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Resum

L’hepatitis E es presenta de forma esporadica als paisos industrialitzats i es creu que el porc és
el seu principal reservori. La possibilitat que I'origen de 'infeccid o el seu manteniment en una
regid sigui la poblacié animal cal estudiar-la més a fons a causa que no es coneix de forma
clara el risc de transmissié del porc a les persones. D’altra banda, encara no es coneixen
exactament els mecanismes d’infeccié del virus de I’hepatitis E (VHE) tan a les persones com
en els animals. Aixi doncs, els objectius principals d’aquesta tesi s’han centrat a coneixer els
aspectes epidemiologics d’aquesta infeccid a la poblacié porcina espanyola i a desenvolupar

un model animal que permeti estudiar millor la infeccié natural del virus en el porc.

Per tal d’assolir els objectius anteriors, es varen dissenyar quatre estudis. En primer lloc, es va
dur a terme un estudi serologic retrospectiu amb I'objectiu de conéixer la prevalenca de la
infeccio del VHE en el porc i poder determinar el moment d’aparicié de la infeccié a Espanya
(Estudi ). S’analitzaren un total de 2871 mostres de sérum corresponents a 208 granges
porcines espanyoles des de I'any 1985 fins el 1996. Els resultats demostraren que I'infeccié pel
VHE ha estat present a la poblacié porcina espanyola almenys des de I'any 1985. El fet que no
hi haguessin diferéncies significatives entre les prevalences al llarg dels anys analitzats,
indicava probablement que la circulacié del VHE ha estat endémica a les explotacions porcines

des de fa decades.

En segon lloc, per tal de coneixer millor la dinamica d’infeccié i mode de manteniment del VHE
a les granges porcines es realitza un estudi longitudinal prospectiu en sis granges de cicle
tancat, amb sistemes de produccid i densitats d’animals semblants (Estudi Il). Els animals se
seguiren fins a escorxador per determinar-ne el percentatge d’infectats i poder valorar el
possible risc del VHE per a les persones. Els resultats mostraren que les granges podien tenir
dinamiques d’infeccié diferents i que en alguns casos els animals podien arribar a I'edat de
sacrifici sent seronegatius pero havent-se infectat al final de I'engreix. A I'escorxador, es va
detectar el virus en un 12% dels animals, dels quals un 6% eren fetges i I'altre 6% eren bilis. La

presencia del VHE en aquests organs podria representar un risc per a les persones



especialment durant la seva manipulacié i per la possible contaminacié creuada amb altres

aliments frescos.

En tercer lloc, es compara I'utilitzacié del suc de diafragma i el serum per la deteccié
d’anticossos, amb l'objectiu d’investigar metodes de diagnostic immunologic alternatius pel
VHE a I'escorxador (Estudi Ill). L’analisi de les mostres per ELISA anti-lgG demostra que el
serum i el suc muscular tenien resultats comparables i que per tant, ambdues podien ser
utilitzades pel control serologic del VHE a les granges porcines. La simplicitat de la recollida de
la mostra de diafragma a I’escorxador, podria facilitar en un futur el monitoratge de I'estatus

de les granges en relacio a la infeccié pel VHE.

Finalment, es dugué a terme una infeccid experimental amb I'objectiu d’estudiar la via de
transmissid natural en el porc per inoculacié oral d’'un nombre significatiu d’animals i alhora
investigar la possibilitat d’infeccié per contacte directe amb animals sentinella (Estudi IV). Els
resultats demostraren la dificultat de reproduir la infeccié oral del VHE ja que només 4 de 16
animals inoculats desenvoluparen infeccié. Per altra banda, els animals que es varen infectar

van ser capacgos de transmetre amb éxit la infeccid per contacte directe a porcs sentinella.



Abstract

Hepatitis E is a human infection which is thought to have the pig as the main animal reservoir.
The possibility that swine might be the responsible of hepatitis E virus (HEV) circulation in
these regions and what is more, the potential zoonotic transmission from pigs to humans, has
to be further studied. On the other hand, the lack of a practical animal model has hindered a
better knowledge of human and animal HEV infection mechanisms. Thus, the main objectives
of the present thesis were to go in depth in the epidemiological situation of HEV in the
Spanish pig livestock and to develop an animal model that would allow a better study of the

natural HEV infection in swine.

To achieve these goals four studies were designed. Firstly, a retrospective serological study
was developed to determine the HEV infection prevalence in swine in order to elucidate when
HEV appeared in Spain (Study 1). A total of 2871 serum samples corresponding to 208 farms of
Spain gathered between 1985 and 1997 were tested. The results showed that HEV was
widespread in Spanish swine farms at least since 1985. The infection within the farms seems

stable throughout years, thus HEV infection in swine should be considered enzootic in Spain.

In a second part, a longitudinal study was carried out in six Spanish farrow-to-finish swine
herds, with similar production systems and size, in order to determine the infection dynamics
and the persistence way of HEV in swine farms (Study Il). Animals were followed until the
slaughterhouse to know the proportion of HEV infected animals and evaluate the possibility of
human transmission. Slight differences in antibody dynamics of HEV infection were found in
the 6 studied farms and in some cases, animals infected at the latest production stage could
arrive seronegative at the abattoir. The virus was detected in a total of 12% of slaughter pigs
where 6% corresponded to positive livers and the other 6% to positive biles. Manipulation and
cross-contamination of these infected organs with other fresh food may represent a risk for

human population.

A third study (Study lll) was carried out to investigate the use of the diaphragm muscle fluid
sample as an alternative to serum for detecting anti-HEV antibodies by ELISA in slaughter pigs.

The study showed that both tests had global agreement of results; therefore, muscle fluid can



be used as an alternative to serum for serologic detection of HEV antibodies in slaughter pigs.
The simplicity of sample collection of this method offers new possibilities which will facilitate

monitoring of pig herds regarding HEV infection.

Finally, an experimental infection was performed to explore the most likely natural route of
infection by oral inoculation of a larger group of pigs and to investigate the possibility of
infection by direct contact to sentinel animals (Study IV). The results from this study
demonstrated the difficulty to reproduce the oral HEV infection since only 4 out of 16
inoculated animals got infection. Although few animals had evidence of infection, those

animals were able to successfully transmit the virus to direct contact exposure sentinels.
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1.1 Historia del virus de I’hepatitis E

Les hepatitis virals humanes sén un important problema de salut publica a nivell mundial. La
infeccid és causada per cinc virus humans taxonomicament no relacionats, anomenats: virus
de I'hepatitis A (VHA), virus de I'hepatitis B (VHB), virus de I'hepatitis C (VHC), virus de
I’hepatitis D (VHD) i virus de I'hepatitis E (VHE). L’hepatitis o inflamacié del fetge és I'Unica
caracteristica que els agrupa ja que difereixen forca quant a I'organitzacié genomica, la familia
viral, la mida de particula, les taxes de mortalitat i la manifestacié aguda o cronica de la
malaltia. Si bé I'hepatitis A i E es transmeten principalment per la ingestié d’aigua o aliments
amb contaminacié fecal, les hepatitis B, C i D normalment sén resultat de contactes
parenterals amb fluids d’individus infectats. Aquestes tres Ultimes normalment s’associen a un
curs cronic de la malaltia mentre que la Ai la E son de manifestacié aguda (revisat per Aguilera

Guirao et al., 2007).

Les hepatitis causades pels virus A i E son indiferenciables sense I'ajuda de técniques
laboratorials. Ambdues donen lloc a una infecciéd aguda, autolimitant que pot variar en
gravetat des d’una hepatitis inaparent fins a una de fulminant. Tanmateix, els estudis
seroepidemiologics mostren algunes diferéncies quant a I'edat i la mortalitat en certs sectors
de la poblacié. Mentre que el VHA s’adquireix majoritariament durant I'infantesa, el VHE ho fa
durant la joventut (revisat per Aguilera Guirao et al., 2007). A més a més, la infeccidé pel VHE
és més greu especialment entre les dones embarassades, arribant a taxes de mortalitat del

20% (Khuroo and Kamili, 2003; Kumar et al., 2004).

Fins a finals dels anys 80, tots els casos d’hepatitis aguda d’origen viric que es donaven als
paisos subdesenvolupats s’atribuien al virus de I'hepatitis A. El fet d’atribuir-ho tot al VHA era
perque no es coneixia I'existéncia de cap altre agent causal que provoqués brots epidemics
associats a la ingestio d’aigua contaminada fecalment. La primera evidéncia de I'existéncia de
I"HE va sorgir a partir de I'epidémia que hi va haver a Nova Delhi (india) entre els anys 1955 i
1956 amb més de 30.000 casos registrats. Estudis posteriors van poder demostrar que les
persones afectades, tant en aquesta epidémia com en d’altres, no s’havien infectat
recentment pel VHA (Khuroo, 1980; Wong et al., 1980) i s"anomena al nou virus hepatitis no-

A/no-B de transmissié entérica (ET-NANBH: enterically transmited non-A non-B hepatitis).
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Degut a I'escassa quantitat de virus present a les femtes dels individus infectats, resultava
impossible poder visualitzar el nou agent a través del microscopi electronic. No fou fins I'any
1983 quan un viroleg soviétic, el Dr. Mikhail Balayan, va aconseguir reproduir en ell mateix la
malaltia i visualitzar unes particules viriques esferiques de 27-30 nm de diametre mitjancant
microscopia electronica. A més, el pacient no va produir anticossos enfront el VHA i el VHB al
llarg de la infeccié. La malaltia es va poder reproduir amb éxit a I'inocular les suspensions

fecals del pacient a primats no-humans (Macaca fascicularis) (Balayan et al., 1983).

Anys més tard es va poder clonar, primer parcialment (Reyes et al., 1990) i després
completament (Tam et al., 1991), I'agent responsable de la ET-NANBH, que va ser anomenat
oficialment virus de I'hepatitis E pel “International Commitee on Taxonomy of Viruses” (ICTV).
El desenvolupament de técniques diagnostiques va poder demostrar que el VHE era la causa
principal d’hepatitis agudes entre els adults del sud-est i centre asiatic aixi com la segona
causa d’hepatitis, després del VHB al mitja est i nord d’Africa. Primerament es va pensar que
I’hepatitis E era una malaltia emergent pel fet que no es tenien evidéncies de la seva
existéncia fins a mitjans del segle XX. No obstant, es creu que moltes de les epidemies
d’hepatitis entériques de transmissid feco-hidrica produides a Europa i Estats Units a finals del
segle XIX, associades a una alta mortalitat entre les embarassades, eren degudes a aquesta
forma d’hepatitis (revisat per Purcell i Emerson, 2008). El moment exacte de |'aparicié de

I’hepatitis E, pero, encara segueix sent desconegut.

D’enca del seu descobriment es van documentar diverses epidemies a paisos
subdesenvolupats per la qual cosa es creia que el VHE era exclusiu d’aquestes regions (revisat
per Irshad, 1999). Els casos esporadics que es registraven a paisos industrialitzats eren tan sols
en persones que havien viatjat a paisos endéemics. Kwo et al. (1997) identificaren per primer
vegada una nova soca del VHE a un pacient d’Estats Units sense historial previ d’haver viatjat a
algun pais subdesenvolupat. La nova soca a més, era forca diferent genéticament de les
aillades a Myanmar (Burma B1 i B2) i Mexic (Mex-14). Tot semblava indicar que existia alguna
diferencia entre el VHE que circulava als paisos endémics provocant grans epidemies
d’hepatitis aguda i els casos esporadics dels paisos considerats fins al moment no endémics.

Era dificil d’imaginar la via de transmissié del VHE en paisos a on les bones condicions
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sanitaries dificultaven una transmissié a través d’aigiies contaminades. Es per aixd que es

comenca a sospitar de I'existéncia d’un possible reservori animal.

L'any 1995, Clayson et al. (1995) detectaren i seqiienciaren parcialment soques del VHE en
porcs infectats de forma natural. No fou fins dos anys després que s’aconsegui seqlienciar
totalment la primera soca porcina del VHE a Estats Units, estretament relacionada amb el VHE
d’origen huma aillat anteriorment en el mateix pais (Meng et al., 1997). Seguint els postulats
de Koch, la reproduccié experimental de la infeccié i posterior aillament del virus en porcs
lliures de patogens especifics (SPF) demostra I'existéncia d’un nou virus en I'espécie porcina
(Meng et al., 1998a). Posteriorment, nombrosos estudis han demostrat la preséncia del VHE
porci en molts paisos aixi com també la seva preséncia en altres espécies animals com els
porcs senglars, cérvols i pollastres (Hagshenas et al., 2001; Tei et al., 2003; Sonoda et al.,
2004). En tots els paisos les soques porcines i humanes del VHE estan més estretament
relacionades entre elles que les soques del VHE humanes de diferents zones geografiques
(Huang et al., 2002a). L'origen exacte del VHE en els animals és desconegut, tot i que s’ha

demostrat I'existéncia de porcs infectats a I'india d’enga dels anys 80 (Arankalle et al., 2003).

L’alta seroprevalenca trobada en la poblacié porcina, tant de paisos a on el VHE és endemic a
la poblacié humana com si no ho és, ha fet augmentar les sospites que I’hepatitis E pugui ser
una zoonosi. De fet, diferents evidencies sustenten aquesta hipotesi: a) soques porcines
poden infectar primats no humans i els porcs poden infectar-se a partir de soques humanes
(Meng et al., 1998b; Halbur et al., 2001); b) persones en contacte directe amb porcs tenen un
risc més elevat de desenvolupar anticossos enfront el VHE (Meng et al., 2002; Galiana et al.,
2008); i c) diversos casos han demostrat la transmissié del VHE pel consum de productes de

cérvol o porc senglar cuinats a baixes temperatures (Tei et al., 2003; Li et al., 2005b).

