater risk of expo-
sure to contaminated water, or may indicate that men develop a symptomatic 
infection more frequently. During hepatitis E outbreaks, pregnant women have a 
higher disease attack rate, and are more likely to develop fulminant hepatic failure 
and die. Mortality rates reach 10–25 % in pregnant women (Boccia et al. 2006). 
However, once acute liver failure appears, the death rate is not different between 

3.1  Epidemiology of Human Infection in Regions with High Disease Endemicity
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pregnant women with hepatitis E and those with severe liver injury of other causes. 
Immunological factors or hormones may be responsible for this different progres-
sion of the disease in pregnant women. In disease endemic areas, HEV infection 
accounts for a large proportion of cases of acute sporadic hepatitis. These latter 
patients share similar age distribution, severity and duration of illness, predisposi-
tion to worsened prognosis in the case of pregnant women, and absence of chronic 
sequelae with those involved in HEV outbreaks (Aggarwal and Jameel 2011).

In India, HEV infection is the most common cause of acute sporadic hepati-
tis, accounting for up to 70 % of all cases among adults. The route of transmis-
sion of infection in most patients with sporadic hepatitis E is unclear (Aggarwal 
and Naik 2009). However, given the low hygienic conditions in underdeveloped 
areas of India and other Asian countries, the major sources of infection are most 
likely water and food contaminated with human feces. Asymptomatic infections 
were estimated to exceed the number of symptomatic cases, by two to four times. 
HEV genomic sequences were detected in nearly 40 % of sewage specimens col-
lected in a large Indian city throughout the year which clearly indicates the ubiqui-
tous circulation of HEV through the population, even when no disease outbreak or 
symptomatic cases were recorded.

Unlike several other infections with fecal-oral transmission, person-to-person 
transmission of HEV from epidemic or sporadic cases is considered to be uncom-
mon (Aggarwal and Jameel 2011). The exact reason for this is unknown, although 
differences in the minimal infectious dose able to cause overt disease and burden 
of virus shed in the stools by infected patients, or the environmental resistance of 
different viruses may play a major role (Emerson and Purcell 2003). The second-
ary attack rate observed among household contact of patients involved in hepatitis 
E outbreaks is normally much lower (0.7–2.2 %) than observed among susceptible 
household contacts of cases for hepatitis A (50–75 %).

The short time lapse normally observed between onset of symptoms in distinct 
family members during multi-case household outbreaks also supports a reduced 
person-to-person transmission, rather indicating a common primary source of 
infection (e.g., water, or food) (Aggarwal and Jameel 2011).

Maternal–fetal transmission of HEV infection has been reported, and the occur-
rence of HEV viremia among healthy blood donors and transmission of infection 
to transfusion recipients have been documented in regions endemic for hepatitis E 
(Haim-Boukobza et al. 2012). However, the impact of parenteral and blood-borne 
transmission to the overall disease burden remains uncertain.

3.2 � Epidemiology of Human Infection in Regions  
with Low Endemicity

HEV infection is now thought to be endemic also in many industrialized countries. 
In Europe, the USA, and Japan, increasing reports of sporadic cases have been 
made in patients who had never travelled to foreign countries. Strains isolated in 
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these cases were demonstrated to be genetically different from strains isolated in 
other regions, leading to the hypothesis that they were related to viruses endemic 
to the specific country (van der Poel et al. 2001; Clemente-Casares et al. 2003; 
Takahashi et al. 2003). Autochthonous cases of hepatitis E have been detected in 
all developed countries where they have been searched for, with the exception of 
Finland (Kantala et al. 2009). Several studies have also reported high HEV sero-
prevalence rates (5–20 %) among healthy individuals in industrialized countries, 
suggesting a wide spread infection, which most likely occurs at a subclinical level 
(Emerson and Purcell 2003; Mansuy et al. 2011). The actual percentage of sub-
jects seropositive to HEV might be proven to be even higher, when further studies 
are carried out using the more sensitive tests recently developed for anti-HEV anti-
body detection. Accordingly, the seroprevalence among blood donors in Toulose 
(France) was shown to rise from 16 to 52  % using a modern assay with higher 
sensitivity than previously available assays (Kamar et al. 2012), that may obvi-
ously apply to other regions investigated in the past. Since large part of infections 
occurring in developed countries seem to be asymptomatic, this observation could 
explain the high seroprevalence rates opposed to the low number of cases reported. 
Differently than 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. 
This unusual and peculiar demography also remains unexplained, since exposure 
to HEV is independent of age and sex, and suggests the presence of host risk fac-
tors that may be crucial for clinical manifestation of the disease. Moreover, the 
high mortality associated with pregnancy and genotype 1 HEV infections has not 
been reported with either genotypes 3 or 4 strains. Nonetheless, these latter have 
never been reported in such large outbreaks as genotype 1 HEV strains have, mak-
ing absolute comparisons difficult with regard to pregnant women infected. In 
developed countries, the disease appears only as sporadic cases or small outbreaks, 
and a range of severity of illness has been described, from asymptomatic to acute 
or subacute liver failure.

In Italy, as an example of a modern country with high hygienic conditions, 
HEV infection is thought to account for approximately 5–10 % of cases of acute 
non-A–C viral hepatitis (Zanetti and Dawson 1994), which would lead to esti-
mates of just few hundred cases per year. As in other developed areas, most cases 
occurring in Italy are associated with travel to endemic areas being reported on 
return from regions traditionally considered endemic, and the first identification 
of an autochthonous HEV dates back to 1999, when a genotype 3 virus similar to 
American strains was identified in a patient who had neither travelled to nor had 
contact with individuals associated with endemic areas (Schlauder et al. 1999). A 
recent detailed paper has attributed to HEV the etiology of 134 of 651 (20.6 %) 
cases of non-A–C hepatitis hospitalized during the period 1994 through 2009 in 
northern Italy (Romano et al. 2011). Of these patients, 22 (16.4  %) were estab-
lished as being autochthonous, whereas the other 112 were imported or associ-
ated with travelers from Asia or Africa. Although molecular typing of HEV strains 
was possible for only five and 39 cases, respectively, it is quite remarkable that 
only the five indigenous strains were genotype 3 HEV whereas the imported cases 
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were all related with genotype 1 strains. Similar findings have been found in other 
studies throughout Europe (Kamar et al. 2012). More recently, rare human cases 
linked to genotype 4 HEV strains, normally endemic in Asia in both humans and 
pigs (Howard et al. 2010; Wang et al. 2012) have also been reported in Europe 
(Wichmann et al. 2008; Tesse et al. 2012; Garbuglia et al. 2013), but it was not 
concluded whether any of these cases may have originated via zoonotic or food-
borne transmission. Nonetheless, these findings make it obvious to ask whether 
genotype 4 may become widespread in Europe, as is presently genotype 3 HEV.

3.3 � Routes of Transmission

The actual modes of HEV transmission in sporadic cases are still not completely 
understood; in addition to the ingestion of contaminated water and food, and  
person-to-person transmission, vertical transmission of virus from mother to infant 
is known to occur, while there is no evidence of sexual transmission (Kamar et al. 
2012; Scobie and Dalton 2013). The possibility of HEV transmission by transfu-
sion of blood or blood products has been documented, but its significance is still 
not clear (Khuroo et al. 2004; Matsubayashi et al. 2008; Haim-Boukobza et al. 
2012). Zoonotic transmission has been assessed, although the extent to which this 
route impacts with spreading of infection is uncertain. Risk factors can include 
the direct or indirect contact with infected material from affected animals (pro-
fessional categories such as veterinary surgeons, farmers, slaughterhouse workers, 
people assigned to the care of the animals may be at risk), the ingestion of food 
directly or indirectly contaminated (water, plants, meat products, shellfish), and 
parenteral transmission (Meng 2003) (Fig. 3.3).

3.3.1 � Waterborne Transmission

The knowledge that surface and drinking water are a major vehicle by which 
HEV can massively diffuse through the population is well consolidated since 
four water-related epidemics occurred in Kashmir between 1978 and 1982, caus-
ing over 50,000 cases of acute liver disease and approximately 1,700 deaths 
(Khuroo 1991). Reports of water-related hepatitis E have concerned other coun-
tries with low sanitary conditions, water quality, and overcrowding, sometimes 
also in relation with political instability and war situations (Rab et al. 1997; 
Guthmann et al. 2006; Guerrero-Latorre et al. 2011). Heavy rains and flooding, 
fecal contamination of surface water reservoirs, wells, and rivers, together with 
unfitting water pipelines and sewage disposal networks, have all been involved 
in hepatitis E epidemics. In Southeast Asia, occurrence of hepatitis E outbreaks 
appeared to be strictly related to the use of river water for drinking, cook-
ing, and personal washing (Razonable et al. 2011). Epidemiological evidence, 
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therefore, strongly suggests that HEV can persist in environmental water, but no 
systematic study has been performed to define the kinetics of virus infectivity 
decay in the environment.

3.3.2 � Foodborne Transmission

There is already some clear evidence that links onset of hepatitis E to the con-
sumption of contaminated food items, resulting in either sporadic cases or epi-
demic outbreaks. The first reports regarded endemic Asian countries. In Japan, 
analysis of risk factors and molecular characterization of HEV from 10 patients 
with fulminant hepatitis E showed that the patients had eaten grilled or under-
cooked pig liver 2–8 weeks before onset. Some of the HEV RNA sequences found 
in clinical specimens were identical or similar to HEV detected in packaged pig 
liver sold in the market or farm swine samples (Yazaki et al. 2003). This study also 
showed that approximately 2 % of pig livers sold at retail in the area contained 
detectable viral RNA. Further observations confirming the association between pig 
liver or grilled pork consumption, wild boar, or deer meat, and hepatitis E were 
reported in the next few years in Japan (Matsuda et al. 2003, 2005; Takahashi  
et al. 2004; Li et al. 2005b), and other countries (Gessoni and Manoni 1996; 
Dalton et al. 2007b; Colson et al. 2010; Widen et al. 2011; Bouquet et al. 2012b).

Presence of HEV in food, primarily pig liver or pork, was confirmed in the 
USA (Feagins et al. 2007a), the Netherlands (Bouwknegt et al. 2007), UK (Berto 

Fig.  3.3   Confirmed and potential (indicated by question marks) transmission routes of HEV. 
Genotypes 1 and 2 are waterborne only, with possible human-to-human transmission, including 
vertical transmission

3.3  Routes of Transmission
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et al. 2012b), Italy, Spain, and the Czech Republic (Di Bartolo et al. 2012), and a 
recent study performed in France by cell culture techniques confirmed that HEV 
present in pork liver sausage is infectious, highlighting the actual risk for consum-
ers (Berto et al. 2013a).

In addition to meat from infected animals, the use of HEV containing pig 
manure or animal or human waste contaminated water for land application and 
crop field irrigation may lead to contamination of other foodstuff, such as pro-
duce or, by run off into rivers and coastal waters, shellfish and eventually cause 
disease among consumers (Renou et al. 2008; Song et al. 2010; Razonable 2011; 
Halac et al. 2012). A recent multi-laboratory investigation conducted in three 
European countries demonstrated that leafy green vegetables intended for the mar-
ket were contaminated with HEV, finding that 3.4 % of 146 samples tested posi-
tive by RT-qPCR (Kokkinos et al. 2012). In contrast to norovirus and other enteric 
pathogens, data on possible association of hepatitis E cases with consumption of 
vegetables and berry fruits are lacking, which might indicate that residual HEV 
concentration in fresh produce may be under the limit needed to start productive 
infection in humans.

3.3.3 � Professional Exposure Transmission

Human populations with occupational exposure to environmental sources of 
domestic animal wastes and wild animals (farmers, veterinarians, slaughterhouse 
personnel) have been shown to present higher anti-HEV serum antibody rates than 
normal blood donors or normal citizens in several studies particularly associated 
with the pig industry. For instance, in the USA 26 % of veterinarians were found 
to be seropositive to HEV compared to 18 % of regular blood donors (Meng et al. 
2002), and HEV antibody prevalence was reported to be 4.5 times higher in sub-
jects exposed to contact with pigs than in normal people (Withers et al. 2002). But 
similar data are available for several countries worldwide (Karetnyi et al. 1999; 
Meng et al. 2002; Chang et al. 2009; Masia et al. 2009; Geng et al. 2011b).

A recent investigation on forestry workers in Germany has reported a signifi-
cantly higher seroprevalence against a recombinant genotype 3 HEV capsid protein 
fragment that reasonably suggests workers’ exposure during their activity to virus 
probably shed by wild animals (Dremsek et al. 2012). Interestingly, a few among 
the forestry workers’ sera also gave a strong reaction against a recombinant capsid 
protein from the HEV strain recently detected in rats. It is unclear how humans may 
have come in contact with this novel virus in order to elicit an immune response 
(Dremsek et al. 2012). Infectious swine hepatitis E virus was demonstrated to be 
present in pig manure storage facilities in farms in USA, but evidence that this 
may culminate into contamination of surrounding waters, although reasonable, 
was lacking in this study (Kasorndorkbua et al. 2005).

Conversely, both swine and human HEV strains have been reported to be pre-
sent and infectious in raw sewage water in several countries (Jothikumar et al. 
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1993; Pina et al. 1998, 2000; Clemente-Casares et al. 2003; Ippagunta et al. 2007). 
In particular, sewage workers were shown to have a significantly higher anti-HEV 
seroprevalence than normal individuals in India, which increased with the num-
bers of years spent in that job (Vaidya et al. 2003), highlighting a specific occupa-
tional risk.

