INTRODUCTION

CHAPTER 1

Viruses occupy a unique position in biology; unlike@st bacteria, fungi, and
parasites, they are obligate intracellular parastteat depend on the biochemical
machinery of the host cell for replication, therefairuses cannot capture and store
free energy, and they are not functionally actiuésmle their host cells. Viruses are
nonliving infectious entities that can be saiddad a kind of borrow life, becoming
part of living system only after they have infectachost cells and their genome
become integrated with that of the cells. Lookiraglto the history, viruses were
described as “filterable agents” for their smafltesiallowing them to pass through
filters that are designed to retain bacteria. By firinciple, Martinus Beijerinck was
the first to discover the tobacco mosaic virus899, and since then more than 6,000
types of viruses have been classified in 1,950ispeand in more than 391 different
higher taxa edited by the International CommittaelTaxonomy of viruses (ICTV), a
body empowered by the International of MicrobiotmdiSocieties to have authority
on matters of virus classification and nomenclatortaining succinct and accurate
information about all virus species: their taxonombosition, morphology, genome
organization and replication, antigenic propertiand biological properties (Van
Regenmortel, 2003; Fauquettal, 2005; Mayo and Ball, 2006). Further, it is aviaiéa
an accessible Genbank system (part of Internatiblo@leotide Sequence Database
Collaboration, comprising the DNA Databank of Jgptre European Molecular
Biology Laboratory, and Genbank, which is locatddttze National Centre for
biotechnology Information (NCBI) in the U.S. Nataininstitutes of Health) that
allows molecular biologist and virologists worldedei to search all viruses and to
identify new sequences and new virus names. Thé#&wnsystem contains currently
3,142 “species” of viruses not present in the ICdifrent master list of 2005, but
their sequences are collected in this system (Fetuapd Fargette, 2005).

The past 33 years have seen a rapid acceleratitwe impact of scientific and
technological progress. This situation, which ispr@cedented in the history of
mankind, also goes hand in hand with the globatisatprocess affecting

communications, international trade and the ecomsnaf different countries and



regions of the world (Annual reports of OIE refezeraboratories and collaborating
centres, 2006). The world organization for animeélth (OIE) was established in
1924 and in 2008 comprised 172 Member Countries Balitories (Manual of
diagnostic tests and vaccines for terrestrial alima008), is the international
standard-setting scientific organization concemgtth matters relating to the health
and welfare of terrestrial and aquatic animals, fodg embraced these changes. The
aim of OIE is to collect, analyse and disseminatkevant information on the
diagnosis, control and surveillance of animal diseshrough its four Specialist
Commission, including Biological Standard CommissiBeference Laboratories and
Collaborating Centres and international renownegheex by them reaches its
decisions on solid scientific grounds, and incogpes them into itCodes and
Manuals of standards. In order to reach out the targe¢etds increasing the accuracy,
transparency and speed of animal disease, includoanosis reporting (Annual
reports of OIE reference laboratories and collatimgacentres, 2006). Disease like
Hepatitis E Virus (HEV) to be considered at inteior@al level and included in the
OIE List need at least one ‘yes’ answer, meaning that titerion has been met, to
the following basic criteria ParameteFsd.1):

* International Spread

» Significant Spread within Naive Populations

* Zoonotic Potential

* Emerging Diseases
After considering these parameters it is clear thatientially infection by HEV
satisfies most of all of these criteria. The otlede, epidemiology aspects,
pathobiology, real potential infection transmissionte, as direct and indirect contact
human to human, are not at all clear. It needs nstaied more deeply our knowledge
already acquired in order to analyses risk in thenal and meat trade in front of

animal and public health concern in zoonotic way.
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INTRODUCTION
CHAPTER 1.1
HISTORY

Hepatitis E is an infectious viral disease withnidal and morphological
features of acute hepatitis observed in young, latdded adults and among pregnant
women, and also recently reported in kids (youngest reported case: 7 years old
boy in India) (Thapa, 2009). Hepatitis E is typlga self limited, acute viral hepatitis
lasting 1-4 weeks; it does not progress to chrdigease. In rare cases, some patients
have severe disease, which progresses to fulmiiaart failure; the overall case
fatality rate for the general population in diseasdemic countries ranges from 0.1 to
4%. Case fatality rates are much higher (up to 2&889ng pregnant women infected
with HEV during the third trimester (KrawczynskiQ@7). The substantial morbidity
is associated with large epidemics of hepatitisigeake initially described from the
Indian subcontinent where in the winter 1955-56alyé epidemic of acute viral
hepatitis, more than 29 000 icteric cases, resuitaeh contamination of a major
water treatment plant with raw sewage in New Delhdia (Vishwanathan, 1957;
Chuttaniet al., 1966). The cause was originally considered tarbexample of water-
borne hepatitis A. Nevertheless, several otherespids occurred in Europe and
United States in the ¥8and 14' centuries with epidemiological features similar to
acute viral hepatitis (Cockayne, 1912; Blumer, 1928 reported from Asia Indian
subcontinent indicated an epidemiological patteistirctt from that observed for
HAV (Khuroo et al., 1980; Khurocet al., 1983). The disease was first recognized as a
distinct clinical entity in the 1980s when retrosiie serological tests performed on
stored clinical samples collected during water-koepidemics in New Delhi during
1955-56 and another epidemic in Kashmir, were fawndck serological markers for
acute hepatitis A and B (Wong al., 1980), suggesting that a new viral hepatitis
agent was responsible for the epidemic. A the beggthe disease was classified in
the group of enteric non-A non-B hepatitis (ET- NBN) regarding all viral hepatitis



resulting from viruses other than HAV or HBV, otheell-characterised viruses, or
predisposing conditions referred to collectivelynas-A non-B hepatitis.

The first identification of virions by Transmissidalectronic Microscopy
(TEM) was detect since middle of 70’ by Feinstokeifstoneet al., 1975) like
possible cause of ET-NANBH and temporary classifteBicornaviridae family like
HAV type Il (Pandaet al., 2007). The first proof viral etiologic and faécaute of
transmission of this form of hepatitis was obtainedl983 (Balayaret al., 1983)
when an investigator deliberately ingested pootedlextracted from presumed case
of ET-NANBH in Russia 1983 and virions were visaatli by TEM (27-34 nm of
diameter) in stool samples collected in preclineadl early post clinical phases. The
disease was subsequently transmittecytmmol gus macaques (cyno,) by intravenous
inoculation of virus containing stool extract, wiiexcreted similar viral particles in
the faeces.

In 1990, Reyes cloned the genome, of 7.6Kb by tefecyno’s bile, after
inoculation of human faecal material from Burma&ient (Reyest al., 1990). The
genome Burma strain, first identified, sequencedftiiowing year was antigenically
and biophysically unrelated to the picornavirus&sagkalle, 1988). It was classified
in the new member dEaliciviridae family under the separate gendspevirus, this
name deriving from the sigla of Haftis Evirus (Tamet al., 1991), and currently it is
the sole member ofiepeviridae family (Fauquetet al., 2005). After two distinct
isolates first recognized and designated as BumuaMexico strains, others from
Sargodha, Pakistan, China etc. have subsequendy bequenced, although the
majority of HEV isolates have only been sequencatigly.

The disease became known as hepatitis E and itg ageHEV. The syllable
‘E’ can describe the tree features of the epidengiplof HEV: ‘enteri¢ (in the gut),
‘epidemic like in tropical or subtropical areas: Asia anddiélle East, northern and
western parts of Africa and North America (Mexi¢Kyawczynski, 1993; Aggarwal
and Krawczynski, 2000) transmitted primarily by taecal-oral route associated with
poor sanitation and weak public health infrastreeguor ‘endemicin much of Asia
and Africa and Latin America, where it causes safitsl morbidity and mortality,
(1% of general population). Hepatitis E predilectis for older men and women
during pregnancy (up to 25%) (Hamétlal., 1996) in developing countries, but it
represents a public health concern worldwide (Kbwebal., 1981; Suzukiet al.,
2002; Emerson and Purcell, 2003; Khueb@l., 2003; Okamotet al., 2003; Dalton



et al., 2008). Industrialised countries where the séinitesystems are well established
are considered traditionally non-endemic for HEXGept possibly rare disease cases
travel-associated to countries where HEV is hypdearic. However, autochthonous
cases of sporadic hepatitis E in people with ncilpress history of recent travel
abroad have been reported in many developed regiamisas North America, Europe
like England and Wales, Spain, France, Netherla@eésmany, Austria, Italy, Greece
even in Japan, Taiwan, New Zealand and Australep@aret al., 1993; Psichogiou
et al., 1995; Heatlet al., 1995; Wormet al., 1998; Hsieh et al., 199&anettiet al.,
1999; Tsanget al., 2000; Pinaet al., 2000; Teichet al., 2003; Widdowsoret al.,
2003; Mansuyet al., 2004; Sainokamét al., 2004; ljazet al., 2005; Dalton edl.,
2007a;). The source of HEV infection in industzall countries is not known.
Serological tests have detected anti-HEV antibodieshealthy individual of
developed countries ranging from 0.5% and up to 25%ome areas depending on
the geographic location. The higher rates suggesi@dsubclinical or unrecognized
infection may be common (Thomasal., 1997; Zanettet al., 1994; Aggarwall and
Krawcznski, 2000; Daltost al., 2007b).

Since the 90’, the prevalence of anti-HEV antibedias been detected also in
a wide range of domestic and feral mammals inclytdmonkeys, swine, rodents,
chickens, dogs, cats, cattle, sheep, goats, hotke¥eys and mice. Increasing
evidence supports the hypothesis of a zoonoticiitiie, as long as the animal can be
infected by virus like-HEV and be the source oreresir of infection for human
beings (Arankalleet al., 2001; Bankst al., 2004a; Mengt al., 2002; Hirancet al.,
2003b).

In 1997 a novel virus was first identified in pigs, the Midwestern United
States, characterized and designated swine hepatitirus (SWHEV) to distinguish it
from human hepatitis E virus (hHEV) (Mergy al., 1997). However, two cases of
acute clinical human hepatitis E - first case (U3nal/olved a patient who had not
been in endemic countries, second case (US-2)hdattravelled to Mexico prior
diagnosis of the disease were reported in the sagee caused by virus strains very
closely genetically and phylogenetically relatedtite swine HEV recovered from
pigs in the same country and differing extensivietyn other strains of HEV (Meng
et al., 1998). Since then, in many parts of the worldesalvother porcine strains have
been identified and characterized, sharing highuesece identity at the nucleotide

level and at the aminoacid level with human HEMaisis belonging to the same



geographic location (Hsiedt al., 1999; Bankt al., 2004a; Butet al., 2004; Caprioli
et al., 2007; Goens and Perdue, 2004; Petah., 2006; Zhengt al., 2006).

Balayan’s group first demonstrated that not aloyprgomolgus monkeys and
rhesus monkeys resulted successfully infected with a hHEV isoliaten adult patient,
but also domestic pigsSfs scrofa domestica) were reported to be susceptible to
infection with a hHEV strain (Balayaet al., 1990). Experimental infections showed
that swine HEV can cross species barriers and timfen-human primates and that
US-2 strain of hHEV could infect specific-pathogeee (SPF) pigs (Mengt al.,
1998; Halburet al., 2001; Williamset al., 2001; Menget al., 2002; Bankst al.,
2004a). Following studies assessed the potentst of infection in swine
veterinarians, and pig handlers resulted highlyitpesfor anti-HEV compared to
control subjects (Drobeniuet al., 2001; Menget al., 2002; Witherset al., 2002;
Siochu et al., 2004). The first compelling evidence for zoooofiood-borne
transmission was obtained from clusters of casdsjian related to ingestion of meat
at shared meal of raw Sika deer meat (@eal., 2003; Takahashit al., 2004) or
undercooked pork liver (Matsuda al., 2003; Tamadat al., 2004). Of interest,
SWHEV strain (swJL145) isolated from a packaged Ipigr purchased from local
grocery stores in Japan was 100% identical to ithes vecovered from an 86-year-old
patient who had contracted sporadic hepatitis Er aftgestion of undercooked pig
liver/intestine few weeks before onset of the syn@ of disease. This is a
confirmation of potential risk factor for HEV infeon (Yazaki et al., 2003).
Recently, presence of HEV genome has been repaldedn commercial pig livers in
the United States (Feagisatsal., 2007).

In 2001 another animal strain of HEV, designatechaan HEV (aHEV) to
distinguish from mammalian HEV, was firstly discoy®m bile samples of chickens
associated with Hepatitis-Splenomegaly (HS) syndramthe USA (Hasquenas et al.,
2001). Although the aHEV strain is related gendlijcand antigenically to hHEV and
SWHEYV, it apparently does not infect humans andeearpental infection irrhesus
macaques and mice failed (Huangt al., 2004; Meng et al., 2009), whilst it was able
via oronasal route inoculation to infect specifatfppgen-free (SPF) chickens and
turkeys (Suret al., 2004, Billam et al., 2005).

Nowadays HEV disease is considered to be an engeagionosis (Péront
al., 2006).



1.2 General Features

Hepatitis E virus consists of a 7.2 Kb positiveastted (+) RNA
polyadenilated viral genome packaged within a noveped capsid with
icosahedron symmetry varying between 27-34 nm ameter (Fauquedt al., 2005),
and believed to be composed of a single capsicipr¢€ig.1.1). The variable size of
virions depends from the laboratory where it hasnbelentified, possibly depending
on proteolytic digestion in the passage throughgtiteand on its sensitivity to freeze-
thaw cycles or storage of stool preparation. Theyaat density of HEV is 1.35 g/ém
in CsCl and 1.29g/chin potassium tartrate and glycerol gradient ardinsentation
coefficient computeds found ~183S; sometimes the HEV particle was dotm
sediment at 165S (Fauquetial., 2005; Pandat al., 2007).

Figure 1.1. Hepatitis E Virus Particle. The three-dimensiostlcture of a self-
assembled, recombinant HEV particle has been sdlwve?PA’ resolution by cryo-
electron microscopy and three-dimensional imageonsituction (adapted from
Cheng et alhttp://www-ucdmag.ucdavis.edu/current/23:4;200andeet al., 2007).




The viral genome encompasses three open readange$ (ORFs: ORF1,
ORF2 and ORF3 flanked by short untranslated regoepding respectively the non-
structural polyprotein (186KDa), the major capsidotpin (72KDa) and an
immunogenic small protein with an unidentified rdte 13.5KDa) (Zafrullahet al,
1997; Ansariet al., 2000). The ORF2 of HEV has been expressed usnigus
expression systems includiriggcherichia coli, insect cells using baculoviruses, and
animal’s cells using transfection. Baculovirus egsion system revealed multiple
forms of pORF2 ranging in size from 72 to 52KDawdiich the 50-53 KDa forms are
secreted as virus-like particles (VLPs), which #abile, like Calicivirus, being
degraded following high speed pelleting in sucrose.

HEV does not seem to tolerate exposure to high emttnation of salts
(including caesium chloride), but is almost ceftairesistant to changes of pH
because it is able to survive in the gastrointastmvironment (Zafrullalt al., 2004;
Pandeet al., 2007).

In literature, three studies have been reportéted to the thermal stability
of HEV (Emersonet al., 2005; Feagingt al., 2008), but before them there was
another single report of HEV (isolated in GuangzhGhina) being inactivated by
heating at 56°C for 30 min, but time course or eonf temperature tested was not
reported, and the results have not been confirrHedriget al., 1999). The first study
compares the thermal stability of three HEV straibslonging to three different
genotypes of HEV, between them and toward a sobihAV. Range of incubation’s
temperatures used was 0°C to 70°C for 1h beforaegbesed for infecting the
hepatoblastoma cell line Hep G2/C3a. The firstistiested was Akluj strain,
belonging to genotype IIl and collected from anidmdpatient infected with HEV; a
50% of inactivation resulted at a temperature betw#5°C and 50°C, and almost all
the virus was inactivated at 56°C. To determine rdte of inactivation, the Akluj
strain was heated at 56°C for 0, 15, 30, 60 min@0feC before inoculation onto the
cells. The second strain, Mex14, belonged to ggreoty and was collected from an
experimentally infectedhesus macaque, and was not inactivated by incubation at
56°C being almost totally inactivated at 60°C (80%)e last strain, SAR55 collected
from a Pakistan patient, belongs to genotype |, weudilted to be inactivated by
approximately 50% at 56°C, and 96% at 60°C. The HAM175 strain (previously
reported to be relatively stable at 60°C) was @0%6 inactivated by incubation at

60°C and almost totally inactivated at 66°C.



In the second study (Feagidasal., 2008) Meng’s group tried to inactivate by
traditional cooking methods a genotype Il HEV tleahtaminated commercial pig
livers sold in United States grocery stores. Siaceeliably successful cell culture
system for HEV propagation is not available, an esxpental infection was
conducted on five groups of pigs (SPS) involvinggateve and positive control,
inoculated intravenously with pool of homogenatdstwo HEV-positive livers
incubated in three different ways and times: 561@ water bath for 1h, stir-fried at
191°C (internal temperature of 71°C) for 5 min ariled in water for 5 min,
respectively. The results demonstrated that ineobbabf homogenates of the
contaminated pig livers at 56°C for 1h did not inate the virus confirmingn vitro
results of Purcell's group.

In the third study, HEV (JEO03-1760F strain) in falespecimens, obtained in
the acute phase from a 67-year-old Japanese patignichronic renal failure who
contracted domestic infection of genotype Ill HEV2003, was inactivated by heat-
treated at following temperatures: 56°C for 30 n7i@;C for 10min, 95°C for 1 min,
95°C for 10 min before infecting 21 different clatles, including PLC/PRF/5 (human
hepatocarcinoma cells) and A549 (human lung canenocells). The results
corroborated previous reports: HEV at 56°C HEV w#b infectious and could be
propagated in two of the 21 cell lines, but for dtleer temperatures considered HEV
was not detectable in the culture medium throughbetobservation period of 50
days after inoculation (Tanalkhal., 2007).

1.3 GENOME ORGANISATION

The HEV viral genome consists of a single sens&ipestranded RNA genome of
approximately 7.2 Kb in length (Taet al., 1991; Fauquett al., 2005). The entire
molecular sequence shows: a 7-methilguanosine eds) at the 5’ end carrying a
short non-coding region (NCR) of 27-35 nucleotidey forms a hairpin structure
possibly involved in virus replication; the follomg encoding region that consists of
three open reading frames (ORFs: ORF1, ORF2, OR&g), the end at 3’ with
terminal 65-74 nucleotides comprising another NCRatt terminates at a

polyadenylated tail with approximately 150-200midamplicated in the initiation of
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virus replication (Okamotat al., 2007). In experimentally infectedynomolgus
macaques (Tamet al., 1991) and in cell culture (Xiet al., 2000), it has been shown

the presence of one genomic RNA' 6Kb) and two subgenomi€X.7Kb andRPKb)
HEVs RNA (Fig.1.2).
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Fig.1.2. The genome of HEV consists of a single-strangeditive sense RNA with a

size of 7.2 kb. There are three open reading fra(@#Fs) that encode the non-
structural proteins, a small protein of unknown diion and the capsid protein,

respectively. The genome also encodes putativepplooglation and glycosylation

sites and contains a cis-reactive element (CRE)o Bubgenomic RNAs were

reported previously; the smaller of the two hasnb&®own to express both ORF2 and
ORF3 (Purcell and Emerson, 2008). Humoral immurspaase has been detected
against all three ORFs (Aggarwallal., 2007).

1.2 ORF1 and viral encoded protein

The open reading frame one (ORF1) is the large®t9pht) of three ORFs,
begins after 28nt down of the 5’NCR of the virahgme and terminates at nucleotide
position 5109 and encodes a 1693 aminoacid polgproincluding viral non-

structural proteins such as methyltransferase, @aipdike cysteine protease, a
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helicase and an RNA-dependent RNA Polimerase (RdRppnin et al., 1992;
Krawczynski, 1993; Aggarwall and Krawczynsky, 208agden et al., 2001).

1. METHYLTRANSFERASE
The Methyltransferase domain has been suggesteaobyputer—
assisted assignments to encompass an amino terdamelin between
60 to 240 aminoacids. The viral enzyme presentpgties similar to
members of the large alpha-virus like superfamilypositive-strand
RNA viruses such as alpha-virus nsP1, brome moseis replicase
protein 1a, bamboo mosaic virus etc. This suggasi@dthese viruses
could have evolved from a common ancestor viruso(fm and Dolja,
1993; Pandat al., 2007). Downstream of methyltransferase domain
there is: Y domain with 200 aminoacids showing &nitly to rubella
virus, but at the present no particular functioknewn (Pandaet al.,
2007).

2. PAPAIN-LIKE CYSTEINE PROTEASE

A Papain-like protease domain follows the Y domantompassing
440-610 aminoacids, and has been identified in rotheus-like
alphavirus and rubella virus and others like heisa@ virus (HCV). It
is postulated that this viral protease is involweckither co- or post-
translational viral polyprotein processing to yieltiscrete non-
structural gene products (Pardal., 2007). A conserved “X domain”
of unknown function flanks the papaine-like progadomains,
preceded by a proline-rich region “P” that mighhstitute a flexible
hinge between the X domain and the upstream donfido@ninet al.,
1992).