Diversos estudis han demostrat la presencia d’anticossos anti-HEV en altres espécies animals:
monos (Hirano et al., 2003), rates (Kabrane-Lazizi et al., 1999), gats (Mochizuki et al., 2006),
remugants (vaques, ovelles, cabres i cérvols) (Meng, 2000; Sonoda et al., 2004), cavalls (Saad
et al., 2007), porc senglars (de Deus et al., 2008b), mangostes (Nakamura et al., 2006) i
pollastres (Huang et al., 2002b). L'ARN viral perdo només s’ha pogut detectar en algunes

especies: cavalls, porcs senglars, cérvols, mangostes i pollastres (Payne et al., 1999; Sonoda et
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al., 2004; Nakamura et al., 2006; Saad et al., 2007; Martelli et al., 2008). A la Xina, recentment
s’ha detectat en conills de granja la preséncia tant d’anticossos com d’ARN viric. La soca
aillada té un percentatge forca elevat de divergéncia nucleotidica respecte als 4 genotips de

mamifer i al d’aviar, cosa que podria representar un nou genotip del VHE (Zhao et al., 2009).

A Espanya concretament, s’ha detectat la preséncia del virus o d’anticossos tant en humans,
com en animals: porcs domestics i senglars, pollastres, remugants i gats (Buti et al., 1995; de
Deus et al., 2007 i 2008b; Peralta et al., 2009b). També s’ha detectat en fosses de purins i en
aigles residuals urbanes de I'area metropolitana de Barcelona (Pina et al., 1998; Pina et al.,
2000; Clemente-Casares et al., 2003; Fernandez-Barredo et al., 2006). Un estudi recent ha
demostrat que el VHE és present en el 35% de mostres d’aiglies residuals urbanes de I'est
d’Espanya (Barcelona i Valéncia), sent el virus entéric causant d’hepatitis més freqient
detectat en aquest tipus de mostres (Rodriguez-Manzano et al., 2008). Encara que els casos
d’hepatitis E es donen de forma esporadica (<2 casos anuals a la I'Hospital de la Vall d’Hebron
de Barcelona)®, la proporcié d’individus sans amb anticossos enfront el VHE és relativament
alta, podent arribar fins a un 7.3% (Buti et al., 2006). A més, s’ha demostrat que les seqiiencies
aillades de casos d’hepatitis E humanes tenen una alta similitud amb els aillats porcins

(Clemente-Casares et al., 2003).

1.2 L’agent etiologic

1.2.1 Classificaciéo taxonomica

La primera vegada que |'agent causant de les ET-NANBH es va observar per microscopi
electronic (Balayan et al., 1983) fou classificat dintre de la familia Caliciviridae , basant-se amb
la seva morfologia superficial i organitzacié genomica (Cubitt et al., 1995). Estudis posteriors
basats en I'analisi de les regions helicasa i polimerasa de la regié no estructural del gen,
exclogueren el VHE de la familia Caliciviridae (Berke i Matson, 2000). Finalment, es reclassifica

i passa a ser I'inic membre del génere Hepevirus dintre de la familia Hepeviridae (Emerson et

1 . . . .2
Dra Maria Buti, comunicacié personal
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al., 2004; Meng, 2008). Recentment s’ha proposat atorgar rang d’espécie al virus de I'hepatitis

E aviar (Emerson et al., 2004).

1.2.2 Organitzacié genomica i replicacio
El VHE és un virus petit, sense embolcall d’uns 30 nm de diametre. La capsula viral té simetria
icosaedrica i esta formada per 60 copies d’'una Unica proteina, 'ORF2 (“open reading frame”:
fragments de lectura oberta). Aquesta capsula conté una sola molécula d’ARN de cadena
simple de polaritat positiva d’aproximadament 7.2 kilobases (Kb). El genoma conté a I'extrem
5’ una estructura de tipus cap seguit d’'una regié no codificant de 25 nucleotids (nt), tres
fragments de lectura oberta (ORFs: ORF1, ORF2 i ORF3) i una regié curta no codificant de
longitud variable a I'extrem 3’, seguit d’'una cua de poli-A (Tam et al., 1991). El VHE porci

presenta la mateixa estructura genomica que el VHE huma (Mushahwar, 2008).

Figura 1.1. Organitzacié gendmica del VHE. Extret de Okamoto, 2007 amb el permis de I'autor.

(A) 0 1 2 3 4 5 6 773
1 1 1 1 1l ¥ 1 1 I
5122 kb
Genomic RNA (7.3 kh)
Cap {A}n
oret |Lm [y [p [ Mx [w | R
Subgenomic RNA (2.2 kb)
Cap {A)n
ORF3
ORF2 | Capsid

L'ORF1 situat a I'extrem 5’ medeix uns 5 Kb i codifica una proteina no estructural formada per
diferents dominis implicats en la sintesi de I’ARN, entre ells: metiltranferasa, cisteina-proteasa
semblant a la papaina, helicasa i ARN polimerasa dependent d’ARN. L'ORF2,
d’aproximadament 2 Kb, esta situat a I'extrem 3’ i codifica la capsula viral que conté epitops
immunogeénics, indueix anticossos neutralitzants i representa una regié diana pel
desenvolupament de vacunes (Meng, 2009). Finalment, 'ORF3 medeix només 372 bases i es
solapa parcialment amb I'ORF2. Codifica una fosfoproteina que interacciona tant amb la

proteina de la capsida com també amb diverses proteines cel-lulars i amb els microtubuls,
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creant un ambient favorable per la replicacié viral (Tyagi et al., 2002; Chandra et al., 2008;
Kannan et al., 2009). Recentment s’ha demostrat que el VHE esta sotmés a una microevolucid
negativa en les regions ORF1 i ORF2 i positiva a I'ORF3. El domini de canvis
sinonims/silenciosos (pressié negativa) en el genoma del VHE facilitaria el manteniment

d’aquelles parts essencials per a la viabilitat del virus (Peralta et al., 2009c).

Encara no es coneix amb precisid el mecanisme exacte de replicacio, transcripcio i traduccid
del VHE a causa principalment de la manca d’un cultiu cel-lular eficient per al creixement
d’aquest virus. Malgrat que la replicacié del VHE s’hagi descrit en diferents linies cel-lulars:
cél-lules FRhK (“female rhesus kidney”: ronyé de femella de mico) (Kazachkov Yu et al., 1992),
cél-lules diploides 2BS de pulmo embrionari (Huang et al., 1992b), cél-lules A549 de carcinoma
pulmonar huma (Huang et al., 1995) i hepatocits de mico préeviament infectats pel VHE (Tam
et al., 1996), tots els cultius han tingut una produccié de virus molt escassa i per tant ineficient

per considerar-los com a técnica de rutina.

Recentment s’ha demostrat que el virus podria entrar a la cel-lula mitjangant el peptid p239
situat a la regid ORF2 del virus, ja que un cop aquest péeptid s’ha unit i penetrat a la cél-lula és
capag d’inhibir futures infeccions pel VHE. Es creu, pero, que hi ha més receptors implicats en
I'entrada del virus a la cel-lula (He et al., 2008). Un cop el virus hauria penetrat, es
desencapsularia i 'ARN viral es traduiria al citoplasma de la cél-lula infectada generant la
proteina no estructural codificada per I'ORF1. Tot seguit, I'helicasa viral situada a I'ORF1
replicaria la cadena positiva del virus en una de negativa intermediaria que serviria de motlle
tant per la sintesi de noves copies de la cadena positiva com per la produccié de cadenes
positives subgendmiques. Les proteines estructurals es traduirien a partir d’aquests cadenes
d’ARN subgenomic. Graff et al. (2006) demostraren que les proteines ORF3 i ORF2 es produien
a partir d’un Unic ARN subgenomic de 2.2 Kb bicistronic, i que ambdues tenien la mateixa
mida (ORF3: 112.114 aminoacids (aa), ORF2: 658-660 aa) en tots els genotips. Finalment, les
proteines de la capsida empaquetarien el genoma viral produint nous virions que sortirien de
la cel-lula per mecanismes encara avui desconeguts. Encara que es creu que els hepatocits sén

el primer lloc de replicacié del VHE, també s’ha detectat la cadena negativa, signe de
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replicacié viral, en altres teixits com les tonsil-les, intestins i limfonodes de porcs infectats

experimentalment (Williams et al., 2001).

1.2.3 Propietats viriques
S’ha demostrat que el VHE és sensible a processos de congelacié/descongelacid, a I'accié de
diversos desinfectants i a altes concentracions salines (Krawczynski, 1993; Emerson et al.,
2005). En canvi, és resistent a canvis de pH, a la radiacié solar i a la dessecacidé (Balayan,
1997). Quan se sotmet a una temperatura de 56°C, el virus perd el 50% d’activitat i el 100% si
se sotmet a 60°C, sent un virus més sensible que el VHA (Emerson et al.,, 2005). Per la
importancia que pot arribar a tenir el VHE com a possible zoonosi alimentaria, cal tenir en
compte que 60°C és una temperatura superior als 57°C que té un bistec poc fet (“volta i
volta”) com a temperatura interna. De la mateixa manera, Feagins et al., (2008) demostraren
gue coent correctament fetges de porc durant 5 minuts, ja fos fregits a una temperatura de
191°C (temperatura interna de 71°C) o bé bullits, el VHE perdia totalment la seva infectivitat.
Ara bé, si s’incubaven els homogenats de fetge a 56°C durant 1 hora era possible reproduir la

infeccié en porcs inoculats intravenosament.

1.2.4 \Variabilitat genética i distribucio geografica
Encara que la seqliencia genomica del VHE és relativament estable (Yin et al., 1993), s’ha
demostrat que els aillats de diferents regions geografiques presenten seqiiencies gendomiques
diferents (Yin et al.,, 1994). Degut a aquesta heterogeneitat, el VHE s’ha classificat en 4
genotips diferents, presentant unes diferencies genéetiques de I'ordre del 20% entre ells (Lu et
al., 2006). El genotip 1 és la causa principal de les hepatitis E que es presenten tant de forma
epidémica com de forma esporadica a I’Africa, Asia i sud Ameérica (Arankalle et al., 1999). El
genotipus 2 inclou els aillats de Méxic i Africa (Txad i Nigeria) i causa principalment brots
epidémics (Huang et al., 1992a; Buisson et al., 2000). El genotip 3 esta ampliament distribuit i
s’ha aillat en casos esporadics d’hepatitis E a paisos desenvolupats i/o en porcs doméstics de
molts paisos (Kwo et al., 1997; Buti et al., 2004; Okamoto, 2007). Finalment, el genotip 4 s’ha
trobat a regions industrialitzades del Japd, Xina i Taiwan, aixi com també en la poblacid
porcina d’aquests paisos i de I'india (Wang et al., 1999) (taula 1.1). Aixi doncs, tots els aillats

de VHE porcins s’engloben dintre els genotips 3 i 4, encara que recentment s’hagi aillat una
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Taula 1.1. Distribucid geografica dels genotips i subtipus de VHE (adaptat de Lu et al., 2006 i Okamoto,

2007).

Regié/Pais

Huma

Porci

Altres espécies

2 3

Africa
Algeria
Djibouti
Egipte
Marroc
Namibia
Nigéria
Republica
Centreafricana
Republica
Democratica del
Congo
Sud-africa
Sudan
Tunisia
Txad

Ameérica
Argentina
Canada
Costa Rica
Estats Units
Meéxic

— o x — —
'

Asia
Bangladesh
Cambodja
Corea
india
Indonésia
Japé
Kirguizistan
Myanmar

(Birmania)
Nepal
Pakistan
Tailandia
Taiwan
Uzbekistan
Vietnam
Xina
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Europa
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Austria
Espanya
Finlandia
Franga
Grecia
Hongria
Italia
Paisos Baixos
Regne Unit
Russia
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Oceania
Australia
Nova Zelanda

X

Genotips: 1, 2, 3i 4; Subtipus: 1 (1a, 1b, 1c, 1d i 1e), 2 (2ai 2b), 3 (33, 3b, 3¢, 3d, 3e, 3f, 3g, 3h, 3ii 3j) i 4 (4a, 4b, 4c, 4d,
4e, 4f i 4g). L'"x” indica que el subtipus encara no s’ha identificat.
1Aig(]es residuals o purins; 2Macaco; 3Cérvo|,' 4Cava|l; 5Riu; 6Mangosta; "No conegut
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soca de genotip 1 a un porc de Cambotja (Asia) (Caron et al., 2006). Tot i la gran diversitat
genotipica, sembla que existeixi un Unic serotip per a totes les soques de mamifer. Per al virus
aviar, encara que alguns autors hagin demostrat I'existéencia d’epitops antigénics comuns
entre els dos virus (Hagshenas et al., 2002; Guo et al., 2006), un estudi recent a on es compara
un antigen de VHE d’origen porci amb un d’origen aviar demostrava que aquesta reactivitat

creuada era limitada (Peralta et al., 2009a).

Dintre de cada genotip existeix una variabilitat nucleotidica for¢a elevada: 11.8% pel genotip
1; de 0 a 19.3% pel genotip 3 i de 0.1 a 17.0% pel genotip 4. Pel genotip 2 s’han comparat
seqliéncies parcials de aillat de Méxic i Africa mostrant una diversitat nucleotidica d’entre el
10.3 i 16.8%. Aquesta variabilitat intra-genotip descrita per Okamoto (2007) corrobora la

classificacié en subtipus que Lu et al. (2006) ha fet recentment, ja que el genotips 3 i 4 sén els
que presenten major diversitat. Pel genotip 1 s’han descrit 5 subtipus (1a, 1b, 1c, 1d i 1e); pel
genotipus 2, 2 subtipus (2a i 2b); 10 pel genotip 3 (3a, 3b, 3¢, 3d, 3e, 3f, 3g, 3h, 3ii 3j)i 7 pel
genotip 4 (4a, 4b, 4c, 4d, 4e, 4f i 4g). Cal tenir present que aquesta classificacié pot variar

segons el metode de filogenia utilitzat (Lu et al., 2006) (taula 1.1).