3.3.4 � Other Routes of Transmission

As mentioned before, there is no clear demonstration sustaining that direct viral 
transmission of HEV from person to person is indeed an efficient method for 
transmitting infection. However, virus spread from infected individuals by fecal 
shedding in the environment inside confined areas or via contaminated fomites 
might play a role, especially in conditions of promiscuity and overcrowding. 
This might explain the difference observed in anti-HEV seroprevalence between 
northern and southern regions of Italy (Zanetti and Dawson 1994). In fact, the 
latter routinely face high immigration fluxes from countries where hepatitis E is 
endemic (Cacopardo et al. 1997; Scotto et al. 2013), and immigrants reside in 
these areas for several weeks interacting with the local population. However, the 
habit of eating raw shellfish common in southern Italy could also be considered an 
additional risk factor, possibly also favored by HEV discharge by infected immi-
grants into sewage and by following coastal seawater pollution.

A marked gradient of anti-HEV seroprevalence was also shown from north 
to south France, but in this case the risk factors seemed to be several, including 
personal water supplies, fresh seafood consumption, and possession of pet pigs 
(Renou et al. 2008). Nonetheless, HEV circulates largely among pigs in southern 
France where the habit of consuming a particular fresh liver sausage (figatellu) is 
particularly marked (Colson et al. 2010), thus particular food eating habits might 
have at least partially contributed to the observed epidemiological differences.

A mix of transmission modes acting simultaneously may have fed the unique 
outbreaks involving passengers in a ship returning from a world cruise in 2008, 
causing overt hepatitis 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 detected in patients was a single genotype 3 HEV similar to strains circulat-
ing in Europe, suggesting a common source of infection, and seafood consumption 
was a risk factor. However, from the experience built from norovirus outbreaks 
aboard cruise ships, it cannot be excluded that virus transmission was favored by 
other routes, such as water or environmental contamination within common areas.

Differently than other systemic viral infections (such as HIV, HBV and HCV), 
diverging data exist on the association between HEV transmission and injection 
drug use (IDU). Specific seroprevalence ranged from 2 to over 60  % in differ-
ent countries, although significant differences between IDU subjects and healthy 
blood donors have not been observed in all cases (Gessoni and Manoni 1996; 
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Thomas et al. 1997; Kaba et al. 2010a). This might be related to either low viral 
load in the blood or transient viremic status in the case of HEV, which might 
explain the higher impact of blood transfusion or organ transplantation as a risk 
factor for hepatitis E (Thomas et al. 1997; Khuroo et al. 2004; Boxall et al. 2006; 
Colson et al. 2007; Razonable 2011; Halac et al. 2012).

Finally, vertical transmission from mother to fetus has been reported frequently 
resulting in the death of the fetus (Khuroo et al. 2009; Aggarwal 2011).

3.4 � Evidence of Zoonotic Transmission

Since the early 1990s, HEV antibodies have been detected in the sera of a variety 
of animals, such as monkeys, pigs, rodents, cattle, sheep, poultry, dogs, and cats, 
in both developed and developing countries (Wang et al. 2002; Chang et al. 2009; 
Meng 2010a; Wang and Ma 2010). Early after the discovery of HEV-like viruses 
in pigs in 1997, and a few years later in rodents (Favorov et al. 2000; Peralta et al. 
2009b), the existence of endemic animal reservoirs was questioned with respect to 
the sporadic cases reported in humans in industrialized countries. Therefore, the 
possibility that the viruses causing human hepatitis E might be similar to animal 
strains and infect other species started being investigated by comparative molecu-
lar characterization of strains of different origin.

Presently, it is known that persons working in close contact with animals of 
species susceptible to HEV infection frequently result positive at testing for anti-
HEV antibodies (Karetnyi et al. 1999; Meng et al. 2002; Chang et al. 2009; Masia 
et al. 2009). The ability of genotype 3 HEV strains to cross species barriers has 
been supported largely (Meng 2010a), and the foodborne transmission of animal 
viruses from pork, wild boar, and deer has been confirmed by a series of different 
evidence, as addressed in detail above.

Today, cross-species passage is thought to represent an important mode of 
transmission for zoonotic genotype 3 HEV, and may in fact be the main source for 
autochthonous HEV infection cases in North America and Europe (Meng 2010a; 
Pavio et al. 2010).

The ability of HEV to cross the species barrier has been confirmed by experi-
mental infections of SPF (Specific Pathogen Free) piglets with a human geno-
type 3 virus, and by similar demonstration that swine genotypes 3 and 4 strains 
are able to infect non-human primates (Meng et al. 1998b; Arankalle et al. 2006; 
Ji et al. 2008), in support of the observations that genotype 3 strains typically 
detected in swine can naturally infect humans (Pavio et al. 2010). These viruses 
apparently cause mild or subclinical infection in primates, but also considering the 
high genetic variability within HEV, the possibility that specific strains within ani-
mal genotypes 3 and 4 are more virulent than others cannot be excluded. Since 
the molecular basis for host-pathogen interaction in HEV is still largely unknown, 
strains that normally present lower virulence might lead to a more severe course of 
disease in particular host conditions (Bouquet et al. 2012a).
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Different levels of restriction in the cross-species infection with animal HEV 
strains exist, as was clearly shown in a recent study conducted on recently reported 
rat and rabbit HEV strains (Cossaboom et al. 2012). Using the pig model of exper-
imental infection, injection with rat HEV did not result in any evidence of infec-
tion, as opposed to the rabbit HEV strain which induced consistent although low 
level viremia and fecal shedding of virus that was proven infectious when admin-
istered again to rabbits.

Finally, important evidence that supports the occurrence of zoonotic trans-
mission 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 similarities between 
human and swine strains from the same geographic region (Banks et al. 2004a; Lu 
et al. 2006; Meng 2010b; Wenzel et al. 2011) that were often nearer than between 
strains which were detected from the same species but in different countries.

3.4  Evidence of Zoonotic Transmission
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In humans, hepatitis E virus (HEV) infection has been documented to use four 
possible routes of transmission: (1) waterborne, mostly in less developed areas;  
(2) foodborne, particularly through the consumption of raw or undercooked meat 
of infected domestic pigs or wild animals such as boar and deer; (3) blood-borne, 
or parenteral transmission; and (4) vertical transmission from mother to child.

Besides clinical observations during the course of natural disease in human 
patients, several elements of pathogenesis have been outlined on the basis of data 
from experimentally infected non-human primates. Under experimental condi-
tions, infection can be transmitted by either the intravenous or oral routes; the lat-
ter, which in most cases is the natural infectious route, requires an infectious titer 
10,000 times higher than the intravenous route (Emerson and Purcell 2003).

4.1 � Incubation Period and Clinical Manifestations

The incubation period after oral exposure to HEV is about 4–5 weeks. The route 
and mechanism by which the virus reaches the liver from the intestinal tract 
remain unknown. Once in the liver, the virus replicates in the cytoplasm of hepato-
cytes, accumulates in the bile, and is subsequently shed in the feces. Viremia starts 
when the virus is already detectable in the liver (Kamar et al. 2012). However, it 
is not known to what extent extra hepatic sites of HEV replication occurs, and if 
all the virus present in the feces originates in the liver or may derive in part from 
replication in the intestinal tract. Viremia and fecal shedding are detected prior 
to liver abnormalities, which normally appear in concurrence with the humoral 
immune response and are characterized by an elevation of transaminases (Kamar 
et al. 2012). HEV can be detected in the stools beginning approximately 1 week 
before the onset of illness and can persist for as long as 2 weeks afterwards. Viral 
genomic RNA can be detected in the serum of most patients with acute hepatitis 
E for approximately 2 weeks, but in some infected subjects, its presence has been 
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reported for as long as 16 weeks after the onset of disease (Aggarwal and Jameel 
2011) (Fig. 4.1).

The pathogenic mechanism leading to liver damage is not clear, but it is likely 
that immune-mediated elements are also relevant rather than simply relying on a 
direct action of the virus against the infected cell, which would be in line with the 
observation that HEV is not openly cytopathogenic. This hypothesis is supported 
by the fact that, during the course of the disease, infiltrating lymphocytes in the 
liver have been found to have mainly a cytotoxic/suppressor immune phenotype 
(Aggarwal 2011).

Anti-HEV IgM antibodies appear during the early phase of clinical illness, 
and disappear completely in 4–5  months. During an epidemic, IgM antibodies 
have been detected in more than 90 % of serum samples obtained from patients 
between 1 week and 2 months after the onset of illness. The IgG response appears 
shortly after the IgM response and the IgG antibody titer increases throughout the 
acute phase up to the convalescent phase, remaining high from 1 to 4 years after 
the acute phase of illness. The exact duration and persistence of anti-HEV antibod-
ies is not known, but IgG antibodies have been detected up to 14 years post infec-
tion (pi) (Emerson and Purcell 2003; Aggarwal and Jameel 2011).

The clinical characteristics of hepatitis E can be very different. Acute icteric 
hepatitis, the most common recognizable form of illness, has an initial prodro-
mal phase lasting a few days, with a variable combination of flu-like symptoms, 
fever, mild chills, anorexia, nausea, abdominal pain, vomiting, diarrhea, arthralgia, 
asthenia, and a transient macular skin rash. These symptoms are followed within 
a few days by darkening of the urine, lightening of the stool color and the appear-
ance of jaundice. With the onset of jaundice, fever and other prodromal symptoms 

Fig. 4.1   Schematic summary of HEV infection, showing the main pathogenic events (virology, 
serology, disease) during the HEV infection. Reproduced from Krawczynski et al. (2011), with 
permission of Elsevier
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tend to diminish rapidly, and soon disappear entirely. Laboratory test abnormali-
ties include bilirubinuria, variable degrees in the rise of serum bilirubin (pre-
dominantly conjugated), and a marked elevation in hepatic enzymes. The illness 
is usually self-limiting and typically lasts between 1 and 4 weeks; when it starts 
receding, the abnormalities of hematochemical parameters start receding, and 
gradually reach normal values (Aggarwal and Krawczynski 2000).

Hepatitis E is normally an acute disease, and until recently no evidence of 
chronic hepatitis or cirrhosis had been reported. However, a few patients were 
reported to have “prolonged” clinical illness with cholestasis, persistent jaundice, 
and prominent itching. In these cases, laboratory tests showed a rise in alkaline 
phosphatase and elevated bilirubin level persisting also after transaminase levels 
had returned to normal. The prognosis is normally favorable, and jaundice finally 
resolves spontaneously after 2–6  months (Aggarwal and Krawczynski 2000). 
Many infected individuals exhibit a mild clinical course, and develop only flu-
like symptoms. In these patients, liver involvement is recognized only if labora-
tory studies are performed (Agrawal et al. 2012). However, a small proportion of 
patients have been reported to pass a more severe disease, with fulminant or suba-
cute hepatic failure, sometimes culminating in the death of the subject (Fig. 4.2).

Recent studies have focused on a possible role of HEV as an important cause 
of chronic liver disease in immunosuppressed subjects, such as the recipients 
of organ transplants (Khuroo et al. 2009; Halac et al. 2012; Halleux et al. 2012; 
Koning et al. 2013), with possible involvement of the interferon transcriptome 
(Moal et al. 2013).

This completely different course of disease seems to match the higher clinical 
severity and exceptional mortality rate shown among pregnant women (Boccia  
et al. 2006; Patra et al. 2007; Aggarwal 2011). Pregnant women, particularly those 
in the second and third trimesters, are in fact more frequently affected during hep-
atitis E outbreaks, and the outcome is worse both for the mother and for the fetus 
or the newborn. Abortions, still births, and neonatal deaths have been reported. 

Fig. 4.2   Histopathologic 
changes in the liver of 
cynomolgus macaques 
experimentally infected 
with HEV. Intralobular 
lesions showing focal 
necrosis, hepatocytic 
acidophilic degeneration, 
cell shrinkage, nuclear 
chromatin condensation, and 
multiple acidophilic body 
formation. Reproduced from 
Krawczynski et al. (2011), 
with permission of Elsevier

4.1  Incubation Period and Clinical Manifestations
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Overall, the reason for the severity of disease in pregnant women remains 
unknown, and is probably not related to the poor health conditions frequently 
observed in developing countries, since the lethality rate in pregnant women in 
industrialized countries is also high.

The case-fatality rate in many reports has ranged from 0.07 to 2 %, which is 
slightly higher than that of hepatitis A. In its most benign form, HEV infection 
is entirely unapparent and asymptomatic, and would pass unnoticed. The actual 
frequency of asymptomatic infections is, however, not known, but it probably 
exceeds by far that of icteric disease. In endemic areas, a large proportion of indi-
viduals who were found to be positive for anti-HEV antibodies did not recall hav-
ing had jaundice (Aggarwal and Krawczynski 2000; Aggarwal 2011).

4.2 � Pathological Lesions

From the pathologist’s perspective, the most common form of hepatitis E is a 
cholestatic-type of hepatitis that is characterized by canalicular bile stasis and by a 
gland-like transformation of parenchymal cells. In other patients, changes resem-
ble those of other forms of acute hepatitis with regressive disseminated alterations 
of the hepatocytes (apoptosis, presence of ballooned hepatocytes and acidophilic 
cells, steatosis, focal hepatocyte necrosis), marked cholestasis with or without 
proliferation of bile ducts, Kupffer cell hypertrophy with accumulation of bile, 
inflammation of portal tracts with infiltration of neutrophils, macrophages, and 
lymphocytes (Aggarwal 2011).

Specific therapy against HEV is not yet available, although ribavirin has been 
used with some success in cases of acute liver failure, where a concomitant infec-
tion with HCV or other hepatitis viruses was not excluded (Goyal et al. 2012).