3. HELICASE
The Helicase domain, encompassing 960-1204 amideadithe full-
length polypeptide, belongs to the typical Helicasgperfamily and
shows the highest overall similarity with the hase of beet necrotic

yellow vein virus. It promotes unwinding of DNA, RNor DNA-
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duplexes required for genome replication, recontimna repair and
transcription (Pandet al., 2007).

4. RNA-DIPENDENT RNA POLIMERASE (RdRP)

The RdRP domain, encompassing 1200-1700 aminoawfidhe carboxy
terminal part of ORF1, shows a conserved aminoa@tf recognised in all positive
strand RNA viruses as the canonical Glicine-Aspesfespartate (GDD). It has been
observed that mutations in this motif (GDD to GA@gnerate replication-deficient
replicone unable to replicate or do so very inghtly. RARP spreads out a crucial
role in replication binding to the 3'NCR of HEV duting the synthesis of the
complementary strand RNA (Pandaal., 2007). Several linear B-cell epitopes have
been identified in the ORF1 protein, and appedretgarticularly concentrated in the
region of the RARP (Kauet al., 1992).

1.3.20RF2 AND VIRAL ENCODED PROTEIN

The Open reading frame 2 consists of ca. 1980ninbew downstream of
ORF1 from 5147nt to 7124nt. Translation of thisioegoroduces the HEV structural
polypeptide (pORF2) of 660/599 aminoacids (Okam@@Q7), highly conserved.
The 5 end of ORF2 region presents a range of apmpadely 350-450nt most
conserved among HEV isolates; recently it has hesed for classifying different
subtypes of genotypes of HEV (la al., 2006). In animal cells, the major capsid
protein is expressed in a ~74KDa form (pORF2) aneB&KDa glycosylated form
(gpORF2) that was immunoreactive with sera frommganzees infected with HEV
(Jameelet al., 1996). pORF2 is synthesized as an 82KDa precujizoORF2)
cotranslationally translocated via N-terminal sigsequence to the endoplasmic
reticulum (ER) membrane. The putative signal pegstidonsist of three regions an
amino terminal region of 22 aminoacids stretch fpady charged residues (Arg), a
central hydrophobic core with 14-residues and thiedtregion contains a turn-
inducing stretch of proline residues, followed I tsignal peptidase cleavage site.

ppORF2 is processed by cleavage in the endoplaseticulum into the mature
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polypeptide (pORF2), and then glycosylated (gpOREDN-linked glycosylation sites
“Asn-X-Ser/Thr” (N-X-S-T) at residues 137, 310 (a&ap to be the major site of N-
Glican addition) and 561, attached to them as & aamit of oligosaccharides
(GlcsMangGlc-NAc,) while the polypeptide chains are being transkedaicross the
ER membrane (Zafrullaét al., 1999). This process occurs usually for the ssgithof
envelope proteins but is rare for capsid protéeling glycosylation sites are conserved
in the ORF2 sequences of all HEV isolates sequesoddr (Tanet al., 1991; Huang
et al., 1992; Tsareet al., 1992) as well as in swHEV (Memgal., 1997). Mutations
in the pORF2 glycosylation sites prevented the &irom of infectious virus particles
and resulted into low infectivity in macaques (Graf al., 2008). The 88KDa
gpORF2 obtained is transported to the cell surfaca bulk flow mechanism in the
absence of any signal of retention in the endoplaseticulum. Final assembly
occurs at the cytoplasmic membrane with encapsidati HEV positive-stranded
genomic RNA. Expression of gpORF2 in mammaliansc¢COS-1 and HepG2)
showed that it is expressed intracellularly, aslaslon the cell surface and has the
potential to form noncovalent homodimers (Pelham Btunro 1993; Jameet al.,
1996; Zafrullahet al., 1999; Pandat al., 2007). Recently, it has been suggested that
gpORF2 is an unstable form of protein (Torresil., 1999). Although pORF2 is
proposed to take part in the capsid assembly,dleeaf gpORF2 is not clear being
possibly involved in apoptotic signalling (Jamegthkl., 1999). The ORF-2 has been
expressedn vitro and characterized by heterologous expression ragstecluding
Escherichia coli (Pandaet al., 1995), mammalian cells using plasmids (Jareeal.,
1996), alphavirus vectors (Torredi al., 1997; Torresiet al., 1999), baculovirus
expression systems (McAted al., 1996; Robinsonet al., 1998), recombinant
vaccinia virus (Carkt al., 1994) and yeast (Tyagi al., 2001). However, the results
from infection of the insec§odoptera frugiperda (Sf-9 cell line) by recombinant
baculoviruses appear to be impressive for the plaftiforms obtained (of ~72KDa,
~59-62KDa, ~ 50-55 KDa) varying with respect toesand solubility of stable protein
products. The full length ORF2 product from inseells are insoluble, whereas the
truncated products, mapping to aminoacids 112-G&®&rable into virus-particles,
indicating that cleavage and assembly of the capsadein occur in the system
(Tsarev et al., 1993; McAtee et al., 1996; Zhang, 1997). Moreover, expression of
the truncated 112-660 pORF2 (belonging to a sfram Myamar) undergoes further

processing at the carboxy- terminus in insé&cichopulsia ni (Tn-5 cell line),
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generating with high efficiency (1.0 mg/t@lls) a secretory 50 KDa pORF2, which
was capable of self-assembling into empty VLP gedreto the culture medium (Li
et al., 1997). However, the VLPs deleted of the N-Temhiregion rich in basic
residues resulting by this last intracellular psscéed by protease can be found only
in insect cells, but not in vertebrate cells (whghgcosylation also occurs). The size
of empty VLPs (23.7nm) is smaller than that autlvemative HEV virion (27nm), and
similar virus particles have not been found in bile or stools from patients infected
with hepatitis E or from experimentally infected mkeys. Expressed VLPs were used
as an antigen for enzyme-linked immunosorbent adshisA) against antibodies to
HEV, appearing to be specific and sensitive endogtetect anti-HEV IgG as well as
IgM in human and experimentally infected monkeyasfri et al., 1997; Liet al.,
2000). Immunodominant epitopes in ORF2 and ORF3ehbeen included in
commercially available diagnostic ELISA for HEV (Maroughet al., 1991; Dawson
et al., 1992; Courasage# al., 1993; Khudyakowt al., 1993; Khudyakowt al.,
1994). The ORF2 epitopes are located at the exti@nemd of that reading frame
(Yarborough et al., 1991). Antibody response to pORF2, highly imngaac,
neutralizes the virus and is protective (Purcetl Bmerson2008). Currently, a single
serotype has been described, with extensive cezgdivity among circulating human
and swine and chickens strains (Faucgiat., 2005; Okamoto, 2007).

1.3.30ORF3 AND VIRAL ENCODED PROTEIN

The third and the last open reading frame 3 (ORIB8pists of 369/366 nt, partially
overlaps with the first ORF1 by 4 nt, and sharestned the remaining nucleotides of
ORF2 at the 3’ end (Pand# al., 2007). ORF3 encodes for a 123/122 aminoacid
immunogenic phosphoprotein of 13.5 KDa (pORF3) waithot fully defined function
(Tam et al., 1991). Recombinant ORF3 protein expressed inamyokic cells
accumulates in the cytoplasm and is associated with cytoskeleton in cell
fractionation studies, appears non-glycosylated #@ndloes not undergo post-
translational modification that would significantblter its size (Zafrullahet al.,
1997). Recent study using a replicon with deletd®F® in cell culture showed a
normal RNA replication, suggesting that ORF3 isthmem required for HEV

replication nor for virion assembly or infectionaflture cells (Emersost al., 2006).
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Another study (Yamadat al., 2009) provides evidence that the pORF3 is
required for virion egress from infected cells.dddition, pORF3 is present on the
surface of HEV particles suggesting that the HEWiglas released from infected
cells are lipid-associated. In its primary sequeng®RF3 contains two large
hydrophobic domains in N-terminus of ORF3 rich olygysteine stretch. Domain 1
may serve as a cytoskeleton anchor at which pOR&2 assemble the viral
nucleocapsid, although it was reported that recaartii ORF2 protein assembled into
small but typical icosahedrons in the total absesfc®RF3 (Zafrullah et al., 1997,
Xing et al.,, 1999) and bound also mitogen-activated proteirade phosphatase
(MAPKP) Kar-Royet al., 2004). Another smaller hydrophobic domain (Dama)
follows in the primary sequence, that has been shdw homo-dimerize (43
aminoacids region) in yeast cellular environmengelffs et al., 1989; Chieret al.,
1991), and in human hepatoma cells it was demdaesdtta interact with another host
protein endogenous hemopexin (Hpx), an acute-pplasena glycoprotein that plays
important roles in inflammation. The pORF3-Hpx naigions must have significant

importance on viral pathogenesis (Ratra et al.32@®gure 1.3).
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Figure 1.3. Genome organization and proteins of HEW) (The ~7.2 kb positive

strand RNA genome of HEV is capped at thertd and polyadenylated at theeBd.
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It contains short stretches of untranslated reg{tii®R) at both ends (red box). Other
structural features proposed to be important fplication are also indicatedB) The
three open reading frames (ORFs) are shown. ORIEbdes the nonstructural
polyprotein (nsp) that contains various functiooaits — methyltransferase (MeT),
papain-like cysteine protease (PCP), RNA helicktad)(and RNA dependent RNA
polymerase (RdRp). ORF2 encodes the viral capsiteir, the N-terminal signal
sequence (blue box) and glycosylation sites aréecaneld. ORF3 encodes a small
regulatory phosphoprotein. Details of the ORF3 girat are shown, including two N-
terminal hydrophobic domains (blue boxes) and twtei@inal proline-rich regions
(red boxes). Functions discovered for these domaires indicated below the
illustration (Chandra&t al., 2008).

C-terminal end of ORF3 contains two stretches wiibmology to the
polyproline helices (PXXPXXP motif encompassing aoacids 75 to 86) that binds
several proteins containingc hmology y 3 (SH3) binding domain, as protein
tyrosine kinase (PTKSs); it also contains a mitogetivated protein kinase (MAPK)
phosphorylation site (Ser-80) conserved in genoty@nd 1l strains but not in
genotype Il and IV strains of HEV (Tyagt al., 2001). The overlaps of the
dimerisation domain with SH3 binding and phosphatigh site suggested that
pORF3 might have a dimerisation-dependent regulatote to play in signal
transduction pathway (Panda# al, 2007). Further, it is possible that the pORF3
protein forms a dimer prior to interacting with lfldngth ORF2. After dimerization,
pPORF3 gets phosphorylated, which makes it capableirading to non-gpORF2
(Tyagy et al., 2002). C-terminal part of the pORF3 contain® asveral antigenic
epitopes located in the most variable positiongh@ Burmese strain (aminoacids
positions 112 to 117) in contrast with the Mexi¢@ais (aminoacids positions 95 to
101) where these are located in the N-terminal ffandyakovet al., 1994). The
epitopes specifically react with human acute- amavalescent-phase sera of infected
patients and were also recognized by sera fromrerpetally infectedcynomolgus
macaques (Yarboroughet al., 1991; Khudyakowet al., 1993). Antibody response to
pORF3 is short-lived and does not neutralize tihesv{Purcell and Emersp2008).
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1.4 GENOTYPES

Extensive genomic diversity has been observed anitifg isolates, but a
single serotype is recognised (Emerson and Pu2@ll3; Okamoto, 2007). Current
classification encompasses V genotypes. Genotypasdl Il were isolate only in
human beings except one case, i.e. a Cambodiae sivein belonging to genotype |
identified by Caronet al., 2006. Genotypes Il and IV have been isolatedath
human and swine, and also wild boar, deer and nasgg(Meng et al., 1997; Goens
and Perdue, 2004; Okamoto, 2007; Panda, 2007).

Genotype | was first identified and subjected tqusacing in 1991 (Tam et
al., 1991) from a sample that came from Myanmarifiustrain) showing more than
88% of nucleotide identity with other genotyperbsts isolated in Asia (China, India,
Nepal and Pakistan) and Africa (Chad and Moroc@&afnoto, 2007).

In 1992, a new strain completely different than tBarma strain was
sequenced from outbreaks in Mexico (1986) and iflessas genotype II. Differently
than genotype |, outspread in many geographic nsgigenotype Il occurs in fewer
countries (Lwet al., 2006).

Genotypes Il was identified in 1997 in the USA rfroan autochthonous
patient without history of travel abroad sequene@e@l became the first strain
belonging to genotype Il (Kwet al., 1997). Later on, genotype Ill HEV has been
shown to be distributed in many countries worldwitheluding Asia, Europe,
Oceania, North and South America (Pabal., 2000; Takahasla al., 2003; Bankst
al., 2004a; Perost al., 2006.)

Genotype IV was identified in 1999 in China, andsveéfferent from strains
belonging to genotype | from the same areas (Wb, 1999). Other isolates were
identified exclusively in Asia, particularly in Jap and Taiwan (Takahashi al.,
2002b; Takahastst al., 2003).

Genotype V encompasses the avian HEV (Huengl 2004; Purcell and
Emerson 2008). Phylogenetic analyses based onotimplete genomic sequence of
HEV confirmed that avian HEV was segregated inttiséinct branch separate from
human and swine HEVs of the four known genotypesaftd et al., 2004, Meng,
2009). Avian HEV was shown to share about 57-61%lentide sequence identity
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over the entire region with mammalian HEVs, comnamtigenic epitope(s) in the

capsid protein with hHEV and swHEV (Hasquemrbasl., 2002) but approximately

80% nucleotide identity with the big liver and sedisease (BLSV) virus identified
in Australian chickens (Payretal. 1999); Hasquenagt al, 2001). Additional studies

are needed for classifying avian HEV definitivefythe %' genotype or in a separate
genus.

Currently, the four genotypes I-1V are classifiatbi different subtypes, based
on approximately 300-450 nucleotides of sequencéhén5’ end of ORF2 region
which are most conserved among all HEV isolatese Phylogenetic analysis
demonstrated that HEV can be divided into totas@dtypes. Genotype 1 was divided
in 5 subtypes (1a, 1b, 1c, 1d, le), genotype v dubtypes (2a, 2b), genotypes 3
segregate in 10 subtypes (3a, 3b, 3c, 3d, 3e,g3f313, 3i, 3)) and genotype 4 in 7
subtypes (4a, 4b, 4c, 4d, 4e, 4f and 4g)dlLal., 2006) (Fig.1.4) (Meng, 2009).
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Fig.1.4. A phylogenetic tree based on the complete genseteiences of 30 human,
swine, and avian HEV strains. A scale bar, indigatihe number of characters that
change is proportional to the genetic distance. it with permission by the

Society for General Microbiology from Huang (Huasigl, 2004).
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1.5GENETIC VARIABILITY AND QUASISPECIES

Comparing nucleotide sequences of 75 strainstéhabwhole or nearly entire
genomic sequences of HEV are available for comparis Gen Bank, as f1of
January 2007) belonging to different genotypes detnated that at aminoacid level
the difference of ORF2 genomic region was abou®13.7% among all isolates
(Okamoto, 2007). The high degree of conservatioth@faminoacid sequences of the
capsid structural protein observed among distieciofypes from different regions in
the world is correlated to a little antigenic disi#y, which confirms the presence of
just one serotype; also, these isolates showedfisagt degree of nucleic acid
variability depending on the high error rate of theal RNA-dependent RNA
polymerase and the absence of proofreading mechar(®@kamoto, 2007). The high
genetic variability among different isolates iseatlire of RNA viruses: the mutation
frequency of different varieties of RNA virus’s ges from 10-10° substitutions per
base per round of copying (Domingo, 1996). In fgogsispecies is designated as a
level of genomic diversity that characterizes RNAuses in which the non-
proofreading polymerase leads to error-prone rafpbo, resulting in better
environment adaptability and capacity for rapidlation during passage from host to
host (Schneider and Roossinck, 2001). That imptlest we can find diverse
nucleotide sequence in an outbreak source repezséytone strain, and not just the
relation “one outbreak, one strain”. Thguasispecies structure describes an
equilibrium status between variants in a repligatwirus population under selective
pressure such as immunological response (Granda&tlan, 2004). This diversity
confers an advantage for survival and evolutiodasimented for human, animal and
plants (Domingcet al., 1998, Schneider and Roossinck, 2001) persigterfdcted by
RNA viruses as HIV type | (Wolinskst al., 1996), HCV (Farcet al., 2000), and less
in acute and self-limited infection like dengueugr(Wanget al., 2002), HAV
(Sanchezt al., 2003) and HEV. Large epidemics of HEV are magdysed by faecal
contamination of drinking water resources ratheanthby person-to-person
transmission. Therefore, the diffusion of HEV amdngnans is assumed to be clonal
according to “one outbreak, one strain” (Arankatlal., 2001). The first proof of the

quasispecies nature of epidemic HEV was based on retrospeenadyses and inter
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and intra patient sequence diversity studies, asdeBy restriction fragment length
polymorphism (RFLP) and by sequencing a 448bp semueorresponding to ORF2,
examining 23 serum samples collected during a wWaiare outbreak of HEV
genotype 1 in 1986-1987 in Tanefdour (Algeria) (@adamet al., 2004). This
outbreak was caused by faecal contamination ofatiier in the rain season in the
course of flooding, and was expected to follow‘thrge outbreak, one strain” scheme;
however, the study revealed the contrary, showimgnger-patient heterogeneity by
RFLP which divided 23 isolates into three sepapatdiles (A, B and C). A following
molecular epidemiology study on HEV infection ontkaandu valley (Nepal)
(Okamoto, 2007) investigated the genetic changd4$BW strains in the community,
analyzing nucleotide sequences of HEV isolatedectd from patients recovered
every two years (1997, 1999, 2000, 2002). HEV-viesamples were typed as
genotype | and further as subgenotype la (furtegreggated into five clusters) and Ic
(detected only in 1997), highlighting the chancenaiked viral infections. High
genetic variability in the community was observedoag HEV strains and even
among HEV strains of the same subtype obtained gaahthroughout the observed
period, but no significant aminoacid substitutiovexe recognized in the HEV strains
isolates. This fact suggests that genomic mutaboRlEV may occur naturally in
infected individuals without immunological pressin@m the host.

However, among the four genotypes of HEV, less geawariability appears
in HEV strains of genotype | and Il than genotyfleand IV. Pairwise comparison of
the 75 entire sequences of HEV isolates revealarf@ko, 2007) an inter-genotype
difference of 23.6-27.7%. In genotype |, the ingemotype diversity was up to 11.8%,
while for genotype 3 and 4 it showed a wider ramfeup to 19.3% and 17%,
respectively. For genotype Il, only one entire same is available on line (Mexican
strain, Mex-14) (Huangt al., 1992), and partial sequences for 16 Africanirstra
belong to the same sub-genotype. Phylogenetic semlguggest that genotype Il
HEV strains segregate into at least two subgenstyipe Mexican and African. The
16 African isolates differ from each other by up10.3% and from the Mexican
isolates by up to 16.8% (Okamoto, 2007). Then iiberigenotype difference is higher
in genotype Il than genotype IV, corroborating ttassification of four genotypes of
HEV in total 22 subgenotypes (Lu et al., 2006) hvgenotype Il being divided in 10
subgenotypes (llla-lllg) and genotype 4 in 7 suloggmes (IVa-IVQ).
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Hence, genotype | and Il appear to be more condehat may be due to the
finding that, except for the Cambodian swine sticase mentioned above (Caren
al.,2006), they have so far been identified only wmlan beings, during large
epidemics in developing countries where they ardesmc. The geographical
distribution is distinct between these two genosyfpeg.1.5). Genotype | is present in
Asia (India, Pakistan, Nepal, China, Bangladeshhdllistan, and Kyrgyzstan) and
Africa (Central African Republic, Morocco, Algeri®Namibia, Sudan, Egypt, and
Chad). Genotype Il is present in Mexico and occedlg in Africa (Nigeria,
Namibia, Egypt, Central African Republic, and Ch@evioet al., 2008).
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Fig.1.5. Geographical distribution of HEV isolates accagito genotypes (Gt). HEV
Gt | ad Il: epidemic strains causing human infatti®lEV Gt Il and | zoonotic
strains isolated from humans and a variety of alsmaarticularly pigs. In some
countries, different genotypes co-circulate inididtecological niches: Gt | and IV in
China, India, and Vietnam; Gt | and Il in severafriéan countries, including
Namibia, Chad, and Sudan; Gt Ill and IV in Japah; @nd Il in Cambodia; Gt Il
and IIl in Mexico (Pelosi and Clarke, 2008).
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Genotypes Il and IV were not associated with lagggdemics but with
sporadic cases and identified in human and swinld, deer and boars that suggests
much greater genetic diversity including differepecies and different geographic
areas (Luet al., 2006). Genotype lll is present in Europe (Frar@ermany, Austria,
Greece, Italy, Spain, Great Britain, Netherlandsl Sweden) and also in the United
States, Canada, Argentina, Brazil, Chile, Mexicais#halia, New Zealand, Russia,
Kurdistan, Korea, Kampuchea, Thailand, Taiwan aodtls Africa. Genotype 1V, the
geographical distribution is more limited: Japarhir@, Indonesia, South Africa,
Taiwan, Vietnam and India (Pavabal., 2008). Geographic distribution is considered
to be an important parameter (Clemente-Casarek, &083; Okamoto et al., 2007,
Panda et al., 2007) as isolates circulating indame area show higher sequence
similarity with human and animals isolates derifilein the same area than to distant
area (Banks, 2004a; Clemente- Casatest., 2003; Peron et al., 2006; Zheng et al.,
2006).

