Chapter 4
Hepatitis E as a Zoonosis

Frederik Widén

Abstract Hepatitis E (HE) virus infection is not limited to spread from human to
human but also occurs between animals and more importantly as zoonotic spread
from animals to humans. Genotyping of strains from hepatitis E virus-infected
patients has revealed that these infections are not all caused by genotypes 1 or 2 but
often by genotypes 3 or 4. Therefore, it is important to understand the striking dif-
ference between the spread of genotypes 1 and 2 in countries with poor sanitary
standards and the spread of genotypes 3 and 4 in countries with good sanitary stan-
dards. The number of animal species known to be infected with HEV is expanding
rapidly. The finding of HEV in new host species always raises the question regard-
ing the zoonotic potential of these newfound strains. However, as new strains are
found, the complexity increases.

Certain genotypes are known to have the ability of zoonotic spread from certain
animal species and these animals may even constitute an infection reservoir. Some
animal species may contribute to zoonotic infections albeit on a smaller scale, while
others are believed to be of minor or no importance at all. This chapter reviews pos-
sible sources of zoonotic hepatitis E virus infection.
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4.1 Introduction to Zoonotic HEV Infections

Large disease outbreaks of hepatitis E (HE) occur in countries with poor sanitary
conditions as described elsewhere in this book. The disease is usually endemic in
these countries and spread indirectly from person to person through contaminated
water, food and toilets especially in refugee camps and other poor dwellings. It
causes epidemics from time to time. However, it has been well documented that
hepatitis E (HE) also occurs sporadically in persons living in countries with good
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sanitary standard. The previously widely accepted assumption, that all human infec-
tions in countries with good sanitary standards were acquired while travelling or
living in countries with an endemic HEV situation, has been challenged for a long
time and is not in line with current scientific evidence. It is known that a part of
these infections are caused by genotype 1 (or 2) and occur in patients who recently
travelled to endemic regions. However, another large part of these infections
occurred in patients who did not travel to endemic regions during the calculated
incubation time, or not at all travelled abroad, and that was not caused by genotypes
1 or 2 but rather by genotypes 3 or 4. The increased awareness of this situation has
in turn led to more samples from patients being sequenced and genotyped. Thus it
has been demonstrated that several strains causing disease in humans demonstrate a
high degree of similarity to strains detected in animals and food of animal origin.
The application of serological test for detection of HEV antibodies in the human
population in industrialized countries has demonstrated a surprisingly high (1-53 %)
antibody prevalence in several countries [17]. Furthermore, HEV RNA, mainly of
genotype 3, has been detected in blood products from donations given by healthy
humans. For example, in Germany, 1 out of 4500 and, in Sweden, 1 out of 8000
healthy blood donors had HEV RNA in the blood at the time of donation. Since
these HEV-positive samples came from healthy blood donors and the viraemic stage
is rather short, the number of humans that are infected during their lifetime can be
expected to be much higher. All facts taken together have led to the conclusion that
there is an autochthonous source of HEV present in industrialized countries that
cause infections and disease in humans and cannot be disregarded [6, 20]. While
HEV has been detected in many animal species, only HEV strains belonging to
genotypes 1-4 are regarded as possibly zoonotic.

4.2 Introduction to HEV Infection in Animals

The list of animal species susceptible to infection with HEV has been expanding
rapidly during the two last decades [29]. The list is now extensive and still continues
to grow. The list is based on results from PCR amplification of nucleic acid (RNA)
but can be made significantly longer if serological results are also taken into account.
Such serological results are generally generated by ELISA. There are now a number
of commercially available ELISAs that can be used for testing of animal sera for
antibodies against HEV. However, several reports suggesting infection of animal
species are based on a small number of serologically positive samples. If there are
no previous experiences of analysing sera with the assay, the results should be inter-
preted with caution. Single serological results are difficult to evaluate because a
confirmatory assay, a gold standard, is lacking. The commercially available ELISA
assays for antibodies to HEV that have been developed all suffer from a lack of
specificity, and different assays will not give identical results for a given selection
of sera. This is not a unique feature of HEV ELISA assays as almost all assays will
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show some disagreement when compared to each other. However, when applied to
one or a few samples only and without prior experience of the assays compatibility
with sera from the species, the disagreement becomes a critical factor. Therefore,
reports of isolated, serologically positive individuals from animal species not previ-
ously reported as HEV hosts cannot be relied on and thus need to be confirmed by
PCR amplification with sequencing, seroconversion or by other confirmatory assay.