4.3 � Immunity

The immune response elicited by HEV infections has not yet been fully eluci-
dated. The virus is non-cytopathogenic; therefore, it is considered that liver injury 
may be the consequence of immune-mediated damage by cytotoxic T cells and 
natural killer cells. In fact, the possible involvement of cytotoxic T cells in disease 
pathogenesis during HEV infection was proven in the livers of patients with acute 
liver failure caused by HEV infection, where a significant infiltration of activated 
CD8(+) T cells containing granzymes was demonstrated (Prabhu et al. 2011). In 
patients with acute hepatitis E, altered numerical proportions of NK cells, NK 
cell subsets, and NKT cells were observed, but the alteration of NK and NKT cell 
numbers during the acute phase of the disease resulted reversible. Overall the data 
suggest that the innate immunity may play a relevant role in the pathogenesis of 
the infection (Srivastava et al. 2008).
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In patients affected with hepatitis E, a serologic anti-HEV antibody response 
is usually detected at the time of onset of symptoms, with IgM appearing in the 
early phase of clinical illness and disappearing after 4–5 months. An IgG response 
then follows, with anti-HEV IgG titer increasing throughout the acute and con-
valescent phases, remaining elevated for years (Dawson et al. 1992; Favorov  
et al. 1992). Similar findings have been obtained in non-human primates infected 
experimentally.

Patients have also been shown to activate a PBMC-specific cellular immune 
response to HEV ORF2 protein, although not paralleled by an increase of HEV-
reactive CD8 cells. In both humans with anti-HEV IgG seroconversion and in 
convalescent chimpanzees experimentally infected with HEV, the serum antibody 
titers and the cell mediated immune responses correlated well (Aggarwal et al. 
2007; Shata et al. 2007; Srivastava et al. 2007).

A vaccine is not yet available in the Western world markets. However, since 
2005 Chinese researchers have developed a recombinant vaccine from the original 
human Burmese strain of HEV, and tested in a randomized, controlled trial in over 
110,000 individuals in a region of China at high risk of infection with genotypes 3 
and 4 strains (Zhu et al. 2010). The trial has apparently shown the vaccine to have 
good tolerance and very high efficacy (99 %), and given its origin from a genotype 
1 human strain it could also prove efficacious in industrialized countries where 
genotypes 1 and 3 HEV types circulate more widely.

4.3  Immunity
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Significant progress has recently been made in understanding the natural history 
and animal reservoirs of HEV (Meng 2008; Pavio et al. 2010). Animal strains of 
HEV have been discovered in domestic pigs (Meng et al. 1997) and wild boar 
(Sonoda et al. 2004), chickens (Haqshenas et al. 2001), rabbits (Zhao et al. 2009), 
rats (Johne et al. 2010b), deer (Tei et al. 2003), mongooses (Nakamura et al. 
2006), bats (Drexler et al. 2012), ferrets (Raj et al. 2012), and possibly also in cat-
tle (Howard et al. 2010) and sheep (Wang and Ma 2010). This together with the 
existence of other animal species that are seropositive for HEV antibodies (Meng 
2010a, b) have significantly broadened the host range and diversity of HEV. 
Recently, a novel member of the family Hepeviridae (called Cutthroat Trout Virus 
or CTV) was identified in cutthroat trout in the USA (Batts et al. 2011), and the 
virus presented a genome with marked similarities in both size and organization 
to that of typical hepatitis E virus, with which CTV shares higher nucleotide and 
amino acid sequence identities compared to any other virus family. However, the 
nucleotide sequence differences between CTV and hepeviruses from mammals or 
birds appeared to be sufficient to warrant the institution of a novel genus, within 
the family (Batts et al. 2011).

Screening for hepevirus RNA in more than 3,800 bat specimens from 85 differ-
ent species and from five continents, Drexler and colleagues (Drexler et al. 2012) 
have found HEV-like viruses in African, Central American, and European bats. 
Based on genomic sequences, these viruses have been clustered in a novel phylo-
genetic clade within the family Hepeviridae (Drexler et al. 2012).

These findings of HEV-like viruses in the animal world is interesting and 
deserve further investigation, particularly because hepatitis E is now acknowl-
edged as a zoonotic disease, with reservoirs in domestic pigs, wild boar, and likely 
other relevant animal species (Meng 2010a). Besides the obvious implications of 
the ubiquitous presence of HEV in animals relevant for the food production chain, 
such as domestic pigs and wild boar, its spread in several other animal species 
raises a public health concern for zoonotic infection also through direct contact 
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with infected animals, environmental contamination, particularly surface water, 
via animal HEV shedding in feces, as well as recreational and professional expo-
sure hazards in the countryside (Meng 2010a, b; Pavio et al. 2010).

5.1 � HEV Infection in Domestic Pigs

Swine HEV infections are spread both in industrialized and developing coun-
tries, where for many years the disease has been considered endemic in humans 
(Meng et al. 1997; Huang et al. 2004). Since the first identification of swine infec-
tion in 1997 in the USA (Meng et al. 1997), several other swine strains have 
been isolated in North and Central America, Asia, Europe, Africa, New Zealand, 
and Australia (Clayson et al. 1995; Chandler et al. 1999; Hsieh et al. 1999; Pina  
et al. 2000; Garkavenko et al. 2001; van der Poel et al. 2001; Yoo et al. 2001; 
Meng et al. 2002; Pei and Yoo 2002; Choi et al. 2003; Clemente-Casares et al. 
2003; Takahashi et al. 2003; Banks et al. 2004a; Wang and Zhuang 2004; Caprioli 
et al. 2007b; Kaba et al. 2010c). At least two genotypes of swine HEV, genotypes 
3 and 4, have been definitively identified and characterized from pigs worldwide 
and, as in the case of human strains, also swine strains have been shown to present 
a high degree of nucleotide and phylogenetic divergence from region to region. A 
short genotype 1 HEV-like sequence, otherwise considered to only infect humans, 
was reportedly detected in a pig from Cambodia (Caron et al. 2006), although 
independent confirmation of this report is lacking.

Swine strains, particularly those identified in industrialized countries, have 
often been related to human cases of disease in which no specific source of infec-
tion was identified (Haqshenas et al. 2001; Engle et al. 2002; Meng et al. 2002; 
Choi et al. 2003; Nishizawa et al. 2003; Takahashi et al. 2003; Banks et al. 2004c). 
In countries where HEV has been identified and serological studies have been per-
formed, most pigs over the age of 3–4  months have been shown to possess HEV-
antibodies (Clayson et al. 1995; Meng et al. 1997; Chandler et al. 1999; Hsieh  
et al. 1999; Pina et al. 2000; Garkavenko et al. 2001; van der Poel et al. 2001; Yoo et 
al. 2001; Meng et al. 2002; Pei and Yoo 2002; Choi et al. 2003; Clemente-Casares 
et al. 2003; Takahashi et al. 2003; Banks et al. 2004a; Wang and Zhuang 2004). The 
prevalence rate presents differences depending on the geographic region and the age 
of the animals. Swine younger than 2 months are usually seronegative or positive at 
low prevalence, whereas pigs over that age show seropositivity rates that often exceed 
80 %. The approximate estimated prevalence rates in different types of sample in the 
swine (Emerson and Purcell 2003; Banks et al. 2004a) are reported in Table 5.1.

In recent years, virological surveys carried out in many countries (Leblanc  
et al. 2007; Di Bartolo et al. 2011; Di Bartolo et al. 2012) have detected HEV 
in high proportions (often >40 %) of samples from apparently healthy animals at 
slaughterhouses, near where they enter the pork production chain and are com-
mercialized. The risk of HEV transmission associated with consumption of raw 
meat or due to contact with pigs has already been highlighted in other countries, as 
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HEV RNA was detected in pig livers at grocery stores in Japan, the Netherlands, 
and the USA (Yazaki et al. 2003; Bouwknegt et al. 2007; Feagins et al. 2007a). In 
addition, HEV RNA or specific antibodies were detected in slaughterhouse work-
ers or butchers in different countries (Dalton et al. 2007b; Galiana et al. 2008), 
suggesting that HEV transmission from pigs to humans during slaughter may also 
occur, and that contact with pigs may increase the risk of infection for workers 
(Galiana et al. 2010).

Once the possibility of zoonotic transmission is accepted, it appears clear that 
the higher the prevalence is in animals, the greater is the risk of transmission to 
humans. From this perspective, the prevalence data reported above represent seri-
ous reasons for concern about public health and the consumer.

5.2 � HEV Infection in Wild Boars or Wild Pigs

To date, studies aimed at evaluating the presence of HEV RNA or specific anti-
body in wild boar or wild pigs have been conducted in Australia (Chandler  
et al. 1999), Japan (Matsuda et al. 2003; Yazaki et al. 2003; Sonoda et al. 2004; 
Takahashi et al. 2004; Tamada et al. 2004; Li et al. 2005b; Masuda et al. 2005; 
Nishizawa et al. 2005), France (Carpentier et al. 2012), Germany (Schielke  
et al. 2009), Spain (de Deus et al. 2008b; Boadella et al. 2012), Sweden (Widen 
et al. 2011), the Netherlands (Rutjes et al. 2010), and Italy (Martelli et al. 2008). 
However, the study in Australia was performed on wild hogs, whereas the 
Japanese investigations concerned the two wild boar subspecies Sus scrofa leu-
comyxtas and Sus scrofa riukiuanus (Watanobe et al. 1999) which are largely 
present in that country, but are phylogenetically different from the wild boar 
subspecies present in European countries. Sonoda and colleagues (Sonoda et al. 
2004) reported that HEV RNA was present only in one pair of serum and liver 
specimens obtained from a sample of 41 animals, while Nishizawa and colleagues 
(Nishizawa et al. 2005) reported a prevalence of HEV-positive of 2.3  % out of 
a total of 87 animals. In Spain, de Deus and colleagues (de Deus et al. 2008b) 
reported that 27 out of 138 serum samples were RT-PCR positive for HEV, 
whereas in Italy 25 % of the 88 wild boar tested were reported to contain HEV 
RNA (Martelli et al. 2008). The different prevalence of HEV infection detected 
in this latter study (Martelli et al. 2008) may indicate a truly higher circulation of 
HEV in the investigated wild boar population, although differences due to the type 
of specimen and the PCR method chosen cannot be excluded. In other reports, 
detection of HEV was performed on either serum and/or liver samples, whereas 
Martelli and colleagues (Martelli et al. 2008) specifically examined bile samples, 
a type of sample that has also been recently reported by others to be the most reli-
able for the detection of HEV in pigs (de Deus et al. 2007). In addition, differ-
ences in the HEV prevalence among herds and countries might also be related to 
a different infectivity of the HEV strains specifically involved or to differences in 
the biology and ecology of the wild boar populations considered (genetics of the 
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animals, density of the population, environmental characteristics). In this regard, 
it is of interest to note that the studies conducted on European wild boar by Widen 
et al. (2011) and by de Deus et al. (2008b) also revealed a prevalence of viremic 
animals on the order of 8 and 20 %, respectively. Concerning the possible risk fac-
tors associated with HEV infection, no significant differences in the virus preva-
lence have been detected when comparing differences in the management system 
(open: no fencing and no management; fenced: fencing and artificial feeding; 
intensive: livestock-like management) (de Deus et al. 2008b), sex and age classes 
(de Deus et al. 2008b; Martelli et al. 2008). Positive animals were detected in each 
age class, including juveniles of 4 months of age (Martelli et al. 2008), indicating 
that infection can occur at least starting from this age. The presence of HEV RNA 
in animals older than 24  months extends previous findings (Sonoda et al. 2004; 
Nishizawa et al. 2005) reporting HEV infection in wild boar of approximately 
2 years of age. These data are in contrast with the results of most of the studies 
conducted on the domestic swine, which indicate that infection mainly occurs in 
animals of 3–5 months of age, has a short duration, and is generally self-limiting 
(Meng et al. 1997, 1998b). These differences might suggest that infection in wild 
boar can become chronic, possibly sustained by an incompletely protective immu-
nity, or that there is continuous re-infection favored by a short-lasting immunity. 
However, the possibility that in the former studies the virus strain identified may 
have found a naïve population cannot be ruled out, with infection affecting all ani-
mals independent of age. Biometric characteristics (weight and length of the body) 
of the infected animals were not different than those of uninfected animals belong-
ing to the same age and sex classes (Martelli et al. 2008).

Carpentier et al. (2012) reported that anti-HEV antibodies prevalence increased 
steadily from 10.4 % in animals aged less than 12 months to 15.7 % in older ani-
mals, but the difference was not statistically significant. In France, detection of 
anti-HEV antibodies varied with the geographical origin of the wild boar, being 
7.3 % in the northern part of France, 9.0 % in the center, and 22.6 % in the south-
ern part of the country (Carpentier et al. 2012). As HEV is excreted in the feces of 
infected animals, it can be speculated that HEV could be transmitted by contact 
with wild boar or deer (Rutjes et al. 2010) or their feces. As with other diseases of 
wild animals, the density of wild boar may have an important role in the epidemi-
ology of HEV, and density variations could also explain the higher seroprevalence 
highlighted in some areas of France.

These results, together with the fact that the wild boar examined appeared to 
be clinically healthy, sustain the hypothesis that, as in domestic pigs (Meng et al. 
1998b), HEV infection may commonly be subclinical in wild boar. These findings, 
together with the observation that HEV infection may be subclinical and can be 
present also in animals at an age in which they are commonly hunted to be eaten, 
are somewhat worrying because of the possible risk of transmission of HEV to 
human beings by either contact with infected boar or ingestion of contaminated 
undercooked meat or organs. In this respect, the presence of up to 25  % HEV-
positive bile samples (Martelli et al. 2008) implies that at least wild boar liver 
can represent an organ at risk for zoonotic transmission. Nonetheless, it cannot 
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be totally excluded that during the slaughtering process small amounts of HEV-
positive bile might cross-contaminate other edible parts of the carcass.

Most strains of HEV recovered from wild boar worldwide belong to genotype 
3 (Meng 2010a). However, recent studies conducted in Japan have reported the 
detection of novel HEV sequences belonging to genotype 4 (Sato et al. 2011) and 
to a new unrecognized HEV genotype (Takahashi et al. 2011) in wild boar.