A few studies conducted in India (Arankake al, 2002; Arankalleet al., 2003)
demonstrated that human and swine strains evoleedrately. These data are in
contrast with to the reports indicated above amerst from USA (Mengt al., 1997,
Huanget al., 2002) and Taiwan (Wet al., 2000), where in both humans and swine
HEV belonged to the same genotype, i.e., lll andrBspectively. In India, hHEV
isolates collected during 1976-2001 from differpatts of India were all classified as
genotype |, while the swine HEV recovered from \Wegastindia (2000) belonged to
genotype IV. The swine isolates in 1999 and 19&BnfrSouthern India clearly
showed that HEV infection has been highly endemithis species for a long time.
The second study confirms the earlier observatiothat none of the pigs resulted to
belong at genotype |, except for three pigs immbftem USA belonging to genotype
lll, and some others belonging predominantly to aygme IV, standing for a
significantly distinct circulation of genotypes angoHEV-infected humans (type 1)
and pigs (type IV) in the same country. Howeveareent study suggests the possible
occurrence of an event of recombination betweendmugenotype Il and swine
genotype Il strains (van Cuyak al., 2005), that implies the simultaneous infection
of a single host with both human and animal HEVmBming HEV quasispecies
variability with possible co-infection and recomaiion events, viral variant with

increase pathogenicity for humans might be selg@®agioet al., 2008).
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1.6 TAXONOMY OF HEV

Since identification of HEV by electron microscoipyl1983, the agent of ET-
NANBH was assumed to be an RNA virus and it waggestgd to group this virus
into the Picornaviridae family as HAV type 2 (Balayast al., 1983). Further, HEV
presented a certain number of homologies in the-stactural polyprotein with
Rubella virus of th@ogaviridae family or plant fluvovirus (Kooniret al., 1992). The
first HEV strain cloned and sequenced came fromuamBA patient (Burma strain),
and was shown antigenically and biophysically watesl to the picornaviruses. The
genome organization of HEV and its morphology pnesemilarities with members
of the Caliciviridae family. Therefore it was provisionally classifiedthis family as
a separate virus cluster in addition to the 4 nyageinera of Norovirus and Sapovirus,
affecting humans and animals, and the animal Lags\and Vesivirus. Looking more
deeply into the coding region for helicase and payase that is more conserved than
the structural protein region only the latter fguoups were confirmed members of
the Caliciviridae family, while HEV strains were removed from thigridy (Berke
and Matson, 2000).

Comparative analysis of the polymerase for the gdstetic study of HEV,
Pircornaviridae andTogaviridae suggested that HEV was more closely related to the
Togaviridae family (Emerson and Purcell, 2003ig. 1.5). Presently, HEV is now
classified as the sole member of the gehiepevirus in the family Hepeviridae
(Fauquet, 2005).
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1.7ZOONOSIS

The possibility that HEV infection can be a zoososn industrialized
countries where HEV is not endemic is based onshlation and characterisation of
virus in pigs, initially in the USA with high nuaéide homology with human strains
from the same country (Mergg al., 1997) and subsequently in Taiwan (Hsgelal.,
1999), in Japan (Okamota al., 2001). In 2001 (van der Pod al., 2001) HEV
swine strains were identified in The Netherland®véng close genetic similarity to
European human strains. In 2002 field isolatesvahe HEV were identified from
different geographic area (Huareg al., 2002) demonstrating nucleotide identity
between swine (88-100%) and against human str&a98%). In 2004 in United
Kingdom HEV were identified two UK pig strains wittD0% aminoacid sequence
identity to one autochthonous human case of HEWIG (Banks et al., 2004a)
(Fig.1.6). In Spain, 2006, de Deust al., (2007) identified in swine affected by
various pathology, HEV strains with nucleotide itiign (85.7%-100%) between
swine and 85-97.6% nucleotide identity againstuméan strains. In Italy Capriodt
al., (2007) identified swine strains with close natide homology against Spanish
human strains. Finally, swine may act as a resefeoiHEV infection in humans, as
suggested by the high genetic homology between BtEANS isolated from pigs and
human HEV strains from the same geographic arempsyric”, suggesting cross-
species infection of HEV (Meng al., 1998b; Nishizawat al., 2003; Okamotet al.,
2004).

The first human strain was identified in 1990 (Balaet al., 1990) and was
subsequently used in the experimental infectiopig$, although the isolate from the
infected pig was not sequenced, which would hatesnabled differentiation of the
inoculum strain from any potential pre-existingeiction with swine HEV (Balayaet
al, 1990). Two humans strains, genotype 1 (Sar-58)gamotype 2 (Mex-14), were
unsuccessfully used in the experimental infectib8@F pigs (Mengt al. 1998a), but
this may have been due to the genetic diversityéen the inoculum strain and those
that typically infect swine successfully genotyp€73% homology at the nucleotide
level). However, SPF pigs were successfully inféatéth human strain genotype 3
(US-2), and infection was confirmed by sequencmglémonstrate identity with the
inoculum strain (Mengt al. 1998b). Further, human strain genotypes 1, 23ahave

been used in the experimental infection of monk@&rker et al., 1999b). A swine
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strain isolated from a raw sewage sample from digation plant located close to an
abattoir, in an area where hepatitis E is not encl¢Barcelona, Spain), was shown to
infect monkeys (Pinet al., 1998).

AF503512 UK Sw
96 —|: AY362357 UK Hu

95— AF503511 UK Sw
# ABO73911 JAP Sw
AB093535 JAP Hu
__r AF336292 NL Sw
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AF195062 SP Hu
AF336294 NL Sw

AF336295 NL Sw

AY032759 NL Sw
AF195061 SP Hu

AY032758 NL Sw
AY032757 NL Sw

92

92

Figure 1.6. Human United Kingdom isolate (AY362357) is showrbbld and
compared with closely related swine and human fitep& virus isolates (GenBank
accession no., country of origin, and host arecaueid). Bootstrap values greater than
70% are considered significant and are indicatBdnkset al., 2004a — used with

permission from the authors)

However, HEV replication has been demonstrateactur in the liver and in
intestinal tract (Haet al., 2004); further, in Hokkaido (Japan) 9 patief@8%) had a
history of consuming grilled or undercooked pigeli\2-8 weeks before the disease
onset.Packages of raw pig liver sold in grocery storedamsl in Hokkaido were
tested for the presence of hepatitis E virus (HENMp 1.9% found positivite. One
swine HEV isolate (swJL145) from a packaged pigfiliad 100 % identity with the
HE-JA18 isolate recovered from an 86-year-old patie Hokkaido. Two swine HEV
isolates (swJL234 and swJL325) had 98.5-100 % ityenith the HE-JA4 isolate
obtained from a 44-year-old patient in Hokkaido £& et al., 2003). Further in
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USA, recently, (Feaginet al., 2007), found 11% of liver HEV positive in theaid
store. Homogenates of these positive livers weeel i3 successfully infect pigs SPF,
demonstrating that the HEV in the liver was positand also infectious (Feagias
al., 2007). Further, the same group (Feagira., 2008) determined if the infectious
HEV in contaminated commercial pig livers could imactivated by traditional
cooking methods before inoculating the pigs. Liveubated at 56°C for 1h was still
infectious, stir-fried at 191°C (internal temperatwf 71°C) for 5 min or boiled in
water for 5 min, respectively, appeared inactivdtedause the pigs did not become
infected. So, HEV in contaminated commercial pigels can be effectively
inactivated if cooked properly, although incubat@n56 degrees C for 1 h cannot
inactivate the virus. Thus, to reduce the risk @éd-borne HEV transmission, pig
livers must be thoroughly cooked.

In the muscle there did not appear to be extratiegites replication of the
virus, but probably virus was present during thremwiia phase (Teo, 2006).

Recently, a hepatitis E outbreak on board a UKserwhip in returning from
an 80 night world cruise has been investigatedaltHd>rotection Agency (HPA) was
informed of four cases of jaundice on board a ergisip departed from Southampton
on 7 January and returned on 28 March 2008, anelpatemiological investigation
was launched by HPA to identify any additional caBelEV and potential risk factor
for infection. The investigation was a cohort stadynclude all 2850 UK passengers
who were on the cruise at any point. A total of 8 lhe 2850 eligible passengers
took part in the investigation. Finally, 33 (4%{limiduals were identified with recent
acute HEV infection, although only 11 of these weyeptomatic cases. A common
source outbreak was shellfish eaten on board thieecship. The causative agent was
identified as HEV genotype 3 which was closely tedato the other genotype 3
strains isolated in Europe. (Hepatitis A &E Symposj London, 25-3-09) This habit
to eat raw shellfish corroborating the potentiskrof HEV infection, as demonstrated
by high seroprevalence in people (Cacopaatda., 1997). Further, swine may be a
reservoir of infection because seriepidemiologstatlies show higher seroprevalence
found in people with occupational exposure to swifaemer, veterinarians, butchers,
merchant,) than control people (Drobenai@l., 2001; Witherset al., 2002; Menggt
al., 2002).
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1.8. PATHOGENESIS

Hepatitis study has been facilitated by laboratdstermination of HEV
replication, immune response, and liver patholdgatures in patients and in infected
primates with hepatitis E (Balayah al., 1983; Krawczynski K.et al, 1999). It has
been estimated that the infectivity titre of HEM fmacaques is 10000-fold higher
when inoculated intravenously compared with whensitngested (Emerson and
Purcell, 2003). After ingestion, probably, the gimeplicates in the intestinal tract (the
primary site of replication has not been identifigt) and reaches the liver, but it is
presumably via the portal vein serving the livear{Baet al., 2007). It replicates in
the cytoplasm of hepatocytes (Hussainal., 1997) and is released into the bile and
bloodstream, by mechanism that are still not undeds and excreted in the faeces. It
is not known if the virus replicates in the intestitract or if the all virus in the faeces
originates in the liver (Emerson and Purcell, 2003)e incubation period (the time
from infection to clinical symptoms) based uponited study of oral infection in
human volunteers (Balayast al., 1983; Chauhaet al., 1993), was found to be 4-5
weeks. Viral excretion in the faeces begins appnaxely 1 week prior to the onset of
illness and persist for 2-4 weeks, in some case® R has yielded positive results
for as long as 52 days after onset (Naeda., 1995). The viremia can be detected in
the first 2 weeks after the onset of illness (Cienyet al., 1995), during the late phase
of the incubation period, but may also be presamisiently and may disappear before
the onset of clinical symptoms; prolonged perioti$iBV-RNA positivity in serum
ranging from 4 to 16 weeks have also been repg@eduharet al., 1993; (Nandat
al., 1995). Viral excretion and viremia has been deté by RT-PCR also prior to
liver abnormalites which normally appear with a&ris aminotransferase level, by as
long as 10 days and reaches a peak by the enc dirth week. Simultaneously the
humoral immune response appears that is measuradtialdEV IgM or 1gG level,
detected by enzyme immunoassay on serum sampleedla al., 1999; Aggarwall
et al., 2000). Immunoglobulin M antibody to HEV (anti-M appears first during
clinical illness but disappears rapidly over a flewwnths (4-5 months) and is closely
followed by Immunoglobulin G anti-HEV that appeardew days later and persists
for at least a few years; its titre increases tghowt the acute phase into the
convalescent phase, and may remain high from 15gears after the acute phase of

illness (Dawsoret al., 1992; Favoroet al., 1992). The exact duration of persistence
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of anti-HEV is not known. In one study, anti-HEVAs detected in 47% of persons
1l4years after acute HEV infection (Khurebal., 1993). Determination of IgM anti-
HEV is useful for the diagnosis of acute infectiarhereas the presence of IgG anti-
HEV indicates HEV infection, not necessarily rec@ggarwallet al., 2000).

The symptoms of hepatitis E are typical of acuteric viral hepatitis; the
commonest recognizable form of illness has anaprodromal phase (preicteric
phase) lasting a few days, with a variable commnaof flu-like symptoms, fever,
mild chills, abdominal pain, anorexia, nausea, sieer to smoking, vomiting, clay-
coloured stools, dark or tea coloured urine, d@ed) arthralgia, asthenia and a
transient macular skin rash (Aggarwellal., 2000). These symptoms are followed in
a few days by lightening of the stool colour and #ppearance of jaundice. Itching
may also occur. With the onset of jaundice, fevet ather prodromal symptoms tend
to diminish rapidly and soon disappear entirelybdratory test abnormalities include
bilirubinuria, variable degree of rise in serumirbibin (predominantly conjugated),
marked elevation in serum alanine aminotransfera@&lT), aspartate
aminotransferase and gammaglutamyltransferaseitegjvand a mild rise in serum
alkaline phosphatase activity. The magnitude aidaminase rise does not correlate
well with the severity of liver injury. The illness usually self-limiting and typically
lasts 1-4 weeks (Aggarwadt al., 2000). No evidence of chronic hepatitis has been
reported in general nor has cirrhosis been detefd#dwing acute hepatitis E.
However, two recent reports present biochemicdblugical and genetic evidence of
chronic HEV infection in transplant patients (Haagset al., 2008; Kamar rt al.,
2008). A few patients, however, have a prolongddiaal illness with marked
cholestasis (cholestatic hepatitis), including g¢est jaundice and prominent itching.
In these cases, laboratory tests show a rise mliaék phosphatase and a persistent
bilirubin rise even after transaminase levels haterned to normal (Aggarwait al.,
2000). The prognosis is good as jaundice finallyjohees spontaneously after 2—6
months. Other infected individuals have a mildenichl course and develop only
non-specific symptoms that resemble those of ateaauwal febrile illness without
jaundice (anicteric hepatitis) (Aggarwadt al., 2000). Histological features of
hepatitis E may differ from those of other formsactite viral hepatitis. Nearly half of
hepatitis E patients have a cholestatic-type ofahtp, which is characterized by
canalicular bile stasis and gland-like transforomatof parenchymal cells. In these

patients, degenerative changes in hepatocyteseasenharked (Guptet al., 1957,
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Aggarwal et al., 2000) In other patients, changes resemble tbbsgher forms of
acute hepatitis, such as the presence of ballobepdtocytes and acidophilic bodies,
and focal or confluent hepatocyte necrosis. No i@ddr zonal distribution of
hepatocyte damage is observed. In both forms, ésbgbntain an inflammatory
infiltrate consisting predominantly of macrophagesl lymphocytes and, in patients
with a cholestatic type of hepatitis, of a few pobyphonuclear leucocytes. The
Kupffer cells appear prominent. Portal tracts anmdlarged and contain an
inflammatory infiltrate consisting of lymphocytesich a few polymorphonuclear
leucocytes and eosinophils; polymorphonuclear aelsparticularly increased in the
cholestatic type of lesion (Gup&h al., 1957, Aggarwakt al., 2000). In cases with
severe liver injury, a large proportion of hepatesy are affected, leading to
submassive or massive necrosis with collapse ef Iparenchyma (Aggarwat al.,
2000). In its most benign form, HEV infection is tieely unapparent and
asymptomatic and passes unnoticed. A small praportif patients have a more
severe disease with fulminant or subacute (ordatet) hepatic failure. The exact
frequencies of asymptomatic infection and of amicteepatitis are not known but
probably far exceed that of icteric disease asdisease endemic areas, a large
proportion of individuals who test positive for aRtEV antibodies do not recall
having had jaundice (Aggarwadt al., 2000). Hepatitis E has a mortality rate of 0.2-
1% in general population (Chands#aal., 2008). In developing regions hepatitis E is
most common in young adults (15-40 years of ags]},ia disease-endemic regions,
this infection constitutes an important cause aft@a@nd fulminant hepatic failure.
Hepatitis E appears to cause more-severe diseasgggmmegnant women, particularly
those in the second and third trimesters; theynaoee frequently affected during
hepatitis E outbreaks and have a worse outcomeagdl et al., 200).It has been
shown that HEV commonly causes intrauterine infectas well as substantial
prenatal morbidity and mortality (Khuroa al., 1995), suggesting that the placenta
may be a preferred site of viral replication asdaagever (McCormick et al., 1986;
Hamid et al., 1996). Death is usually due to enagggathy, haemorrhagic diathesis
or renal failure. In a preliminary report (Longeral., 1993) cynomolgus monkeys
infected intravenously with HEV developed acute ulab necrosis with focal
haemorrhages suggesting that HEV may replicate onkey kidneys. In pregnant
monkeys, however, no increased mortality has bésereed (Arankalle et al.,1993;

Krawczynskiet al.1989). In endemic countries such as India, thetatity rates of
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women with acute genotype 1 hepatitis E in thedthitmester of pregnancy are
usually fairly high (26-64%) (Navaneetheinal., 2008). Why acute HEV infection in

pregnant women causes severe liver disfunctiootikmown.

2. TECHNIQUESFOR INVESTIGATION OF HEV

Several methods have been available for investig#E®/, differing one
another by sensitivity and specificity, as qualtatand quantitative PCR, cell culture,

confocal, and transmission and scanning electraecrostopy).

21 QUALITATIVE PCR

Qualitative PCR or conventional RT-PCR assays istiyaitilized in direct
diagnosis of HEV. The samples collected may bedseserum, from animal or
human, cultures of infected cells cultivated in 2Idbd 3D configurations, or
necroscopic tissue highly positive as bile andrlfgandaet al., 2007; de Deust al.,
2007). HEV is an RNA virus and needs to be extrhdiefore being subjected to
retrotranscription reaction phase to cDNA. Thisimiting step, because cDNA it
easily degradable, if in the samples the viral lIado low at initial state, may give
rise at the end to false negativity. Various sdtsense and antisense synthetic
oligonucleotide primers may be used for the detecof HEV genome, differing
based on conservative region target in the genayamst middle or terminal part of
ORF1, C terminal of ORF2 (Panah al., 2007). There are reports which indicate
universal degenerate primers (Erkeerl., 1999a; Inouet al., 2006b), for identifying
positives samples even though the strains belontpdadifferent genotype. In this
study e.g. has been used then following primersSA1{Erkeret al., 1999a) and
3156/7 primers (Huang al, 2002) used to amplify the ORF2 region. Most ofla
time the first product of PCR amplification it istrsufficient quantity to be visualized
on electrophoresis gel. However, if the first prodaf PCR has been amplified by
nested- PCR with internal primers: A2S2 (Erketral., 1999a; Di Bartolet al., 2008)
and 3158/9 (Huangt al, 2002), respectively, the PCR product became lglesible
on the electrophoresis gel through ethidium brondgle. This absorbs UV light

intercalating into DNA and makes it fluoresce omnghen visualized under UV
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transilluminator. There are hazards risks in treeafsethidium bromide which may be
fatal if inhaled, causes irritation to skin, eyaslaespiratory tract, and may cause
heritable genetic damage. The DNA after the eletiooesis on gel could be
guantified after excised from the gel, extracted aoncentrations measured by

nanodrop Spectrophotometer, nevertheless thidiira losnger time procedure.