While the genotypes 1 and 2 infect only humans and primates and are known to
cause large disease outbreaks or endemic disease in humans in countries with poor
sanitary conditions, the genotypes 3 and 4 are found in swine and wild boar and are
able to infect humans. It has been demonstrated that that porcine HEV strains of
genotype 3 can infect primates and that human genotype 3 strains can infect swine.
Contrary to genotypes 1 and 2, these genotypes cause only sporadic cases of overt
disease. Reports of disease, caused by genotypes 3 and 4, have been restricted to
humans living in countries with good sanitary conditions. However, genotypes 3
and 4 may also circulate in countries where gtl or 2 is present but is not observed
due to the dominance of gtl and 2. Furthermore, HEV of genotype 3 has also been
found in various deer species, and infection of humans through consumption of
contaminated deer meat has been demonstrated [42].

4.3 Taxonomical Considerations

The rapidly expanding number of proven HEV-positive animal species and the zoo-
notic potential has made a revision of the previously accepted taxonomy almost
unavoidable, because too many species remain unassigned at the genus level in the
former HEV taxonomy. The previously accepted taxonomy contained only one
genus, Hepevirus, with one species, hepatitis E virus and four genotypes, and one
unassigned genus containing one species, avian hepatitis E virus with several geno-
types. The currently accepted taxonomy divides the Hepeviridae family in two
genus, Orthohepevirus with four species and Orthohepevirus A—D and Piscihepevirus
with only one species, Piscihepevirus A. The Orthohepevirus has been proposed to
contain six or seven genotypes ([14] release).

4.4 Swine HEV

While it has been known since 1980 that a non-A or B hepatitis virus, later to be
named hepatitis E, caused outbreaks of disease in humans [45], it was not until 1995
that HEV in swine was detected first in Nepal and subsequently also in the USA,
and further studies revealed more than 90 % similarity between swine and human
HEV strains [4, 24]. This was followed by similar reports from several non-endemic
countries. The disease in humans was described in detail and proven by experimen-
tal infection in 1983. The finding and characterization of HEV in swine followed
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studies in swine and primates showing that they could produce HEV antibodies
naturally and that HEV RNA could be detected in swine faeces and sera and thus
should have been infected with HEV or similar virus previously. This finding of
HEV RNA and antibodies in swine raised concerns that HEV could be a zoonotic
virus. Indeed, partial sequencing and comparison of the swine and human HEV
genome demonstrated a high degree of similarity. However, more thorough studies
demonstrated that the genomic sequence of swine HEV differed substantially from
genotypes 1 and 2 in humans. Subsequently, two different genotypes, gt 3 and gt 4,
have been identified in swine. A couple of years ago, two additional genotypes were
suggested for wild boar due to their high divergence with known HEV sequences
[40, 41]. Reports of seemingly food-related infections from Japan and elsewhere
supported the assumption that HEV could be a zoonosis. However, the long incuba-
tion time, 3-8 weeks (average 40 days), creates difficulties to prove a causal link as
in many cases the food items have since long been discarded when clinical symp-
toms first appear in the consumer. Several studies from Europe and Japan have now
proven the link [2, 8, 11, 32, 42]. A high prevalence of gt 3 in swine and wild boar
has been demonstrated in many parts of the world, and HEV is now regarded as a
worldwide infection of swine. The gt 3 is completely dominating in European swine
and can be found almost all over the world. Moreover, it is the only genotype
detected, until now, in European wild boar and causes almost all autochthonous
human HEV infections in Europe. Indeed, for several years only gt 3 was found in
Europe and it was not until 2011 that gt 4 was detected in European swine [12] for
the first time. Genotype 4 has been found in swine from Italy, Belgium and Denmark.
The gt 4 is more frequent than gt 3 in China and is the predominant cause of hepa-
titis E in humans in China. In Chinese swine both gt3 and 4 can be found, but the gt
3 in China seem to cause only a few cases of human hepatitis E [39]. The gt 4 can
also be found in swine in other Asian countries like Japan, India, Indonesia, Korea
and Taiwan. At present it seems that in China the gt 4 causes almost all the autoch-
thonous human infections detected so far, while in Japan it is either gt 3 or gt 4 that
is the cause of autochthonous human infections. On the other hand, in Europe only
a few autochthonous human infections caused by gt 4 have been identified. These
cases were identified in France, Germany, Denmark, the United Kingdom, Italy and
possibly also in Russia. It has been speculated that genotype 3 originated in Europe
in the early nineteenth century reached Asia 100 years later and was spread from
there to North America and the rest of the world. Genotype 4 is thought to have
originated in Japan in the early nineteenth century.