1.3 Epidemiologia

1.3.1 Epidemiologia humana

L’hepatitis E és endémica en la majoria de paisos de I’Africa, Asia i també a Méxic. Es presenta
en forma de casos esporadics, sent responsable de fins el 50-70% de les hepatitis agudes
esporadiques a I'india (Aggarwal and Krawczynski, 2000), i en forma de grans epidémies
freqlientment associades a la contaminacié d’aigua potable. Aquestes epidémies poden
arribar a tenir una gran magnitud, com el darrer cas a Uganda que s’inicia I'any 2007 amb un
total de 8921 casos i 132 morts’. En els paisos d’Europa i Ameérica del nord, I'hepatitis E és
presenta tan sols en forma de casos esporadics. Tan en paisos endémics com no endemics, les

infeccions asimptomatics d’hepatitis E séon forca freqlients (Ippagunta et al., 2007).

2 Organitzacié Mundial de la Salut.
http://www.who.int/hac/crises/uga/sitreps/uganda_hepatitis_e_10nov2008.pdf (consultat 9 setembre
2009)
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El percentatge de poblacié seropositiva enfront el VHE en una area determinada aporta
informacid sobre la freqiéncia i moment de la infeccié en aquestes zones (taula 1.2). En
paisos endémics, la proporcié de persones seropositives pot arribar a ser d’entre el 15 i 60%
(Dalton et al., 2008), sent més elevat en joves adults que en nens. El pic d’incidéncia de casos
d’HE és forca semblant, afectant principalment a persones d’entre 15 i 35 anys (Panda et al.,
2007). Aquest patré es presenta tan en brots esporadics com durant les epidemies. Als paisos
industrialitzats les prevalences es mouen entre el 2 i el 14% i incrementen notablement amb
I’edat (ljaz et al., 2009), afectant normalment persones d’entre 40 i 50 anys (Mansuy et al.,
2004; Mateos et al., 2006; Norder et al., 2009). Aquesta seroprevalenga pero és molt més alta
del que es podria esperar en zones a on els casos d’hepatitis E sdn relativament poc freqlients
(Buti et al., 2006). Un alt percentatge d’infeccions subcliniques, un mal diagnostic de les
hepatitis viriques o bé un test d’ELISA de baixa especificitat podrien explicar aquest fenomen
(Emerson and Purcell, 2003; Dalton et al., 2008). Les dues primeres hipotesis semblen les més
probables ja que fa uns anys no es coneixia |'existencia d’aquest virus com a possible causant
d’hepatitis aguda i d’altra banda, s’ha demostrat que els tests d’ELISA per a la deteccié

d’anticossos en humans tenen una especificitat relativament bona (Mast et al., 1998).

Taula 1.2. Principals diferéncies dels patrons epidemiologics humans del virus de I’hepatitis E.

Zones Endemiques Zones No-Endémiques
Presentacio -Epidemies -Casos esporadics
-Casos esporadics -Infeccions subcliniques
-Infeccions subcliniques
Genotips predominats 1,2i4 (Xina)! 3i4
Incidéencia (casos/any) -Epidemia: 1-15% poblacid -Casos esporadics: 1-3%
-Casos esporadics: 30-60% casos
d’hepatitis
Condicions sanitaries Deficients Adequades
Vies de transmissié Fecal-oral Per determinar (alimentaries, aigles, etc.)
Reservori Humans® Animals

'A Xina el genotip 4 és el dominant i sembla que el porc n’és el principal reservori (Zheng et al., 2006)
Aiglies residuals contaminades per femtes humanes (a partir d’infeccions esporadiques o asimptomatiques)

Tot sembla indicar que els dos patrons epidemiologics descrits siguin conseqiiencia del
genotip d’'HEV predominant a cada zona. A les zones endémiques, els genotips 1 i 2 sdn els

gue més freqlientment s’aillen dels casos en humans, encara que els genotips 3 i 4 també
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estiguin presents a la poblacié porcina (Arankalle et al., 2002). En aquestes zones la via de
transmissié més freqiient és la fecal-oral a través d’aigiies contaminades. Es per aixo que les
grans epidémies sovint estan relacionades amb fortes pluges monsoniques o amb
aglomeracions de persones com els camps de refugiats, a on les condicions sanitaries
deficients faciliten una rapida propagacié de la infeccié. En canvi, a les zones no endéemiques,
a on els genotips 1i 2 no sén presents o és dificil el seu manteniment a I'ambient, els genotips
3 i 4 sén els responsables dels casos esporadics d’HEV. Tot aix0 suggereix que la relativa alta
seroprevalencga és resultat d’infeccions inaparents amb soques de virus aparentment menys
virulentes derivades del porc o d’altres animals domestics o salvatges i que, només de forma
ocasional, poden arribar a donar simptomatologia clinica (Meng et al., 1998b; Chandra et al.,

2008; Purcell and Emerson, 2008).

Aixi com en els paisos en vies de desenvolupament la via de transmissié del VHE és la fecal-
oral, actualment encara no es coneix amb exactitud I'origen i la via de transmissié en els
paisos industrialitzats. Al Japé per exemple, les millores higienico-sanitaries dels ultims anys
han disminuit el nombre de casos d’hepatitis A, perd en canvi no ho han fet els d’hepatitis E,
suggerint que, a part de la fecal-oral, hi ha altres rutes de transmissio per aquest virus (Inoue
et al., 2009). La figura 1.2 mostra les rutes de transmissié confirmades, sospitoses i potencials

del VHE a les zones considerades no endemiques.

La confirmacio i sospita d’alguns casos de transmissié del VHE a través de carn o despulles
infectades provinents de porc domeéstic, porc senglar o cérvol ha augmentat recentment
I'alerta als paisos industrialitzats com a possible risc per la cadena alimentaria. De fet, la prova
més evident d’aquest tipus de transmissié I'aporten dos casos d’infeccié pel VHE al Japé
associats al consum de carn crua o poc cuinada de porc senglar i cérvol. En ambdods casos,
I'analisi de les seqliencies del VHE obtingudes dels pacients i de la carn mostraren, en la
majoria dels casos, un 100% d’homologia genomica (Tei et al., 2003; Li et al., 2005b). Altres
casos d’hepatitis E s’han associat al consum de carn infectada, encara que no s’ha pogut
demostrar exactament en no disposar d’una mostra de la carn consumida (Matsuda et al.,
2003; Mizuo et al., 2005; Deest et al., 2007). D’altra banda, en molts paisos s’ha observat la
preséncia del virus en fetges de porc a I'escorxador (Banks et al., 2007; Bouwknegt et al.,

2007; Feagins et al., 2007; Wang et al., 2007). El consum de marisc o vegetals mal rentats es
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creu que també pot portar a I'aparicié d’alguns brots de VHE (Ishikawa et al., 1995; Cacopardo
et al., 1997). S’ha suggerit que els conreus propers a granges porcines podrien contaminar-se
a partir dels purins mal filtrats i d’aquesta manera contaminar-se els vegetals destinats al

consum (Smith, 2001; Kasorndorkbua et al., 2005; McCreary et al., 2008; Kase et al., 2009).

Figura 1.2. Rutes de transmissio confirmades (linies vermelles), sospitoses (linies negres) i potencials (linies
discontinues) del VHE a les zones considerades no endemiques. Extret de Dalton et al., 2008 amb el permis
de Malcolm Banks, coautor de I'article.
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Diferents estudis han demostrat que les persones que per motius laborals estan més en
contacte amb porcs poden arribar a tenir fins a 5 vegades més probabilitat de ser seropositius
enfront el VHE que la resta de poblacié (Withers et al., 2002; Galiana et al., 2008). Alhora,
també s’han descrit casos de persones infectades probablement degut a la manipulacié de
visceres o carn de porcs infectats (Jary, 2005; Pérez-Gracia et al., 2007). Finalment, cal
estudiar amb més profunditat el possible risc que suposaria el trasplantament a humans

d’organs de porcs infectats pel VHE (Meng, 2009).
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1.3.2 Epidemiologia porcina
Després de la primera descripcié del VHE porci I'any 1997 a Estats Units (Meng et al., 1997),
s’han dut a terme nombrosos estudis per tal de detectar el VHE en mostres porcines de
diferents paisos. Actualment se sap que la infeccid esta present a America (Meng et al., 1999;
Pei and Yoo, 2002; Cooper et al., 2005; Munne et al., 2006), Europa (van der Poel et al., 2001;
Clemente-Casares et al., 2003; Banks et al., 2004a; Di Bartolo et al., 2008; Vasickova et al.,
2009), Asia (Hsieh et al., 1999; Okamoto et al., 2001; Zheng et al., 2006) i Oceania (Chandler et
al.,, 1999; Garkavenko et al., 2001) (taula 1.1). Sembla doncs que es tracti d’'una infeccié
ubiqua a la poblacié porcina de tot el mdn, tant en paisos subdesenvolupats com
desenvolupats, independentment de si el VHE és endémic o no a la poblacid humana del pais
(Meng i Halbur, 2006). A més a més, els estudis epidemiologics han demostrat que, quan la
infeccid esta present a una zona, les prevalences poden arribar fins al 97% de granges

infectades (Seminati et al., 2008) (taula 1.3).

Taula 1.3. Prevalences d’lgG anti-HEV en porcs de diferents paisos.

Regi6/Pais N¢ positius/testats % positius  Referéncia

Alemanya 37/50 74 Hartmann etal., 1998
Argentina 22/97 22.7 Munné et al., 2006
Brasil 227/357 63.6 Vitral et al., 2005
Canada 594/998 59.5 Yoo etal., 2001

Xina 22/82 25.0 Meng et al., 1999
Espanya 184/439 41.9 Seminati et al., 2008
Estats Units 202/293 68.9 Meng etal., 1997
Nova Zelanda 54/72 75 Garkavenko et al., 2001
Paisos Baixos 8/34 23.5 Banks et al., 2004b
Regne Unit 219/256 85.5 Banks et al., 2004b
Suécia 118/204 58 Banks et al., 2004b

La dinamica d’infeccié del VHE a una granja és molt similar a la d’altres infeccions viriques del
porc (de Deus et al., 2008a). La infeccid, que és de presentacié subclinica en aquesta especie,
generalment es déna entre les 8-12 setmanes de vida, coincidint amb la péerdua de la
immunitat materna, que dura aproximadament 8 setmanes (Meng i Halbur, 2006). Aquesta
pérdua d’anticossos coincideix amb el pas dels animals a les sales de transicié i, més tard, a les
d’engreix, a on la barreja i 'augment de densitat d’animals permet una rapida disseminacié

del virus arribant a infectar tots els animals d’'un mateix lot (Leblanc et al., 2007). D’aquesta
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manera, en el moment del sacrifici, gairebé tots els animals han seroconvertit. Es doncs a
finals de transicid/principis d’engreix a on els animals comencen a excretar virus en femtes i
son virémics. La taula 1.4 i la figura 1.3 mostren els resultats de diferents estudis en referéncia
als percentatges d’animals infectats en cada una de les fases de produccié. Cal tenir en
compte que les variacions entre estudis poden dependre de nombrosos factors: edat exacta
dels animals en el moment del mostreig, dinamica d’infecci6 a la granja, técniques de

diagnostic utilitzades, etc.

Probablement, la ruta de transmissié en el porc també sigui la fecal-oral. Diferents evidencies
corroboren aquesta hipotesi: 1) durant el periode d’excrecid els titols virals en femtes poden
arribar als 10° equivalents de genoma (GEs)/ml (Meng et al., 1998b) i 2) s’ha estimat que la Ro
o taxa basica de reproduccid és de 8.8, molt elevada comparada amb altres virus com el de la
influenca humana (Ro= 2-3) (Mills et al., 2004; Bouwknegt et al., 2008a). Les dificultats per
poder reproduir de manera experimental el VHE en porcs inoculats oralment (Kasorndorkbua
et al., 2004) ha suggerit que hi poden haver altres rutes de transmissié com el contacte directe

amb I'orina d’animals infectats (Bouwknegt et al., 2009).