5.3 � HEV Infection in Other Wild Mammals (Deer  
and Mongoose)

Anti-HEV IgG antibodies were detected in approximately 2–3 % of samples taken 
from Sika deer (Cervus nippon nippon) and 35 % from Yezo deer (Cervus nippon 
yesoensis) in Japan (Sonoda et al. 2004; Matsuura et al. 2007; Tomiyama et al. 
2009), and in 5 % of red deer (Cervus elaphus) in the Netherlands (Rutjes et al. 
2010). The full-length genomic sequence of a strain of HEV was determined from 
a Sika deer in Japan, and sequence analysis revealed that the deer HEV belonged 
to genotype 3 (Takahashi et al. 2004). Genotype 3 strains of HEV were also 
genetically identified from roe deer (Capreolus rufus and Capreolus capreolus) in 
Hungary (Reuter et al. 2009; Forgach et al. 2010). Zoonotic transmission of HEV 
from deer to humans via the consumption of contaminated deer meat has been 
reported (Tei et al. 2003; Takahashi et al. 2004), and consequently the deer is to be 
considered an additional reservoir of HEV.

It has been reported that approximately 8–21 % of sera from mongooses exam-
ined in Japan were positive for anti-HEV antibodies, indicating relevant circula-
tion of the virus in this wild animal species (Li et al. 2006; Nakamura et al. 2006). 
The full-length genomic sequence of a strain of HEV recovered from a mon-
goose was determined, and the virus was shown to be a genotype 3 HEV closely 
related to a genotype 3 HEV strain detected in a swine from Japan (Nakamura  
et al. 2006). The ability of the mongoose HEV to be transmitted across species and 
infect other animals or humans is unknown. However, the observation that mon-
goose HEV strains clearly belong to genotype 3 is highly suggestive that they may 
be zoonotic.

5.4 � HEV Infection in Rats, Rabbits, Ferrets, and Bats

Rats, as well as other rodents, have been suspected for long time to represent a 
potential reservoir of HEV. Antibodies to HEV have been detected in various spe-
cies of rats, including Norway (Rattus norvegicus), black (Rattus rattus), and cot-
ton (Sigmodon hispidus) rats (Kabrane-Lazizi et al. 1999; Favorov et al. 2000; 
Arankalle et al. 2001; Hirano et al. 2003). In the 1990s, Kabrane-Lazizi et al. 
(1999) tested 239 wild rats trapped in different geographic regions of the USA for 
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the presence of anti-HEV IgG antibodies, and found that approximately 44 % of 
the rats caught in Louisiana, 77 % in Maryland, and 90 % in Hawaii were sero-
positive. However, the virus responsible for anti-HEV seropositivity in rats could 
not be identified until recently (Johne et al. 2010b). By using a nested broad-
spectrum RT-PCR, two authentic HEV sequences from fecal samples of wild 
Norway rats (Rattus norvegicus) from Hamburg, Germany (Johne et al. 2010b) 
have been amplified. Since then, rat HEV strains have been isolated from wild rats 
in other areas of Germany, and have been detected in wild rats also in the USA 
and Vietnam (Purcell et al. 2011; Li et al. 2013). The HEV strains characterized 
from rats shared only approximately 60 and 50 % of sequence identity with human 
HEV and avian HEV strains, respectively. Following their identification, the com-
plete genomic sequences of two strains of rat HEV have been determined (Johne 
et al. 2010a), and sequence and phylogenetic analyses have revealed that the rat 
HEV belongs to a putative novel genotype within the genus Hepevirus of the fam-
ily Hepeviridae. However, in a recent study conducted in the USA, sequences 
were obtained from HEV positive liver samples of wild Rattus spp., and all but 
one of these isolates was relegated to the zoonotic HEV genotype 3, whereas the 
recently discovered rat genotype from the USA and Germany was also detected 
(Lack et al. 2012). It remains to be determined if the rat HEV can effectively cross 
any species barrier and infect humans or other animals.

Recently, several new HEV strains have been isolated from farmed rabbits 
in China (Zhao et al. 2009; Geng et al. 2011c), and three full-length genomic 
sequences of the rabbit HEV were determined (Geng et al. 2011a). The rabbit 
HEV strains share approximately 85  % nucleotide sequence identity with each 
other and 74, 73, 78–79, 74–75, and 46–47  % nucleotide sequence identity to 
genotypes 1, 2, 3, 4 mammalian HEV, and avian HEV, respectively. Phylogenetic 
analysis revealed that the rabbit HEV is a distant member of the genotype 3 
HEV. Approximately 57  % of the farm rabbits in Gansu Province, China were 
seropositive for anti-HEV antibodies with approximately 8 % of them also posi-
tive for HEV RNA. In a separate study from Beijing, China (Geng et al. 2010), 
approximately 55  % (65/119) of the farmed rex rabbits tested positive for anti-
HEV antibody with approximately 7 % of fecal samples (8/115) also positive for 
HEV RNA. The rabbit HEV sequences recovered from rabbits in Beijing cluster 
together in genotype 3 with those from Gansu Province. Since the rabbit HEV 
belongs to genotype 3, it is thus possible that the rabbit HEV may be zoonotic. 
Additional studies are warranted to determine the host range and species tropism 
of the rabbit HEV.

In the Netherlands, 9.3 % of fecal samples collected from household pet ferrets 
that did not show overt clinical signs were found positive for HEV RNA (Raj et al. 
2012). Phylogenetic analysis of the complete genomes clearly showed that HEV 
from ferret was separated from genotypes 1–4 HEV.

As mentioned above, novel hepeviruses have been described by comparative 
analysis of genome sequences from a globally representative sample of 3,869 bat 
specimens (Drexler et al. 2012). The genomic characterization of bat hepeviruses 
clearly supported their classification as members of the family Hepeviridae, and 
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indicated that they may be the most divergent mammalian hepeviruses described 
so far. Bat hepeviruses appeared to be highly diversified, with a sequence variation 
comparable to that exhibited by human HEV strains. No evidence for the trans-
mission of bat hepeviruses to humans has been found by analysis of over 90,000 
pooled human sera from blood donors and individual patient sera collected in 
Cameroon and Germany in 1998 and 2009–2010, respectively. Full-genome analy-
sis confirmed formal classification of bat hepevirus within the family Hepeviridae. 
However, sequence analysis and distance-based taxonomic evaluations suggest 
that bat hepeviruses constitute a distinct genus within the family Hepeviridae. 
Altogether, these findings suggest that hepeviruses may have first appeared in 
mammalian hosts a long time ago, and have subsequently undergone differen-
tiation into genera according to different host restrictions. Human HEV-related 
viruses found in farmed and peridomestic animals might thus represent more 
recent secondary acquisition of human viruses by these animal species, rather 
than being animal precursors causally involved in the evolution of human HEV 
(Drexler et al. 2012).

5.5 � HEV Infection in Avian Species

Avian HEV was first identified in chickens with hepatitis-splenomegaly syndrome 
(HSS) in the USA (Haqshenas et al. 2001), and later it was reported in chickens 
with the same disease in Canada (Agunos et al. 2006). In Europe, outbreaks of 
HSS have also been reported (Morrow et al. 2008), and particularly a widespread 
infection of avian HEV was described in chickens in Spain (Peralta et al. 2009a).

The disease is characterized by an increase in the rate of mortality among broil-
ers and laying chickens, and was found to be responsible for decreases in egg pro-
duction of up to 20 %. Regressive ovaries, red fluid in the abdomen, and enlarged 
liver and spleen with histological changes of hepatic necrosis and hemorrhaging 
were often reported in infected chickens (Sun et al. 2004). In experimental condi-
tions, the avian HEV isolated from chickens was shown to be also infectious for 
turkeys.

Unlike swine HEV, which have been demonstrated to infect non-human pri-
mates in experimental conditions (Meng et al. 1998a, b), avian HEV could not 
be transmitted to monkeys (Huang et al. 2004; Sun et al. 2004), thus suggesting 
that, differently from swine and other animal strains, avian HEV most likely is 
not transmissible to humans. In fact, HEV avian strains studied to date have 
been reported to share about 50–60 % nucleotide sequence identity with human 
and swine HEV strains (Huang et al. 2004). Conversely, an approximately 80 % 
nucleotide identity was found between avian HEV and the big liver and spleen dis-
ease (BLSV) virus, previously identified in Australian chickens (Payne et al. 1999; 
Haqshenas et al. 2001). The avian HEV and BLSV strains might thus represent 
variants of the same virus (Haqshenas et al. 2002; Huang et al. 2004; Guo et al. 
2006).
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The genome of avian hepeviruses shows a similar organization to other animal 
HEVs, but its shorter length (6.6  kb) and low sequence identity with other hepe-
viruses of humans and animals (approximately only 50 %, at the nucleotide level) 
appear sufficiently divergent to support the existence of a separate genus (Marek  
et al. 2010). The latter is considered to contain three distinct genotypes, but a puta-
tive novel genotype has been recently proposed in Hungary, suggesting that the avian 
HEV diversity may in fact be higher than previously thought (Banyai et al. 2012).

Although avian HEV is unlikely to be a zoonotic virus, it is nonetheless an 
important problem for avian species farming, and for this aspect too, it is proving 
very different from the zoonotic swine HEV infection in the pig. In fact, whereas 
the latter infects pigs in the complete absence of symptoms (Meng et al. 1998a, b), 
avian HEV appears to induce a markedly symptomatic disease in chickens (Billam 
et al. 2005; Agunos et al. 2006) that may culminate in relevant production and 
economic losses in flocks where HSS spreads (Ritchie and Riddell 1991).

5.6 � Other Potential Animal Reservoirs for HEV

Antibodies to HEV have been detected from 4.4 to 6.9  % of cattle in India 
(Arankalle et al. 2001), and 6–93 % of cattle in China (Wang et al. 2002; Zhang 
et al. 2008; Yu et al. 2009; Geng et al. 2010). In a prospective study of six new-
born calves looking for evidence of HEV infection in the USA (Goens et al. 2003), 
it was shown that the first calf began to seroconvert for anti-HEV IgG antibod-
ies at about 3 months of age, and that by the age of 7 months, a clear anti-HEV 
seroconversion was present in five out of the six animals. However, any attempts 
to identify HEV specific genome sequences in these cattle were unsuccessful 
(Goens et al. 2003), not excluding the presence of cross-reactive antibodies by 
molecular mimicry with proteins of a different nature. More recently, however, a 
189 bp ORF2 sequence of HEV was reportedly amplified from fecal samples col-
lected from eight cows in two distinct farms in China (Howard et al. 2010). The 
eight HEV sequences from Chinese bovines shared 96–100 % nucleotide sequence 
identity with each other, and 76–86, 82–84, 79–85, 84–96 % nucleotide sequence 
identity with the mammalian HEV strains of genotypes 1, 2, 3, and 4, respec-
tively. Based on the short sequence available, it appears that the bovine HEV may 
belong to genotype 4 of HEV (Howard et al. 2010). However, thus far this is the 
only report on bovine hepevirus, and the authenticity of these genotype 4-like 
HEV sequences from cattle in China is still lacking an independent confirma-
tion. Few studies reported detection of HEV RNA in sera from horses, data indi-
cated that horses can acquire HEV infection and suggest that horses can represent 
a further reservoir of infection (Saad et al. 2007; Zhang et al. 2008). In Japan, a 
long-term monitoring of HEV infection in monkeys housed in a facility showed 
an outbreak of HEV among animals and detection of HEV RNA that showed 
it was related to genotype 3 strains circulating in the same country (Yamamoto  
et al. 2012). Serological evidence of HEV infection in sheep has also been reported. 

5.5  HEV Infection in Avian Species
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Approximately 10–12 % of the sheep tested in China (Zhang et al. 2008; Chang  
et al. 2009) and 2 % of sheep tested in Spain (Peralta et al. 2009b) were reported to 
be positive for serum anti-HEV IgG antibodies. In addition, a short 189 bp HEV-
like sequence was amplified from fecal samples from six sheep in China (Wang and 
Ma 2010). These six short HEV sequences from sheep were 99–100 % identical to 
each other, but shared only 79–85, 81–83, 79–84, and 85–95 % nucleotide sequence 
identity to the genotypes 1, 2, 3, and 4 of mammalian HEV strains, respectively. 
Based on the short sequence available, the sheep HEV appears to be a genotype 
4 HEV (Wang and Ma 2010). However, as in the previous case of HEV sequence 
identification in the bovine, neither these short genotype 4-like HEV sequences in 
sheep have been independently confirmed by other groups.

In addition to the animal species from which HEV strains have been identi-
fied by molecular detection methods, as presented above, serological evidence of 
HEV infection has also been reported in a number of other animal species includ-
ing dogs (Arankalle et al. 2001; Zhang et al. 2008; Liu et al. 2009), cats (Kuno  
et al. 2003; Song et al. 2010), goats (Shukla et al. 2007; Peralta et al. 2009b; Geng 
et al. 2010), horses (Zhang et al. 2008), and rhesus monkeys (Tsarev et al. 1995). 
Other studies failed to detect anti-HEV serum antibodies in some species, such 
as goats (Arankalle et al. 2001; Wang et al. 2002). Thus far, the real basis of anti-
HEV seropositivity in these animal species has not been identified with certainty. 
In fact, virus or HEV-specific genome sequences were not recovered or were only 
detected sporadically in samples from these animal species. 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.

5.7 � Routes of Transmission and Risk Factors in Swine

A comprehensive picture of all natural methods of transmission of HEV between 
animals and across and between species, is not yet available, including the pig where 
most of the information on HEV comes from. Swine HEV can be transmitted exper-
imentally via direct contact with infected pigs (Meng et al. 1998a; Kasorndorkbua  
et al. 2004). Transmission of HEV infection from infected to uninfected animals 
kept in direct contact has been clearly demonstrated, thereby confirming the conta-
giousness of the virus (Meng et al. 1998a, b; Kasorndorkbua et al. 2004). Fecal-oral 
transmission may also occur, but is difficult to reproduce in experimental conditions 
and may require repeated virus exposure. For this reason, the intravenous route is 
usually preferred in experimental transmission studies (Meng et al. 1998a).