In swine the infection route is, as in humans, faecal-oral, and the disease nor-
mally follows a subclinical course inducing mild to moderate lesions in the liver and
regional lymph nodes. The litter size of the sow is not affected. The combined prev-
alence of markers for current (RNA) or past (antibodies) HEV infection is usually
very high in swine as demonstrated by publications from several countries around
the world. The peak of viraemia and virus excretion occurs at 2—4 months of age
when the maternal antibodies have waned and piglets of different origin are mixed.



4 Hepatitis E as a Zoonosis 65

This is followed by seroconversion. With increasing age, the prevalence of virus-
positive (RNA) swine goes down, while the prevalence of antibody positive goes up
since the infection is self-limiting and antibodies protect against reinfection, at least
for some time. However, some studies indicate that the immunity against reinfection
is rather short and that swine may be infected several times during their life span [3].
The antibody prevalence goes up with age due to continuous exposure to infected
swine excreting virus that remain stable in the environment for a long time. Infected
swine start excreting virus approximately 1 week after infection, remain viraemic
for 1-2 weeks and excrete virus for approximately 3 weeks. The virus can be
detected in the liver for 4 weeks; however, other studies indicate that the virus could
remain in the liver for 3 months. The virus has also been detected in muscle sam-
ples. Excretion in faeces is an important route of infection for swine but other routes,
like urine, are also important. Furthermore, excretion of HEV genotype 3 for a
period of more than 5 months has been demonstrated in a wild boar [38].

Given the normal path of HEV infection in swine, the risk for human exposure
through pork products should be rather low at the time of slaughter. However, sev-
eral studies have demonstrated that swine of slaughter age can still be virus positive.
Indeed, in a study in the Netherlands, four out of 62 swine livers were positive for
HEV at slaughter. In the Netherlands this could be extrapolated to roughly 1800
contaminated livers being consumed annually. This may be due to primary infection
late in life, repeated infections due to poor immunity and prolonged virus persis-
tence in organs as stated above.

What is stated above for HEV infection of swine generally also applies to wild
boar since it is the same species. However, the epidemiology of HEV in wild boar
may differ considerably from swine because of the differences between the natural
habitat of wild boars and the rearing in swine farms [36, 37].

4.5 Rabbit HEV

Zhao et al. [49] reported the finding of HEV in farmed rabbits (Oryctolagus cunicu-
lus) in China. This was followed by several reports of HEV detection from farmed
rabbits in China [9], Mongolia, France [15] and the USA [5]. In France HEV was
also detected in wild rabbits, and an HEV virus from a human with clinical symp-
toms, in France, demonstrated a high degree of similarity with rabbit HEV. The
sequence identity with gt 1-4 varies between 73 and 79 %. Inoculation of pigs and
cynomolgus monkeys with rabbit HEV demonstrated replication; increase of liver
enzymes, indicating liver damage; and excretion of virus. It has now been accepted
to place rabbit HEV in gt 3 as it forms a distant gt 3 subgroup ([14] release). These
results demonstrate that rabbits may constitute a risk for zoonotic infection of
humans. However, the prevalence of HEV infection in rabbits is not known.
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4.6 Avian HEV