Alguns estudis han descrit un percentatge forca elevat de truges excretores fins i tot durant la
lactacié (taula 1.4 i figura 1.3). El fet que un animal, que tedricament ja ha passat la infeccié i
sigui positiu a 1gG anti-VHE, pugui tornar a infectar-se podria ser conseqiieéncia d’una
reactivacié de la replicacié del virus per I'estrés del part (Fernandez-Barredo et al., 2007);
d’'una major susceptibilitat de les mares a infeccions a partir de les femtes dels garrins
(McCreary et al.,, 2008); o continues reinfeccions afavorides per una curta durada de la
immunitat i I'entrada de noves variants del virus (Di Bartolo et al., 2008). La transmissio de la
mare als garrins, ja sigui de manera horitzontal o bé vertical, podria ser un dels mecanismes
qgue el VHE utilitzaria per mantenir-se en una granja al llarg dels anys. Leblanc et al., (2007)
descriviren que alguns animals podrien actuar com a reservori del virus a I'explotacid, ja que
trobaren fins a un 17% d’animals que excretaven el virus perd no desenvolupaven una
resposta serologica. Finalment, diferents treballs expliquen que una aplicacié correcte de les
mesures de bioseguretat, com un maneig tot dins tot fora estricte o una neteja exhaustiva de

les naus, redueix substancialment la pressié d’infeccié del VHE (Wu et al., 2002; Nakai et al.,



Taula 1.4. Detecci6 de I’ARN del VHE en serum i femta en les diferents fases del cicle productiu.
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Pais (n2 granges)  Porcs positius/testats (%) Referéncia
Lactacio Transicio Engreix | Engreix Il Truges
(0-3 setmanes) (4-8 setmanes) (9-18 setmanes) (19-24 setmanes)
Serum Femtes Serum Femtes Serum Femtes Serum Femtes Serum Femtes
Espanya i ! i
Valéncia (21) - 2/18 - 10/24 (41.7) ! - 12/40 - 2/28(7.1) ! - 7/32 Fernandez-Barredo
(11.1) (60.0) (21.9)" et al., 2006
Catalunya (1) 0/19(0) 0/8(0) 4/6 (66.7) 5/5(100) 13/15 2/10 (40.0) | 0/10 (0) 0/5 (0) 1/16 (6.3) 0/13(0) Seminati et al.,
(86.7) 2008
Valéncia (21) 4/20 2/20 7/22 9/22(41.0) :1/20(5.0)  2/20(10) : 2/27(7.0) 3/27 2/38 7/38 Fernandez-Barredo
(20.0) (10.0) (32.0) (11.0) (5.0)" (18.0)" et al., 2007
Catalunya (1) 1/42 - 0/41 (0) - £ 11/26 - 1 2/16 - :2/13 - de Deus et al.,
(2.4) ' (42.3) ' (12.5) ' (15.4) 2009
Italia (6) - - - - i- 27/64 I- 10/37 = 78/173 di Bartolo et al.,
! (42.2) ! (27.0) (45.1) 2007
Regne Unit (10) - - i 13/50 (26) | - 22/50 (44) - 4/50 (8) - 3/50 (6) McCreary et al.,
! : | 2008
Canada (1) 0/51(0) 6/51 1/51(2.0) 27/51(52.9) 24/51 43/51 6/51 21/51 - - Leblanc et al., 2007
(11.8) ! (47.1) (84.0) ' (11.8) (41.2)
Japo (25) - - 0/180 (0) - 113/750 - 0/250 (0) - - - Takahashi et al.,
(15) 2003
24/180 (13)
Japo (3) - 0/71(0) - 58/126 - 23/116 - 5/73(6.9) - - Nakai et al., 2006
(47.9) (19.8)
Korea (12) - 9/142 - 23/141 - 54/142 - - - 13/140 Kim et al., 2008
(6.3) (16.3) (38.0) (9.3)
Total 5.6 6.5 £ 20.1 46.5 349 42.3 6.3 14.5 89 16.7

Lactants; 2Mostreig ales 12iales 16 setmanes de vida, respectivament
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2006). Molt sovint aquestes mesures s’associen a explotacions més dimensionades (Di Bartolo

et al., 2008; Li et al., 2009b).

La majoria de seqiiéncies del VHE porci pertanyen als genotips 3 i 4 (taula 1.1). S’"ha demostrat
qgue els aillats porcins d’una zona geografica estan més relacionats genéticament amb els
aillats humans de la mateixa zona que no pas amb els aillats porcins d’altres zones (Huang et
al., 2002a; Okamoto, 2007). En un primer moment es pensava que en una granja només podia
circular una Unica soca de VHE (Takahashi et al., 2003; Caprioli et al., 2007), pero alguns
estudis han demostrat que en una mateixa granja poden coexistir diferents variants del virus i
alhora diferents explotacions compartir les mateixes soques (Munne et al., 2006; de Deus et

al., 2008a; Vasickova et al., 2009).

Per poder determinar si el VHE porci és realment un problema de salut publica, és important
quantificar-ne el risc per poder aplicar en un futur les estrategies necessaries per tal de reduir-
lo. Préviament perd a aquesta quantificacio, cal tenir la suficient informacié. Coneixer el
nombre d’animals que poden arribar infectats a I'edat de sacrifici d’escorxador és una dada
important que cal determinar a nivell general pero també per a cada pais. Tot i que en molts
estudis no s’han detectat animals infectats a finals d’engreix (Takahashi et al., 2003; Seminati
et al., 2008), altres detectaren fins un 14% d’animals excretors per femtes (Leblanc et al.,

2007; Bouwknegt et al., 2008b).

Figura 1.3. Percentatge d’animals viremics i excretors del VHE en cada una de les fases de produccié
(percentatges calculats a partir dels valors dels diferents estudis de la taula 3).
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1.4 Lainfeccio

1.4.1 Caracteristiques cliniques

Les manifestacions de |'hepatitis E en humans comprenen diversos quadres clinics, des
d’infeccions totalment asimptomatiques a un fallada hepatica fulminant. En els paisos en vies
de desenvolupament el curs més freqlient de la malaltia és el d’una hepatitis aguda,
caracteritzada per una fase inicial pre-ictérica, semblant a una grip i que dura pocs dies,
seguida d’una fase ictérica. La fase pre-ictérica es caracteritza per l'aparicié de dolor
abdominal, febre, nausees i vomits, mentre que durant la segona fase apareix ictericia, orina
fosca, diarrea, femtes més clares, pruija, hepatomegalia i esplenomegalia. Durant aquesta fase
els nivells d’enzims hepatics i de bilirubina en sang apareixen augmentats. La malaltia
acostuma a ser autolimitant i dura entre 1 i 4 setmanes. Els canvis histopatologics solen ser els
estandards de qualsevol hepatitis: focus de necrosi amb cimul de macrofags mononuclears,
cel-lules de Kupffer activades i infiltracié limfocitaria; o bé de tipus colestatic: estasis biliar en
els canalicles, transformacio glandular dels hepatocits, cossos acidofils i focus de necrosi. Tot i
gue no s’ha demostrat que aquesta hepatitis aguda pugui evolucionar de manera cronica,
alguns estudis han descrit prevalences forca elevades d’anticossos anti-HEV en pacients amb
malaltia hepatica cronica (Khuroo, 1980; Kondili et al., 2006; Atiq et al., 2009). A Franca es va
descriure, un cas d’un pacient immunodeprimit amb una infeccié d’hepatitis E de fins a 4
mesos de durada (Péron et al., 2006). En alguns casos I’hepatitis E pot cursar com una

hepatitis anictérica i només desenvolupar febre (Aggarwal and Krawczynski, 2000).

En els paisos desenvolupats els casos d’hepatitis aguda causats pel VHE sén molt poc
freqiients, i es creu que moltes de les infeccions sén de caracter subclinic. En ser una malaltia
dosi-dependent (Tsarev et al., 1994b), individus que estan exposats a dosis elevades del virus
desenvoluparan un quadre clinic, mentre que els exposats a baixes dosis probablement només
desenvoluparan una resposta immune. Una proporcié molt baixa de pacients, especialment
de zones pobres, manifesten la forma més greu de I'HE que pot desencadenar-se cap a una
fallada hepatica fulminant (FHF). Aquest tipus de quadre s’ha vist en pacients amb malalties
concomitants (diabetis mellitus, artritis reumatoide, infart cerebral) i sobretot en dones

embarassades (Kumar et al., 2004; Mizuo et al., 2005). Recentment també s’ha demostrat que
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el factor genotip del VHE pot tenir un paper important en la gravetat del quadre (Okamoto,

2007).

Les dones embarassades, particularment aquelles en el segon i tercer trimestre d’embaras,
sén més susceptibles a la infeccid pel VHE (17% vs 2% no-embarassades) i al desenvolupament
d’una FHF (22% vs 2% no-embarassades) (Khuroo et al., 1981). Alhora, tenen més risc de patir
parts prematurs, perdues i mortalitat perinatal. La transmissié vertical pot arribar fins al 78%
(Khuroo et al., 2009). Sembla ser pero, que entre els afectats per una FHF, la mortalitat no és
superior en dones embarassades, respecte dones no-embarassades i homes (Bhatia et al.,
2008). Es important destacar que aquestes altes incidéncies en dones embarassades només
s’han documentat en els paisos a on es produeixen epidemies d’'HE. En els paisos
industrialitzats només s’han reportat 2 casos en el Regne Unit de dones embarassades que
patiren una FHF perd que havien viatjat feia poc a I'india i per tant segurament s’havien
infectat pel genotip 1 (Hussaini et al., 1997). A Egipte per exemple de 2428 dones
embarassades, un 84.3% eren seropositives a VHE pero cap d’elles desenvolupa una FHF
(Stoszek et al., 2006). Tot aix0d fa pensar que les diferéncies observades es puguin deure a la
virulencia dels diferents genotips presents a cada zona, i fins i tot s’ha suggerit que hi puguin

intervenir altres factors que agreugin la malaltia en alguns col-lectius.

Les taxes de mortalitat a la poblacié general dels paisos endémics és d’un 1% i s’associa al
genotip 1. Pel genotip 2 no s’ha pogut calcular ja que no s’ha donat cap cas de FHF. Dos
estudis realitzats a Japé indiquen que els pacients infectats pel genotip 4 tendeixen a tenir
nivells d’enzims hepatics i bilirubina en sang més elevats, recuperar-se més lentament i ser
més propensos a patir la forma severa de I'HE (Mizuo et al., 2005; Ohnishi et al., 2006). En un
d’aquests estudis, un 36% dels pacients infectats pel genotip 4 desenvoluparen la forma greu
de I'HE. Tots els pacients infectats pel genotip 3 tingueren una simple hepatitis aguda

autolimitant (Mizuo et al., 2005).

1.4.2 Patogenia
Tot i els nombrosos estudis que s’han dut a terme en animals d’experimentacid, especialment
primats perd també voluntaris humans, encara no es coneixen exactament els mecanismes de

patogenicitat del VHE (Balayan et al., 1983; Chauhan et al., 1993). Es creu que un cop el virus
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entra a I'organisme per via oral, es dirigeix cap al fetge a través de la vena porta. Existeix,
pero, certa controversia sobre quin és el primer lloc de replicacié del virus. Quan s’inoculen
animals per via endovenosa, el fetge sembla ser el primer lloc de replicacié (Lee et al., 2008),
encara que Williams et al. (2001) descriviren que en porcs infectats amb soca humana, la
cadena negativa del VHE es detectava relativament abans a l'intesti prim que al fetge. Després
de la seva replicacié al fetge, el virus s’acumula a la vesicula biliar i s’allibera a I'intesti i al
torrent sanguini per mecanismes encara avui desconeguts. El fet que el virus s’hagi arribat a
detectar en sang i femtes en periodes de fins a 16 setmanes fa plantejar la possibilitat que
certs individus puguin emmagatzemar el virus durant un cert temps i ser portadors

asimptomatics del VHE (Nanda et al., 1995).

Per altra banda, recentment s’ha demostrat que la major susceptibilitat de les dones
embarassades infectades a patir una FHF pot ser per culpa d’una disminucié de la resposta
cel-lular Thl i/o d’'un augment de les hormones esteroides que afavoreixen la replicacid viral
(Navaneethan et al., 2008). De fet, Kar et al. (2008) van explicar que els titols virals de VHE
entre les dones embarassades amb FHF (10%10° unitats internacionals (IU)/ml) eren

significativament superiors respecte a les no embarassades amb FHF (10%1U/ml).

El periode d’incubacié en humans sol ser de 4 setmanes, podent arribar fins a les 9 setmanes
(figura 1.4). Aproximadament 1 setmana abans de I'aparicié dels simptomes es pot comencar
a detectar el virus en femtes persistint fins a 4 setmanes després. La viremia, tot i comencar al
mateix moment que I'excrecié en femtes, sol durar entre 2-3 setmanes. La concentracid
d’enzims hepatics augmenta fins a arribar al seu pic cap a les 5-6 setmanes postexposicié. Tant
la resposta humoral de tipus IgM com IgA apareix al final del periode d’incubacié i es pot
arribar a detectar fins a 1-5 mesos després. Les 1gG, en canvi, apareixen una mica més tard i
poden durar molts anys (Aggarwal and Krawczynski, 2000; Dalton et al., 2008). Shata et al.
(2007) senyalen que aquesta durada tan llarga, comparat amb la vida mitjana de les I1gG (28
dies), podria explicar-se per repetides exposicions al virus de baixa intensitat, donant lloc a
infeccions subcliniques i permetent, aixi, la persisténcia dels anticossos. Aquestes infeccions
subcliniques explicarien les relatives altes seroprevalences observades en els paisos

industrialitzats.
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1.4.3 Models animals
Des de la identificacié de I'agent causant de les ET-NANBH, s’han realitzat nombrosos estudis
en animals per tal de coneixer i entendre millor els mecanismes d’infeccié del VHE en els
humans. Al principi, I'evidéncia d’infecci6 només es podia basar en el reconeixement de
particules viriques en mostres de femtes per microscopia immunoelectronica i en els
simptomes que manifestaven. Tot i que durant els anys noranta es realitzaren algunes
infeccions en porcs, rates i xais (Balayan, 1990; Usmanov et al., 1991; Karetnyi lu et al., 1993;
Usmanov et., 1994), els primats no humans, especialment els Macaca mulatta i els Macaca
fascicularis, han estat les espécies més utilitzades pel fet de desenvolupar un quadre clinic
molt semblant al dels humans (Bradley et al., 1987). Actualment, pero, encara no s’ha pogut
desenvolupar un model animal que pugui reproduir la forma més severa de I’'HE (FHF) ni la

transmissio vertical (Tsarev et al., 1995; Kasorndorkbua et al., 2003).