Daily repeated direct contact among pigs reared in confinement buildings may 
enhance the spread of swine HEV. Pigs housed in the same pen are exposed to 
saliva, nasal secretions, urine, and feces of multiple pen mates, an event that is 
performed repeatedly each day.

Positive-strand HEV RNA was detected from 3 to 27  days post intrave-
nous inoculation in various tissues including livers, lymph nodes, colons, small 
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intestines, stomachs, spleens, kidneys, tonsils, salivary glands, and lungs from 
pigs inoculated with swine HEV (Williams et al. 2001). This finding is, therefore, 
suggestive of the existence of extra-hepatic sites of HEV replication in the swine, 
including particularly the intestinal tract. Taking all these data together, it is a rea-
sonable assumption that under natural conditions swine HEV is transmitted via the 
fecal-oral route, as is thought to be the case in human HEV infections (Emerson 
and Purcell 2003). However, other route(s) of transmission cannot be ruled out.

Repeated use of needles for drug administration or vaccination is commonly 
practiced in swine health management. Even though HEV viremia in swine is 
transient (1–2  weeks), it is possible that blood contamination of needles from 
viremic pigs may also play a role in the spreading of HEV among pigs on the 
same and between farms (Kasorndorkbua et al. 2004). However, although this and 
other possible mechanisms were proposed (Kasorndorkbua et al. 2004), a conclu-
sive demonstration of HEV transmission by either contaminated needle exposure 
or tonsil and nasal secretions could not be achieved.

HEV presence was detected also in urine specimens in contact-infected 
(Bouwknegt et al. 2009) and naturally infected pigs (Banks et al. 2004c). A HEV 
RNA-positive urine sample was obtained from a contact-infected pig at 65 days 
after onset of fecal excretion. This finding may suggest that HEV excretion via 
urine lasts longer than fecal HEV excretion, and/or that urinal HEV excretion 
occurs at a later stage of infection (Bouwknegt et al. 2009). However, no experi-
mental study was conducted to demonstrate that the virus transmission can occur 
by exposure to urine, and the HEV RNA detected may represent virus that is 
bound to antibodies for disposal; anti-HEV antibodies have in fact been observed 
in urine samples of human patients with hepatitis E (Joshi et al. 2002).

In order to assess if HEV presents health and reproductive issues in pigs similar 
to those identified in humans, pregnant gilts were intravenously inoculated with 
swine HEV (Kasorndorkbua et al. 2003). Hepatitis E virus RNA was detected in 
the feces of all gilts and also at various times in the serum and liver, but clinical 
signs of disease were not evident. In addition, in two of 14 farms tested in South 
Korea HEV RNA has been detected simultaneously in the livers of aborted fetuses 
and in fecal and serum samples from their sows. HEV RNA was respectively pre-
sent in 12.5–26  % of livers from aborted fetuses, in 15.4–50  % of sera, and in  
16.6–25 % of fecal samples from sows (Hosmillo et al. 2010).

All of the HEV-positive fetuses were positive for Porcine circovirus type 2 
(PCV2) but negative for other abortigenic viruses. These results indicated the occur-
rence of transplacental HEV infection in field pig farms. Although PCV2 alone is 
sufficient to cause reproductive failure, other case reports and retrospective analy-
ses have implicated PCV2 in conjunction with other reproductive disease agents 
(Pensaert et al. 2004). Moreover, PCV2-affected pigs can become immunosup-
pressed, which facilitates secondary infections. Therefore, it is conceivable that 
transplacental HEV infection can be triggered by a concurrent PCV2 infection. This 
would explain the previous inability to reproduce HEV infection in pregnant pigs.

The risk factors at either the individual or farm level, and the transmission 
dynamics of HEV infection thus require further investigation.

5.7  Routes of Transmission and Risk Factors in Swine
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Field cross-sectional studies conducted on different countries (Fernandez-
Barredo et al. 2007; Di Bartolo et al. 2008) have shown that the prevalence of 
infected farms in a country can be very high, varying between 10 and 100  %. 
However, epidemiological comparison is very difficult due to the different sam-
pling methods, expected prevalence, diagnostic procedures used, and the different 
farms classification. Also, epidemiological information on intra-herd prevalence 
may be influenced by the type of animals examined (breeding, fattening pigs), the 
age of the pigs, and the characteristics (farrow-to-weaning, farrow-to-finish) and 
size of the farm.

Di Bartolo and colleagues (Di Bartolo et al. 2008) have reported that HEV 
prevalence ranged from 12.8 to 72.5  % between farms in Italy, independent of 
farm type, with a higher prevalence in herds having >1,000 sows. This latter find-
ing is common for most swine infectious diseases and, in addition to the number 
of susceptible animals, may also be related to the density and proximity between 
individuals (Nakai et al. 2006), and to the increased HEV shedding by pregnant 
sows (Fernandez-Barredo et al. 2006). Other variables such as the frequency of 
introduction of animals, the number of suppliers, could also influence virus spread 
inside bigger farms. HEV prevalence in Italy was found to be higher in fatten-
ing than in farrow-to-weaning and farrow-to-finish farms (Di Bartolo et al. 2008; 
Martelli et al. 2010). Within the herd, virus shedding with feces was observed in 
pigs of all age categories, although prevalence of HEV in fatteners was lower than 
in the younger weaners (Fernandez-Barredo et al. 2007; Di Bartolo et al. 2008).

Previous studies on serum and fecal samples have demonstrated that HEV RNA 
can be primarily detected in pigs of 2–5 months of age, whereas animals younger 
than 2  months were generally negative (Meng et al. 1997, 1998b) or had low 
prevalence. Fernandez-Barredo and colleagues (Fernandez-Barredo et al. 2006) 
reported that in farrow-to-weaning, grower-to-finish, and farrow-to-finish farms, 
only 11 % of the 3-week-old animals were proven to shed the virus. The preva-
lence increased in weaners (42 %), reaching a maximum (60 %) at 13–16 weeks 
of age. This, together with the knowledge that maternal immunity lasts approxi-
mately 2  months, makes occurrence of natural infection more likely to occur at 
approximately 1–2 months of age (Nakai et al. 2006; Satou and Nishiura 2007).

Viremia has been reported to last for 1–2 weeks after infection, and virus excre-
tion for about 3–4 weeks, followed by seroconversion (Meng et al. 1998a; Nakai  
et al. 2006). Therefore, animals older than 6–8  months are expected to have 
cleared HEV infection. However, in several studies HEV has been detected in 
feces of animals of all age categories, from suckling piglets to old sows, well 
beyond 6–8  months of age (Fernandez-Barredo et al. 2006; Di Bartolo et al. 
2008). A fairly high HEV prevalence has also been reported among breeders in 
Spain (Fernandez-Barredo et al. 2006, 2007), and to a lesser extent, in 5–6 month 
old swine in Japan (Nakai et al. 2006). In particular, Leblanc and colleagues 
(Leblanc et al. 2007) found fecal HEV in 41.2 % of slaughtered swine, at an age 
of 22–29  weeks, suggesting that the swine may possibly retain its susceptibil-
ity to HEV infection at any age. These findings are consistent with a report from 
the USA (Feagins et al. 2007a) showing that 11 % of commercial pig livers from 
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the grocery store contained HEV RNA of genotype 3. Infection in pigs could be 
more prolonged than was previously thought or might become chronic, possibly 
sustained by an incomplete protective immunity. However, particularly in a virus 
loaded environment (Fernandez-Barredo et al. 2006), the possibility of continu-
ous re-infection favored by a non-protective or short-lasting immunity may not be 
excluded. The latter hypothesis may fit with the finding that the high HEV preva-
lence among weaners and gilts seemed to decrease in fatteners and young sows, 
but was higher in old sows than in other age groups (Di Bartolo et al. 2008). These 
findings could otherwise be explained by a recent introduction of HEV into previ-
ously naïve herds. However, both the simultaneous occurrence on distinct farms 
and the identification of a variety of HEV strains make such an event very unlikely 
(Di Bartolo et al. 2008). Rather, it is more reasonable to assume that new differ-
ent HEV strains or variants can be continuously introduced onto farms where 
pigs may be incompletely protected against novel HEV strains. Although newly 
introduced animals may be the most probable vehicles for novel viral strains onto 
a farm, contaminated feed, the environment or humans might also play a role, 
in particular in farrow-to-finish or farrow-to-weaning farms. Biosecurity meas-
ures and control of animal import may thus be important to prevent new virus 
introduction.

5.7.1 � Transmission Dynamics of HEV in Pigs

The transmissibility of an infection can be quantified by its basic reproductive 
number R0, defined as the mean number of secondary infections seeded by an 
infective animal into a completely susceptible (naïve) host population. For many 
simple epidemic processes, this parameter determines a threshold: whenever 
R0 > 1, an infectious individual typically gives rise, on average, to more than one 
secondary infection, thus leading to an epidemic. In contrast, when R0 < 1, each 
infectious individual typically gives rise, on average, to less than one secondary 
infection and the prevalence of infection cannot, therefore, increase (Cintron-
Arias et al. 2009). The circulation of the virus will eventually decline. Field stud-
ies (Fernandez-Barredo et al. 2006; de Deus et al. 2008b; Di Bartolo et al. 2008; 
Casas et al. 2011) have shown a peak prevalence of HEV RNA in pigs of interme-
diate age, and a non-zero prevalence in finishing pigs at slaughter age. This prev-
alence pattern can be understood using a model that describes the transmission 
between pigs; the model can also be used for simulating the effects of vaccination 
on the fraction of infectious animals at slaughter.

The study by Satou and colleagues (Satou and Nishiura 2007) was the first 
report on HEV transmission estimated from field data: studying HEV transmis-
sion in six different Japanese provinces, these authors found the reproductive 
number to be in the order of 4.02–5.17, which is in agreement with the estimated 
reproductive numbers determined by Berto et al (2012a). However, the R0 values 
calculated by Berto and colleagues (Berto et al. 2012a) were lower than the R0 

5.7  Routes of Transmission and Risk Factors in Swine
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values previously calculated by Bouwknegt and colleagues in experimental infec-
tion conditions (Bouwknegt et al. 2008). This inconsistency is most likely related 
to the different transmission rate parameters between the experimental and field 
situations, even though the infectious periods in the two investigations were 
comparable.

In the very first HEV transmission dynamics study in an animal experiment, the 
R0 was found to be either 8.8 or 32 in two separate experiments (Bouwknegt et al. 
2008). The difference observed can likely be explained by the closer proximity of 
animals in an experimental setting compared to a farm situation, and by the fact 
that contact animals in a transmission experiment encounter only animals that are 
in the early, and possibly more infectious, stages of virus shedding that can also 
vary between distinct experiments.

In conclusion, altogether these studies reported that the estimated R0 for HEV 
in swine is consistently higher than 1, indicating that HEV is certainly able to 
spread among pigs. As a consequence, pigs can be considered to have characteris-
tics of infection making them an actual animal reservoir.

Sufficient information on the possible strategies to be applied for control of 
HEV infection on swine farms is not available presently. However, given the anal-
ogy with human beings, where HEV antibodies seem to be protective (Wibawa  
et al. 2004), the possible use of indirect control strategies to prevent the virus from 
spreading within herds, and eventually to minimize risks for human health should 
not be overlooked in the future.

Backer et al. (2012) evaluated the fraction of HEV RNA positivity at slaughter 
age in swine, and explored the effects of vaccination in this regards. When vacci-
nation reduced the mean infectious period, the infectious fraction decreased.

5.7.2 � Disease Associated with HEV Infection

The possible interaction between HEV and other pig pathogens has also to be fully 
clarified. In particular, it has been suggested that HEV infection could act in syn-
ergy with Porcine circovirus type 2 (PCV2), a virus also able to cause hepatitis in 
pigs (Segales et al. 2005). The original description of liver lesions in pigs infected 
with the prevalent hepatitis E virus strains were very similar to those typical of 
hepatic disease associated with PCV2, including the presence of syncytial cells in 
lymphoid tissue (Meng et al. 1997). Whether or not PCV2 was or was not a co-
factor in the development of these lesions has not been clarified (Ellis et al. 2004).

Martelli and colleagues (Martelli et al. 2010) reported that no significant asso-
ciation could be observed to correlate the presence of HEV RNA in pigs with 
the concomitant PCV2 and/or PRRSV infections detected at the time of death, 
although the HEV prevalence seemed to be slightly higher in PCV2/PRRSV posi-
tive swine. These data are consistent with a previous study (de Deus et al. 2007) 
that reported no statistically significant difference in the HEV prevalence between 
PCV2-infected and non-infected pigs. Likewise, no significant associations were 
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detected between the presence of HEV infection and the occurrence of any spe-
cific pathological lesion (liver, intestine, lung, or other disorders), as detected 
in the animals at necropsy, not even in the case of lesions affecting the liver 
(Martelli et al. 2010). These results confirmed the apparent asymptomatic nature 
of HEV infection in pigs, at least at a macroscopic level (Meng et al. 1998a; 
Kasorndorkbua et al. 2002; Leblanc et al. 2007). The significant increase of 
hepatic histopathological lesions constantly associated with HEV infection (Meng 
et al. 1998a; Halbur et al. 2001; Williams et al. 2001; Lee et al. 2007; Martin et al. 
2007) should be investigated in more detail, and possible less evident effects and 
damage caused by this apparently subclinical infection on the pig productivity and 
performance (e.g. growth rate, feed intake, nutrients digestion, pig carcass quality, 
reproductive parameters) should be further studied, especially in intensive rearing 
system farms.