22 QUANTITATIVE PCR

Quantitative real time RT-PCR (qRT-PCR) assay isduto detect HEV
genotype 3 with high specificity and sensitivity the same samples used as
mentioned at the initial step to investigate thespnce of HEV in the target samples
by extraction of RNA, retro transcription reactiand qualitative PCR. But, about the
benefits resulted by performing gRT-PCR are simplyjoes not need to perform
retrotranscription reaction in separate assay drel RCR reaction andestedPCR
which could give a chance of cross-contaminatiometated to the increase of the
sensitivity whennested PCR is performed . Further, gRT-PCR does not teadn
the PCR product on electrophoresis gel and exbse&xpected band product, extract
DNA, guantify the DNA present in the samples by bidnop Spectrophotometer and
subjected it to sequencing and phylogenetic anslydéth the qRT-PCR by RNA
(extracted from the target samples) may directisoteanscribed and amplified in one
step and give the possibility to quantify with a@y how much DNA molecules of
the amplified sequence related to the initial comegtion of RNA (copies i) there
are present in the samples analysed in “real tiasethe assay is called. At the end, a
conventional PCR assays require more time and emerglly less sensitive than real
time PCR. In literature have been reported two tiea@ RT-PCR methods more used
for the detection of HEV different by use of th@eeers: Tagman or SYBER green |
(Kubistaet al., 2006). The difference between them is in a presef non specific
label or probe as fluorescent reporter that birel gpecific fragment amplified and
reports its presence by fluorescence. In SYBERmgneethod, the DNA double strand
specific dye (asymmetric cyanine dyes) emits flaoemce in the presence of every
DNA at double helix, and then result with less s$jp@ty because it emits
fluorescence signal in the presence of any doubdémded DNA including undesired
primer-dimer products interfering with the formatiof specific product leading to

erroneous readouts (Kubisthal., 2006). Despite of SYBER green methods, in this
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study Tagman method has been used that resultaty lsgecific because it includes
the use of molecule label with dye called probe.tiBy incorporation of probe in the
reaction mixture, the amplification leading by TBqlymerase working in 5’ to 3’
direction, a probe carrying two dyes (one of thenaifluorescent reporter dye and
other is a quencher dye) hybridizes to the amplaaring the PCR reaction. The two
fluorescent dyes interact whenever the probe &ctnttausing the quencher dye to
guench the reporter dye. During the amplificatitvg, Taq polymerase cleaves the 5’
end of the probe, releasing the quencher dye adtii@ an increase in fluorescence.
The fluorescence of these dyes increases with ieuat of double stranded DNA
product formed that can be monitored throughout rémection. During the initial
cycles the signal is weak and cannot be distinguisihom the background. As the
amount of product accumulates a signal developst tindially increases
exponentially. Thereafter the signal levels off asaturates (Kubistat al., 2006)
fluorescence based on real-time PCR assay withfgppomers and probe annealing
to the highly conserved region of HEV as, describedJothikumar protocol
(Jothikumaret al., 2006) for the detection of HEV genotypes 1-4hiknmar protocol
was optimized properly for swHEV and also Gyarnmabtocol (Gyarmatiet al.,
2007) but they are also used for human diagnosfite difference among two
protocols consists in the first use primers andopsothat annealing ORF3 of HEV
genome with all reactions in one tube protocol. M/kine second consists of the use
of primers and probes that anneal to ORF2 of HEYlogee encompassing two
separate steps one for retrotranscription and anéoh PCR.

To quantify the copy number of the initial stateorucleic acid (copies M)
that are present in the samples product in onetiogaceal time it is necessary
generate a curve in the real time PCR assays. diargtion of standard curve in the
real time PCR (need to dilute the note plasmidistili:d water from 13 to 109 for
determining the detection limit of the real time RP@ssays is determined as the
highest dilution detected and the sensitivity wadcwated from the number of

genomic equivalents in highest dilution detectegai@atiet al., 2007).
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23 CELL CULTURES

The first experiment of cultivation of HEV in vitstarted in 1996 (Tare al.,
1996). When chimpanzee hepatocytes experimentdigted by HEV (Burma strain,
prototype genotype 1) isolated by liver and subsatjy cultivatedin vitro (Tam et
al., 1996) demonstrating that a single-stranded tipessense RNA virus. Replication
of HEV is presumed to involve the synthesis of d-length negative-strand
intermediate which would in turn serve as templitegenerate additional viral
genomic copies. Recently, (Tanakaal., 2007) cultivated 21 cell lines. The cells
were inoculated for 1h with HEV human faecal suspem genotype 3, at two
different temperatures: 35.5°C and 37.5°C. The HEMA was detected in the,
inoculum, culture media by qualitative PCR (Mizetal., 2002) and quantitative RT-
PCR (Jothikumaret al., 2006). Only hepatocarcinoma cell line (PLC/PRF/
supported the replication of the HEV maintained3at5°C with highest viral load
throughout the observation period. Tanaka’s groeipopmed also a study of thermal
stability incubating the inoculum at 56°C for 30mmv0°C for 10 min, 95°C for 1min
or 95°C for 10 min, as control at 25°C for 30 mHEV incubated at temperature
higher than 70°C did not grow in PLC/PRF/5 celljlee HEV incubated at 25°C for
30 min and 56°C for 30 min was still infectiousyraorating the previous report by
Emersoret al., 2005.

24 MICROSCOPY

Microscopy is the technical field of using micropes to view samples or
objects. There are three well-known branches ofraseopy, optical, electron and
scanning microscopy. Optical and electronic micopscinvolve the diffraction,
reflection, or refraction of electromagnetic ragiat electron beam interacting with
the subject of study, and the subsequent collectidhis scattered radiation in order
to build up an image. This process may be carrigcby wide-field irradiation of the
sample (e.g. standard light microscopy and trargoniselectron microscopy) or by
scanning of a fine beam over the sample (e.g. cahfiaser scanning microscopy)
and scanning electron microscopy (Abramowitz andi@on, 2007).
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2.4.1 CONFOCAL MICROSCOPY

There has been a tremendous explosion in the g@agulof confocal
microscopy in recent years (Batsumetal., 2002). The technique of laser scanning
confocal microscopy has become an invaluable mohfwide range of investigations
in the biological and medical sciences for imaginigp optical section in living and
fixed specimens ranging in thickness up to 100 omerters (Nathawet al.., 2006).
The basic key to the confocal approach is the disspatial filtering techniques to
eliminate out-of-focus light or glare in specimewhose thickness exceeds the
immediate plane of focus. Confocal Microscopy dffeseveral advantages over
conventional wide field optical microscopy, incladithe ability to control depth of
field, elimination or reduction of background infeation away from the focal plane
(that leads to image degradation), and the capgalbdi collect serial optical section
thin (0.5 to 1.5 um) to fluorescence specimens ftbitk specimens (Sandison and
Webbet al., 1994).

The choice of fluorescent probes for confocal nmscopy must address the
specific capabilities of the instrument to excitel aetect fluorescence emission in the
wavelength regions made available by the lasereBysind detectors. Many of the
classical fluorescent probes that have been suodgsstilized for many years in
widefield fluorescence (Johnson, 1998; Kasten, }199%cluding fluorescein
isotiocianato, Lissamine rhodamine, and Texas eed, also useful for confocal
microscope. Another popular fluorescent dye uskliutonfocal microscopy is DAPI
and Alexa fluor 488. DAPI (4’, 6-diamidino-2-phemgdole), blue fluorescent, that
bind externally to the double helix stained DNA ado to chromatin. Alexa fluor
dyes are sulfonate rhodamine derivatives and exhigher quantum yields for more
intense fluorescence emission than spectrally amgrobes, and have several
additional improved features, including enhancedtptability, adsorption spectra
matched to common laser lines, pH intensivity, a&igh degree of water solubility
(Nathanet al., 2006). This last feature enables the water $elakexa fluor probes to
be readily utilized for both live-cell and tissuecgon investigations, as well as in
traditional fixed preparations.

Alexa fluor dyes are available in a broad rang#uarescence excitation and
emission wavelength maxima, raging from the ultbetiand deep blue to the near-

infrared regions. Alphanumeric names of the indmailddyes are associated with the
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specific excitation laser for which the probes imtended. For example, Alexa fluor
488; green fluorescent, is designed for excitabgrthe blue 488 nanometer line of
the argon or krypton-argon ion lasers (Natlefal., 2006).The inconvenience in the
use Alexa fluor is the resistance to photobleaclapgearing so dramatic (Berlietr
al., 2003) that even when subjected to irradiationhih-intensity laser sources,
fluorescence intensity remains stable for relayivehg periods of time in absence of
antifade (also termed antiphotobleaching) reagents.

Most of the software packages accompany commetoialocal instruments
are capable of generating composite and multidiloeat views of optical section
data acquired from z-series images stack (Naghah, 2006). The three-dimensional
software packages can be employed to create e#hsingle three-dimensional
representation of the specimen or a video (moweusnce compiled from different

views of the specimen volume (Natheiral., 2006).

2.4.2 ELECTRONIC MICROSCOPY AND SCANSION MICROSCOPY

The electronic transmission electron microscopy MJEechnique is so specific,
labour, expensive, but was essential precursorsiriderstanding the natural history
of HEV being a successful tool to detect the vpatticle creating hepatitis non-A
non-B non C in 1975 (Feinstoeeal., 1975). The virus particle of 27-34 nm appeared
unenveloped, was detected in stool samples caolledtging preicteric and early
icteric phases and to determine antibody titrethensera (Balayast al., 1983). In
general, TEM technique does not serve as a diagrtost since it usually requires of
large amounts of antigen and high antibody titred durther, virions are shed
degraded form in faeces (Paretial., 2007).

The scanning electron microscope (SEM) producg Wegh-resolution of a
sample surface, revealing details about 1-to 5msize. Due to the way these images
are created, SEM micrographs have a large depfleldfyielding a characteristics
three-dimensional appearance useful for understgnttie surface structure sample

composition (Wiegemann and Lehmann, 2009).
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OBJECTIVE OF THE RESEARCH

This experimental section describes the resulthefwork performed in the
first half period of PhD-ship in Italy and in Unit&ingdom.

1% part of the work represents the first extendedesuon swine HEV
in Italy. The pilot investigation of HEV was conded on 6 different
swine farms in Northern ltaly. Stool specimens @dsbelonged to
swine of different age and stage of production, eng@articular sow
(young and old), usually excluded in prevalencedist; were
considered. The aim of this project was to undacstaore about the
prevalence and spread of HEV virus variants/strair@ilating in this
area, based on phylogenetic analyses.

2" part of the work consisted of a stage period at teterinary
Laboratories Agency (VLA) in Weybridge (UK) and wmived the
cultivation of HEV in vitro using different cell types in 2D and 3D
configuration. The study aimed to evaluate andbdéista a culture
system allowingin vitro replication of the virus from faecal
suspensions and livers from pigs with high viraldoA wider scope of
the study was to understand more about the patlogyicof HEV,
regarding: i. How can ingested virus reach therfivie Is it possible
that HEV might replicate in tissues and organs sashntestine or
kidney in addition to the liver? iii. Which and wieeare the extra-

hepatic sites of replication in the human or in pig?

38



PREVALENCE OF HEV IN SWINE HERDS IN NORTHERN ITALY

CHAPTER 3

3.1INTRODUCTION

The human pathogen HEV is the major cause of Wieplatitis in the world.
Recently, it has been demonstrated that the viamsicfect animals, and pigs are
considered to be the reservoir of the infection riylet al., 1997). SWHEV was
shown to be very closely related genetically to ggtric human HEV strains in
developed regions (Merg al., 1998). Direct food-borne transmission to humaas h
been reported following consumption of raw or ucdeked deer, wild boar meat and
pig liver. The infection is asymptomatic in pigs and is widéistributed in the swine
population worldwide. The presence of infectiousVHRas been demonstrated in
sewage and slurry lagoon samples (Freal. 1998; Pinaet al., 2000; Kasondorkobua
et al., 2005). The aim of this study was to investigtdte prevalence of HEV
excretion in 274 randomly selected asymptomatis pifydifferent age classes from
six different swine farms of Emilia Romagna regimcated in Northern Italy, to
know which variants/strains were circulating inliga pig farms, which genotype
they belong to and the phylogenetic correlatiorhvaitvine HEV strains and human

strains already known in Italy (Capri@ial., 2007) and worldwide.

3.2MATERIAL AND METHODS

3.2.1 SAMPLING

Six farms were visited from January 2006 to Jun@620The farm size ranged
from 500 to 1100 sows and herd typologies analymede farrow-to-finish (close
cycle) and farrow-to-weaning (open cycle). Frorohetarm, at least 10 animals were
sampled for each production stage, except forvlefarrow to weaning farms where
fatteners were not sampled being dislocated faiyawdifferent areas. In total, two
hundred seventy-four samples belonging to 6 farreseveollected from clinically
healthy selected pigs randomly chosen from diffeagie groups:

* weaners (3-4 months)
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» fatteners (8-9 months)

* young sow (1-2 parities)

* old sow (>2 parities)
This scheme allows systematic sampling of diffengigt classes within the herds,
estimating with a 95% probability, the prevalenéeH&V-positive animals with an
expected prevalence of 30% and an accepted er@b%f For each animal, faeces
were collected from rectal swabs suspended in 1Dfétilpirocarbonate) DEPC
water and stored at -70°C until processing. Eacbl #ample has been suspended in
DEPC water following protocol described below faoepares one faecal suspension
sample:

* Weight 1g of stool and introduce it in one steejgpendorf tube of 1.5ml

filled with 1ml of water.

* Vortex 1 min

* Centrifuge the tube at 1000 x g x 30 min at 4°C.

e Transfer the supernatant into sterile eppendorf.6fml and save the faecal

suspension at -80°C.

3.22 RNA EXTRACTION AND RT-nested PCR

RNA was extracted from 170 of faecal suspension into a 4Oelution
volume, using QlAamp Viral Kit (Qiagen, Hilden, Geainy).

An HEV-specific RT-nested-PCR was performed usingesScript One-step
RT-PCR with Platinum Taq (Invitrogen; Carlsbad, A4SA), and two degenerate
primer sets targeting the ORF2 region. RT-PCR msmeere HEVORF2con-S1-
5'GACAGAATTRATTTCGTCGGCTGG-3 and HEVORF2con-Al-
5CTTGTTCRTGYTGGTTRTCATAATC-3'. For the nested-PCR step,
HEVORF2con-S2 — 5’GTYGTCTCRGCCAATGGCGAGC-3' and HBRF2con-
A2-5GTTCRTGYTGGTTRTCATAATCCTG-3’ primers were usgdielding a final
product of 145bp (Erkeet al., 1999) Table 3.2.2). Four microliters of RNA were
added to 2X Buffer RT-PCR Master Mix (InvitrogerdNTP mix (0.2mM each
nucleotide) and 0@V of primers HEVORF2con-Al and HEVORF2con-S1, ifnal
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volume of 15l. RT-PCR was performed by: reverse transcriptipolec at 45°C for
30 min, followed by 94°C for 2 min, and 40 cyclé94°C for 45sec, 49°C for 45 sec,
and 72°C for 1min, followed by a 7 min at 72°C.

Samples were then subjected twested-PCR using internal primers
HEVORF2con-S2 (Erkeet al., 1999). PCR mix was set-up with the following
reagents (final concentration): 1X PCR buffer (Ap@lBiosystem, ABI, Foster City,
CA, USA), 2.5mM MgC, 0.21M of each primer, 2 units of AmpliTag DNA
Polymerase. The PCR was performed as follows: @9 min, followed by 35 cycles
at 94° for 45 sec, 49° for 45 sec, and 72° for 1iNiegative and positive swine stools
were included as control in each assay. Amplifieddpcts were stained with

ethidium bromide in a 2% agarose gel.

ORF2 swHEV

s 3
5197I I 7178
6010-32 nt 6347-69 nt
Huang et 5724-5746 3518 - 3519 6555-78
al. 2002 =2/80 0 0 iussssssssssssssssssNssEssEssEsEssEsEEssEsEEsEssEssEsEEsEsEn
——— = 7]
3156 6336-59 6543-68
6385-6407 2 6538-6_: Erker et al.
......................... _ 1999
s1 Al

Table 3.3.2 Full length HEV ORF2 showing where the set of pmisn&1/A1; S2/A2
(Erker et al., 1999); 3156/7; 3158/9 (Huang al., 2002) anneals to the DNA
sequence in PCR amasted-PCR.
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3.2.3 SEQUENCING AND PHYLOGENETIC ANALYSIS

Sixteen HEV positivenested RT-PCR products (band expected 145bp)
selected randomly from different farms were excif@mn agarose gel. DNA was
purified with a Qiaquick gel extraction kit (Qiagddilden, Germany), and sequenced
(ABI Prism 310 DNA sequencer, Applied Biosystem teo<ity, CA, USA) with the
BigDye Terminator Cycle Sequencing Ready Reactitrvésion 3.1 (Perkin Elmer,
Applied Biosystems, Foster City, CA, USA) using P@ners.

The sequences obtained were aligned with othersesand human sequences
saved in the NCBI GenBank (http://www.ncbi.nlm.gibv/), and edited using the
DNASIS Max Software (Hitachisoft). Phylogenetic bisas were carried out with the
Bionumerics software packages (Applied Maths, KtriBelgium), and the
dendrogram was obtained with the UPGMA method. pbylogenetic analyses
human and swine strains belonging to all known ggres were included, as

described below:

e genotype 1 (HUHEV, Mya86-1strain, accession no. DQ079624);

* genotype 2 (HUHEV, Mexico strain, accession no. 506);

e genotype 3 (SWHEV and HuUHEV) (United States, adoasso. AF082843
and AF060669), SWHEV swJ570 (Japan, accession B073912), SWHEV
NLSw15 and HUHEV NLSw20 (The Netherland, accessionAF332620 and
DQ200292), HuHEV (Hungary, accession no. AY9404R7.BwHEV
(Hungary, accession no. EF530672), SwHEV P354 @dniKingdom,
accession no. AF503511), SWHEV NLSW28 (The Netlmeida accession no.
AF336292), sewage sample HEV BCN13 (Spagna, AF490%vine Italian
strains accession no.: MO/9_3/06/IT, EF681107; MOA06/IT, EF682083;
HEVBO/01, EF681109; HEVPI/01, EF681110; Italian famstrains accession
no. AF110390;

e genotype 4 (HUHEV, JKK-SAP strain, accession no.OAB17 e swHEV,
sSwWCH31 strain, accession no. DQ450072)

 avian HEV (Stati Uniti, accession no. AY535004) énget al., 2004).
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3.24STATISTICAL ANALYSES

To evaluate the effect of herd size, farms weretrarily divided into two
categories based on the medium of sows preseige f@rms (>1000), and small
farms (<1000 sows). To analyse the difference ifVHbEevalence against the animal
production stage and the herd dimension, a biragigtic regression was performed.
Before this, the proportion of positive animals wasluated using Xtest. The
factors screening with p value <0.15 were then wated using binary logistic
regression. The model was based on the simultane@ing of all variables, and its
efficacy was assessed based on the likelihood-ramid the Hosmer-Lemeshow
statistic. The odds ratio (OR) and 95% confidemtervals (95% CI) were calculated
from the final binary logistic model.

All statistical analyses were performed using thiveare SPSS 12.0.0 (SPSS
Inc., Chicago, IL, USA)

3.3RESULTS
3.3.1 RTrested PCR

One hundred fifteen out of 274 pigs tested (42%\lted HEV positives. All
six farms tested resulted HEV positives, with nptevalence ranging between 12.8%
and 72.5% Table 3.3.1). All age groups and production stage of pigsetbsvere
shown to be HEV-positivel@ble 3.3.2). The higher prevalence was observed, in the
fattening stage between weaners (90-120- day-with), 27 positives out of 64 tested
(42. 2%), while the prevalence was 27% at fatteger (> 120-day-old). Concerning
gilts among breeding animals, 43.1% of gilts testeilted positive. The prevalence
decreased slightly in young sow (38. 6%), beindhéign old sow (53. 4%). Logistic
regression analysis was performed to investigaeisik factors for HEV infection, as
reported inTable 3.3.2. The farm size is important to investigate trek fiactor for
HEV (HEV prevalence was significantly higher in éemwith >1000 sows), and the
probability to acquire the infection from pig tayps 5 times more than found in herds
with< 1000 sow (OR=4.98; 95% CI 2.73-9.09; p=0.0G%)out the age of the sows,
the odds of virus shedding was also 2.54 timesenighold sows (> 2 parities), close
to statistical significance (95% CI1 0.98-6.55, [3821).
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3.3.2 SEQUENCING AND PHYLOGENETIC ANALYSIS

A phylogenetic analysis was performed on the roide sequence of 16
isolates selected randomly from each farm, out1d fositive PCR products. The
Italian swine strains HEV isolated showed a segedrmnology lower than 79% with
respect to genotypes 1, 2, 4, and between 87.6%96&rk% with the genotype 3
reference straind=(g. 3.3.4). The strains identified in this study belong engtype 3
as long as swine HEV and indigenous European strairculating worldwide
identified so far. Among 16 swine HEV strains, ratide sequence identity ranged
from 90.5% to 100%, whereas the aminoacid sequenasedentical in all cases, due
to silent mutations. To determine the similarityvoeen swine strains identified in this
study to others strain circulating worldwide, theget sequences were compared with
sequences from the NCBI database representing huanednswine HEV strains
circulating worldwide and belonging to the four kmogenotypes. In particular, one
group of seven strains clustered close (91.6%-96d24itity) to a human HEV strain
reported in The Netherlands in 2005 (DQ200292) eNother swine strains appeared
to be related (93.1%) to both a swine HEV straomfrThe Netherlands (AF490994).
The latter two HEV strains were classified into gigpe 3 subtype f (Let al., 2006).
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Table 3.3.1: Detection of swine HEV RNA in stools, by type ofrti@nd production stage (Di Bartadbal., 2007)

Type of farni Farm n° Pigs positive/tested by production stage (%) Total Prevalence (%)
Gilts Young sows Old sows weaners Fatteners
(0 paritied) (1-2 paritie§ (> 2 paritie§) (< 120 days old) (> 120 days old)
F-W 2 7/10  (70.0) 7/10  (70.0) 7/10  (70.0) 8/10  (80.0) - - 29/40  (72.5)
F-W 6 419  (44.4) 4/10  (40.0) 8/10  (80.0) 719 (77.8) - - 23/38  (60.5)
total F-W 11/19 (57.9) 11/20  (55.0) 15/20 (75.0) 15/19 (78.9) - - 52/78  (66.7)
F-F 1 3/10 (30.0) 5/10 (50.0) 9/10  (90.0) 1/10  (10.0) 6/10  (60.0) 24/50  (48.0)
F-F 3 419  (44.4) 2/10 (20.0) 209 (22.2) 2/10 (20.0) 2/10  (20.0) 12/48  (25.0)
F-F 4 2/10 (20.0) 2/10 (20.0) 1/10  (10.0) 17  (14.3) 0/10  (0.0) 6/47  (12.8)
F-F 5 5/10 (50.0) 217 (28.6) 419  (44.4) 8/18 (44.4) 217 (28.6) 21/51 (41.2)
total F-F 14/39 (35.9) 11/37  (29.7) 16/38  (42.1) 12/45 (26.7) 10/37  (27.0) 63/196  (32.1)
All farms 25/58  (43.1) 22/57 (38.6) 31/58 (53.4) 27164  (42.2) - - 115/274  (42.0)

4F-W: open cicle (farrow-to-weaning); F-F: close leytfarrow-to-finish)
P Age range:7-10 months

°Age range: 11-15 months

dAge range: 1-5 years
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Figura 3.3.1: Total Prevalence for farm
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Table 3.3.2: Logistic regression analyses of HEV shedding adogrtb swine age, production stage and herd size.