Figura 1.4. Evolucié esquematica de la infeccié del VHE, mostrant la deteccié de I'ARN viral en sérum i

femtes, la resposta immune i el quadre clinic.
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En I'espécie porcina, el primer estudi es realitza I'any 1990, en el qual es varen inocular 2

animals oralment amb una soca provinent d’un pacient d’'una epidémia de Russia (Balayan,
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1990) (taula 1.5). Anys més tard, es va confirmar que la soca aillada de les femtes dels animals
inoculats corresponia al genotip 3, mentre que la d’un altre pacient del mateix brot que el de
I'inocul original corresponia al genotip 1 (Lu et al., 2004). No va ser fins I'any 1998 que el grup
de Meng va aconseguir infectar animals inoculats intravenosament mitjangant una soca
porcina de genotip 3. Un animal en contacte amb aquests també es va poder infectar (Meng
et al., 1998a). En aquest estudi pero no es va poder reproduir la infeccié en animals inoculats
amb soques humanes del VHE. En un estudi posterior, realitzat pel mateix grup d’investigacio,
s’'infectaren porcs amb diferents dilucions de l'inocul per tal de poder titular el virus.
L’estandard infectiu de VHE porci preparat a partir de femtes tenia un titol de 10° GEs/ml
corresponent a 10*° PIDs, per ml (“Pig Infectious Dose”: dosi infectiva del porc). Finalment, en
aquest mateix estudi es van poder infectar porcs amb una soca humana del VHE alhora que
primats no humans amb una soca porcina (Meng et al., 1998b). Tot i que els primats
manifestaren un augment dels enzims hepatics, aquest augment era inferior comparat amb
els primats infectats amb aillats humans. Aquests estudis confirmaren la capacitat del VHE per
creuar la barrera d’espécie. A més, la rapida seroconversié dels porcs inoculats amb la soca

US-2 humana, rebel-lava la capacitat que podia tenir I'espécie porcina per ser-ne reservori.

A partir d’aquests estudis es realitzaren un seguit d’infeccions amb la finalitat de demostrar
que la via fecal-oral era la via natural d’infeccié entre els porcs. Malauradament, cap d’ells
aconsegui demostrar-ho amb exit; només Kasorndorkbua et al., I'any 2004, va poder infectar
amb éxit un de tres animals inoculats amb 15 grams de femtes durant 3 dies seguits. Les
femtes provenien d’un animal infectat endovenosament utilitzant I'estandard infectiu descrit
anteriorment com a inocul (106 GEs/ml). Les femtes d’aquest animal es van testar i contenien

la mateixa quantitat de virus que I'inocul.

Tots aquests estudis demostren que una de les principals limitacions de les infeccions
experimentals de I'HE, tant en els primats com en els porcs, ha estat la via d’inoculacié. A
causa de la dificultat de reproduir la infeccid per via oral, la via endovenosa ha estat la més
utilitzada. Aixi és el cas dels estudis per comprovar la infectivitat del virus present en fetges
d’escorxador (Feagins et al., 2007, 2008). Per altra banda, Tsarev comprova que la dosi
necessaria per infectar primats via oral havia de ser molt superior a la necessaria per fer-ho

intravenosa (IV) (Tsarev et al., 1994b). En els porcs, una dosi inferior a 10° GEs/ml és capac
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d’infectar els animals IV pero no oralment (Kasorndorkbua et al., 2002; Kasorndorkbua et al.,
. . 6 . . . s

2005). En les aus, en canvi, una dosi de 10° GEs/ml del VHE aviar inoculada per via oro-nasal és

capag d’infectar els animals mostrant seroconversid, viremia i excrecié fecal (Billam et al.,

2005).

Tot i aixi, els estudis en porcs infectats per via endovenosa han permes explicar diferents
aspectes de la infeccié. En un estudi desenvolupat per Halbur et al., al 2001, a dia 3 post-
infeccid (dpi) ja es detectava I'ARN a bilis i fetge. La viremia apareixia el dia 7 dpi i durava
entre 1-2 setmanes, mentre que I'excrecid en femtes apareixia el mateix temps que la viremia
perd durava de 2 a 3 setmanes. Els anticossos anti-lgG es comengaven a detectar a partir del
14 dpi. En infeccions naturals s’ha descrit que els valors de densitats optiques (DO) de les IgM,
estan estadisticament relacionats amb la preséncia de viremia (de Deus et al., 2008a). D’altra
banda, mitjancant la deteccié de la cadena negativa del genoma, s’han identificat llocs de
replicacié extrahepatica com serien l'intesti prim, colon, limfonodes i melsa. Aixo fa sospitar
gue hi podria haver una primera replicacié a l'intesti abans d’anar al fetge, I'organ diana

(Williams et al., 2001).

La infeccié pel VHE en el porc cursa de forma subclinica. Els animals poden presentar lesions
hepatiques de caracter lleu (inflamacié limfohistiocitaria multifocal del tracte portal i/o
distribuits irregularment pel parénquima hepatic), moderat (inflamacié limfohistiocitaria
d’intermediaria a moderada del tracte portal sovint acompanyada per agrupaments de
cél-lules inflamatories mononuclears en el parénquima hepatic) (Martin et al., 2007) o fins i
tot greu (inflamacié limfohistiocitaria de moderada a severa del tracte portal acompanyada
per agrupaments de cel-lules inflamatories mononuclears en el parénquima hepatic) (Halbur

et al., 2001)



Taula 1.5. Principals infeccions experimentals realitzades en porcs.
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Via Inocul Titol inocul Dosi Aillat Origen  Genotip Infectats/ Evideéncia infeccid Referéncia
inoculats
IV?, oral femtes - 2ml (oral) Russia huma 1 2/2 augment ALT, ictericia, excrecio Balayan et al., 1990
i 1.5ml (IV) 2/2 fecal
1800 CID 50s % IV i% nasal ioral Mex-14 huma 2 0/5 _________ - Platt et al., 1998
10%-10° GE/ml 0.8ml swine US porci 3 4/4 virémia, excrecio fecal, Meng et al., 1998a
10’ GE/ml 0.5ml (105 MIDb) Mex-14 huma 2 0/3 seroconversio
lllllllllllllllllllllllllllllllllllllllllllllll 10°GE/ml  0.5ml (10°MID) Sar-55 huma 1 0/3
v ~ serum - 0.2ml (10%) us-2 huma 3 2/2 excrecio fecal, seroconversid Meng et al., 1998b
\% femtes 10‘SGE/mIC swine US porci 3 3/3 virémia, seroconversio Kasorndorkbua et al., 2002
oral femtes 0/3
tub estomacal femtes 0/3
I\ fetge 10* GE/ml 2/3 virémia, seroconversio
_______________________________________________ 10°GE/ml 3/3  viremia, seroconversié
~oral  femtes 1(_)_?___GE/__g ___________ 15g (3 vegades) swine US porci 3 1/3 excrecio fecal, seroconversio Kasorndorkbua et al., 2004
v purins 25ml 10 GE L19 porci 3 1/3 seroconversio Kasorndorkbua et al., 2005
10® GE P12 2/3 excrecio fecal, seroconversio
oral purins 25ml 10 GE L19 0/3
_______________________________________________________________________ 10° GE P12 o
I\ fetge - 2ml fetge comercial  porci (3) 10/15 virémia, excrecio fecal, Feagins et al., 2007
........................................................................................ SeroconverSIc’)
\% fetge 10° PDUd/mI 2ml swine Dutch porci 3 1/1 excrecio fecal Feagins et al., 2008
10*PDU/ml 3-4.5ml fetge comercial 0/4

®lV: intravenosa; °MID: Monkey infectious dose = 0.5m| MID= 10° monkey infectious dose; €10° GE/ml sérum o gram femtes = 10*° PIDso/ml (pool infectiu
estandard); PDU: PCR-Detectable Units
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1.5 Diagnostic

Les proves laboratorials sén una eina imprescindible per aconseguir un diagnostic acurat
de I'hepatitis E, ja que, per una banda, els simptomes clinics en I’'home sén indiferenciables
d’altres hepatitis agudes, i en el cas del porc té un curs totalment subclinic. El fet que
encara no s’hagi pogut desenvolupar un sistema de cultiu cel-lular eficient fa que
actualment el diagnostic de la infeccié del VHE es basi en técniques immunlogiques com
I'ELISA (“Enzyme-Linked Immunosorbent Assays”: assaig per immunoabsorcié lligada a
enzims) i moleculars com la PCR (“Polymerase Chain Reaction”: reaccié en cadena de la

polimerasa).

1.5.1 Immunologic
Els métodes immunoenzimatics com I'ELISA permeten la deteccié dels anticossos anti-VHE
(1gG, IgM i IgA) i gracies al seu baix cost sdn molt Gtils per realitzar estudis epidemiologics.
La determinacié de les IgM és indicador d’infeccions recents, mentre que les IgG només
determinen que hi ha hagut infeccid perd no que aquesta s’hagi produit fa poc. Alguns
autors assenyalen que la deteccid conjunta d’IgA i IgM pot assegurar el diagnostic de la
infeccid aguda (Takahashi et al., 2005); d’altres, pero, han vist que la determinacié d’IgA en
infeccions per genotip 3 té un Us més limitat que en infeccions per genotip 1, pel fet de ser
soques que no generen una resposta suficientment gran d’IgA com per ser detectada

(Herremans et al., 2007).

La majoria d’ELISA pel diagnostic del VHE sén de tipus indirecte i s’"han basat en proteines
recombinants o péptids sintetics expressats a partir de I'ORF2. L'ORF3 també ha estat
utilitzat tot i que la sensibilitat del test respecte a I'ORF2 sembla que sigui menor (Ghabrah
et al., 1998). L’ELISA desenvolupat a partir de la proteina expressada de la soca Sar-55 de
genotip 1, ha estat un dels més usats tant en el diagnostic de I’'HE humana com porcina
(Tsarev et al., 1993; Robinson et al., 1998). En comparar aquest proteina amb la derivada
de la primera soca porcina caracteritzada als Estats Units (genotip 3), la concordanga entre
les proves pels serums humans i porcins és d’un 98% (kappa= 0.952) i d’'un 99% (kappa=
0.938), respectivament (Engle et al., 2002). Recentment Peralta et al. (2009b), han descrit
una proteina expressada a partir d’'una soca porcina de genotip 3, amb resultats
equiparables (kappa: 0.82) a la proteina Sar55. Actualment, només hi ha disponibles tres

sistemes comercials d’ELISA, que inclouen fragments proteics dels genotips 1 i/o 2
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(laboratoris Genelabs, Abbott i Biokit). Vist el seu alt cost i el fet de no incorporar
proteines del genotip 3, molts laboratoris d’investigacié han optat per desenvolupar el seu
propi ELISA basat en soques humanes o porcines de la mateixa area geografica. Per bé
que, individualment, aquests tests puguin tenir una bona sensibilitat i especificitat, és
necessari comparar-los entre els diferents laboratoris. La validacié d’aquestes técniques és
una peca clau per demostrar la fiabilitat dels resultats i d’aquesta manera poder comparar

estudis.

1.5.1 Molecular
Les tecniques moleculars com la RT-PCR permeten la deteccié del genoma viral i, per tant,
son indicadors de la preséncia d’infeccid. Erker et al. (1999) i Huang et al. (2002a)
desenvoluparen RT-PCRs que, tedricament, permetrien la deteccié de tots 4 genotips ja
gue es basaven en la utilitzacio d’encebadors universals. Tot i aixi, la majoria de laboratoris
han desenvolupat els seus propis encebadors a partir de regions conservades de
sequencies dels diferents genotips i, especialment, de les soques humanes i porcines
detectades al seu propi pais. Aixdo ha permés I'amplificacid del virus en molts tipus de
mostres com el serum, femtes, bilis, fetge, ronyo, orina i també en aigles residuals (Pina
et al., 1998; de Deus et al.,, 2007; Bouwknegt et al., 2009). Malgrat tot, no es coneix
exactament la sensibilitat i especificitat de les RT-PCRs usades a les diferents arees

geografiques, de manera que també es fa complicada la seva comparacio (Meng, 2009).

Més recentment, s’han posat a punt diferents tecniques de PCR a temps real que
permeten quantificar el virus present a la mostra. A part, tenen clars avantatges respecte a
la RT-PCR qualitativa ja que redueixen el temps de diagnostic alhora que les
contaminacions en haver-hi menys manipulacions. La desenvolupada per Orru et al.
(2004), tot i que té una sensibilitat forca bona, esta basada en el métode de SYBR Green
que presenta menys especificitat que els metodes basats en sondes. Aquests darrers
metodes, com la TagMan®, poden incrementar |'especificitat perqué a part dels dos
encebadors directe i revers cal que també s’uneixi una sonda marcada. Mansuy et al.
(2004) i Ahn et al. (2006) posaren a punt técniques basades en aquest métode perd amb la
limitacié que no tenien capacitat de detectar tots els genotips. La técnica desenvolupada
per Enouf et al. (2006), en canvi, si que permetia la deteccio dels quatre genotips, pero la
posada a punt en una plataforma Lyght Cycler® limitava el seu Us a altres laboratoris.

Finalment, Jothikumar et al. (2006) van descriure una técnica basada en I'amplificacié
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d’una regié molt conservada de 70 nt situada a I'ORF3. La técnica detectava tots els
genotips i tenia una sensibilitat de 4 equivalents de genoma, perd no es quantificaren les

mostres analitzades.

1.6 Control i prevencio

No existeix un tractament especific per I'hepatitis viral aguda, tot i aixi la majoria de
vegades no és necessaria |'hospitalitzacid i, simplement, fer repds absolut, menjar
aliments baixos en greix i evitar el consum d’alcohol i drogues sén mesures suficients per a
la completa recuperacié. No és el cas perdo de les FHF, a on en molts casos el
trasplantament de fetge, amb totes les seves complicacions, és |'Unic tractament que se li
pot aplicar. Encara que en models animals s’ha aconseguit una immunitzacié passiva
mitjangcant I'administracié de serums de la fase convalescent (Tsarev et al., 1994a), en els
humans I'administracié d’'immunoglobulines obtingudes no va tenir éxit, potser a causa

d’una baixa quantitat d’anticossos presents en el serums (Khuroo and Dar, 1992).