The disease known by two names, hepatitis-splenomegaly (HS) in North America
and big liver and spleen disease (BLS) in Australia, is caused by avian hepatitis E
virus (AHEV). It is present in, at least, three genotypes and was first described in
Canada [34]. In 1999 [30] a virus that could be connected to the disease was detected
and partially sequenced in the USA and Australia. Further studies revealed that the
Australian and North American virus both are distantly related variants of AHEV
and caused the same disease. Since AHEV share part of the sequence with swine
HEV and human HEYV, it was important to determine if AHEV could infect humans.
Therefore, experiments with non-primate monkeys were performed. These experi-
ments concluded that AHEV did not cause viraemia or seroconversion in rhesus
macaques [ 13]. Further sequencing of AHEV showed that only 50 % of the sequence
is shared with human and swine HEV and phylogenetical comparisons of the HEV
family members indicate only a distant relationship. Thus, the three genotypes of
AHEY are related distantly. However, AHEV is even more distantly related to HEV
in swine and humans. Over 20 years of experience with AHEV without detection of
avian HEV in humans gives a strong indication that AHEV does not infect and
cause disease in humans. Even if not fully proven, these are good reasons to believe
that AHEV is not a zoonotic virus.

4.7 Other Animal Species Infected by HEV

At present only strains belonging to genotypes 1-4 are regarded as zoonotic.
However, the increasing number of HEV strains detected in several animal species
makes the separation between zoonotic and non-zoonotic strains more difficult. The
list of animal species known to be susceptible to HEV infection is long and contin-
ues to expand as new species are investigated. Currently, apart from the species
mentioned above, the list contains primates (experimentally and naturally infected;
cynomolgus monkeys, Japanese macaque (Macaca fuscata), etc. [22, 33, 47]), wild
boar (Sus scrofa, [36, 44]), five bat species from three families ((Hipposideridae,
Vespertilionidae and Phyllostomidae, [7]), Norwegian rat (Rattus norvegicus, [16]),
black rat (Rattus rattus [25]), cotton rat (Sigmodon hispidus), greater bandicoot rat
(Bandicota indica), other rat species (Rattus spp., [25])), Asian musk shrew (Suncus
murinus, [10]), tree shrew [48], roe deer (Capreolus capreolus), red deer (Cervus
elaphus, [26, 43]), mongoose (Herpestes javanicus, [27]), moose (Alces alces,
[21]), sika deer (Cervus nippon [42], Rex rabbits (Oryctolagus cuniculus, [49]), fer-
ret (Mustela putorius), farmed mink (Neovison vison, [18]), camel (Camelus drom-
edarius, [46]) and cutthroat trout (Oncorhynchus clarkii, [1]). Even more animal
species have been implicated as potential host animals. These are, for example,
Asian black bear (Selenarctos thibetanus), clouded leopard (Neofelis nebulosa),
dog and cats (Canis lupus, [23]), fox (Vulpes vulpes), horse (Equus caballus, [35]),
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cattle (Bos taurus), yak (Bos grunniens), goat (Capra aegagrus) and sheep (Ovis
aries). However, these isolated findings remain to be confirmed by other studies
using different methods or repeating the finding in other individuals. This is also the
case with the reported findings of antibodies to HEV in goat, sheep, cat and dog as
well as for the finding of HEV in fox. The HEV detected in fox was found in faeces
and could therefore have originated from an animal that was eaten by the fox.
Bioaccumulation in mussels has also been demonstrated (Mytilus
galloprovincialis).

The wild boar belongs to the same species as pigs, so it is not at all surprising to
find that it can also be infected by HEV genotype 3.

The HEV infecting mongoose also belongs to genotype 3 and can therefore be
regarded as a zoonotic virus. However, no human cases caused by infection from
mongoose have been described. However, humans and mongoose rarely come close
to each other, and the risk for oral ingestion of infected material from a mongoose
by a human seems quite remote. If mongoose also can be infected by genotype 4
remains to be shown.