Production stage HEV-positive pigs/total (%) Odds ratio 95.0% C.l.for OR P
Gilts (0 paritie§) 25/58 (43.1) 1.58 0.61-4.09 0.345
Young sows (1-2 pariti8s 22/57 (38.6) 1.33 0.51-3.47 0.559
Old sows (> 2 pariti€s  31/58 (53.4) 2.54 0.98-6.55 0.054
Weaners (< 120 days old 27/64 (42.2) 1.38 0.54-3.51 0.504

Fatteners (> 120 days olc 10/37 (27.0) - - -

Herd size

> 1000 sows 97/179 (54.2) 4.98 2.73-9.09 0.000

< 1000 sows 18/95 (18.9) - - -
Costant - 0.15 0.000

#Age range:7-10 months
P Age range: 11-15 months
°Age range: 1-5 years
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Figure 3.3.3: Total prevalence per production stage.
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Figure 3.3.4: Weaning prevalence per farm
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Figure 3.3.5: Prevalence of fatteners per farm
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Figura3.3.7: Dendrogram, drawn using UPGMA and an avian HE¥ist(United States, accession no. AY535004) agroup, based on 80 bp
of the ORF2 fragment. GenBank accession no., gragiontry, and genotype are reported. Animalsradeated as: YS (0 parities), young sow
7-10 months; YS (1-2 parities), young sow 11-15 thynOS (>2 parities), old sows 1-5 years; weane€l@0 days; fatteners, >120 days.
Strains identified in this study are indicated wibde MO/individual no. _farm no./06/IT (boldfacepg). Phylogenetic tree of identified
sequences (Di Bartold al., 2007).
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3.4 DISCUSSION

This is the first extended pilot investigation owiree HEV prevalence in
Italian swine herds. A preliminary work regardirige tsame aspect, in the same area,
was published in 2007 (Capriaial., 2007), but the difference was in the numbers of
the samples tested (34 faecal pool and 22 sera)tl@ndate of virus shedding
observed was markedly lower (5.9%, only two fagmadls resulted HEV positives)
than 42% (115 stools out of 274 tested) in thisremir study. However, the
preliminary report published (Capriadt al., 2007) underestimated the rate of virus
shedding, probably due to the numbers and samplinigetter optimization of the
diagnostic technique used (Rutgtsal., 2007). However, the rate of virus shedding is
in line with other European reports recently puieid: Fernandez-Barredbal., 2006
(23.29%; 34/146); Rutjest al., 2007 (55%; 53/97); Seminad al., 2008 (18/66 in
the sera, 27.3%; and 7/41 in the stools, 17.1%# @ilnrent study is the second
similar report in Europe, after a Dutch investigati(van der Poeét al., 2001).
Altogether, these data suggest that HEV infectisnpiobably more frequent in
European intensively reared swine herds than pusiyothought, and confirm that
pigs represent an important reservoir of HEV intect(van der Poeét al., 2001;
Bankset al., 2004; Fernandez-Barredbal., 2007; Seminatt al., 2008).

The HEV prevalence was higher in herds with a nemtf sows >1000,
independent of farm typology (farrow-to weaningfamow-to-finish), ranging from
12.8% to 72.5%. However, the prevalence was alglehiin farms with a farrow-to-
weaning (66.7%) than farrow-to-finish (32.1%) typgy, but the low number of
farrow-to-weaning farms examined is a limit to ficsanclusions. Further, it is needed
to consider that the higher prevalence and virusagb of HEV in bigger herds of
farrow-to-weaning farms could be related to othatiables, common for most swine
diseases, as the number of pigs in the herd, freyuef pigs introduction, the
numbers of suppliers etc. The virus shedding wasemed in pigs of all age
categories within the herd, with pattern of infentsimilar among the farms. Previous
reports (Menget al., 1997; Menget al., 1998b) conducted on serum and faecal
samples demonstrates that HEV RNA can be primdatgcted in pigs of 2-5 months
of age, while animals younger than 2 months areigdly negative. These data are in

line with the knowledge that maternal immunity et the piglets from HEV
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infection for approximately 2-3 months (Naketi al., 2006; Satou and Nishiura,
2007). In this study, the prevalence data (42.29)igs of 90-120 days of age is in
accordance with this infection pattern. Most afds¢s published confirm that viremia
lasts 1-2 weeks after infection and that virus etion in the faeces lasts 3-4 weeks
followed by seroconversion of IgM in IgG and eliation of the infection by the
immune system (Mengt al., 1998a; Nakaet al., 2006). Hence, it was not expected
to detect the virus in pigs of 6-8 months of ageisTstudy demonstrated that HEV
could be detected in the faeces of all age categofifom weaners of 3-4 months
(42.2%) to old sow (53.4%) well beyond 6-8 monthage. Similar results has been
recently published in USA, where 11% of commerpial livers from grocery store
were found positive for HEV RNA (Feagims al., 2007), and in Spain (Fernandez-
Barredoet al., 2006, Fernandez-Barrec al., 2007; de Deust al., 2008); Japan
(Nakaiet al., 2006) and Canada (Leblaécal., 2007), where HEV has been found in
up to 41.2% of slaughtered swine at 22-29 weekagef In these reports HEV was
detected in breeding or in old pigs (6-8 monthsyjgesting that the swine may retain
its susceptibility to HEV infection at any age, piy sustained by an incomplete
protective immunity, and that the infection in pigsuld be more prolonged than
previously thought or might become chronic. Howetee pigs may be incompletely
protected against the new virus continuously inicedl by new animal and new
suppliers into the farms. This hypothesis couldustified by the high prevalence of
infection in old sows found in Italy. In this studall samples were randomly selected
from pigs looking clinically healthy, as reportedthe literature (Clemente-Casagts
al., 2003; Banket al., 2004; Fernandez-Barredbal., 2006; Zhengt al., 2006).
Phylogenetic analyses in this study was perforored6 swine HEV genomes
sequenced, within the 80bp ORF2 fragment analyzledwing that all HEV strains
belonged to genotype 3, sharing 90.5%-100% of wtidle identity and a 100% of
amino acid identity. The 16 swine HEV strains, esgnting the different farms
tested, and five strains from four farms provedntdml. The analysis results
suggested that at least 12 different virus variatresns were circulating in the pig
farms of Northern Italy at that time of investigatj that more strains can be present
in a same farm, and that at same strain of HEV lmrspread in farms separated
geographically, implying a common source or origfrinfecting virus. These Italian
swine strains presented closer homology with humaswine HEV circulating in

Europe genotype 3 than with other strains belonginthe same genotype but from
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more distant geographic areas (van der mbel., 2001; Bankst al., 2004). The
finding of HEV prevalence in pigs at slaughteringg aaises public health concern for
persons with occupational exposure to swine (eagmérs, veterinarians, and
butchers) by contact with either infected pigs athwenvironment and working
instruments contaminated with pig faeces. But thélip health concern affects
everyone, and particularly the consumer, becatwese ik a potential risk of animal-to-
human transmission HEV by direct food-borne trassmon via ingestion of

contaminated undercooked meat.
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CULTIVATION OF HEV IN VITRO

CHAPTER 4

4.1 INTRODUCTION

There has been a growing interest in recent yeatisel development and use
of three-dimensional (3D) cell culture systems ideo to replace the classical two-
dimensional (2D) monolayer system. Tissues andnargae three dimensional (3D).
However, our ability to understand their formati@umction, and pathology has often
depended on 2D cell culture studies or animal maosidtem (Yamada and
Cukierman, 2007). The pathobiology of hepatitisiiess (HEV) has been difficult to
study because of the absence of a reliable cdllireusystem that can provide high-
titre virus, or that would enable the investigatimivirus viability in PCR positive
animals and environmental samples. HEV has beepageied through 2D cell
culture system, in 2BS (human embryo lung diplatl strain), A549 (human lung
carcinoma cell line), PLC/PRF/5 (hepatocarcinomb lgge) HepG2/C3a, primary
hepatocytes from non human primates (chimpanzgaspwlgus macaques, tamarins
and African green monkeys) and FRhK (female rhdsdeey cells) in a limited
number of laboratories (Huarg al., 1992, Kazachowt al., 1992; Tsarewt al.,
1994; Huanget al., 1995; Tanet al., 1996 Tanet al., 1997 Huangt al,1999; Weiet
al., 2000; Emersost al., 2006 ; Tanakat al., 2007). However, the reproducibility of
these systems still needs to be established.

Three dimensional (3D) culture has shown promisthénfacilitation of viral
replication of fastidious viruses, for example, rdlorus (Strauket al., 2007), in the
culture of several enteric bacterial pathogengtro (Nickersonet al., 2001; Chopra
et al., 2006; Cartersod al., 2005; Crabbét al., 2008).

New methodology is required to investigate whetHEN replicates in tissues
and organs other than the liver, for example in thestine or kidney. We
investigated the Rotary Cell Culture System (RC@S)a tool for then-vitro
cultivation of HEV. RCCS, developed by NASA, wasgorally designed to protect
cell cultures from the high shear forces generdtethg the launch and landing of the
space shuttle. During development cells in suspensere observed to aggregate and

form structures resembling tissues, suggesting ttat methodology may also be
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useful in the study of co-cultures of multiple cglpes and associations between
proliferation and differentiation during the eadieps of tissue formation. Therefore,
the RCCS FKig.4.1) is a new technology that offers the potential fpowing
anchorage dependent or suspension cells to acguicture and function similar ta
vivo cells and tissues.

The objective of this study was to investigate gbe&ential of RCCS in the cultivation

of HEV, and to compare with 2D cultivation in thense cell types.

A

Filling port Gas-permeable membrane

Sampling ports &% 3

< Nockiig poiat™—

FRONT BACK
Fig. 4.1. The Rotary cell culture system (RCCS-4DQ, Synthecon).
A: The RCCS is available as a one, two, four orhkigtation rotator base.
The system depicted consists of a four Station lBotBase, along with a power
Supply with Tachometer. Each station is capableotdtion at independent speeds,
enabling four experimental conditions and/ or expents to be run simultaneously.
The system is supplied with four Rotary wall vess@WYV). B): The cylindrical
RWVs is completely filled with culture medium, celand micro carrier beads

through the filling port on the face of the vessdalll bubbles are removed from the
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RWYV through the sampling ports to reduce shear.vEssel is attached to the rotator
base by docking point and rotated on its axis ihaiarallel to the ground creating a
solid body rotation. Cell-beads aggregates in tNéVRare maintained in a gentle

fluid orbit and do not collide with the walls oryawothers parts of the vessel (i.e.,
suspension culture). As 3D tissues grow in size, rittation speed is adjusted to
compensate for the increased settling rates oflatger particles. The cells and/or
tissue particles join to form larger tissue paeckthat continue the differentiation
process. Oxygen supply and Carbon dioxide remor@alaghieved through a gas-
permeable silicone rubber membrane that coverdbdok of the RWV bioreactors.

(Nickersonet al., 2001; Crabbét al., 2008).

4.2 MATERIAL AND METHODS
4.2.1. CELL TYPES

A range of human (Hep G2/C3a, Int 407, PLC/PRFf®) animal cell types
(PK-15) were investigated, including a number inickhimited replication of HEV
had been reported by other laboratories. In amditieveral interferon knocked-out
(IFN KO) cell lines were investigated: Int-V-11cdaint-V-7E intestinal cell lines,
and PK-15 IFN- KO.The human hepatoblastoma cell B@C3a has the following
properties; strong contact inhibition of growth,gimi aloumin production, high
production of alpha-fetoprotein (AFP) and an apilib grow in glucose-deficient
medium, does not express endogenous CDO (Cysteme&genase) protein (this
enzyme catalyzes the oxidation of L-cystein sulfuagidwhich is the first major step
in cysteine catabolism in mammalian tissues (Donairgl., 2007)). This reaction is
the rate-limitingstep in the eukaryotic taurine biosynthetic pathveand taurinéevels
are directly correlated to cysteine dioxygenasavisgct Taurine is an important
antioxidant and low levels of tauril@ve been linked to a variety of cardiac, neural,
and autoimmunelisorders (Imnsand and Ellis, 2008). Hep G2/C3A loe was
obtained from the American Type Culture Collect{gf CC).

The human embryonic intestinal epithelial cell line407 was obtained from
Ken-Mellits (Nottingham University; Collaboratoryy addition to Int-407 subclones
(Int-V-11c and Int-V-7E IFN KO) that had been erggned to constitutively express
the V-protein of the paramyxovirus, simian virug®v/-5): The V protein degrades

the signal transducer and activation of transaiptil (STAT-1), preventing the
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STAT-1 mediated interferon response. IFN-KO phepetyas preserved in these cell
lines with the addition of puromycin. The Alexandeepatocarcinoma cell line
(PLC/PRF/5) was obtained from the American Typet@asl Collection (ATCC).
This cell line synthesises hepatitis B surfacegamti(HBsAg) and has been used for
culture of HBVin vitro. PLC/PRF/5 has been used for the cultivation BVHn 2D
format (Tanakaet al, 2007).

Porcine Kidney cells (PK15; wild type (wt)) and PKIFN-KO were kindly
supplied by Severina Anna La Rocca (CSFV group, Y1 e PK15 IFN-KO cells
had been engineered to constitutively express toeip N (N terminal cysteine-
like autoprotease) which inhibits the productiontygde | interferon. The expression
of NP was activated with the addition of Tetracycline [JE5-6 hrs prior to cell
infection, to avoid activation of a signal-transtioc pathway that triggers the
transcription of a diverse set of genes that, talt@stablish an antiviral response in
target cells. IFN-KO phenotype was preserved ia tiell line with the addition of

Blasticidin and Hygromicin.

4.2.2 PREPARATION AND SERIAL PASSAGE OF 2D CULTURES

Prior to use, all cells types used in this studyenstored in 1ml volumes in
vials in liquid nitrogen (-196°C). Cells were thadviey hand or by incubation at 37°C
in a water bath for approximately 2 min. Cells &vedhen transferred to an
appropriately sized culture flasks containing tleommended mediumT éble
4.2.2.1) and incubated at 37°C in 5% ¢@ntil cells attached to the bottom of the
flask. Following cell attachment fresh medium veasled to the flask to remove the
cryprotective agent (DMSOQO), which inhibits cellogth.
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Cédl line Int 407 Int-V-7e Int-V-11c Hep G2/C3a PK-15 PK-15 IFN PLC/PRF/5

IFN KO IFN KO KO
D-MEM D-MEM D-MEM H-MEM E-MEM E-MEM E-MEM
MEDIUM
FBS 10% 10% 10% 10% 10% 10% TET 10%
TET free
free
NEAA 0.1mM 0.1mM 0.1mM 0.1mM 0.1mM 0.1mM 0.1mM
NaHCOs3 / / / 1.5¢g/l / / 1.5¢g/I
L-GIn / / / / / / 2mM
C3H3NaO3 / / / 1.0mM / / 1.0mM
Puromycyn / 5ug/mi 5u/ml / / / /
hydrocloride
Blasticidin / / / / / 1 pg/mi /
Hygromicin / / / / / 50 pg/ml /
PEN/Strep/ Standard Standard Standard Standard Standard 8tanda Standard
Myco

Table 4.2.2.1 . Overview of the components of the complete gromttdium used with each cell line. The abbreviatimascate: FBS (Fetal
Bovine Serum); NEAA (Non essential amminoacids)HE®s; (Sodium Bicarbonate); L-GIn (L-Glutammine)3zizNaG; (Sodium pyruvate);
PEN/StrepiMyco (Penicillin/Streptomycin/ Mycostatin) in staard concentration: 100U/ml, 100U/ml, 20U/ml, redpesy.
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SUBCULTURING PROCEDURE

Volumes used in this protocol are for 75cfiask, and can be proportionally
reduced or increased for culture vessels of otzess
1. Remove and discard culture medium.
2. Briefly rinse the cell layer with PBS.
3. Briefly rinse the cell layer with 0.25% (w/v) Tryips0.03% (w/v) EDTA
solution, to remove all traces of serum which cmstérypsin inhibitor.
2. Add 0.5 ml of Trypsin-EDTA solution to flaskgue at 37 to facilitate
dispersal (usually within 3-5min). Cells are obselvunder an inverted
microscope until cell layer is dispersed.
3. Add 5.5ml of complete growth medium and aspicatés by gently pipetting.
4. Add appropriate aliquots of the cells suspensim@according to subculture
ratio into new culture vessel.

5. Incubate cultures at 32Z. and 5% C@in air atmosphere.

Cell cultures were initially grown as a standardnalayer in Nunclone
Surface T25 cfor T75 cni flasks with the appropriate complete growth medium
(Table 4.2.2.1), according to the subculture procedure protocdcdbed above.

Cells were subsequently seeded in 24 or 96 weleéplgdx 18 cells/well in 24 well

plates and 1x ¥ cells/well in 96 well plates) or in T25 flasks éas for serial
passages procedure, described below) 24-48h primféction. Cell cultures were

infected with HEV upon reaching 70-80% confluency.

INOCULUM

Three sources of HEV isolates were used as inocuturthis study. HEV-
positive faecal samples collected during a herdvglemce study in the UK
(McCrearyet al., 2008) were subsequently tested by gPCR and sanfiglmd to
contain the highest viral loads of HEV were selédiefs.:1/10; 2/1; 6/109; 10/189;
3.8; 5.8; 7.21). Two HEV-positive liver samplesrevalso used as inoculum, one
that had been collected from a retail outlet areldcond from a pig that had been
experimentally infected with swHEV (Bouwknegtal., 2009) (kindly supplied by
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Wim H. M. van der Poel, Central Veterinary Inst@ufVageningen University and

Research Centre, Collaborator) (Refs. L28 and Ispeetively). These HEV Real

Time PCR-positive samples (Ref. 1/10; 2/1; 6/109189) either separately or as a
pool of four were chosen for the first experimeatraported in McCreargt al.,

(2008) work. These inoculums were used for infegt cultures according to the
following protocol:

Protocol for one 24 well microplate:
1. Grow cell culture in the T25 flasks.
2. Confluent cells trypsinized off and seeded (44 t8lls/ml)in one 24 well
microplate.

3. Set up the plate:

Well |1 2 3 4 5
A V-ve NI V+ve V+ve V+ve
2/1 6/109 10/189
B V-ve NI 2/1 6/109 10/189
V-ve NI 2/1 6/109 10/189
D V-ve NI 2/1 6/109 10/189
Abbreviations:

V-ve: negative inoculum from HEV RT-PCR negativevso
NI: Not Infected (Cell control)

V+ve: positive inoculum (the underlined represehesinoculum code)

4. After 24-48h at 70% of confluence infect the callgshe plate with 100 pl of
each inoculum (dil.1.10) for 1h at 37°C

Wash 1x with PBS

Replace fresh medium

Collect 140ul of medium for RNA extraction; repreteT0

© N o 0

Incubate the plate at 37 °C throughout observateriod
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9. Collect medium every 2 days for RNA extraction froalf plate and add 560
pl of Viral Lyses Buffer for 10 min on the cells apposite well. Follow
QIAamp Viral RNA mini kit (Qiagen)procedure (for more details see
section: 4.4 Inoculum preparation) and perform tiea¢ PCR

10. Fix the other half plate with 80% Acetone for Xbid store the plate in —
20°C for IPX staining.

For PK-15 the folloing protocol was adopted exdeptiPX staining (where 96 well

microplates were used), performing the experimeiaiLiplicate.

Serial passages procedure for one flask

1. Grow cell culture in T25 flasks.

2. Confluent cells trypsinized off and split 1:2 irhet T25 flasks.

3. At 70% of confluence, infect fresh cells with 600qi culture supernatant
from previous passage (6-7 days), subjected 2XréeZe thaw cycles and
following filtration with spin-X 0.22um (Costar) ng&ifuge tube filters at
10,000 g at Z&C for 15-25 min before infecting fresh cells.