Finally, additional studies should desirably be undertaken to evaluate HEV 
pathogenesis in more detail, in particular when HEV infection is associated with 
infections with other viral agents, such as Porcine circovirus type 2 (PCV2) and 
porcine reproductive and respiratory syndrome virus (PRRSV) (Cho and Dee 
2006; Martin et al. 2007). These may help understand the possible role played by 
HEV in the genesis and evolution of multifactorial or conditioned diseases.

5.7  Routes of Transmission and Risk Factors in Swine
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6.1 � Incubation Period and Clinical Manifestations

The pathogenesis of swine HEV is largely unknown. As is the case for humans, 
in the pig it is also still not clear how the virus, once it has entered the host, can 
reach the liver and which are its primary replication sites. Although hepatocytes 
are the primary site for HEV detection (Meng et al. 1997, 1998b; Williams et al. 
2001), little is known about viral detection and localization in the liver and extra-
hepatic tissues (Choi and Chae 2003; Ellis et al. 2004; de Deus et al. 2007). Using 
polymerase chain reaction (PCR) or in situ hybridization in animals experimen-
tally infected by the intravenous route, it is possible to detect viral RNA in several 
extra-hepatic tissues such as lymph nodes, tonsils, spleens, stomachs, kidneys, sal-
ivary glands, lungs, and small and large intestines up to 20–27 days pi, also in the 
absence of viremia (Williams et al. 2001). However, the negative strand form of 
the virus genome, which is its replicative form, has not only been detected in the 
liver but principally in the intestine and in the lymph nodes (Williams et al. 2001), 
between 7 and 27 days pi. Viremia can last for about 2 weeks, but the virus can 
be detected in the feces for a longer time, from 3 to 50 days pi (Lee et al. 2009a). 
Seroconversion occurs about 2–3  weeks pi (Meng et al. 1998a, b; Halbur et al. 
2001; Williams et al. 2001). Tissues in which the virus first replicates and persists 
(from 3 to 27 days pi) are the liver, the small intestine, the colon, and the lymph 
nodes (Halbur et al. 2001; Williams et al. 2001). These observations, together with 
the fact that during experimental infections viral RNA can be detected in feces 
earlier than in the bile, and in quantities that are tenfold higher, have led to the 
speculation that, after entering by the oral route and before inducing viremia, the 
virus replicates in the gastrointestinal tract (Meng et al. 1998a, b). Virological 
studies conducted on samples of serum and feces from swine herds have shown 
that HEV RNA can be primarily detected in pigs of 2–5 months of age, whereas 
animals younger than 2  months and older than 6–8  months are generally nega-
tive (Hsieh et al. 1999; Pina et al. 2000; van der Poel et al. 2001; Yoo et al. 2001; 
Meng et al. 2002; Pei and Yoo 2002; Choi et al. 2003; Clemente-Casares et al. 
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2003; Takahashi et al. 2003; Banks et al. 2004a). Considering these observations 
and given that maternal immunity is believed to last about 2 months, natural infec-
tion is thought to occur as early as approximately 1–3 months of age (Halbur et al. 
2001; Kasorndorkbua et al. 2002; Meng et al. 2002).

Viremia follows initial infection, lasting for 1–2 weeks, and the virus is then 
excreted in the feces for about 3–4 weeks (at 3–5 months of age) with subsequent 
seroconversion and clearance of the infection by the immune system (Meng et al. 
1998a, b; Hsieh et al. 1999; Haqshenas et al. 2001). HEV infection would, there-
fore, be relatively short, and would be self-limiting in only a few weeks (Meng  
et al. 2002; Yazaki et al. 2003).

Pigs of any age are asymptomatic, whether infected with swine HEV naturally 
or experimentally (Meng et al. 1998a; Kasorndorkbua et al. 2002; Leblanc et al. 
2007; dos Santos et al. 2009).

6.2 � Pathological Lesions

The hepatitis E virus, at least the known genotype 3 strains, appears to be atten-
uated or at least not particularly virulent for domestic swine, while there is no 
information available on its virulence in wild boar. The study of the disease in 
naturally or experimentally infected pigs has shown that HEV normally leads 
to subclinical infections with signs of hepatitis which can be detected only at 
histological analysis (Meng et al. 1998a, b, 2002; Halbur et al. 2001; Williams  
et al. 2001). Some studies have highlighted a possible correlation of the infection 
with liver damage (Lee et al. 2007; dos Santos et al. 2009) and histopathologi-
cal lesions have often been detected in the liver of experimentally and natu-
rally infected animals (Meng et al. 1998a; Halbur et al. 2001; Lee et al. 2007, 
2009a; Martin et al. 2007; de Deus et al. 2008a). These lesions are characterized 
by mild multifocal sinusoidal and periportal lymphoplasmocitary infiltrations 
and small areas of vacuolar degeneration and necrosis of hepatic cells (Meng  
et al. 1998a, b, 2002; Halbur et al. 2001; Williams et al. 2001). Hepatic inflam-
mation and hepatocellular necrosis peaked in severity at 20 days pi (Halbur et al. 
2001). In addition, slight subepithelial lympho-histiocytic cell infiltrations were 
observed in the gall bladder at 28 days pi (Bouwknegt et al. 2009). An increasing 
trend in AST and ALT enzyme levels was also observed, which might suggest a 
slowly progressive development of liver damage occurring during HEV-infection 
(Bouwknegt et al. 2009).

In some cases, lymphoplasmocitary enteritis and multifocal interstitial lym-
phoplasmocitary nephritis have been detected. In experimentally infected animals, 
macroscopic lesions, such as mild to moderate enlargement of the mesenteric and 
hepatic lymph nodes, have sometimes been detected (Halbur et al. 2001). In the 
ileum a mild or moderate hyperplasia of Peyer’s patches was observed. No lesions 
were observed in the spleen or pancreas (Bouwknegt et al. 2009).
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It is of interest to note that human strains experimentally inoculated in pigs usu-
ally led to more severe histopathological lesions than swine strains (Meng et al. 
1998a; Halbur et al. 2001). This is suggestive that some genotypes or strains of 
HEV might exhibit very different virulence in one or more hosts.

Some authors have suggested that the virus in pigs could behave in the same 
way as the human hepatitis A virus, which is virulent only in adults and not in 
juveniles (Meng et al. 1998b, 2002). This means that the disease would not be able 
to develop clinical symptoms because the majority of the adult pigs would be pro-
tected from infection, having encountered the virus at a juvenile stage and conse-
quently having developed protective active immunity (Meng et al. 2002).

In a recent study, 12 seronegative gilts were inoculated intravenously with a 
swine HEV strain, and no clinical signs or fever were observed in the inoculated 
gilts or their fetuses during the whole experimental period. Mild multifocal lym-
phohistiocytic hepatitis was observed in four of 12 inoculated gilts, while there 
was no significant effect of swine HEV on fetus size, viability, birth weight, or 
weight gain in the offspring (Kasorndorkbua et al. 2003).

It is thought that HEV, although initially appearing as a mild pathogen, may 
nonetheless be able to lead to a severe disease when acting in synergy with other 
viral agents, such as Porcine circovirus type 2 (PCV2) (Ellis et al. 2004).

6.3 � Immunity

From a serological point of view, passive maternal immunity has been shown to 
decline after 3–4 weeks of age and to terminate after 8–9 weeks; piglet IgG sero-
positivity was associated with the serological status of the sows (de Deus et al. 
2008a). As previously mentioned, it is uncommon to find seropositive animals 
below the age of 1–2  months, however, that could have been biased by the low 
sensitivity of the serological tests used when some of these studies were per-
formed (Meng et al. 2002).

The average time until antibody development was found to be 2 weeks after the 
first HEV RNA excretion in feces.

After infection, pigs develop an immune response against the virus, which is 
characterized by an early IgM antibody response followed by an increase of the 
IgG, after about a week. IgM antibody titer decreases rapidly (in 1–2  weeks), 
while IgG concentration raises constantly for several weeks.

The time determined before IgG development for intravenously inoculated 
pigs was 2  weeks post-inoculation at the earliest (Meng et al. 1998a; Halbur  
et al. 2001), but more frequently times between 3 and 8 weeks post-inoculation are 
reported (Meng et al. 1998a).

In the field, seroconversion can be detected after the viremic phase at approxi-
mately 3–4 months of age (antibodies peak at 4 months), and animals show high 
serological titers until 5–6  months of age. At that time, the IgG titer starts to 

6.2  Pathological lesions
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decline slowly (Hsieh et al. 1999; Haqshenas et al. 2001; Williams et al. 2001; Yoo 
et al. 2001; Meng et al. 2002).

Although no strategic plan for vaccination of pigs against HEV infection has 
been discussed by veterinary health policy makers, immune prophylactic control 
might turn out to become desirable if zoonotic hepatitis E spreads more in the 
future. Pilot experiments have addressed these aspects, indicating that a vaccine 
approach may ensure an efficient cross-reactive protection in swine (Sanford et al. 
2011).
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Diagnosis of hepatitis E should be considered an option in any patient who pre-
sents with a clinical evidence of hepatitis. The symptoms in humans are almost 
indistinguishable from other hepatitis forms except for epidemiological fea-
tures and risk factors. In areas of high endemicity most patients present a short 
prodrome, followed by dark urine and jaundice (Aggarwal 2011). Most patients 
recover spontaneously, but some develop acute hepatitis and, for unknown rea-
sons, the disease can progress into liver failure in pregnant women and immune 
compromised subjects. In areas with low endemicity for hepatitis E, more vari-
able symptoms have been described, and some patients did not have typical hepa-
titis symptoms and/or abnormal values of liver parameters (Aggarwal and Jameel 
2011). More recently, chronic infections with hepatitis E virus have been observed 
in patients who have received an organ transplant or immunosuppressive drugs 
(Kamar et al. 2011; Lhomme et al. 2012; Pas et al. 2012). Unusual symptoms 
including neurological sequelae have also been reported in both acute and chronic 
infections, sometimes representing dominant signs in the overall clinical picture 
(Kamar et al. 2011).

7.1 � Laboratory Detection and Diagnosis in Humans

Apart from clinical symptoms, HEV infection is commonly identified in humans 
either indirectly by detecting a host immune response to HEV antigens, or directly 
by detecting the viral nucleic acid in serum samples.

Acute hepatitis E diagnosis is based on evidence of the symptoms described 
above, including all parameters of liver failure, together with the presence of 
increasing anti-HEV IgG titers and/or the presence of anti-HEV IgM and/or HEV 
RNA in the serum and/or stool samples (Renou et al. 2009; Pavio et al. 2010). 
After the incubation period, there is normally an increase of the anti-HEV IgM 
level for a short time, typically 2–3 weeks, followed by a more durable anti-HEV 
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IgG response (Huang et al. 2010). HEV specific antibodies remain detectable 
over a much longer period of time than does viral RNA, which enables perform-
ing a diagnosis during a longer detection window (Panda et al. 2007). Serological 
diagnosis is generally performed using enzyme-linked immunosorbent assay 
(ELISA), or rapid immune chromatographic kits (Legrand-Abravanel et al. 2009; 
Kamar et al. 2012) using as target antigens either recombinant HEV proteins or 
synthetic HEV peptides corresponding to antigen epitopes of the structural HEV 
proteins, such as pORF2 and pORF3 (Ma et al. 2009, 2011). Despite the exist-
ence of different HEV genotypes that can infect humans and pigs, only one sero-
type has been described so far (Emerson and Purcell 2003). Consequently, the 
same antigen of any genotype can be used to test all HEV genotypes. However, 
pORF2 derived recombinant antigens have proven to be more sensitive and more 
specific than pORF3. As suggested in several studies, antigens corresponding to 
capsid proteins from one particular genotype may have a better reactivity with 
antibodies from humans and animals infected with HEV belonging to the same 
genotype (Aggarwal 2012). In the absence of different serotypes, this apparent dif-
ference does not seem to have a clear justification, although it could be linked to 
the existence of minor diversity in some protein epitopes between different geno-
types that otherwise share common neutralization epitopes (Emerson et al. 2006;  
Aggarwal 2012).

The antibody detection methods most frequently used are based on ELISA 
test platforms. Presently, several commercial ELISA kits are available for detec-
tion of both IgM and IgG antibodies, using recombinant viral antigens attached to 
the solid phase surface, in an indirect or double-antigen sandwich ELISA format. 
There are numerous examples of application of recombinant pORF2, with or with-
out pORF3, in the diagnostic assays. Different antigens have been used, such as  
E. coli-expressed HEV antigens (Wang et al. 2001; Obriadina et al. 2002), and 
virus-like particles expressed in recombinant insect cells (Li et al. 2000; Innis  
et al. 2002; Jimenez de Oya et al. 2009) or in plant cells systems (Aggarwal 
2012). With some modifications, these antigens have been used for detection of 
IgG, IgM, and IgA antibodies (Takahashi et al. 2005). IgM antibody detection, 
which has a relevant clinical implication, can be hampered by competition with 
IgG immunoglobulins, which are generally present at higher levels. To circumvent 
these problems and to differentiate the detection of IgM or IgG responses, a pos-
sible approach is the use of secondary antibodies directed against either the γ- or 
the μ-chains of immunoglobulins, respectively (Khudyakov and Kamili 2011). 
Several studies performed in industrialized countries have reported antibody 
prevalence ranging between 1 and 20 % in the normal population. Some of these 
values appear to be relatively high compared with the low prevalence of clinical 
disease in the areas considered. It still remains unclear whether the high anti-
HEV levels in non-endemic areas may reflect subclinical or anicteric HEV infec-
tion, serological cross-reactivity with other agents, false positivity of serological 
tests, subclinical infection with possibly attenuated swine HEV or other HEV-like 
viruses, or a combination of more of these factors. Unfortunately, serological tests 
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currently used differ considerably and also have varying degrees of sensitivity and 
specificity, thus often complicating the interpretation and comparison of results 
reported in some studies.