En els paisos subdesenvolupats, on |’hepatitis E pot arribar a causar més del 90%
d’hepatitis agudes (Stevenson, 2000), la primera mesura per controlar la malaltia seria
I"aplicacido d’'unes mesures higienicosanitaries correctes, assegurant el subministrament
d’aigua potable a tota la poblacié. Aquestes mesures s’haurien d’aplicar sobretot en
situacions de grans aglomeracions de gent com sén els camps de refugiats (Guthmann et
al., 2006), fent especial atencid a les dones embarassades. Secundariament, el
desenvolupament d’una vacuna efica¢ assequible a tota la poblacié ajudaria a disminuir
substancialment els casos d’hepatitis aguda. En els paisos desenvolupats aquesta vacuna

seria d’interes per aquelles persones que haguessin de viatjar a paisos endémics.

Donat el desconeixement de la incidéncia real, origen i vies de transmissié de I’hepatitis E
als paisos industrialitzats, és dificil establir unes mesures de control adequades. La
Organitzacié Mundial de la Salut® ha publicat un seguit de mesures per prevenir I'hepatitis
E. Entre elles recomanen rentar-se bé les mans amb sabd abans de cuinar, coure bé la

carn, no barrejar la carn cuita amb la crua o pelar la fruita. Per les persones que estan en

3 Organitzacié Mundial de la Salut. “Key messages for health education: Hepatitis E”
http://www.who.int/csr/disease/hepatitis/education_messages/en/index.html (consultat 15 juny 2009)
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contacte amb porcs, se’ls recomanaria rentar-se bé les mans després de manipular els

animals (Meng, 2009).

Actualment no es disposa de cap vacuna comercial per prevenir la infeccié del VHE. La
produccié de vacunes mortes o atenuades és inviable ja que no existeix un sistema eficag
de cultiu del virus. Per aix0, les investigacions s’han centrat en la produccié de vacunes
basades en proteines recombinants de I'ORF2, ja que és una proteina altament
conservada, immunogenica i que inclou un domini reconegut pels anticossos neutralitzants
(Schofield et al., 2000). També s’han fet estudis de vacunes basades amb particules
viriques buides (VLPs o “Virus-Like Particles”), proteines recombinants o peéeptids
expressats en E. coli o vacunes DNA (Kamili et al., 2004; Li et al., 2004; Li et al., 2005a).
Existeix només una vacuna que, actualment, ja estigui a la fase Ill dels assajos clinics,
produida a partir d’una proteina recombinant de 56-kiloDaltons expressada en céel-lules
d’insecte de la soca Pakistani Sar-55 (Tsarev et al., 1997). Aquesta vacuna s’ha comprovat
que té una eficacia del 95.5% després de 3 dosis vacunals i d’'un 87% amb només 2 dosis
(Shrestha et al., 2007). La posada al punt d’un ELISA de deteccié d’anticossos neutralizants
capag de reconeixer els anticossos dels 4 genotips (Zhou et al., 2004) aixi com la disposicid
de models animals capacgos de generar una resposta immunitaria enfront la proteina de la
capsida del VHE huma (Aggarwal and Krawczynski, 2000) sén eines que permetrien una

avaluacié més rapida de I'eficacia vacunal.
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Aguest estudi forma part d’'un projecte del Ministerio de Educacion y Ciencia titulat
“Infeccion por el virus de la hepatitis E en el cerdo: diagndstico, epidemiologia y patogenia”
iniciat I'any 2004 al CReSA. En els darrers anys també ha format part del projecte d’ambit
nacional “PORCIVIR: Patogenia de infecciones viricas del cerdo”, del qual formen part cinc
institucions espanyoles, entre elles el CReSA. L'objectiu principal d’ambdds projectes és
aprofundir en el coneixement de la infeccid pel virus de I'hepatitis E (VHE) en el porc per
tal d’esbrinar el risc de transmissid a les persones. Aquesta tesi, que engloba part dels
estudis realitzats sobre I'epidemiologia i la patogenia de I'hepatitis E, vol donar resposta

als objectius seglients:

1. Determinar I'aparicid de la infeccid del VHE a la poblacié porcina espanyola.

2. Estudiar la dinamica d’infeccié en granges infectades endémicament pel VHE i
esbrinar el percentatge d’animals que poden arribar infectats al moment del
sacrifici.

3. Investigar métodes de diagnostic immunologic alternatius pel VHE a I'escorxador.

4. Desenvolupar un model animal que permeti estudiar millor la infeccié natural del

VHE en el porc.

Per poder desenvolupar aquests quatre objectius, es varen dissenyar els estudis seglients:

Estudi I:

Amb l'objectiu de coneixer la prevalenca de la infecci6 del VHE en el porc i
conseglientment determinar el moment d’aparicié de la infecciéd a Espanya, es va dur a
terme un estudi serologic retrospectiu, des de I'any 1985 fins el 1997, utilitzant mostres
d’arxiu disponibles al CReSA, recollides per I'IRTA (Institut de Recerca i Tecnologia
Agroalimentaria) i el DAR (Departament d’Agricultura i Accié Rural). Aquesta col-leccid és
la més extensa i antiga que s’ha pogut recopilar i inclou sérums d’explotacions de tota

Espanya des de I'inici de les campanyes de lluita contra la pesta porcina I'any 1985.

Estudi ll:
Per tal de conéixer millor la dinamica d’infeccié i mode de manteniment del VHE a les
granges porcines, es va realitzar un estudi longitudinal prospectiu en sis granges de cicle

tancat, préeviament identificades com a positives enfront el VHE. Els animals se seguiren
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fins a I'escorxador per determinar el percentatge d’infectats i poder valorar el possible risc

del VHE per a les persones.

Estudi IlI:
Es compara la utilitzacio del suc de carn i el serum per a la deteccidé d’anticossos contra la
infeccié pel VHE en porcs d’escorxador. Aquest estudi es realitza amb les mostres dels

animals de I'estudi Il.

Estudi IV:

En primer lloc, es dissenya un estudi per comprovar la infectivitat de l'inocul i,
posteriorment, es realitza una segona infeccié experimental amb I'objectiu d’estudiar la
via de transmissié natural en el porc per inoculacié oral d’'un nombre significatiu d’animals
i investigar la possibilitat d’infeccid per contacte directe amb animals sentinella. Aquest
estudi es realitza en instal-lacions d’alta seguretat controlant aixi les possibles

contaminacions creuades a partir de 'ambient, fomits i/o individus.
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3.1 Introduction

The first evidence that acute hepatitis outbreaks in humans can be caused by an agent
different from hepatitis A or hepatitis B viruses is dated in 1980 when Wong et al.
demonstrated that none of the abovementioned agents were involved in the large
epidemic of acute hepatitis in India in 1955-1956. Later on, in the 1980 and 1990 decades
that new agent was shown to be a virus that was called hepatitis E virus (reviewed by

Purcell and Emerson, 2008).

Hepatitis E virus (HEV) is a non-enveloped positive-sense single-stranded RNA virus of 27-
34 nm in diameter which has been classified as Hepevirus genus (Emerson et al., 2004),
and proposed as family Hepeviridae (Meng et al., 2008). In humans, HEV is responsible of
major outbreaks of acute viral hepatitis in developing countries that, generally, are
associated with poor sanitary conditions. In contrast, in industrialized countries HE
outbreaks are not reported and cases are mostly diagnosed in individuals with no history
of previous travel to endemic countries (Emerson and Purcell, 2003). Sporadic or endemic,
the disease usually appears as a self-limiting acute hepatitis with a low (<1%) fatality rate.

However, fatality in pregnant women can reach up to 25% (Kumar et al., 2004).

In 1997 a novel virus closely related to the known human HEV isolates was detected in pigs
(Meng et al.,, 1997). Different serological studies reported that swine HEV infection is
widespread in pigs regardless of whether HEV is endemic in the respective human
population or not (reviewed by Meng and Halbur, 2006). Sequence analysis have shown
that swine HEV isolates are more similar to human HEV isolates from the same geographic
area than to swine HEV isolates from other regions (Huang et al., 2002a). Experimental
infections have demonstrated that swine HEV can infect non-human primates and that
pigs can be infected with the human strain US-2 (Meng et al., 1998b; Halbur et al., 2001).
Direct evidence of human hepatitis E associated with consumption of undercooked or
uncooked boar and deer products have been reported (Tei et al., 2003; Li et al., 2005b).

These findings suggest that, potentially, hepatitis E is a zoonotic disease.

In Spain, HEV RNA has been detected in human cases of hepatitis, urban sewage and swine
samples, confirming thus that HEV circulates in both human and animal populations in
Spain (Pina et al., 2000; Clemente-Casares et al., 2003). A recent study showed that HEV is

present in Spanish pig farms since, at least 1998, being 97% farms positive for anti-HEV IgG
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antibodies (Seminati et al., 2008). The objective of the present retrospective study was to
determine the presence of HEV antibodies in archived porcine sera (1985-1997) in order to

elucidate when HEV appeared in Spain.

3.2. Materials and Methods

3.2.1. Sample collection

Spain is an important swine-raising country of Europe, with more than 22 million pigs
(Anonymous, 2007). The study was conducted using serum samples collected between
1985 and 1997 by the Institut de Recerca i Tecnologia Agroalimentaria (IRTA, Barcelona,
Spain) and the Departament d'Agricultura, Alimentacié i Accid Rural (DAR, Barcelona,
Spain) of the Catalan Government for monitoring health of pig farms. Sera were obtained
from randomly selected farms. It was assumed that a HEV positive farm would have at
least a proportion of 20% positive sows (95% confidence) and, accordingly, 15 sera per
farm were analyzed. In 60 farms where this number of samples was not available, at least
eight sera were analyzed (detection limit: 30% prevalence). Therefore, a total of 2,871 sera
from 208 farms of Spain were examined. For 13 farms sera were available for three

consecutive years (1995-1997).

3.2.2 Serological analysis

Sera were tested for anti-HEV IgG antibodies by means of a previously described in-house
enzyme-linked immunosorbent assay (ELISA) (Meng et al., 1997). Oldest sera (1985-1987)
with optical densities (OD) close to the cut-off (that is between 0.25 and 0.4) were also
tested by dot-blot analysis to confirm the ELISA results. Both serologic assays (ELISA and
dot-blot) were based on the detection of a purified recombinant ORF2 HEV protein from
Sar55 strain (genotype 1) (Robinson et al., 1998) provided by Drs. R.H. Purcell and S.U.
Emerson (National Institutes of Health, Bethesda, MD). This antigen has been shown to be
efficient for the detection of anti-HEV antibodies in pigs infected by HEV genotype 3 (Engle
et al,, 2002; Meng et al., 2002).

3.2.2.1 Enzyme-linked immunosorbent assay (ELISA)

The test was performed as described by Meng et al. (1997) with minor modifications.

Briefly, sera were initially diluted 1:100 and 100 ul were dispensed in wells of a 96 wells
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plate previously coated with the ORF2 truncated protein (100 pl/well of a 0.25 mg/ml
dilution of the ORF2 protein in 0.05M carbonate-bicarbonate buffer pH 9.6). To minimize
false positive reactions caused by the test background, each serum was tested
simultaneously in ORF2-coated and un-coated wells. After 30 min of incubation of the sera
at 37°C, an anti-swine 1gG conjugated with peroxidase (Bethyl) was added (100ul, dilution
1:80,000) and, finally, test was revealed by adding tetramethylbenzidine as a substrate
(TMB-Sigma). The reaction was stopped with H,SO4 2M and ODs were read at 450 nm. For
each sample a corrected OD was calculated by substracting the value obtained in uncoated
wells from the value of HEV coated wells. Samples having a corrected OD equal or higher
than 0.300) were considered to be positive (Meng et al., 1997). In each plate one positive
control, one negative control and two blank samples were included. Control sera were
obtained from conventional pigs identified as positive or negative as previously described

(Meng et al., 1997).

3.2.2.2 Dot-blot analysis
Dot-blot was performed only with the older sera (1985-1987) that yielded OD values close

to the cut-off. Briefly, nitrocellulose membrane (Amersham Biosciences Hybond-ECL) strips
were spotted with 1 ml of ORF2 protein in 2x-urea lysis buffer (30mM Na,HPQ,;, 18mM
NaCl, 2% SDS, 200mM DTT, 0.4mM pefabloc-Sigma) at 20 ng/ml and 10 ng/ml. A spot of
the lysis buffer was included as a blank. Blots were blocked by shaking the strips overnight
at 4°C with TBS-T (2% Tris-HCl pH 7.5, 140mM NaCl, 0.1% Tween 20) containing 2%
blocking reagent (ECL AdvanceTM Western Blotting Detection kit, GE Healthcare
Amersham). Then, blots were washed six times with TBS-T and incubated with each serum
diluted 1:250 in blocking solution (1h at room temperature with constant shaking).
Positive and negative controls were included at dilutions 1:1,000 and 1:250, respectively.
After incubation, blots were washed six times with TBS-T, and incubated with a
horseradish peroxidase-conjugated goat anti-pig IgG (Bethyl) at a 1:125,000 dilution. After
1h of incubation at room temperature, blots were washed six times with TBS-T and color
development was carried out using a chemiluminescence detection reagent (ECL Advance
TM Western Blotting Detection kit, GE Healthcare Amersham). For the image capture and
analysis, developed spots were photographed with a FluorChem® HD2 Imaging System's
(Alpha Innotech). Cut-off was determined by comparing the spot produced by each serum

to the reaction of the negative control.
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3.2.3 Statistical analysis
Win Episcope 2.0 software (Thrusfield et al., 2001) was used for calculating sample size.
Statistical analysis was carried out using SPSS 15.1 software (SPSS Inc., Chicago, IL, USA). A
generalized linear model was used to evaluate the relationship between total positive sera
(log transformed) and years. In order to reduce variability, years were grouped as follow:
1) 1996-1997; 2) 1994-1995; 3) 1992-1993; 4) 1990-1991; 5) 1988-1989 and 6) 1985-1987.
EpiCalc 2000 software (http://www.brixtonhealth.com/epicalc.html) was used to assess
statistical differences by Chi-square test among years in a same farm. Significance level
was set at p<0.05. Confidence intervals (95% Cl) for standard errors were estimated using

the expression C.I. = 1.96Vp(1-p)/n (Martin et al., 1987).