4. Save aliquots of medium and cells every 3DPI astiteby real time PCR
for HEV.

Six serial passages were performed for Int-V-7E kl/-11c cell lines; while for
PK-15 IFN five serial passages of culture supematgere performed following the
same “serial passages procedure for one flask’emxfor step.3 which was
performed without purification of the culture supatant and with just one freeze-
thaw cycle before inoculation for passages 1, 2, &)d 5 on fresh cells PK- 15 IFN
KO grown in T25 flasks (6-7 days).
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4.2.3 PREPARATION OF 3D CULTURES

All cells types were initially grown as a standamtbnolayer with the
appropriate complete growth mediunTable 4.2.2.1). Confluent cells were
subsequently split 1:2 in a new basal complex celture medium, GTSF-2. In
addition to traditional growth-factors, GTSF-2 ains a blend of three sugars
(glucose, galactose, and fructose), minimal esslenthedium L-15 base
supplemented with 6% fetal bovine serum and otheplements (Goodwiet al,
1993) Table 4.3). Cells were grown in a Cell Coat Collagen type® Flask T-75
cn? (2 x 10cells/ml) at 37°C in a 5% GCenvironment in preparation for seeding
into the RWV.

After 4 days, cells were trypsinized at 95% coniltle and resuspended in
fresh medium at a density of 2x1€ells/ml. Cells were then introduced into a RWV
(Synthecon, Inc, Houston TX, USA.) containing 5 mb/ (for Int 407 and Hep
G2/C3A cell lines) or 10 mg/mL (for Int-V-7E andti¥-11c IFN KO, PK-15 IFN
KO, PLC/PRF/5 cell lines) of porous Cytodex-3 maaaier beads (collagen type-I—
coated porous microspheres, average sizeubh75n diameter (Sigma). Cells were
cultured in the RWV bioreactor in GTSF-2 at 37°QGl &% CQ, with a rotation
speed appropriate to maintain the cell aggregatesuspension during the entire
culture duration (approximately 17-25 rotations/mimtially with subsequent
increase to 27-35 rotations/min, depending on ke ef the aggregates). Cell
growth was monitored daily and fresh medium wadergphed (90% of the total
vessel volume) on thé®xay following seeding, then every 24 hours dependn
the growth and metabolic activity of the cell codisi (as monitored by tissue culture
media color change). 3-D cells were harvested 34 déter seeding into the RWV.
Mature 3-D aggregates were placed into flat bottoltna low attachment Costar 24-
well plates, (~1-3 x10cells/well for Int 407 cells and ~6-14 x1€ells/well for Hep
G2/C3A) containing a coverslip covered with collaggpe | (Sigma) for observation
by confocal microscopy, and into standard non &ssuiture treated 24 well plates
for collection of medium for RNA extraction and &rsas by real time PCR. The
cells were infected with swHEV virus (Refs. 1/10da?&/1) on the ¥ day after
seeding cells in the microplates.
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Table4.4. GTSF-2 complex medium with relative suppleménts

Source/order  number
Component Concentratiddesignation
MEM —a supplemented with 2.
glliter 1200 ml (4098)gma
L-15 1800 ml (60%51BCO
NaHCOs 4.05 g/L Sigma/S-5761
HEPES 9.0g Research Organics/6003H-2
Folic Acid 67ug/ml 300ul SIGMA/F-8758
0.5% Nicotinic Acid 2ml Sigma/ N-4126
Bactopeptone 1.8¢g Difco/0118-01
I-inositol 0.072g Sigma/I-5125
Fructose 0.39g Sigma/F-3510
Galactose 0.75¢g Sigma/ G-5388
D-Glucose 3.0g Sigma/G-5250
200mM L-GIn [2Mm]f 45ml Sigma/G-5763
Gentamycin 3ml Gibco/600-5750AD
Fungizone or Amphotericin
solution 6ml Sigma A 2942
Insulin-Transferrin-Sodium-
SHenite (ITSS) 15ml Sigma/l-1884
FBS 6% Autogenbioclear

! Concentrations are provided for the preparation ®fLitre volume of medium

The cells grown in the RWVs were infected 26-28safter seeding. These cells
lines were inoculated with HEV real time PCR-pagtiswine faecal suspensions
(Refs: KM: 3.8; 5.95.10; 7.21; 10/189) and two livers sample: L28 &Bdused to
infect in parallel 2D format as well as subjectediliration before infection of the
cells. One hour after inoculation at 35°C 47.5 mmhaintenance medium were added
into the 3D vessel and 900ul into 2D plates. Sma#ntities of medium plus few
aggregates of cells (140 ul) were collected acogrdio the Qiagen Kit, for
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performing RNA extraction and subsequent real @R, one hour after infection
(representing TO) and every 2-4 days up to 58 Défbre changing 50% of the
medium. The medium collected was stored at -80M&. maintenance medium used
for virus culturing consisted of GTSF-2 medium cdéexpcontaining 2% (v/v) heat-
inactivated FBS and 30mM Mg&idt final concentration; other supplements were the
same as in the growth medium. The rotation spedtieobioreactor after infection

was kept constant at 25 rpm until the end of theearment.

4.2.4. INOCULUM PREPARATION

The faecal samples, liver tissues and liver culsamples were stored at -20°C
until use and were subjected to different preparatiotopods.

Faecal samples were defrosted and 0.2 g of faeassuspended in 1.8 ml PBS
(0.01M,pH 7.2) (Dil.1:10), six 5 mm glass balls were added the suspensiovas
mixed by vortexing. The sample was then centrifuge8,000g for three minutes,
and the supernatant was aliquoted and stored GIC- @ntil use. On the day of virus
infection the supernatant was filtered using ailstespin-X centrifuge tube filter
(0.22um; Costar) at 10,000 g a&C4for 15-25 min.

Liver tissues were defrosted and 0.3g liver waspsoded in 2.7ml of
phosphate-buffered saline (0.01pH 7.2) (Dil.1:10) using a pestle and mortar, and
homogenized using a needle and syringe. The honatgeras transferred into a 2ml
tube and centrifuged at 8,09@Gor 3 min. The supernatant was filtered usinggesls
spin-X centrifuge tube filter (0.22um; Costar) 8td00 g at 2C for 15-25min.

Liver culture sample was diluted 1:5 in the growtledium and centrifuged at
10,0009 for 3 min. The supernatant was filtered usingeaile spin-X centrifuge
tube filter (0.22um; Costar) at 10,000 g &€ 4or 15-25 min.

The 3D cell aggregates were infected in the plétep G2/c3a and Int 407 cell
line) initially with 500ul of inoculum (Ref. 1/10na 2/1) diluted with medium 1:5,
for Int 407, and 1:10, for HepG2/C3a. In the follog experiments the 3D cell
aggregates were infected directly in the vessels «i4 to 2.5 ml of inoculums for
3D and 50pul to 100ul on the cells in 2D configwatiof 24 or 96 well plates,
respectively. The inoculums were diluted alwayshwitedium 1:5 for liver culture
sample and 1:10 for the other inoculums, and inbéor 1h at 35.5°C with 5%

CO;.
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4.2.4.1 CONVENTIONAL PCR AND REAL TIME PCR

Quantification of HEV RNA was performed by real-8rRT-PCR.
RNA was extracted from 50 ul of sample, faecal sugi@nt or culture medium
using the QlAamp Viral RNA mini kit according toehmanufacter's extraction
(Qiagen). For both livers and animal cells the Reyemini kit (Qiagen) was used,
according to manufacturer's instructions as desdribelow. Negative controls
(HPLC water)vere inserted between every two samples to cheatofdtamination.

Protocol: Purification of Viral RNA (QlAamp Viral RA mini kit, Qiagen):

1. Pipet 560ul of prepared buffer AVL containing carrRNA into a 1.5ml
microcentrifuge tube.

2. Add 140 pl of plasma, serum, urine, faecal supamatcell culture
supernatant, or cell-free body fluid to the buffevL-carrier RNA in the
micro centrifuge tube. Mix by pulse-vortexing fds 4.

3. Incubate at room temperature (15°25 for 10 min.

4. Briefly centrifuge the tube to remove drops frora thside of the lid.

5. Add 560 pl of ethanol (96%-100%) to the sample, amict by pulse-
vortexing for 15 s. After mixing, briefly centrifegthe tube to remove drops
from inside the lid.

6. Carefully applied 630 ul of the solution from stepo the QIAamp Mini spin
column (in a 2 ml collection tube) without wettitige rim. Close the cap, and
centrifuge at 6000 x g (8000 rpm) for 1min. Plalce QIAmp spin column
into a clean 2ml collection tube, and discard theetcontaining the filtrate.

7. Carefully open the QIAamp Mini spin column, andeapstep 6.

8. Carefully open the QIAamp Mini spin column, and &80 ul of Buffer
AW1. Close the cap, and centrifuge at 6000 x g @8q0n) for 1min. Place
the Qlamp Mini spin column in a clean 2 ml colleatitube (provided), and
discard the tube containing filtrate.

9. Carefully open the QIAamp Mini spin column, and &80 ul of Buffer
AW?2. Close the cap and centrifuge at full speedd@0 x g; 14,000 rpm) for
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3 min. Continue directly with step 11, or - to elmate any chance of possible
buffer AW2 carryover - perform step 10, and thentswe with step 11.

10.Recommended: Place the QIAamp Mini spin column ea 2 ml collection
tube (not provided), and discard the old collecttabe with the filtrate.
Centrifuge at full speed for 1 min.

11.Place the QlAamp mini spin column in a clean 1.5nmdrocentrifuge tube
(not provided). Discard the old collection tube toming the filtrate.
Carefully open the QlAamp spin column and add 50oftBuffer AVE
equilibrated to room temperature. Close the cup arctubate at room
temperature for 1 min. Centrifuge at 6000 x g (86@@) for 1 min. Repeat
this step with the same eluate to increase virahRId by up to 10%.

12.Store RNA in -86C.

Protocol: Purification of total RNA from animal $ise (RNeasy mini kit, Qiagen)

Before starting ad@-mercaptoethanolp¢(ME) to lysis buffer (RLT) before use:
add 10ul per 1ml Buffer RLT.

1. Thaw frozen tissue.

2. Weigh 30mg.

3. Place it directly into a suitably size glass montath 600ul of lysis
Buffer RLT. Disrupt the tissue with pestle and hgm®oize it using a
needle and syringe.

4. Centrifuge the lysate for 3 min in a microcentrdugt full speed.
Carefully remove the supernatant by pipetting, &adsfer it to a new
microcentrifuge tube. Use only this supernatansglg) in subsequent
steps.

5. Add 1 volume of 70% ethanol to the cleared lysatel mix immediately
by pipetting. Do not centrifuge. Proceed immediatelstep 6.

6. Transfer up to 700ul of the sample, including angcipitate that may
have formed, to an RNeasy spin column placed inrd 2ollection tube.
Close the lid gently, and centrifuge for 15 s @®8& g. Discard the flow-
through.
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7. Add 700ul of Buffer RW1 to the RNeasy spin colun@iose the lid
gently, and centrifuge for 15 s at 8000 x g to wésh spin column
membrane. Discard the flow-through.

8. Add 500 pul Buffer RPE to the RNeasy spin columrosglthe lid gently,
and centrifuge for 15 s at 8000 x g to wash tha splumn membrane.
Discard the flow-through.

9. Add 500 pul Buffer RPE to the RNeasy spin columrosglthe lid gently,
and centrifuge for 2 min at 8000 x g to wash thie splumn membrane.

10.Optional: Place the RNeasy spin column in a new R2afllection tube
(supplied), and discard the old collection tubehwilow-through. Close
the lid gently, and centrifuge at full speed fanih.

11.Place the RNeasy column in a new 1.5ml collectidret Add 50 pl of
RNase-free water directly to the spin column memérelose the lid
gently, and centrifuge for 1min at 8000 x g to elRINA

12.Repeat step 11 using the same 50 pl for concentieltERNA.

13.Store RNA in -86C.

Protocol: Purification of total RNA from animal te(RNeasy mini kit, Qiagen)

Before starting, ad@-mercaptoethanolB¢(ME) to lysis buffer (RLT): add 10pul
per 1ml Buffer RLT.

1. Harvest cells according to step la.

la. Determine the number of cells (do not use ntoae 1 x 10 cell/ml).

Trypsinize the cells and count them with hemocytieméi.e. liver culture

sample from The Netherlands are approximately 4xcEll/ml). Pellet the

cells by centrifuging for 5 min at 300g in a cefutge tube. Carefully remove

all supernatant by aspiration, and proceed to &ep.

2. Disrupt the cells by adding 350 ul of Buffer RLToNex or pipet to mix
and proceed to step.3.

3. Homogenize the lysate according to step 3c.

3c. Pass the lysate at least 5 times through & Blohgauge needle (0.9mm

diameter) fitted to an RNase-free syringe. Prodeesddep 4.
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4. Proceed forward like Protocol: Purification of toRNA from animal

tissue, described above (RNeasy mini kit, Qiagen).

PCR for Differentiations markers:

For cDNA synthesis 5 pl of RNA was mixed with 8qiIHPLC water and 1
ul random hexamers (500 pg/ml; Promega). The m@aetias incubated at 65°C for
10 min to allow the primers to attach to the RNAdalaced on ice. Fouul of
buffer MMLV (Promega) (5X), 1.Qul dNTPs (10mM), 0.5 pl RNAsin Inhibitor
RNAase (40U/ul; Promega) and 0.5 pl RTMMLYV reversascriptase (200 U/pl;
Promega) was then added in a final volume of 20hé RT reaction was incubated
at 42°C for 60 min, followed by 94°C for 5 ntim denature the enzyme, and placed
on ice.

The human genes examined were: Albumin (Alb) Cytaties (CK) 8, 18,
19, Cyt P450 (Sharmet al., 2005) and Interleukin-6 (IL-6) (Steensbetgl., 2001).
Primers sequences used were (Alb) Albumin Forwdsd CCA GGA AGA CAT
CCT TTG-3', Albumin Rev: 5- CCT GAG CCA GAG ATTTCC-3’); CK8
forward: 5- TGA GGT CAA GGC ACA GTA CG-3', CK8 raarse: 5- TGA TGT
TCC GGT TCA TCT CA-3’; CK-18 forward: 5- TGG TCACA CAC AGT CTG
CT-3’, CK18 reverse: 5-CCA AGG CAT CAC CAA GAT TA* CK19 forward:
5- AGG TGG ATT CCG CTC CGG GCA-3’; CK19 reverse: ATC TTC CTG
TCC CTC GAG CA-3’; CytP450 Forward: 5’- CAG AGA TGBGA AGG CCA
AG-3’ CytP450 reverse: 5- CCC TAT CAC GTC GTC GAT@’; IL-6 forward
5-GGTACATCCTCGACGGATCT-3 and reverse 5'-
GTGCCTCTTTGCTGCTTTCAC-3'. Ten pl of QPCR mix (Q&g, 10uM primer
forward, 10 uM primer reverse, and 8 pul HPLC watas added to 2ul of DNA in a
final volume of 20pl. The reaction conditions w&éC for 4 min, and 35 cycles of
94°C for 45 sec, 55°C for 45 sec and 72°C for 4582¢C for 10 min and performed
on Perkin Elmer Thermocycler). Negative and positmontrols for IL-6 were

included in each run.

Viral RNA was quantified using a real time RT-PChatt targets ORF-3 of HEV
(Juthikumar et al.,, 2006). Primers and probe weHEWF (forward): 5'-
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GGTGGTTTCTGGGGTGAC-3', JHEVR (reverse): 5'-
AGGGGTTGGTTGGATGAA-3 and JVHEVP (probe): 5'-
TGATTCTCAGCCCTTCGC-3) with a 5- 6 carboxy-fluoresin fluorophore
reporter dye (FAM) and a 3’ black hole quencher (BHlye. This assay was run
using 12.5 ul of Superscript Il Platinum one st@antitative RT PCR reaction mix
(Invitrogen), 5 pl water HPLC, 1ul Mg S60uM, 0.15 pl RNAsin InhibitodRNAasi
(40U/ul; Promega) 0.05ul Rox Reference Dye (25 jrMitrogen), 0.5 pul JVHEVF
primer (10 uM), 2.1 pl IVHEVR primer (10 uM), 0.T JVHEVP probe (10 puM)
and 0.5ul Tag Superscript Il (100U/ul) (Invitrogehe reaction conditions were
50°C for 30 min, 95°C for 2 min and 45 cycles of°@5for 15 sec, 55°C for 30 sec
and performed on an MX4000 Thermocycler (StratageNegative and positive
extraction controls were included in each run. Fdgoence was monitored during
the annealing step of each cycle. At the end ofé¢laetion, Rox Reference Dye was
used for normalisation of the fluorescent reposignal. The reproducibility of the
gquantitative assay was assessed by testing eaghlesamduplicate and the mean
value was reported. A quantitative PCR uses a atdrgb that copy number could be

extrapolated.

4.2.4.1.1PRODUCTION OF STANDARD FOR QUANTITATIVE FRCFOR HEV

Cloning of PCR amplicon into pGEM® - T Easy Vector

Primers JVHEVF AND JVHEVR were used to amplify amcleotide fragment of
ORF-2 of the HEV genome. The PCR amplicon wasalised by agarose gel
electrophoresis, and purifed from the agarose gielgua QIAquick gel extraction kit
(Qiagen), according to manufacturer’s instructio®&&quencing was used to confirm
that the purified product was HEV specific. P@tfiPCR product was ligated into
the cloning vector, pGEM-T Easy Vector System (R¥ga). Ligation reactions
were prepared in a sterile 1.5 polypropylene mét(Eppendorf) to a final volume of
10 ul, containing 1 x Rapid Ligation Buffer (Pronaggl pl pGEM-T Easy Vector
(Promega), and 1 pl T4 DNA ligase and 3 pl of maiPCR product. The cloning
vector (PGEM — PCV-&g was transformed into DHE™ CompetentE.coli cells
(Max Efficiency™,; Gibco BRL), according to manufactr's
instructions.Transformed DHS™ CompetentE.coli cells were cultured on Luria-

Bertami (LB) agar plates and bulked up in LB brotRlasmid DNA was purified

70



using the the Plasmid Maxi kit (Qiagen), performeztording to manufacturer’s
instructions. A restriction digest was performenl demonstrate that the 70
nucleotide fragment of ORF-2 of the HEV genome baein successfully ligated into
the plasmid. Purified plasmid DNA was digestechgghe restriction endonuclease
EcoRl (GYAATTC / CTTAALG). Reactions were prepared in 0.5 ml
polypropylene tubes (Eppendorf) to a final volunmi@® pil, containing 1 x Buffer D
(Promega), 24lEcoR1 (Promega) and 8 pl plasmid, and incubated at 370PQ
hours. The digest was visualised by agarose getrephoresis to confirm that the

insert was of the correct size.

TRASCRIPTION OF THE INSERT WITH MAXISCRIPT T7 KITAMBION)

The plasmid has been first linearized with the rretgdbn enzyme Sall
(Promega). Linearization reactions were preparedat@inal volume of 20 pl,
containing 16.3 pl of sterile water, 2 ul of 10xféy, 0.2 ul of Acetylated BSA (10
pg/ ul), 0.5 pl of Sall enzyme (10 u/ pl) and IofiDNA (1 pg/ pl). To confirm that
the linearization was efficient, both the digeséed undigested products have been
run on a 1.5% agarose gel. The digested produat beaen cut out of the gel and
purified using the QIAquick gel extraction kit (@en), and eluted in 10 pl. The
digested product has been transcribed into RNA gushe Maxiscript T7 kit
(Ambion), following the manufacturer’s instructiono eliminate the residual DNA
present in the transcript, a DNAse digestion reactiave been set up using the
Deoxyribonuclease |, amplification grade (Invitragefollowing the manufacturer’s
instructions. To confirm that the elimination okthesidual DNA has been complete
a PCR reaction without retrotranscription has bestnup, and the PCR product has
been run on a 1.5 % agarose gel. No bands weretdele on the gel, confirming
that the DNA has been completely transcribed intdAR The RNA has been
subsequently purified with a Ethanol purificatiorof@col. One ul of Glycogen
(Invitrogen) have been added to 100 pl of RNA. Aftexing, 0.1 volume of Sodium
Acetate and 3 volumes of ice cold 100% ethanol Heeen added to the sample, and
the reaction incubated overnight at -20 C. Aftgpan at 8000 x g for 30 minutes, 2.5
ul of oce cold 75% ethanol have been added toostraple. This has been
subsequently centrifuged at 10000 x g for 2 minudes the supernatant have been
discarded. The pellet has been resuspended in dl0stdrile water.
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42412 CALCULATION OF COPY NUMBERS
To calculate the copy number of the RNA transceptl create working
solutions to use in the PCR reaction and on lineutator have been used:

www.edu/research/gsc//resources/cndna.htim

The amount of RNA has been calculated with Nano@88®% ng/ ul), and the length
of the template was 164 bp. The resulting numbecogfies was 1.82 x 1b To

prepare a working solution stock of 0.2 x°1@ dilution ratio of 910 has been
calculated (909 pl of water + 1 ul of RNA). The wiog solution have been stored
at -20 C, and diluted by 10 fold until 10 copieaaton for every PCR reaction.
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4.2.4.2 VIRUS INFECTION IN 2D AND 3D CONFIGURATION

The cells grown in 2D configuration were infectedthe 24 well microplates, 96
well microplates or in the flask with 100-120 plQ-B80 ul, and 600-1000 pl of
inoculum respectively. Cells were inoculated 2#-48fter splitting at 70%
confluency, for 1h at 35°%€ (Tanakaet al., 2007). The inoculum was then removed
and the medium was added. At this point an aligiahedium was collected (TO) 1
hour after infection, for analysis by real time RTR, and then alternatively every 2-
4 days. The plates were then fixed for analysigtopunoperoxidase staining.