Laboratory diagnostic methods for direct diagnosis of infection include molec-
ular techniques and, less frequently, transmission electron microscopy, that allow 
detection of the nucleic acid or the direct observation of virus particles, respec-
tively. Detection of the virus has also been performed by immune electron micros-
copy (IEM), which actually provided the first evidence on the existence of HEV 
(Bradley et al. 1987), and presents the advantage of concentrating virions in the 
microscopy field. However, IEM remains quite insensitive compared to molecular 
detection methods, and requires expensive instruments and skilled personnel that 
make it unsuitable for clinical diagnostic routine. Direct HEV diagnosis is, there-
fore, preferentially performed by detection of viral nucleic acid in feces or serum 
samples by RT-PCR or other molecular biology based methods. The viral RNA 
is present in blood for about 3 weeks after the onset of symptoms, and the virus 
is shed with the feces for about 2 weeks. This reduces the windows of detectable 
viral nucleic acids to a variable short interval, requiring that the technique applied 
to detect nucleic acid is highly sensitive and specific (Kamar et al. 2012). The 
most frequently used detection methods include reverse transcription-polymer-
ase chain reaction, using both conventional (RT-PCR) and real-time (RT-qPCR) 
amplification, and other approaches, used less frequently, such as transcription- 
loop-mediated isothermal amplification (Lan et al. 2009).

Several RT-PCR protocols have been developed that vary in the length and the 
position of the HEV genome segment that is amplified, as well as in their ability 
to detect one or more genotypes. However, most primers normally in use enable 
amplification of all genotype genomes, being directed at conserved sequences. 
Further analysis of the amplified PCR product for identification and characteri-
zation of the virus genotype is usually performed by nucleotide sequencing, by 
restriction with endonuclease enzymes, or other detailed investigations following 
molecular cloning.

Recently, great improvement of diagnostic methods has been provided by the 
implementation of several optimized real-time PCR protocols; this technique is 
not only able to quantify the virus load, but it also greatly enhances the rapidity, 
sensitivity, and specificity of the test.

The two real-time protocols most frequently used have been designed on the 
ORF2/ORF3 overlapping region, and can be suitably used for detection of HEV 
genotypes 1 through 4 (Jothikumar et al. 2006; Gyarmati et al. 2007).

However, a comparative study recently conducted by laboratories expert in 
HEV detection on behalf of the WHO showed some extent of variability in the 
accuracy obtained with all these methods between different laboratories, showing 
in particular high inter-laboratory variation in sensitivity. This study confirms the 
importance and need of multi-centric standardization, as well as of suitable con-
trol materials to be used as international standards, for improving diagnostic assay 
aimed at quantification of the HEV RNA (Kamar et al. 2012).

7.1  Laboratory Detection and Diagnosis in Humans
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7.2 � Laboratory Detection and Diagnosis in Swine

Except for avian HEV, in all animals investigated to date the disease is asympto-
matic. In swine the persistence of maternal immunity for approximately 2 months 
makes it more likely that natural infection occurs at approximately 2–3  months 
of age (Nakai et al. 2006). Therefore, pigs of about 3–5 months of age, in which 
HEV infection is likely to be still active, could be preferentially subjected to direct 
search of the virus. Indeed, serological studies in swine have shown a higher prev-
alence of anti-HEV-antibodies in breeding herds (Di Bartolo et al. 2011) com-
pared to finisher and nursery pigs (Zhang et al. 2011). Anti-HEV-IgM can be first 
detected in 13-week-old pigs, and also less frequently in pigs at slaughter age 
(Casas et al. 2011). Overall, serological testing gives a high rate of positive results 
especially when performed in adult animals. Diagnosis in swine is performed with 
the same techniques used for humans, not only when testing serum and feces, but 
also when analyzing tissues and organs (liver and bile) collected from slaughtered 
animals or from animals subjected to necropsy. Animal strains of HEV, particu-
larly those belonging to genotype 3, are correlated genetically and antigenically to 
human and less to avian strains. A large part of the tests adopted for the detection 
of anti-HEV antibodies in animals utilize commercial human HEV-immunoassays, 
where the secondary antibodies are replaced with specific antisera according to the 
animal species concerned (Clemente-Casares et al. 2003). Alternatively, in some 
studies HEV-specific antibodies in animals have been detected by in-house assays 
developed using recombinant pORF2 or pORF3 proteins, originating from dif-
ferent genotypes (Mizuo et al. 2002). Abundant literature (Li et al. 2000; Peralta 
et al. 2009b) supports that several epitopes, especially present in pORF2, cross-
react between different species and strains. A species-independent double-antigen 
sandwich ELISA was accordingly developed, and used to detect antibodies against 
HEV in swine, wild boar, and deer, resulting both sensitive and specific for the tar-
get HEV (Hu et al. 2008; Rutjes et al. 2010).

If serological testing may be still subject to some limitation related to specific 
antigenic sites in some HEV strains, conversely, assays established for the detec-
tion of HEV RNA have the advantage of being largely independent of genotypes 
as well as of the type of specimen to be tested. In fact, most protocols used for 
humans are also satisfactorily applied in the case of animals, spanning strains 
belonging to genotypes 1 through 4. Most of the primers universally applicable 
anneal in ORF2 (Huang et al. 2002; Mizuo et al. 2002), in the methyl-transferase 
(MeT) (Erker et al. 1999), or in the conserved region of the RNA-dependent RNA-
polymerase (RdRp) (Zhai et al. 2006). Moreover, most conventional PCR can be 
combined with a nested PCR allowing one to increase the sensitivity of detec-
tion of low level viral RNA which is known to be generally low in the case of 
HEV, particularly in the swine. Recently, primers designed on the genotypes 1–4 
were found to be suitable to detect the novel HEV strains discovered in bats and 
wild rats (Johne et al. 2010b; Drexler et al. 2012). Besides the overall suitabil-
ity of universal primers for any type of HEV, some differences in sensitivity have, 
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however, been shown when using two common quantitative real-time RT-PCRs 
on different subtypes of genotype 3 (Abravanel et al. 2012). This result remarks 
the necessity of preparing sets of control materials to be used as internal controls 
for each specific genotype. As in the case of conventional PCR tests, the real-time 
RT-PCR protocols used in animals and humans are the same (Jothikumar et al. 
2006; Gyarmati et al. 2007), with primers and probes that can be used to detect 
all genotypes (1–4). Recently, a new reverse transcription loop-mediated isother-
mal amplification test was assessed for swine HEV detection, reporting that the 
sensitivity of this assay was higher than that of the conventional nested RT-PCR 
assay. Moreover, because of the simplicity in its performance, the assay described 
appeared to be suitable for use in the diagnosis of swine HEV, not only in the spe-
cialized laboratory but also under field conditions (Zhang et al. 2012).

Nucleic acid extraction can be easily and efficiently performed, using sam-
ples of feces, serum, or a wide range of tissues. Virus detection for risk assess-
ment in food is generally performed in tissues such as liver, because the liver is 
normally used for producing sausage in many countries, but also in the intestine 
and lymph nodes (de Deus et al. 2007). Several studies have proven that the high-
est sensitivity in HEV detection is achieved using swine samples, such as liver, 
mesenteric lymph nodes, and bile (de Deus et al. 2007) that cannot be obtained 
from live animals, followed by feces that, together with sera, represents the easi-
est to collect and most commonly used type of sample in field studies aimed at 
viral RNA detection. Detection of HEV genome was also reported in the bladder, 
tonsils, and urine samples of infected animals (Bouwknegt et al. 2009; Leblanc  
et al. 2010). Viral loads of 103–107 genome copies/g were estimated in positive 
liver and bile samples (Leblanc et al. 2010). In addition to RT-PCR, in situ hybrid-
ization and immunohistochemistry can be used in testing of organs. These tech-
niques enable a precise localization of the virus in the tissues and infected cells, 
and offer a reliable tool for investigating the possible correlations between the 
virus replication and local lesions and to identify virus replication sites (Lee et al. 
2009b). Detecting the virus in animal organs, particularly liver, is not only impor-
tant to assess the possible zoonotic risks associated with the consumption of a spe-
cific infected food, but has also opened new possibilities in the understanding of 
the pathogenesis of HEV infection.

7.3 � Virus Isolation in Cell Cultures

Since the discovery of hepatitis E virus, several attempts have been made to grow 
the virus in vitro, most of which were fully unsuccessful or at most have permitted 
limited virus replication and low titers of progeny viruses. In general, growing the 
virus in cultured cells is extremely troublesome. Two main factors can hamper HEV 
growth in vitro: (i) the normally low viral load in test samples: a higher titer war-
rants a higher probability to get replication in a short time; (ii) the virus integrity in 
the samples used for the inoculums: specimens should be put in cell cultureno later 

7.2  Laboratory Detection and Diagnosis in Swine
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than 6 months after collection, otherwise isolation is less likely to succeed despite 
sample storage at very low temperature (Huang et al. 1999). Human lung cancer 
cells A549 were first used for successful isolation of a human HEV strain (Huang  
et al. 1999). In the last few years, several papers reported attempts to cultivate 
different viral strains in vitro using cell lines of either human or animal origin 
(Okamoto 2013). Only more recently the first efficient in vitro cultivation of a 
genotype 3 strain in both a hepatocarcinoma (PLC/PRF/5) and a human lung can-
cer (A549) cell line has been reported. The experiments performed clearly dem-
onstrated that both the initial day of HEV appearance in the infected cell culture 
supernatant and its viral load (determined by qPCR, and expressed in copy num-
bers) were largely dependent on the original titer of the virus used for inoculums 
(Okamoto 2007). HEV could be first detected in the culture supernatant 8  days 
post-inoculation; however, it reached a concentration of 108 genome copies/ml 
only after several weeks (40–50 days) (Okamoto 2011). The A549 and PLC/PRF/5 
cell lines have been used in several studies, demonstrating efficient replication of 
both HEV genotypes 3 and 4 of both human and animal origin, including strains 
from swine, wild boar and deer. Moreover, the virus progeny was infectious, as 
established by repeated passages in the same or other cell lines (Okamoto 2011; 
Takahashi et al. 2012). The PLC/PRF/5 cells used for the monolayer cultures were 
also successfully used in a 3D system (Berto et al. 2013b), using special cell incu-
bation conditions supported on microspheres. In addition, a recent study has further 
increased the number of cell lines permissive to HEV growth, describing successful 
viral replication in the human hepatoma-derived cell line HepaRG, and the porcine 
embryonic stem cell-derived cell line PICM-19 (Rogee et al. 2012).

Development of cell cultures is expected to give an important contribution to 
the diagnosis of HEV infections, and in the future to the evaluation of antiviral 
treatments. Various HEV strains of genotypes 1, 3, and 4, obtained from serum 
samples of patients with hepatitis E, have been successfully replicated in vitro in 

Fig.  7.1   Immunofluorescent staining of HEV inoculated PCL/PRF/5 cells by an anti-ORF2 
MAb. Reproduced from Okamoto et al. (2011), with permission of Elsevier
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both PCL/PRF/5 and A549 cell lines. Since HEV represents an emerging topic 
in donors’ blood safety, because of potential transmissibility of the virus through 
transfusions (Okamoto 2013), the use of cell cultures may be critical to assess the 
actual risks associated with blood donations, adding direct proof of infectivity 
to the possible finding of viral genomic RNA that is the only possible parameter 
obtained at present.

Some studies conducted using cells culture have demonstrated that pork liver 
sausage and swine liver sold as food can contain infectious HEV (Takahashi  
et al. 2012; Berto et al. 2013a) identifying the risk for foodborne HEV transmis-
sion. However, the use of HEV cultivation in vitro to assess the risk in food items 
is still too cumbersome for being presently considered suitable for application in 
the practice, calling for further studies in order to develop reliable and handy pro-
tocols (Fig. 7.1).

7.3  Virus Isolation in Cell Cultures
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In assessing the risk related to the presence of HEV in food some facts need to be 
evaluated.

Hepatitis E occurs in both epidemic and sporadic–endemic forms. Insufficient 
drinking water treatment and low standards of sanitation have been implicated 
in major outbreaks in developing countries. Major waterborne epidemics have 
occurred in Asia and North and East Africa, but the infective dose is not yet known. 
Experimental data from non-human primates indicate that the severity of infection 
with HEV is proportional to the infectious dose (Tsarev et al. 1994). The estimated 
orally ingested HEV dose at which the probability of infection equals 50 % in pigs 
is 1.4 ×  106 HEV genome copies (Bouwknegt et al. 2011). However, the rate of 
clinical disease following infection depends on susceptibility and in humans, pre-
vious exposure (immunity), pregnancy and the presence of other diseases play a 
significant role. Person-to-person spread has been documented and the fecal–oral 
route denotes problems in hygiene management in some cases (Said et al. 2009), 
and anecdotal cases of transmission by solid-organ transplant and blood transfu-
sion were reported (Matsubayashi et al. 2008; Legrand-Abravanel et al. 2010). 
The disease has an incubation period of 15–60 days, usually is mild and resolves 
in 2 weeks, leaving no sequelae. The disease is most often seen in young to mid-
dle aged adults (15–40 years old). The fatality rate is 0.1–1 % except in pregnant 
women. This group is reported to have a fatality rate approaching 20 %. Association 
of clinical disease and alcohol consumption was observed in groups of individuals 
exposed during cruise ship. Clinical cases of hepatitis E have been reported sporadi-
cally from industrialized countries like the USA, Japan, Taiwan, France (Hsieh et al. 
1999; Clemente-Casares et al. 2003; Mizuo et al. 2005) despite the relatively high 
level of HEV antibody prevalence in healthy individuals (Meng et al. 2002; Mansuy 
et al. 2011). In individuals exposed to recent HEV infection, as shown by the pres-
ence of a seroconversion peak, who did not have symptomatic hepatitis, also did not 
have abnormal results of liver function tests (Said et al. 2009). Subclinical infection 
with HEV genotypes 3 and 4 may be responsible for the high prevalence of anti-
HEV in industrialized countries (Purcell and Emerson 2010).
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Evidence of the presence of HEV in pigs, wild boar, and water is well docu-
mented in many countries and the high prevalence in farmed animals and the 
environment is also associated with a relevant (even high) prevalence of infection 
in humans (Banks et al. 2004b; Zheng et al. 2006; Caprioli et al. 2007a; Feagins  
et al. 2007b; Schielke et al. 2009). Epidemiological studies have shown that 
human and swine HEV isolates are genetically closely related (Lu et al. 2006; 
Zheng et al. 2006). Rodents have also been suggested to be a reservoir for HEV 
(Favorov et al. 2000; Easterbrook et al. 2007; Vasickova et al. 2007). The presence 
of HEV RNA has been shown in 14 % of the pig fecal samples and 6 % of com-
mercial pig livers in a study from the Netherlands (Rutjes et al. 2009).