3.3 Results
3.3.1 Serological analysis

3.3.1.1 Enzyme-linked immunosorbent assay (ELISA)
Of the 2,871 sera analyzed by ELISA, 1,390 were positive for anti-HEV IgG antibodies

(48.4%, 95% Cl: 46.9%-49.9%). Optical densities of positive sera ranged from 0.3 to 3.0,
with an average OD of 0.81 (standard deviation: 0.53). Distribution of ODs is shown in
figure 3.1. Two hundred and four out of 208 farms had at least one seropositive pig (98%,
95% Cl: 96.1%-99.9%). Seroprevalence per year ranged from 25% to 71% (Table 3.1).
Statistical analysis of the ELISA results revealed significant differences between groups of
years. Thus, the earlier examined years (1985 to 1987) had the highest seroprevalence
compared to the other groups (p<0.01). The percentage of seropositive sows in farms
varied greatly from herd to herd, ranging from 0% to 100% with an average of 47.8%
(standard deviation: 25.1). In the 13 farms where sera were available for three consecutive

years (1995 to 1997) no significant differences were found among years.

3.3.1.2 Dot-blot analysis
Sixty-four sera belonging to years 1985, 1986 and 1987 yielded ODs between 0.25 and 0.4.

Of them 58 were positive in dot-blot, confirming that the samples recognized the Sar55

antigen (Figure 3.2).



Figure 3.1. Optical densities intervals of positives sera (cut-off 20.300).
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Table 3.1. Prevalence of HEV antibodies in pigs in different years (1985-1997).

Year N2 farms N2 analyzed sera N2 positive sera  Proportion (95% Cl)
1985 4 32 8 25% (10-40)

1986 13 179 116 65% (58.1-71.9)
1987 8 119 85 71% (62.9-79.1)
1988 8 105 54 51% (41.5-60.5)
1989 34 474 238 50% (45.6-54.4)
1990 32 422 177 41% (36.4-45.6)
1991 23 304 156 51% (45.5-56.5)
1992 3 41 19 46% (30.8-61.2)
1993 21 278 113 40% (34.3-45.7)
1994 15 223 104 46% (39.5-52.5)
1995 8 120 33 27% (19.1-34.9)
1996 18 270 165 61% (55.3-66.7)
1997 21 304 122 40% (34.6-45.4)
Total 208 2871 1390 48.4% (46.9-49.9)

3.4 Discussion

This study proves that HEV infection has been present in the Spanish swine population

since at least 1985, 13 years before any other report of HEV in pigs of this country (Pina et

al., 2000; Seminati et al.,

2008). In a previous study (Seminati et al.,

2008) reported that

HEV seroprevalence was increasing with years (1998: 32.1%; 1999: 57.5% and 2000:
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45.8%) and they had suggested that HEV infection in swine probably begun to spread soon

before 1998. The present study shows that HEV infection was widespread in Spanish pig

Figure 3.2. Dot blot analysis of ELISA positive samples (1985-1987). Strips 1 and 2: positive and negative
controls (recent sera); strips 3 and 4: positive serum samples (old sera); strips 5 and 6: negative serum

samples (old sera).
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livestock in 1985. The use of the dot-blot allowed the confirmation of the specific
reactivity of the oldest examined sera and minimizes the chance for inclusion of false

positive results.

Our results support the notion proposed by Purcell and Emerson (2008) that HEV could
have probably been present for many years but would not have been recognized until
recently. Those authors suggested that HEV could have been the cause of epidemic and
endemic hepatitis in adults -supposedly immune to hepatitis A virus- that occurred

regularly in different areas of the world before the 20th century.

On the other hand, our data agree with retrospective studies performed in other
countries, in which HEV antibodies and/or viral RNA were detected in swine before 1998.
In India, anti-HEV antibodies have been in swine sera collected between 1985 and 1987
(Arankalle et al., 2003). Also, a study done in Korea reported that HEV was identified in
archived porcine hepatic tissues of 1995 (Jung et al., 2007). Finally, a recent study has
demonstrated that HEV was present in the wild board population of Germany from at least

1995 (Kaci et al., 2008).

The statistical differences for prevalences in different years must be interpreted
cautiously. Although seroprevalence of HEV in the first examined years seem to be very

high, hidden biases related to sampling cannot be discarded and differences could be due
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to factors such as the geographic location of farms, hygienic conditions in positive farms,
density of animals in the farm, etc. The present study did not find differences among
consecutive years in the 13 farms in which samples for three consecutive years were
available (data not shown). These findings probably indicate that the HEV infection was

endemic in the Spanish pig farms at least since 1985.

A significant variation in the percentage of seropositive sows between herds was reported
by Meng et al. (1999), although these authors attributed variations to the small sample
size. Our results seem to indicate that differences between farms could be real. More
studies are needed to know which variables can have influence in the distribution of the

HEV infection in the farm and how they would affect the overall seroprevalence of sows.

Recent studies have shown that human and animal Spanish HEV isolates are genetically
similar (Pina et al., 2000; Pérez-Gracia and Rodriguez-lglesias, 2003; Pérez-Gracia et al.,
2004; de Deus et al.,, 2007) a fact that could indicate a common origin for the viruses
circulating in humans and pigs. Nevertheless, the role of HEV infection in industrialized
countries remains unknown. Pérez-Gracia and Rodriguez- Iglesias (2003) suggested that, in
an industrialized country, HEV variants were determined by an animal reservoir. In fact,
some studies have shown that exposure to swine or to contaminated water could be a risk
factor for seropositivity in humans (Pina et al., 2000; Meng et al., 2002; Withers et al.,
2002; Clemente-Casares et al., 2003; Galiana et al.,, 2008). In agreement with these
studies, Zheng et al. (2006) demonstrated that swine constitute a principal source of
genotype 4 of HEV for human infection in eastern China by direct contact with swine and

their wastes.

The high prevalence of HEV infection among pig livestock since 1985 detected in our study
and the evidence that seroprevalence and clinical cases of HE among human population
are relatively low (Buti et al., 1995; Buti et al., 2006), supports the notion that although the
virus is endemic in Spanish pig population, transmission to humans is not very frequent.
Therefore, more research is necessary to gain insight the role of swine in HEV transmission
in industrialized countries, especially the sanitary risk that could suppose this virus in the

food chain.

As a conclusion, we have demonstrated that HEV circulates endemically in Spanish pig

farms at least since 1985.
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4.1 Introduction

Hepatitis E is responsible for over 50% of cases of acute viral hepatitis in non-industrialized
countries associated with poor sanitary conditions, whereas in industrialized countries it
occurs infrequently and is generally restricted to people who travel to endemic areas. The
infection may be entirely asymptomatic, or may resemble an acute viral febrile illness with
a low mortality rate, unless in pregnant women in whom the morality rate can reach up to
20%. The causative agent is transmitted primarily via the faecal-oral route through
contaminated water or food (Dalton et al., 2008). HEV is a single-stranded positive-sense
RNA virus of approximately 7.2kb in length and is member of the new family Hepeviridae
genus Hepevirus (Meng et al., 2008). Although a single serotype is recognized, extensive
genetic diversity has been observed among HEV isolates, usually divided in four major
genotypes. Genotypes 1 (mainly detected in Asia and Africa) and 2 (only detected in
Mexico and Africa) are responsible for the major outbreaks in developing countries linked
with weak public-health infrastructures. On the other hand, genotypes 3 (described in
America, Europe and Asia) and 4 (detected in Asia) are associated with sporadic cases in

developed countries.

Purcell and Emerson (2008) described that the relatively high prevalence of anti-HEV
antibodies in humans from industrialized countries may result from unapparent infections
with strains of HEV derived mainly from swine (genotypes 3 and 4). In fact, autochthonous
hepatitis E in humans in these countries have recently been associated with consumption
of inadequately cooked pork or wild-boar liver or meat, supporting the zoonotic nature of
this virus (Li et al., 2005b; Deest et al., 2007). Furthermore, it has been demonstrated that
people in contact with swine were 5.4 times more likely to be anti-HEV positive than those
engaged in other occupations (Galiana et al., 2008). However, the public health implication
of HEV foodborne transmission is still unknown, and depends, among other factors, on the

presence and infectivity of HEV in food samples.

Foodborne transmission has been studied by quantifying the presence of HEV in
commercial porcine livers. Between 0-11% of pig livers could be infected with HEV and
some of them could maintain its infectiousness (Banks et al., 2007; Bouwknegt et al., 2007;

Feagins et al., 2007; Wang et al., 2007). Understanding the infection dynamics of HEV
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infection in farms is crucial to develop correct sanitary measures to reduce the number of

infected pigs at slaughter.

Cross-sectional studies have been the most frequently used design to determine the
circulation pattern of HEV infection within a farm (Takahashi et al., 2003; Nakai et al.,
2006; Fernandez-Barredo et al., 2007; Leblanc et al., 2007; Di Bartolo et al., 2008). Only
one study carried out in Spain has done a completed description of HEV infection dynamics
by means of a longitudinal approach, but only one farm was analyzed (de Deus et al.,
2008a). Therefore, it should be of interest to study if the dynamics of HEV differ between
farms with the same production system. Furthermore, is still unclear how the virus is

maintained within a farm allowing a new infection in each production batch.

Therefore, a longitudinal study was carried out in six Spanish farrow-to-finish swine herds
in order to: i) compare the dynamics of HEV infection in 6 farms with similar production
system; ii) elucidate the role of sows in HEV persistence in a farm; and iii) determine the

percentage of infected animal at slaughter age.

4.2 Materials and Methods

4.2.1 Study design

Six farrow-to finish swine herds located in Catalonia, an important Spanish swine-raising
area, were included in the study. Selected farms had a family production system with
similar herd size (100-300 productive sows per farm). Serum samples submitted to our
laboratories for diagnostic purpose were previously tested by an in-house ELISA (Peralta et
al., 2009b), confirming that the herds were infected by HEV. In order to determine the HEV
prevalence, serum and faecal samples of 20 sows at 2 weeks pre-farrowing (total number
(n) =120) were selected per farm (detection limit: 15% prevalence; 95% confidence). Then,
faeces from 5-6 pre-farrowing sows per farm with different OD ELISA values (2 seropositive
sows with high titres, 2 seropositive sows with low titres and one seronegative sow) were
taken at 3 weeks post-farrowing (n= 31). At the same time, 20 piglets from these 5-6
selected sows were ear-tagged and blood and faecal samples were serially collected at 3,
7, 13 and 18 weeks of age (n=120). Blood samples were taken from the jugular vein into

tubes without anticoagulant. Blood was collected from sows by puncture in the tail
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vessels. Faecal samples were obtained directly from the rectum and kept in sterile
containers. When faeces could not be collected, rectal swabs were taken and stored with

1ml of phosphate-buffered saline (PBS) solution.

At slaughter (approximately 25 weeks of age), individual blood samples from tagged pigs
were taken at bleeding and samples from liver and bile were collected and stored at -80°C
until testing. Faecal samples from the large intestine were also taken. A liver sample was
taken and fixed by immersion in 10% neutral-buffered formalin for histopathological
studies. All faecal samples of the study were diluted in 1:10 in PBS and after vigorous
vortexing, were centrifuged at 16,000 x g for 30 min. Supernatants, rectal swabs with 1ml
of PBS solution as well as serum obtained from blood centrifugation were stored at -80°C
until used. All samples were identified with four numbers corresponding to farm, sow,
piglet number within each litter and sample week. For example, sample 1.4.1.25 indicates

farm number 1, sow 4, the first piglet of this sow and week 25.

4.2.2 Serological analysis
Serum samples from 120 pre-farrowing sows and 120 piglets at 3, 7, 13, 18 and 25 weeks
of age were tested for specific anti-HEV IgG and IgM antibodies using an in-house enzyme-
linked immunosorbent assay (ELISA) as described elsewhere (Peralta et al.,, 2009b). To
minimize the background color a corrected optical density (OD) was calculated (antigen-
coated well OD value less uncoated well OD value). The working solutions for anti-lIgG and
anti-lgM conjugates were 1:40,000 and 1:10,000, respectively (Serotec Ltd., Oxford, UK).
The optical density was read at 450nm. Control sera included in each plate were obtained
from pigs identified as positive or negative as previously described (Meng et al., 1997).
Samples that had an OD value equal or greater than the cut-off value (0.300) were

considered positive (Meng et al., 1997).

4.2.3 Detection of HEV RNA
Serum and faeces from those pre-farrowing sows with high titres of HEV IgM and low titres
of HEV IgG were analyzed by RT-PCR (n= 12). On the other hand, faecal samples from 31
selected breeding sows were tested by RT-PCR to determine the presence of HEV RNA. For
those that were shedding virus during suckling stage, faecal and serum samples collected
at 2 weeks pre-farrowing were also tested for virus in the blood or faeces before delivery.

Finally, serum and rectal swabs of all 120 suckling piglets were analyzed by RT-PCR. In



50 | Longitudinal study of hepatitis E virus infection in Spanish farrow-to-finish swine herds

order to determine the isolates present in each herd, 5 piglets per farm were selected to
be analyzed twice: at the most probably time of infection (high IgM titres with low IgG
titres) and at the slaughter age.

Viral RNA from serum, faecal or rectal swab suspension and bile was extracted using the
Nucleospin® RNA virus kit (Macherey-Nagel Gmbh & Vo, Diren, Germany), and RNA from
liver sample was extracted with Rneasy mini kit (Qiagen, Hilden, Germany), following the
manufacturer’s recommendations. HEV RNA was detected according to the semi-nested

RT-PCR developed by Martin et al. (2007).