For the cells grown in 3D configuration: the daydpe virus infection, prepare
three 24-well micro plates with lid flat bottom,tmal low attachment (Costar) with
cover slip covered with fifty-fifty of Collagen agtion type | from rat tail (Sigma)
plus 100% ethanol subjected to filtration with 0}2® filter To stop the infection at
24h, 48h, and 72h, cells were fixedand visualizedien a confocal microscope.

Harvest mature 3D aggregates of the Int 407 andGC3a cells from rotating
wall vessel (RWV) bioreactor, seeding the cellsdanly in 4 microplates for each
cell line. Three 24-well microplates are used facfdscopy. One standard 24 well
microplate is used to collect the medium for extoac RNA and perform real time
PCR. The cells were washed three times with Hap&lanced salt solution, removing
supernatant and adding 1ml of 1x non enzymaticodiaon solution (Sigma) and
using cell strainer 70um nylon (BD) to separatelibads from the cells ,counting the
cells with a haemocytometer.

The HEV RNA titre of the virus stocks was estimatede 3.0 x 10copies mf
by real time PCR. Prior to inoculating the cellshwithe swine faecal suspension, the
virus stock was subjected to purification by passtgough a series of microfilters
with a pore size of 1.2 um, 0.80um, 0.45um and filtar at 0.20um (Minisart), or
to filtration with spin-X centrifuge tube filterestilized 0.22um (Costar) at 10,000 x g
at £C for 15-25min.

Four microplates of 3D cell culture from each delé were infected with 0.5ml
of the filtered virus stock that had been previguluted with GTSF-2 medium (1:5
for Int 407 and 1:10 for Hep G2/C3a). One hour rafteculation at 37C in a
humidified 5% CQ atmosphere, the solution was removed and 1 ml oSk

complex medium was added into each well. Virusweirg was performed at 3C in
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a humidified 5% C@atmosphere. One, two and three days after inooulatine cells
were fixed with 0.5ml of 4% Paraformaldehyde (PRAY left at 4°C o.n.

425 IMMUNO PEROXIDISE (IPX) STAINING

Negative and positive polyclonal antibodies for HEWbe used in the
Immunoperoxidase (IPX) protocol were selected f&@swine serum samples
that had been tested using an Anti-HEV enzyme-tinkemunoassay (ELISA) for
pig IgG (Tubigen). The ELISA was performed accogdio manufacturer’s

instructions.

Cells were fixed with 4% paraformaldehyde (PFA) & min or with 80%
acetone for 15 min, stained by antibodies dilutetimmuno Peroxidase (IPX) serum
conjugated diluents* following the procedure ddsed below:

* Pooled pig anti-HEV polyclonal:

Positive (+ve) and negative (-ve) pig serum setedy ELISA TEST
described above (Dil. 1:100)
* Mouse monoclonal antibody against ORF2 (Ascitisdfl2B1H1, from ISS)

(Dil. 1:500)

* An irrelevant mouse Mab raisen against pestiviAscitis, supplied by CSF

group) ( Dil. 1:500)

Secondary Antibody (2 Ab) tested were:
* Swine Immunoglobulins HRBAKO A/S Denmark

Horseradish peroxidase-conjugated IgG fraction offygonal rabbit (Dil.

1:300)

» Alternatively, Polyclonal rabbit anti-mouse Igs/HRE3 g/L (PO164DAKO

A/S Denmark (Dil. 1:2000).

Staining Procedure for 2D cells:
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e Fix microplates with cold Acetone 80% in PBS forat=RT or 4%
PFA in PBS.

e Add 50ul of 1stAb diluted in IPX serum conjugateeiht

e Incubate x 35’ at 37°C

e Wash 3x with washing Buffer IPX**

e Add 50l 2% Ab diluted in IPX serum conjugate diluent

e Incubate 35 at 37 °C

e Wash 3x with washing Buffer IPX

e Wash 1x with HO to neutralize pH

e Freshly prepare the substrate; Ethyl carbazol gduaixing: 2.5ml of
acetic buffer, 2.5uL hydrogen peroxide and 15@uhyl carbazol.
Subject to filtration with 0.20um filters. Floodettwells with 50ul of
ethyl carbazol in every well and leave the plat8at°C for 25min
monitoring the staining every 10 min under micrqseo

e Wash with Buffer IPX (2x)

e Add 250ul of PBS to every well

e Observe under light microscope and take pictures

*IPX serum conjugate diluent was prepared accordimghe following SOP
(Standard Operating Procedure): add 21g NaCl anm T@veen 80 to the 1L of
PBS 0.01M pH 7.6. Stir with magnet until it is mikéhoroughly. Store at room
temperature and prepare fresh every 2 weeks.

**|PX washing buffer was prepared as follows: adid Tween 80 to the 5L of
PBS 0.01M pH 7.6. Stir with magnet until mixed thoghly. Store at room

temperature and prepare fresh every month.
Staining Procedure for 3D cells:
1. Harvest 200ul of the 3D aggregates PLC/PRF/5, iatkand non Infected
(NI, from 4 vessels.

2. Use tube of 1.5 ml for washing cells 1x with ImIRBS, centrifuging at 600 x

g for 2.5 min to remove supernatant, repeat tieig sther 2 times.
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3. Add 1ml of trypsine-EDTA, incubate for 15’ in shalg, again centrifuge and
add 1ml of trypsine-EDTA for other 15 minutes t@aete the cells. Repeat
this step again monitoring under microscope.

4. Fix the cells with 50 pl of 4% of PFA in PBS forl5‘at RT.

5. Use BD Falcon cell strainer, 70uM nylon, to astthg beads from the 3D
cells and centrifuge for 3 minutes at 600 x g.

6. Set up 50 pl of cells fixed in PFA and use Cyto8miantrifuge (Shandon) 300
x g for 5 minutes with cytoclip mounting slide dipnd disposable cytofunnel
chambers to stick the cells fixed on the coverslip.

7. Use Super Pop Pen (Zymed Laboratories Invitrogerp&@ation) to delimit
the spherical area where the cells are disposade [€5 min to dry up.

8. Endogenous cell peroxides can beremoved by addisgjuion of 0.1% of
Sodium Azide plus 3% of #D, onto the cells fixed on the coverslip. Incubate
for 15 min.

9. Wash 3x with PBS

10.Add 50ul of 1stAb diluted in IPX serum conjugattudnt

11.Incubate o.n. at 4 °C

12.Wash 3x with washing Buffer IPX

13.Add 50ul 2ndAb diluted in IPX serum conjugate ditie

14.Incubate 1h at 37°C

15.Wash 3x with washing Buffer IPX

16.Wash 1x with HO to neutralize pH

17.Freshly prepare the substrate; Ethyl carbazol nbhgdaixing: 2.5ml of acetic
buffer, 2.5uL hydrogen peroxide and 150uL ettaribazol. Incubate at 37°C
for 25-70min, monitor the staining under microscope

18.Wash with Buffer IPX (2x)

19.Add 50p! of PBS 1X

20.0Observe under microscope and take pictures

21.Save cover slips in the fridge.
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4.2.6 MICROSCOPY

42.6.1 CONFOCAL MICROSCOPY FOR OBSERVATION OF
DIFFERENTIATION/ INFECTION MARKERS

Infected and uninfected 3D cell aggregates wernmexddawith the differentiation

markers Zo-1, Cytokeratin 18 and Villin accordinghe following procedure.

Protocol:

1. Place 100ul of infected and uninfected 3D aggreggatd.5ml tube

2. Take off the medium

3. Add 1ml of 4% paraphormaldehyde in PBS incubateain temperature for
30 min.

4. Wash cells 1x with PBS.

5. Permeabilize cells: with 1.0ml of Triton 0.01% mduaediluting 100% triton
with 0.1M PBS 7.2 pH for 30 min.

6. Wash cells with PBS 3x

7. Prepare Zo-1 (raised in rabbit) (Ab-Cam), Cytokierd8 and Villin (Ab-cam)
(produced in mouse) antibodies dilution in PBS (D100)

8. Adding 150 pl of each markers in apposite tube armamlibate at room
temperature 45’

9. Wash 1x with PBS

10.Add 150ul of 1:100 secondary antibodies (anti-mouseluced in goat Alex
fluor 488 Ig (H+L) (Invitrogen) for 20’ at 37°C) iimfected and uninfected 3D
cell aggregates and incubate for 45 minutes in.dark

11.Transfer 3D cell aggregates on microscope slide

12.Blot away any excess PBS

13.Stain nuclei with one-drop Vecta shield Mountingdien with DAPI (H-
1200 Lot P1203 Vector Store 26) that stain nuclei

14.Lay cover slip down on the dot of mounting medium.

15. After 10, seal coverslip with nail varnish by apiplg it around the cover slip.
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16.Visualize under confocal microscope (LEICA TCS SP&eping shielded
from direct light to prevent photobleaching, sdve pictures

17. Store coverslip at°€ for up to 6 months.

For infection marker the same protocol describedvabvas used but with the
following antibodies:
1°' Ab : mouse Mab (Wang) produced in goat diluted lmm Peroxidase
(IPX) serum conjugated Diluent (Dil. 1:1000)
1. 2" Ab: Anti-mouse produced in goat Alex flour 488(HrL) (Invitrogen)
in (Dil.1:200).

4.2.6.2 TRANSMISSION ELECTRON MICROSCOPY (TEM) ANBCANSION
MICROSCOPY (SEM)

Infected and uninfected intestinal cell aggregaied infected and uninfected
hepatocyte cell aggregates were fixed in 1ml of @Uaraldehyde and sent to the
Molecular Pathogenesis and Genetics Departmengriaty Laboratories Agency
for analysis by TEM and SEM.
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43 RESULTS

4.3.1 RESULTS 2D CONFIGURATION

4.3.1.1 REAL TIME RESULTS

At the beginning of this work the following celhks were cultivated in 2D
configurations: the human hepatoblastoma cell Hegp G2/C3a, two recombinant
human embryonic intestinal cell lines, Int 407 IK® (Int-V-7E and Int-V-11c); the
porcine kidney cell liness, PK-15, wt and IFN KO the first experimentHep
G2/C3a cells were grown 9 days before infectiorhwiiite pooled faecal suspension
(/10; 2/1; 6/109; 10/189). Conventional RThested-PCR 3158-3159 gave a negative
result throughout the post-infection period of 3ysl The following tableT{able
4.3.1.1) summarizes the remaining cell types cultivatedDnc@nfigurations.

Experiments with the remainder cells types culgdain 2D format inoculated
with HEV were in most part unsatisfactory. Seven VHECR positive faecal
suspensions were used to inoculate the cells iedtifigurations but just 1 inoculum
out 7 (L0/189) resulted positive, enabling to infect the Int-¥-ntestinal recombinant
cell line as well as PK-15 cellReal Time RT-PCR results on the time points and

estimated copy numbers are reported below (TO-T6):

TO: 2.5 x 1@ copies ml-1
T2: 5.2 x 18 copies ml-1
T4: 2.5 x 18 copies ml-1
T6: 3.0 x 1@ copies ml-1

Of note, real time RT-PCR did not detect virus iegilon throughout the 6 serial
passages, resulting negative for HEV. This was adftected in the fact that
cytopathic effect (CPE) did neither occur in recamaht intestinal cell lines used in

the single passage nor in 6 serial passages.
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CELL TYPE | Int-V-7eand Int- | Int-V-11c (6 | Int-V-7e(6 | PK-15 PK-15KO
V-11c Serial Serial Wtand | (5Serial
Passages) Passages) IFN KO | passages)
Cultured 6 6 6 6 6
before
infection
(Days)
Infection 8 7 7 6 6
period (Days)
Inoculums 2/1, (3.0x107) 3.8(4.8x 3.8(4.8x Pool of: | Pool of:
Codepositive | 6/109(3.0x107) 107) 107) 1/10; 1/10; 2/1;
inReal Time | 10/189(3.0x107) | 5.8 (3x 107) | 5.8(3x 107) | 21, 6/109;
PCR for HEV 7.21(2.8x 7.21(2.8x 6/109; 10/189
expressed in 107) 107) Pool of | 10/189 | 3.0x107
copy Pool of threefaecal | 3.0x107
numbers: three samples
Faecal used above
samples
Used above
HEV Real Just one Pos.: All All Positive | All
TimeRT-PCR | 10/189in Int-V-7e | negatives negatives (TO- negatives
post infection TEDPI)

Table 43.1.1 Results of infection attempts in cell lines in 2Dn&igurations,
indicating details about days cultured before ititer (up to 6 days), ‘Infection
duration’ (range between 6-8 days), inoculums useidfect the cells and results of

HEV Real Time RT-PCR performed post infection.

Interesting findings came up after infection witiEWA inoculum of PK-15
cells, when these cells were inoculated with thmes@ooled inoculum1(10; 2/1;
6/109; 10/189) used to infect Hep G2/C3a mentioned above.Diffiéye in this
porcine kidney cells line a CPE was observed, ith vt and IFN KO cells, initially
in both a single passage and also in 5 serial gassaith and without antibiotics
(TET), which activate the antiviral response irgtrcells. Of note, Real Time RT-
PCR results HEV negative for all six serial passaet resulted positive throughout
the observation period of infection just on a stnghssage for cells infected with
pooled inoculum Table 4.3.1.2). Further testing, by microarray technology and
conventional PCR, identified the cause of the CBBp@rcine teschovirus (PTV-9)

that was present in all of the pooled faecal sample
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CELL | oDPI | 1DPI | 2DPI | 3DPI | 4DPI | 5DPI | 6DPI
TYPE
PK-15 | 1.3.0X [20X |[NOCT |[15X [40X |150X |[NOCT
+TET 107 10" 10* 10° 10"
WT
PK-15 | 65X [30X [25X [41X [20X [12X [40X
+TET 102 10° 10° 10° 10" 10" 10°
IFN
KO

Table 4.3.1.2 Results of Real-Time PCR for PK-15 wt and IFN KO 2D
configuration.

The table shows HEV RNA titre (copies ml-1) relehsethe culture medium (ODPI-
6DPI) of PK-15 wt and IFN KO celldn addition real time PCR HEV at 3DPI
detected RNA titre (expressed in copies ml-1) atsBPK-15 wt (8.9 x 18 and IFN
KO without TET (1.7x 16) (data not shown in the table).

4.3.1.2 IMMUNOPEROXIDASE (IPX) STAINING

In preparation for IPX staining with polyclonal #udies to swine HEV
(Anti-swHEV) (Fig 4.3.1.2) in 2D format, an ELISA assay (Tuebingen, Germany)
was performed to select adequate negative andymosibnoclonal antibodies. Fifty-
Six pig sera were tested together with the postivé negative controls, and the cut-
off values and equivocal ranges were calculatedrdoty to the manufacturers’
instructions (Tuebingen, Germany) Of 56 pig serste just 5 sera yielded a
negative value with an absorbarc8.024. Four sera with low absorbance value were
chosen and pooled to be used as negative controhga following IPX staining. As
the positive reference serum, a pool of two high @e serum samples, with an

absorbance 0.530, was used for IPX staining.
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An example of best IPX staining, correspondinghi lbest results of real time
PCR, is shown in the figure below, at 3D@Hig. 4.3.1.2). Both infected and
uninfected PK-15 wt and IFN KO cells at T3DPI wéreed with acetone 80%. IPX
staining positive result¢Fig. 4.3.1.2, row E) in PK-15 wt and PK-15 IFN KO
infected with HEV RT-PCR positive inoculum and std with positive polyclonal
against HEV revealed the cytoplasmic accumulatiofsantigens exhibiting a
typically red reaction, consistent with HEV, witlower observable background
staining. Conversely, negative results were obthiifecells were stained with
negative polyclonal serunfig. 4.3.1.2, row F). In uninfected cells or cells infected
with negative inoculum of HEV, stained with posé&ivor negative polyclonal
antibody, no specific cellular staining was seenthe cells that exhibited low
background stainingHg. 4.3.1.2, row A, B,C, D). Results of IPX staining in Hep

G2/C3a and intestinal cell lines resulted negatilaa not shown).
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PK-15WT PK-15KO
TET +TET TET +TET

ol el B

| |0 )
C

---- +

NA. N.A. -

|

Fig. 4.3.1.2. Results of IPX staining in PK-15 (wt) and PK-15NI KO
uninfected or infected with swHEYV, in the presencabsence of TET, with positive
polyclonal against ORF-2 of HEV. HEV positive P&l against ORF-2 of HEV and
negative poly Ab at a dilution of 1:100, as 1st Amd Ab 1:300 poly anti-swine
(DAKO) were used. Magnification 10, 20 X. Ratv and B show uninfected cells
stained with positive and negative polyclonal, extjvely. RowC andD show cells

F N.A.

infected with negative HEV inoculum, positively amegatively stained with
polyclonal antibodies, respectively. Roy and F. The cells were infected with
positive HEV inoculum and stained with positive arefjative polyclonal antibodies,
respectively.NA: not available.
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4.3.2 RESULTS3D CONFIGURATION

4.3.2.1 MARKERS OF INFECTION/DIFFERENTIATION

The RCCS with disposable vessdisg( 4.1) is a new technology for growing
suspension cells that enables the culturing of ntgpgs of cells to high densities
providing adequate nutrition and oxygenation tousregstructure and function similar
to in vivo cells and tissues permitting the generation oftBBue-like assemblies,
modelling many aspects @f vivo human tissue (Cartersat al., 2005). At the
beginning, to characterize the in vivo epitheliaipeession characteristics of the
intestinal and hepatocyte 3D aggregates, the fatigwinfection/differentiation
markers were used: mouse monoclonal antibodiesnstga®ORF2 of HEV,
(Cytokeratin-18), CK18, and villin, respectivelyeld stained by mouse monoclonal
antibodies demonstrated viral infectivity. CK-18&swsed as identifiers of carcinoma
(Cartersoret al., 2005), while villin, an actin-binding protein nkar for differentiated
villi, was used to investigate whether the actiarfients in the cells are rearranged or
not. In fact, actin changes would confirm entrytlod virus in the cells because viral
entry leads to cell actin rearrangement (Nickersbral., 2001). 3D aggregates
infected with HEV 24 DPI were stained with antibeglagainst ORF2 region of HEV,
cytokeratin 18 and villin, as demonstrated in coafoimages Kig. 4.3.2.1). The
positive stainingshown in Hep G2/C3a but not in 47 is probably related to
different dilutions of the inoculum used to infettie cells (dil.1:5 and 1:10,
respectively) Fig. 4.3.2.1A.B). In the past, problems were found due to the redaxy
antibody attaching to cells and giving false posti Therefore,the infected cells were
tested by just the secondary antibody, showingtthiatevent did not happen in these
experiments Kig. 4.3.2.1C.D). In particular, the confocal imagd-i¢. 4.3.2.1.E)
showed clearly that the nucleus in epithelial celss held within the cells by a
network of intermediate filaments made of keratiiglin protein also expressed in
both cell lines was showikig. 4.3.2.1.G, H).
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Hep G2/C3A

Int 407

Fig 4.3.2.1. Confocal images of antibody-stained 3D aggregaigs G2/C3a (A, C,
E, G,) and Int 407 (B, D, F and H) demonstratingalvinfectivity of genogroup 3
HEV virus at 1DPI. A and B: infected cells staineith mouse monoclonal antibodies
against ORF2 region of HEV.Nnegative controls (@ &) stained with anti-mouse
2nd Ab Alexa fluor 488 alone show that secondaryibady did not attach non-
specifically to protein in the cells, while infedteells showed specific staining for
cytokeratin 18 (E and F), and villin (G and H).