A recent study carried out by Kanai and colleagues (Kanai et al. 2012) showed 
that 28.6 % of rats living close to a farm housing infected pigs were seropositive 
and detection of HEV RNA was possible in 17.8 % of them suggesting a possi-
ble role of rats in spreading of the infections. However, the role of rats in human 
infection remains controversial. Hepatitis E virus genotype 3 was detected in wild 
rats living far from rural or urban areas in the USA (Lack et al. 2012), whereas 
other HEV strains detected in rats seem to represent a novel genotype (Johne et al. 
2012).

Hepatitis E has been detected in wastewater resulting from gut processing 
at slaughterhouses (Rutjes et al. 2009) and in pig slurry stores (McCreary et al. 
2008). HEV was found in 4.76 % of lettuce sampled at primary production level 
and 3.2 % samples at the point of sale (6–23 mean PCR detectable units) and 5 % 
irrigation water in an EU survey (Kokkinos et al. 2012).

The survival of HEV genotype 1 in soil was analyzed (Parashar et al. 2011). 
The authors assessed that 4.9 % of the 403 samples collected from four locations 
along the Mutha river (India) were positive for HEV RNA and they observed that 
sewage discharges play a significant role in maintaining this contamination. They 
also artificially spiked soil samples (0.5 g) collected from various locations with 
6.47 × 107 RNA copies of the virus in order to test the stability of the genome and 
observed a sudden decrease after 3 weeks, reaching a plateau during weeks 3–8.

Hepatitis E virus was also detected in shellfish, such as mussels and oysters 
farmed in Scotland (Crossan et al. 2012). Overall, 92  % of the productive sites 
located on the west coast and 55 % of those on the east coast were positive. The 
prevalence of contamination, which was shown by HEV RNA detection, was very 
high (range 3.73–5.2 log10 IU/ml) in a site that was near a purification plant that 
processes water released by a local swine slaughterhouse and meat processing 
plant. HEV was also detected in bivalve shellfish (Corbicula japonica) purchased 
from a fish market in Japan (Li et al. 2007).

Very often the serological tests show the presence of infections not associated 
with disease in both animals and humans. The higher prevalence is observed in 
farms housing pigs 2–4 months of age (Meng et al. 1997; Takahashi et al. 2003; 
Rutjes et al. 2009) whereas it is lower in pigs at ages of 6–8  months, which is 
the age at slaughter for most countries (e.g. EU, USA, AUS). Recent studies have 
shown, however, that infection can occur at all ages, from weaners to fatteners and 
that pigs close to the slaughter age can still be HEV infected (Berto et al. 2012a).



63

Pig meat may, therefore, be a vehicle of infection for the consumers and infec-
tion can be also transmitted more frequently to the persons who more commonly 
are in contact with the infected animals, like butchers, pig farmers, and workers 
at the slaughterhouses. The presence of HEV in muscle samples of swine was 
observed up to 4 weeks after the onset of fecal shedding and the time of infec-
tion has been considered important for the presence of HEV in pork meat with 
late infection during the fattening period having a major impact on the presence of 
HEV-positive muscle in retail stores (Bouwknegt et al. 2009). Consumption of raw 
pig meat was associated with cases of hepatitis E in the Netherlands (Melenhorst 
et al. 2007). At pig slaughterhouses, tools (knives) and surfaces (belt and floor) 
were found to be positive for HEV RNA (Di Bartolo et al. 2012). The contamina-
tion of tools and environmental samples (knife and slicer) was also proven at retail 
shops (Berto et al. 2012b). Hygienic practices may play an important role in deter-
mining the higher level of contamination and, therefore, the probability of infec-
tion. Consumption of pork sausages prepared from house-slaughtered meat was 
the suspected cause of a case observed in Hungary in a 60-year-old man (Reuter  
et al. 2006).

The risk related to consumption of raw pig organ meat is well documented. 
Contamination was detected in 9 out of the 43 (20.9 %) liver samples taken from 
adult swine belonging to an infected herd showing high titers up to 1.0–9.9 × 107 
genome copies/g (Leblanc et al. 2010). The presence of HEV was detected in a 
relevant percentage of samples of hepatic lymph nodes, bile, bladders, and feces, 
showing that cross-contamination of meat is an issue that must be considered. 
The presence of HEV was also observed in livers from wild boar with an average 
detection rate of 14.9 % in Germany (Schielke et al. 2009).

Sequences of HEV that are strictly related genetically with those recovered 
from human cases were detected in samples of raw smoked liver sausages (i.e. 
figatellu) during a case–control study that was carried out in Corsica (France) in 
2010 (Colson et al. 2010). The titer of HEV detected in the figatellu purchased 
from a local market was 103–106 genome copies per slice, although the viability/
infectivity of the virus was not tested.

Thermal stability of HEV was analyzed in monkeys (Emerson et al. 2005) by 
using fecal suspensions containing a 50  % monkey infectious dose (MID50) of 
106.5/0.5 ml of 10 % fecal suspension. Differences were observed between the two 
strains used (genotype 1 and 2). The most resistant strain showed intact infectivity 
in cultured cells (HepG2/C3A) after treatment at 56 °C and reduction of 80 % of its 
infectivity after a treatment at 60 °C for 30 min. Feagins and colleagues (Feagins 
et al. 2008) have assessed instead the thermal stability of HEV by cooking liver 
blocks (size 0.5–1 cm2) in boiling water for 5 min or by stir-frying until the internal 
temperature reached at least 71 °C. The infectivity of cooked liver was assessed by 
inoculating the treated sample homogenates to groups of healthy pigs (that were 
negative at HEV antibodies testing) intravenously. Both treatments showed a com-
plete inactivation of HEV. No seroconversion, viremia, or fecal virus shedding 
was observed in any of the inoculated pigs. In order to better understand the pos-
sible inactivation rate in the conditions that are used during industrial processing, 
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(Barnaud et al. 2012) pâté-like preparations were produced (30  % infected liver; 
48 % fat and brine) and different time/temperature combinations were used, rang-
ing between 62 and 71 °C and 5–20 min. The samples used for the thermal treat-
ments had a weight of 25 g and thickness of 2 mm. The residual infectivity was 
tested by experimentally inoculate homogenates intravenously to group of pigs and 
testing the seroconversion and viral extraction in feces. Pâté cooked at 62 °C for 
120 min still allow the survival of infective virus, whereas the rate of infection was 
reduced in the group that received pâté treated at 68 °C for up to 20 min and 71 °C 
up to 10  min. In pâté-like preparations, therefore, only treatments at 71  °C for 
20 min allowed a complete loss of residual infectivity. Guidelines for production 
of liver sausages or pâté indicate that a core temperature to be reached is at least 
74 °C (Heinz and Hautzinger 2007) but many receipts advice 78 °C.

Association between shellfish consumption and HEV infection was suspected 
in outbreaks (Said et al. 2009). Consumption habits play a fundamental role for 
the risk of HEV transmission. For example, shellfish can be consumed after appro-
priate cooking, such as for Yamato-Shijimi, which is generally eaten as an ingredi-
ent in hot miso soup in Japan, where the heat usually reaches 100 °C for nearly 
10 min or not, as is the case of oysters that are consumed raw or mussels that are 
generally rapidly steam cooked until their shells open, reaching an internal tem-
perature of approximately 60 °C for few a minutes.

No risks are associated with shellfish or crustaceans after boiling or steaming 
under pressure to achieve a minimum temperature in the product of 90 °C for not 
less than 90 s or its equivalence. Improper handling can, however, result in cross-
contamination of food after a lethal thermal treatment.

The following considerations can be done on the basis of the facts described 
above. Pig and wild boar are carriers of HEV and very high titers of virus can be 
found in effluents from pig farms and slaughterhouses.

The temperature of scalding water and the time used for allowing hair removal 
(normally 58 °C for 6 min or 63 °C for 2 min) are not effective to inactivate HEV, 
but the importance of cleanliness and pre-scald treatment (e.g. hot water washing 
or passage in separated vats) should not be underestimated.

HEV can be spread during the cutting of liver and meat on industrial premises, 
requiring cross-contamination control measures. No data are available concerning 
the effectiveness of the biocides used for sanitation in the meat industry. Hepatitis 
E virus does not have a lipid envelope and control of surface contamination with 
quaternary ammonium compounds or other tensioactive compounds is not a good 
choice.

Contaminated water may carry infective particles to vegetables and shellfish 
farms. Outbreaks related to water contamination have shown that HEV does not 
respond to chlorination and dissolved, colloidal, and solid organic matter protect 
the virus from inactivation. Therefore, treatment of slaughterhouses and pig farms 
wastewater should be improved to prevent environmental safety issues.

Rats may play a critical role in HEV outbreaks, considering their negative 
effects on environmental hygiene and food sanitation. Water and rodents may also 
be a link between rural environment and wildlife (e.g. wild boar hunted close to 
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urban areas). The widespread presence of HEV in rats determines concerns for 
food safety.

Slaughterhouse workers, pig farmers, and butchers are frequently exposed 
to HEV. Human infection seems to be related, however, to the exposure to high 
titers of infective HEV (i.e. not inactivated by thermal treatments). Mechanisms 
of inactivation of HEV by UV radiation and ozone (i.e. the treatment most com-
monly used for the treatment of recycled water in shellfish depuration) need to be 
investigated.

The frequent exposure in humans only seldom results in symptomatic infec-
tion. Most commonly they show seroconversion without signs of hepatitis, nor are 
they detected by liver function tests (Said et al. 2009). Some evidence indicated 
association with alcohol consumption and symptomatic cases, but also higher dis-
ease fatality rate in pregnant women. It is worth investigating the human factors 
that may affect the outcomes, such as immunization by previous HEV infection or 
other hepatic diseases.
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Epidemiological and virological studies conducted in the last few years have clearly 
demonstrated that hepatitis E should be considered an emerging zoonosis. Swine 
appears to represent the major animal reservoir for the virus, and the large global 
relevance of the pork food chain creates public health concerns for the future. HEV 
infection can be transmitted through food by the ingestion of infected meat prod-
ucts (Matsuda et al. 2003; Tei et al. 2003; Yazaki et al. 2003; Banks et al. 2004c; 
Tamada et al. 2004). The risk associated with this mode of transmission is, how-
ever, reduced in developed countries, because pork is mostly consumed cooked, 
and viruses are inactivated during the process of cooking. In addition, HEV is prev-
alent particularly in swine below the age of 5 months (i.e. below the slaughter age, 
in most countries). However, the possibility of cross-contamination between raw 
meat products and the risk of virus spread in the environment through manure from 
pig farms, with the consequent possible contamination of vegetables and drinking 
or bathing water, should also be taken into consideration. Contamination of water, 
as is the case with hepatitis A virus, could also lead to the contamination of filtering 
shellfish, thereby further compounding public health risks.

Another possible route of transmission of hepatitis E virus to humans is by 
direct contact with infected animals. In this case, people such as farmers, work-
ers attending the animals, and veterinarians who work in contact with pigs during 
the viremic period or when virus is excreted in the feces may be at greater risk of 
infection (Meng et al. 1997; Drobeniuc et al. 2001; Withers et al. 2002; Yazaki 
et al. 2003). Furthermore, for these population categories, the possibility of infec-
tion by indirect contact with instruments and tools contaminated with infected 
feces cannot be ruled out. The knowledge of these risks should thus encourage 
recourse to hygiene and biosecurity procedures that may help avoid or minimize 
the chances of infection. The discovery of HEV may also pose risks during the 
practice of xenotransplantation, which has become a possible solution to the prob-
lem of a shortage of organ donors for transplantations. This risk is not limited to 
HEV. In fact, otherwise non-pathogenic viruses of pigs belonging to different fam-
ilies might become pathogenic for humans after xenotransplantation as a result of 
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crossing the species barrier, recombination or adaptation in immune-compromised 
xenotransplantation in addition to normal transplantation recipients (Meng et al. 
2002; Pei and Yoo 2002; Razonable 2011; Pas et al. 2012).

The enzootic nature of swine HEV infection in pigs in many countries, together 
with its ability to cross the species barrier, raise concerns with regards to the pos-
sibility of zoonotic transmission, and food and environmental safety. Nevertheless, 
many veterinary aspects of infection are not yet known. Knowledge is still limited 
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 infec-
tion is not fully known, and the cases associated with the ingestion of uncooked 
meat from wild boar and deer in Japan indicate that the role of wild animals, as 
well as swine and ruminants, should be further considered in the epidemiology of 
the disease.

Despite the obvious health implications of this emerging zoonosis, informa-
tion on the significance of HEV circulation in swine herds, and in other animals 
in developed countries including Europe is still insufficient. In countries like 
Spain, the Netherlands, and the UK, where larger epidemiological studies have 
been conducted, it has been demonstrated that the virus is circulating actively in 
the pig herds. More recently, similar results have been achieved in Italy, and other 
European countries, highlighting the wider scale of the phenomenon. If the pos-
sibility of zoonotic transmission of the infection is considered, it is clear that the 
higher the prevalence in animals, the greater the risk of transmission will be to 
humans.
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