The HEV found in bats forms a separate phylogenetic branch distinct from the
known zoonotic hepeviruses. There are no known cases of humans becoming
infected with HEV from bats. Therefore, bat hepevirus is currently not believed to
be zoonotic. However, the same reasoning as for mongoose could be applied to bats.
The prevalence of HEV in bats seems to be low, humans and bats rarely have con-
tact, and oral ingestion, by humans, of infected material from bats is unlikely.
However, fruit bats eating fruits from trees, for example, mango, may contaminate
fruit pieces, with bat saliva or urine, subsequently falling down to the ground. Bats
may also contaminate date palm sap, later to be ingested by humans as is suspected
for Nipah transmission in Bangladesh [31]. For HEV transmission from bats to
humans, this is just a hypothetical reasoning since the HEV virus in bats is so dif-
ferent from genotypes 1 to 4 and the risk for exposure probably is low.

Several species of rats can be infected with HEV but mainly by a variant that is
distant to genotypes 1-4 and forms a separate branch in phylogenetic trees. This
virus is not thought to be zoonotic. However, rats in the USA have also been infected
by genotype 3 of HEV and could therefore constitute a zoonotic risk [19]. If rats
also can be infected with genotype 4 is not known. Ferrets can be infected by HEV
that cluster with HEV in rats. However, the phylogenetic distance between rat HEV
and ferret HEV is larger than between genotypes 1 and 2 of humans. HEV found in
mink is also related but distinct to ferret HEV as well as to rat HEV. Similar to HEV
in rats (except genotype 3 variants found in the USA) and ferret, the distant relation
to genotypes 1-4 and the clustering with rat and ferret HEV support the assumption
that HEV from mink is not zoonotic.

Moose are frequently infected by HEV as has been demonstrated [21]. However,
the HEV infecting moose is distantly related to HEV genotypes 1-4 and there are
no indications that this virus should be zoonotic. It should be noted that moose is
traditionally hunted and the meat is eaten but the liver is not. This may contribute to
reducing the risk for human infections both in the short, infected material is not
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eaten, and the long run since HEV in moose and genotype 4 with time are becoming
even more distantly related.

Importantly, roe deer, red deer, sika deer and other deer species can be infected
by HEV genotypes 3 or 4. The seroprevalence varies between 2 and 30 %, while the
RNA prevalence is approximately 30 %. The zoonotic potential of HEV-infected
deer has been documented. In Japan several members of a family became infected
with HEV and fell sick after eating sika deer meat [42]. The HEV sequence recov-
ered from the patients and from frozen meat was almost identical.

Hepeatitis E virus has also been found in mussels. Mussels become contaminated
with HEV through bioaccumulation while filtering large volumes of seawater. The
risk is higher if the mussel cultivations are placed close to river mouths. Rivers may
be contaminated by runoff water from pig farms or from sewage that is treated in
water-cleaning plants that cannot stop HEV from passing through.

4.8 Conclusions

Research on zoonotic hepatitis E has taken big strides forward. The research field is
still very dynamic with new hosts being found frequently. In little more than two
decades, the number of known variants has increased from two infecting two animal
species (poultry and humans, not counting experimental infections of monkeys) to
over 20 infecting over 20 animal species. The hepeviruses are also very variable in
genome sequence. While a large number of strains, encompassing genotypes 1-4,
show a high degree of sequence similarity and a similar host pattern, other strains
are significantly more different, compared to genotypes 1-4, like HEV in rats and
HEV in moose. Avian HEV is only 50 % similar to genotypes 1-4 and cuttroat trout
HEV is only very distantly related to other HEVs. On the other hand, rabbit HEV
was before considered not to belong to genotypes 1-4, but it is now accepted that
this virus belongs to genotype 3. This demonstrated how dynamic and complex is
the HEV family. Furthermore, it demonstrates the difficulties in drawing a sharp
line between zoonotic and non-zoonotic HEV strains.
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