85



In parallel, it has also been evaluated by PCRh bim¢ expression of CK-18
and other differentiation markers such as: Alb, &KEK19, Cyt P450, and II-6, in
both cell lines in 3D and 2D configuratiorfsig. 4.3.2.2). Albumin is the marker of
differentiation for mature hepatocytes, is the masindant blood plasma protein, is
produced in the liver and forms a large proporidrall plasma protein (Krishnet
al., 1997). The three cytokeratin CK8, CK18, CK19,naentioned above, are all
correlated as markers for epithelial lineage, ttahand undifferentiated cells. Among
the various intermediate filament proteins, cytekier 8 (CK8) is especially
remarkable as it is produced early in embryogen€ymokeratin 8 and 18 (CK8/18)
is the major keratin pair in simple-type epithelas in the liver, pancreas, and
intestine, and are essential for maintaining stmatt integrity. CK19 expressed
heterogeneously in the basal cell layers of thatiBed squamous epithelium that
forms the major cavities of the body. Cytochromé@®4s a membrane-associated
protein; in the liver it metabolizes multiple sulasés including drugs and toxic
compounds as well as metabolic products such malbi. In general, in response to
viral infections, the concentration of many cytasnn blood is increased (Ramshaw
et al., 1997). IL-6 is a pro-inflammatory cytokine seewkt by T-cells and
macrophages to stimulate immune response to tra@sgecially tissue damage
leading to inflammation.
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3D 2D

32%p 165bp 347bp 460bp 329%bp 165bp 347bp 460bp
Alb CK-8 CK-18 CK-19 Alb CK-8 CK-18 CK-19
M1 2 3 456 7 891011 1213141516 1 2 3 4 56 7 8M 9 10 1112 13141516M

500bp

250bp
4_

3D 2D
190bp -Cs 421bp -C  320bp 190bp -Cs 421bp -C 320bp
Cyt 450 IL-6 +C  Cyt 450 IL-6 +C
M 17 18 19 20 21 22 23 24 25 26 27 28 17 18 19 20 21 22" 23 24 25 26 27 28 M

Fig.4.3.2.2 PCR Products of various differentiation markersregped in 3D and 2D
configurations. Left side: gels related to 3D celight side :the 2D cultures of
intestinal and liver cells. Lane M: 1Kb DNA laddéanes 1,5,9,13,17,23 NI Int (Not
infected Int 407); 2,6,10,14,18,24: LV Int (Live s Int 407) 3,7,11,15,19,25: NI
Hep (Not Infected Hep G2/C3a); 4,8,12,16,20,26:H&p (Live Virus Hep G2/C3a).
Lanes 1-4: 329bp Alb; lanes 5-8: 165bp CKS8; land29347bp CK-18; lanes 13-16
460bp CK-19; lanes 17-20: CytP450 190bp; lane 2fjative Control of Extraction;
lane 22: negative Control of RT-PCR; 22’: negatbamtrol PCR; lane 23-26: IL-6
421bp; lane 27: negative Control of PCR; lane 28itpve control of IL-6 320bp.
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Specifically, 3D aggregates ohepatocytes exhibit albumin expression with an
expected band is of 329bp (Sharetaal., 2005). The marker of differentiation for
mature hepatocytes (Krishnet al., 1997) was shown in both 2D and 3D
configurations, whereas it did not express in imes aggregates in both
configurations. Albumin in HepG2/C3a cell line igspeessed more in 2D then 3D
configurations, appearing down regulated in thec8ls compared to the 2D cell line,
but it is known (Steiret al. 1998) that when the serum albumin level is low it
indicates liver disease, and expression is abnomtalmoral cells. CK8, 18, 19 are
expressed in both configurations with expected bawfd165bp, 347bp, 460bp. All
three cytokeratins are correlated as marker fothelwl lineage, tumoral and
undifferentiated cells and their expression condidnthe nature of the epithelial cells
and Hep G2/C3a tumoral cells used. What this cytaike modulation means with
respect to the functional specificity of the 3D swtacts is yet not sure, but this
finding can be considered to be indicative of lasgale phenotypic alteration
associated with 3D culture (Nickersenal., 2001). Cytochrome P450 expression is
level dependent on interleukins (IL) when levels @t P450 increase, then IL
decreases. This occurred to Hep G2/C3a cell ling s 407 cell line in 3D
configuration, and failed in 2D cell lines, becatisey are not differentiated enough
to express these proteins in standard monolayargeheral in response to viral
infections, the concentration of many cytokineslmod is increased (Ramshaial .,
1997). 1I-6 is expressed in 3D intestinal cell letehigher levels than in the respective
monolayers and this does suggest that they arerenattough to produce IL-6 as a
marker for intestinal differentiation cells. Consely, IL-6 has been not expressed in
hepatocyte aggregates, as expected. It has beemesghatin vivo cytokines are
responsible for P450 depression becauseitro cytokines can depress multiple
hepatic P450 isoforms and their mRNAs (Bleau ¢t28i01).
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4.3.2.2 TRANSMISSION AND SCANNING ELECTRON MICROSCOPY

Characterization of then vivo epithelial cell expression characteristics of 8i2
intestinal and hepatocytes aggregates was furthkemi@ed by transmission and
scanning electron microscopy. The 3D intestinaregates exhibited: tight junctions,
microvilli, rough endoplasmic reticulum formatioA.tight junction is an element of
epithelial and endothelial junctional complex thainsists of the tight junction,
adherens junction, and desmosome. Tight junctiafs s&e adjacent to epithelial cells
in a narrow band just beneath their apical surfddes creates selective barriers
regulating paracellular transport of solutes, immuwells and drugs by diffusion or
active transport (Tsukitat al., 1993). Microvilli are finger-like plasma membean
projections present in the free surface of the roolar epithelial cells, which further
increase the total area for absorption of nutrientsed in the circulation by blood
and digestion. The microvilli also occur on theface of liver cells facing the bile
canaliculus (Mottaet al., 1990). The following micrographs show well-degd
microvilli, tight junction formation, and rough eoplasmic reticulum in 3D intestinal
and 3D hepatocyte aggregatésy( 4.3.3.2 andFig 4.3.3.3). Hepatocytes, in general,
are polyhedral in shape, therefore having no sapelor design. They have surfaces
facing the sinusoids (called sinusoidal faces) aundfaces which contact other
hepatocytes (called lateral faces). Sinusoid-likeictures, as a type of sinusoidal
blood vessel (with fenestrated, discontinuous dmlntm), serve as a location for the
oxygen-rich blood from the hepatic artery and thé&iant-rich blood from the portal
vein. The 3D hepatocytes aggregates exhibited differatibepatocyte cells with the
nucleusl and many nucleokig 4.3.3.4.). Bile Canaliculi formed by grooves on some
of the lateral faces of these hepatocytes, as showeoanning electron micrograph,
were identified in uninfected 3D hepatocytes aggteg of 35 days old~{(g 4.3.3.5).
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Fig. 4.3.3.2

Fig. 4.3.3.2. Transmission electron micrograph of 3D Int-407 aggtes demonstrate
(bold arrows) the presence of virus like partiddr(m of diameter) 1DPI, developed

and sparse microvilli (double arrow), rough endspia reticulum (rer) (straight

line), and standard arrows indicate the presenderofation of tight junction which

runs nearly the length of the margin between twocgls. Bar: 200 nm. (Kindly

supplied by W.A. Cooley, of THEMolecular Pathogesesd Genetics Department,
Veterinary Laboratories Agency, Weybridge (UK).
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Fig. 4333

The Fig. 4.3.3.3 micrograph of the 3D hepatocytes aggregates shomnations of
tight junction (standards arrows) that seal adjaagithelial cells run nearly the
length of the margin between three 3D cells andssirds like structure (s) (straight
lines). (Kindly supplied by W.A. Cooley of TheMolecular Pathogenesis and
Genetics Department, Veterinary Laboratories Agendyeybridge (UK)-
collaboration).
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FIG. 4.3.3.4 Transmission electron micrograph of 3-D Hep G2/GRmregates
shows the presence of nuclei with nucleoli (nujn(fy supplied by W.A. Cooley of

The Molecular Pathogenesis and Genetics Departméetterinary Laboratories

Agency, Weybridge (UK)- collaboration).
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FIG. 4.3.3.5 Scanning electron micrograph of 3-D hepatocytereggies shows the

(bc) bile canaliculi like structure, as thin tubmlecting bile secreted by hepatocytes.
Bar. 100pm. (Kindly supplied by J. Collinef The Food & Environmental Safety
Department, Veterinary Laboratories Agency, Weydei@UK)- collaboration)

93



4.3.2.3 PK-15 AND 3D CONFIGURATION
4.3.2.3.1 REAL TIME PCR

The real time PCR results were negative througtimibbservation period.
4.3.2.3.2 IPX STAINING

The results of HEV infection in PK-15 were negatarel for this reason IPX was not

performed.
4.3.2.4 INT-407 3D CONFIGURATION
4.3.2.4.1 REAL TIME

The presence of HEV in cell culture supernatanthafman embryonic
intestinal cell line IFN KO (Int-V-7e and Int-V-1)lcultivated in 3D configurations
was checked by real time qPCR. The HEV virus wdsdled in cells infected with
one inoculum (Ref 10/189), resulting positive jusTO and T5 in Int-V-7e and Int-V-
11c TO and T1 DPI. Other inocula with high RNAdi{1.4 x10 copies mif), such as
a liver sample from English retail (L28), were alssed to inoculate cellsHowever
no further inoculum proved able to infect the cellgropagate in the Int 407 IFN KO
as well as in PK-15 KO. The following table summas the results obtained
infecting the two cell lines cultivated in 3D cagdirations, indicating the inoculum
used. The high HEV load was expressed in copy nwnbeut there was no
confirmation that these cell lines do support #qg@ication of the virusn vitro or that
the virus used was viablé éble 4.3.2.4.1).
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CELL TYPE PK-15KO | Int-V-7E Int-V-11c

Culturebefore 26 28 28
infection (Days)
I nfection 9 20 20

Duration (Days)
Inoculums Code | 59(9x106) | 3.8(4.8x 107) | 3.8 (4.8x 107)

positiveinReal | 519 (2 7.21(2.8x 107) | 7.21(2.8 x 107)

Time PCR for
HEV 105) 10/189 (1.9 10/189 (1.9
Expressed in L 28 (1.4x x107) x107)

copy humbers 109)

HEV Real Time | negatives | Just one Just one Pos.:
RT-PCR post Pos. : 10/189 | 10/189.
infection T0,T5 T0,T1

Table 4.3.24.1 The table’s reports a summary of the results ofe&rpents
performed in 3D. ‘Culture days before infectionfeeing at the period of growth in
the rotary wall vessel (range between 26-28 dalydgction duration days’ occurred
in the vessel (range between 9-20), inoculums {mekhfects the cells, aneksults of
HEV Real Time RT-PCR post infection are indicated.

4.3.2.4.2 IPX STAINING

The only inoculum 10/189 appeared to infect the IBKKO cells, but did not
propagate in them. This inoculum was however shtabe real time positive for
HEV as well as positive for PTV-9, which causes ARHhis cells line and lead to
cell death in few days. For this reason IPX stgjnivas not performed on these cell

lines.
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4.3.2.5 PLC/PRF/5 IN 3D CONFIGURATION

4.3.2.5.1 REAL TIME PCR

The HEV Ct values in the inoculum after filtratiosed for PLC/PRF/5 cells
were 30, 22, and 24, related to liver culture sanfplep), extract from experimentally
infected pig liver (L3), and liver from retail oatl (L28), respectively. A marked
reduction in the Ct values was observed by reat tom the day 15 P.l. onwards in the
3D vessels which were seeded with PLC/PRF/5 ancuiated with extract from an
experimentally infected pig liver (L3: Ct 32.71) d¢lne day 18. For liver cultures
sample (Hep) on the same day, the obtained Ct &2 3the Ct values continued to
decrease until T58 for both samples (Ct 20.63;2Idspectively)Kig. 4.3.2.5.1.1).

These results are indicative of abundant target RiNihe supernatant culture,
and suggest that HEV was alive and replicatinghan iuman hepatocarcinoma cells
line. Ct levels are inversely proportional to the amooitarget nucleic acid in the
sample (i.e. the lower the Ct level the greateratm®unt of target nucleic acid in the
sample) Table. 4.3.2.5.1.2). Cts of 38-40 are weak reactions indicative ohimal
amounts of target nucleic acid which could represesteady infection state. Cts of
30-37 are positive reactions indicative of modeeat®unts of target nucleic acid. Cts
< 29 are strong positive reactions indicative of radant target nucleic acid in the
sample.

The PLC/PRF/5 cells line cultivated in 2D configiwma were infected just by
sample L3, and the Ct value did not appear to dghimdicating minimal amount of
target nucleic acid in the cells for no later tl&PI (Table 4.3.2.5.2.); that probably
means that HEV initially infected the PLC/PRF/5I ¢iele but did not propagate in 2D
configuration. These results suggested that the#ie im 2D may not produce the
receptor at all, or produce the receptor in a wraegsity and localisation not
allowing the virus to enter the cells and startrgqaication cycle.
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Fig. 4.3.2.5.1.1. Quantification of HEV RNA in culture supernatarit3D PLC/PRF/5
cells inoculated with liver culture sample (Hep)ud curve, and an extract from
experimentally infected pig liver (L3), pink curvéhe x-axis is the time point (day
post infection), TO-T58, whereas the y-axis repthnts Ct values obtained measured
by real time RT-PCR. The gaps in the curves indi¢db Ct value” detected.

Tinocula | TO T3 T6 T9 T12to
T58
Hep 30 No Ct No Ct No Ct No Ct | No Ct
NI No Ct No Ct No Ct No Ct No Ct | No Ct
L3 22 37.06 38.50 40.05 No Ct | No Ct
L28 24 No Ct No Ct No Ct No Ct | No Ct

Table4.3.25.1.2. The table summarizes the Ct values throughoutottservation
period of infection of PLC/PRF/5 in 2D configuratid0-T58 DPL.T inocula indicate
the Ct value of the corresponding inoculum estichdtefore infecting the cell$iep
and L3 indicate cells inoculated respectively with HEV-piege Hepatocytes and
liver belonging to an experimentally infected pigrh the NetherlanddNl (Not
infected) indicates uninfected cells28 indicate cells infected with liver from retail

outlet from EnglandNo Ct: Not Cycle threshold value.
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4.3.2.5.2 IPX STAINING

After cell fixation, HEV was detected in cell cultuby IPX staining using
mouse monoclonal antibodies on the PLC/PRF/5 cdie. Fig.4.3.2.5.2.
showsstained 3D PLC/PRF/5 cells (wdbcreasing CT) inoculated with liver (L3,
T58DPI) , stained with positive Mab against HEV ORF2 (fronS)S Polyclonal
rabbit anti-mouse Igs/HRP DAKO was used as 2nd Rdsitive PLC/PRF/5 cells
typically exhibited a red reaction product withoahy observable background
staining. There was neither specific cellular staymor background using a negative

monoclonal antibody against Pestivirus in eithdedted or uninfected cell@Fig.
4.3.25.3).

Fig. 4.3.25.2 IPX staining of PLC/PRF/5 cell line, T58DPI, infedtwith liver from

a HEV experimentally infected pig ; cells were fixen 4% Paraformaldheide, and
stained with positive (+) and negative (-) monoelonantibody to HEV.
Magnifications 40X.
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Fig. 4.3.2.5.3 IPX staining of uninfected PLC/PRF/5 cells, TSOD&fter fixation in

4% Paraphormaldheide and staining with positiventenoclonal antibody to HEV.
Magnifications 20X.
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4.4 DISCUSSION AND CONCLUSION

Investigation of the pathobiology of HEV has beemsirained because of a
lack of reliable cell culture system for viia vitro culture,inhibiting studies into the
replication properties of the virus, and vaccirgesgch. A recent study (Tanadtaal .,
2007) investigated the potential of 21 cell lines $upporting the replication of HEV
in in vitro culture, including A549 (human lung carcinoma dele) (Huanget al.,
1995; Huanget al., 1999), Hep G2 (human hepatoblastoma cell liee)drsoret al.,
2005, 2006) PLC/PRF/5 (human hepatocarcinoma iced) (Emersoret al., 2004).
PLC/PRF/5 cell line was reported to supportitro replication of HEV, yielding a
high titer of HEV (8.6 x 10copies mill at day 60 post- infection) when maintained at
35.5°C throughout the observation period (Tanetkal., 2007). This cell line had
been inoculated with a genotype 3 strain (JEO3-EY@fhich had been obtained from
a fecal specimen from a Japanese Hepatitis E pdfiakahashet al., 2007; Lorenzo
et al., 2008; Yamadat al., 2009).

Methodology described by Tanaka et al. (2007) wea®rporated into this
study, using the same medium (including supplemeants incubation temperature
for growth and maintenance of cells in 3D configisra A reduction inreal-time
RT-PCR Ct value was observed in infected PLC/PRieMs in 3D configuration,
from 15 days post infection (DPIChapter 4.3/Fig..4.3.2.5.1), indicating an increase
in HEV genome copy number, i.e. viral replicatidn. 2D configuration cells
(Chapter 4.3/Table 4.3.2.5.2), inoculated with liver from experimentally infedte
pig, the increase observed in the Ct from the ihoayorior to inoculation to 1 hour
after inoculation (TO) was due to the extra dilotaf the inoculum in the cell medium
after infection and not related to the minimal atfen state. Replication of virus was
not detected in the respective parallel 2D cultufégese findings are consistent with
the timeframe of viral replication observed by Tienet al., (2007), where high viral
loads were detected from 12-14 dpi, and which oowetdl through to the end of the
observation period (30 DPI). In this study, viraplication was detected in
PLC/PRF/5 cells in 3D configuration through 58 DPI.

Viral replication was detected in PLC/PRF/5 celis3D configuration using
an inoculum derived from a liver sample from anesxpentally infected pig, as well

as a culture sample from the same liver samplalfSaenple inoculums had also been
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tested in each of the cell lines, and althoughl \RBA was detected immediately
following infection (first few days) and indicatingifection of the cells, virus
replication was not detected through the remaimdehe observation period. The
high viral titers of the fecal sample inoculumsdigethis study (e.g. 1.4 x 1@opies
mi™ for sample L28) and the lack of evidence of vimplication in cells in 3D
configuration would suggest that the virus in theeeulums was not infectious. It is
possible that exposure of the fecal sample to UMliglt inactivated the virus.

An important question in the pathobiology of HEMnkether there are extra-
hepatic sites of viral replication, for example tie intestine or kidney. In an attempt
to investigate this question we included a humdasimal cell line and a porcine
kidney cell line to investigate whether they woslgoport replication of HEV. Both
cell types were successfully infected with HEV @&9) but there was no evidence of
viral replication.

HEV propagation has been described in 2BS (humamyamung diploid cell)
and A549 (human lung carcinoma cell line), basethenobservation of CPE (Huang
et al., 1992;; Huangt al., 1999). Lung-derived cell lines were not investeyl in this
study. However, no CPE was observed in infected G2fz3a, PLC/PRF/5, Int 407
wt or and Int 407 IFN KO cells: an absence of GRfected PLC/PRF/5 cells had
been reported by Tanalehal. (2007) and Lorenzet al. (2008). CPE was observed
in infected PK-15 wt and IFN KO cells. Howeverstivas subsequently shown to be
caused by a second virus, PTV-9, a contaminardrotiginal inoculums.

In a recent study conducted in Italy (Di Bartetaal., 2007), representing the
second specific investigation published in Euragdefarms tested resulted positive
for HEV considering animals from all age groups anoduction stages. Phylogenetic
analyses showed that the strains circulating inheigls investigated in Northern Italy
belong to genotype 3.

HEV infection is widely spread in the swine herddigh HEV prevalence was
found among weaners and gilts decreasing to sortentein fatteners and young
sows, being higher in old sows than in others ageps. However, the observation
that HEV infection affects animals at slaughteragge implies a potential risk of HEV
infection for the consumers of pork meat, raisinghhconcern for public health in
Italy and other industrialized countries. Furttewjne HEV is a potential risk first of
all for people working in the pig herds by dirediraal-huma transmission pathways

or via indirect passage of virus from the environtnand working instruments
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contaminated with pig faeces, as may be the casthdéobutchers and veterinarians.
That poses the need to implement on one side loiarise measures in animal and
food handling and processing, and specific cordgfanimal import on the other, as
tools that may result important to prevent new introduction.

HEV infection was not found related to other congant diseases that could
be present in animals. The animals selected fsrstudy looked clinically healthy
without rebound negatively in the weaning and lmeakipects, or on food chain or
meat trade in the country. Further, a potentiahgé number of HEV positive animals
could be considered healthy, slaughtered and inted in the pork food chain
representing a reservoir of human infection andotergial source of direct and
indirect infection by cross-contamination for th@sumer.

Four cell lines were tested in both a 2D and 3Dfigamation: Int 407/ Int 407
IFN KO (Int 407, IV-7e IV-11c), PK-15 wt/ PK-15 IFNKO, Hep G2/C3a and
PLC/PRF/5. All cell lines were successfully infettevith HEV, but only the
PLC/PRF/5 cell line was shown to support viral reggion. CPE was only observed
in the PK-15 cell lines, although this was subsetjyeshown to be caused by a viral
contaminant of the inoculums (PTV-9).

Viral replication was not detected in any of thdl dmes grown in the
traditional 2D configuration. Other studies havemdestrated the 3D cell-culture
system as a useful tool in the cultivation of sfiedbacteria and a single virus,
namely Norovirus. The demonstration of viral reglion in PLC/PRF/5 cells grown
in 3D configuration in this study indicates thaketBD system may be a useful
investigative tool in the elucidation of the patladbgy of HEV and may facilitate the
opportunity for vaccine research and monitoringH&V contamination and survival

to processing.
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