4.2.4 Sequencing and phylogenetic analysis
Amplified HEV fragments of 212 pb were checked by electrophoresis on 1.8% agarose and
0.15% ethidium bromide (10 mg/ml solution) gels and positive reactions were purified
using the Nucleospin® Extract Il kit (Macherey-Nagel Gmbh & Vo, Diren, Germany). DNA
sequencing reactions for both amplified strands were prepared with BigDye® Terminator
Cycle Sequencing Kit v.3.1 following the manufacturer’s directions (Applied Biosystems,
Foster City, USA). Sequencing products were read via capillary electrophoresis on an ABI
PRISM-3700 Genetic Analyzer (Applied Biosystems, Foster City, USA). Forward and reverse
sequences obtained for every individual were assembled by using the ContigExpress
application included in the Vector NTI software v11 (Invitrogen), and a consensus
sequence was generated for every individual. Next, sequences were aligned with the
Clustal W program implemented in the BioEdit Sequence Alignment Editor (Hall 1999)
using SW626/EU723512/Spain reference sequence. A nucleotide distance matrix between
sequences was computed to infer a phylogeny by a Neighbor-Joining (NJ) algorithm using
MEGA 4 (Tamura et al., 2007). Confidence in the NJ tree was estimated by 1,000 bootstrap

replicates. Sequences were compared using the gamma Tamura-Nei model.

4.2.5 Histopathological studies
Formalin fixed liver samples were dehydrated, embedded in paraffin blocks and stained
with hematoxylin and eosin. Microscopic analysis was conducted and hepatic lesions were

scored from | to IV according to a previously described staging system (Rosell et al., 2000).

4.2.6 Statistical analysis
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A logistic regression was carried out using SPSS 15.1 software (SPSS Inc., Chicago, IL, USA)
to analyze differences between IgG OD values of sows and their offspring at 3 weeks of
age. It was also used to test correlations between IgG OD values of piglets between 3 and
7 weeks of age. SAS system 9.1.3 (SAS institute Inc., Cary, NC, USA) was used to compare
OD values, 1gM and IgG (logio transformed), between different weeks in a farm and
between farms. A repeated measurement analysis of variance according to the general
linear mixed model procedure (PROC MIXED) and least-square means (LSMEANS) follow-
up test was used. Constant correlation was assumed between repeated measurements.
Post hoc multiple comparisons were addressed using the Tukey's test. The level of

significance for all analyses was set to p<0.05.

4.3 Results

4.3.1 Serological results
The HEV prevalence among sows of each herd ranged from 45 to 75% for 1gG and from 0

to 40% for IgM as displayed in table 4.1. The mean prevalence was 59% (standard
deviation (SD): 10) for IgG and 15% (SD: 14) for IgM. No statistical differences were found
between anti-IgG titres and parity of sows. A significant and positive correlation was found
between sows and their piglets of HEV antibody titres at 3 weeks of age in farms 1, 3, 4
and 5 (R2 = 0.21-0.85). No correlation was found for antibody titres sow and piglets in

farms 2 and 6 (R? = 0.03-0.04).

Table 4.1. Prevalence of HEV antibodies in 6 Spanish farrow-to-finish swine herds.

Farm no.  Sows positives/tested (%)

I1gG IgM

1 11/20 (55) 5/20 (25)

2 10/20 (50) 1/20 (5)

3 13/20 (65) 2/20 (10)

4 12/19 (63) 2/19 (10)

5 9/20 (45) 0/20 (0)

6 15/20 (75) 8/20 (40)

Total 70/119 (59 + 10) 18/119 (15% + 14)

The dynamic of HEV infection in the studied farms from 3 to 25 weeks of age is shown in

figure 4.1. Duration of IgG maternal antibodies in piglets was associated with maternal
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positivity (p<0.05); the higher the mother titre, the longer the antibodies duration. When
HEV maternal antibodies declined, piglets started to develop an IgM response. Anti-HEV
IgM were firstly detected at 7 weeks of age in farms 1, 3, 4, 5 and 6 whereas in farm 2 anti-
HEV IgM were observed at 13 weeks of age (data not shown). After infection, IgG were
firstly detected by 13 weeks of age in farms 1, 3, 4, 5 and 6 or by 18 weeks of age in farm
2. Then, the number of positive animals increased until the end of the study. At that time,
between 50-100% of pigs in farms 1, 3, 4, 5 and 6 had seroconverted to IgG HEV antibodies
and OD values were significantly higher compared to farms 2. Only 5% of pigs in farm 2

were IgG positive by the end of the study.

Figure 4.1. HEV IgG antibody kinetic curves.
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4.3.2 RT-PCR detection

Two out of 12 selected pre-farrowing sows (17%) were shedding virus in faeces but
viraemia was not detected in any of them. Five out of 31 breeding sows (16%), one in farm
1 and two in farms 2 and 5, had presence of HEV RNA in faeces, although none of them
were positive during pre-farrowing stage. All these positive breeding sows had presence of
IgG HEV antibodies at pre-farrowing, ranging from 0.42 to 1.24 with an average OD of 0.8
(SD=0.38). Farms 4, 5 and 6 had one piglet shedding virus in faeces at 3 weeks of age, but
farms 1, 2 and 3 did not shown any RT-PCR positive animal at that time (3/120=2.5%). Of

the 96 liver and 80 bile samples collected at slaughter, 6 (6%) and 5 (6%) were positive for
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HEV virus. As any animal was positive in liver and in bile at the same time, the total
percentage of infected animals was 12%. The distribution of positive livers and biles
between herds is shown in table 4.2. Due to the limited number of positive samples,
statistical analysis could not be performed. Most of these animals had already
seroconverted against anti-HEV at the slaughter age; only animals in farm 2 were viraemic
without having presence of antibodies. None of the animals with presence of HEV in liver
or in bile had virus in serum or in faeces at the same time. Of the total 11 positive animals
at the abattoir, only three pigs (3.11.3, 3.7.4 and 4.15.2), were also positive in faeces or

serum at 13 weeks of age (figure 4.2).

Table 4.2. Percentage of positive livers and biles at slaughter age in each farm.

Farm no. Livers positives/tested (%) Biles positives/tested (%)

1 2/16 (13) 0/17 (0)
2 0/19 (0) 2/13 (15)
3 1/18 (5) 2/16 (13)
4 2/8 (25) 0/0 (0)

5 1/19 (5) 1/19 (5)
6 0/16 (0) 0/15 (0)
Total 6/96 (6) 5/80 (6)

4.3.3 Sequencing and phylogenetic analysis

The amplification products of the capsid gene from 19 positive samples were sequenced
and compared (table 4.3). Thirty-two variable positions in 168 nucleotides (nt) defined
three major groups of sequences. Nucleotide intragroup identities were 99.0% in group 1
and 97.0% in group 2, and the intergroup nucleotide identities was 87.0% between group
1 and 2. There were 4 animals (group 3) that showed double phenogram pics in the
synapomorphic sites that differentiate the other two groups. The intragroup aminoacid
identities were 100% in group 1 and 99.3% in group 2, showing an intergroup aminoacid
similarity of 99%.

Strains from all sequence groups were present in farms 2 and 3. Farm 5 and 6 had
presence of two different groups of isolates, whereas farms 1 and 4 only showed one
group. The HEV sequence from pig number 3.7.4 at 13 weeks of age had 85.8% nucleotide
identity with the sequence from the same animal at 25 weeks of age, belonging to a
different sequence group. On the other hand, the sequence of pig number 4.15.2 at 13
weeks was 93.2% identical to the HEV from the same animal at 25 weeks, and they were

grouped in the same sequence cluster.
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Figure 4.2. Optical densities values (== 1gG; —m— 1gM) and RNA detection of pigs that were HEV
positive at 13 and 25 weeks of age.
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Table 4.3. Variable sites in a 168 nt sequence located in the capsid gene of HEV. In bold, animals that were HEV positive at two sampling times.

Pig Sample Variable sites
12 30 33 42 45 48 51 57 58 66 69 81 84 96 97 111 120 123 124 125 129 132 135 137 141 147 153 154 160 161 162 164 165

swe26" Bile T T C T G C A T T C C G C C A G A T C T T T T G G C C G G G T G T
1.4.1.25"  Liver e
2.6.0.3 Faeces o _ _ _ _ _ _ _ _ _ _ _ T _ _ _ ? _ ?
3.7.4.25 Bile _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T _ _ — ? — ?
6.9.2.25 Serum _ _ o _  __ _ _ _ _ _ _ _ _ _ _ _ T _ _ - ? _ ?
5.12.3.25  Bile __  _ o _ . _ _ _ _ _ _ _ _ _ _ _ T _ _ _ ? _ ?
1.1.0.3 Faeces o _ _ _ _ _ _ _ _ _ _ _ T _ _ _ ? _ ?
5.6.0.3 Faeces _ _ _  _ _ _ _ _ _  _ _  _ o o_ _ _ _ _ _ _ _ _ _ _ _ _ T _ _ - ? _ ?
6.9.0.0 Faeces _ C _ _ A T G _ _ T T A _ T _

4.15.2.13 Faeces C C A C A T G _ _ T T A _ T C T G C T C _ C C _ A T G C A A G C G
2.3.03 Faeces C C _ _ A T G _ _ T T A _ T _ T G C T _ C C C _ A T T _ _ _ ? _ ?
3.7.4.13 Faeces C C A _ A T G _ _ T T A _ T _ T G C T _ _ C C _ A T T _ _ _ ? _ ?
3.4.1.25 Bile C C _ _ A T G _ _ T T A _ T _ T G C T _ C C C _ A T T _ _ _ ? _ ?
3.11.3.13°  Serum C C _ _ A T G _ _ T T A _ T _ T G C T _ C C C _ A T T _ _ _ ? _ ?
4.10.1.13 Faeces C C _ _ A T G _ _ T T A _ T _ T G C T _ C C C _ A T T _ _ _ ? _ ?
4.15.2.25 Liver C C _ _ A T G _ _ T T A _ T _ T G C T _ C C C _ A T T _ _ _ ? _ ?
2.8.2.25 Bile ? ? _ _ ? T ? _ _ ? ? ? _ ? _ ? ? ? T _ ? ? ? _ ? ? T _ _ _ ? _ ?
5.6.1.25 Liver ? ? _ _ ? T ? _ _ ? ? ? _ ? _ ? ? C T _ ? ? ? _ ? ? T _ _ _ ? _ ?
3.12.0.0 Faeces ? _ _ _ ? T ? _ _ ? ? ? _ ? _ ? ? ? ? _ ? ? ? _ ? ? T _ _ _ ? _ ?
2.3.3.25 Bile ? ? ? ? ? ? ? ? ? ? ? ? T ? ?

1 SW626 (EU723512) from Peralta et al., 2009c was used as the reference sequence
2(1) farm, (4) sow, (1) piglet number within each litter and (25) sample week

3 Sequence of liver at 25 weeks of age could not be determined

* Double phenogram pics in the synapomorphic sites
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Phylogenetic analysis revealed that all swine sequences from this study belonged to genotype

3 and shared 83.5-98.7% nucleotide identity with other genotype 3 HEV isolates.

4.3.4 Histopathological results
At slaughter age, none of the animals had significant macroscopic lesions in the liver. Slight
periportal hepatic fibrosis (stage | of Rosell et al., 2000) was histollogically seen in nine pigs
(15%), while only one animal (1.7%) presented mild periportal hepatitis (stage Il of Rosell et
al., 2000). Since only one pig that presented a slight periportal hepatic fibrosis was also RT-
PCR positive in liver, no correlation between liver lesions and presence of HEV RNA in liver

could be established.

4.4 Discussion

This study represents the first longitudinal survey on swine HEV infection dynamics conducted
in different farms. Animals were followed from nursery to slaughter in order to in order to
detect virus and antibodies during their productive life and its presence in the carcass. Other
studies also have described serologic and excretion patterns of HEV infection between farms,
but by means of a cross-sectional studies (Takahashi et al., 2003; Nakai et al., 2006;
Fernandez-Barredo et al., 2007; Leblanc et al., 2007; Di Bartolo et al., 2008).

Our data of HEV seroprevalence in Spanish swine herds agree with a previous study conducted
by the same research group, where an average of 47.8% seropositive sows was found in 208
farms (Study I). Although most sow antibody titres were correlated with their piglets, some
positive sows had negative piglets as well as some negative sows had positive piglets. These
discrepancies might have been caused by an insufficient or inadequate colostrum intake or to

a cross-fostering practice during suckling stage.

Slight differences in antibody dynamics of HEV infection were found in the 6 studied farms.
Five of these farms showed evidence of HEV infection at 7 weeks of age, whereas in farm 2
pigs started to develop IgM antibodies some weeks later, at 13 weeks of age. Assuming that
IgM presence is related with viraemia (de Deus et al., 2008a), pigs from farm 2 may have been

in contact with the virus later than in the other 5 farms. In consequence, animals can be
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seronegative at the slaughter age but being infected during the latest fattening period. In two
studies conducted in Japan, similar differences in virus detection in faeces or IgG appearance
were found (Takahashi et al., 2003; Nakai et al., 2006). A lower infection pressure in farm 2
and also in 4 may have reduced the probability of infection and consequently prolonged the
period between exposure and infection (Bouwknegt et al., 2008a). Satou and Nishiura (2007)
also described that a decline in the force of HEV infection in a farm would elevate the age at
infection. These hypotheses could probably explain the observed difference in HEV serological
curves. Even though Satou and Nishiura described that a lower force of infection could
increase the number of infected pigs at the slaughter age, we have not observed any apparent
differences in this percentage among farms. Further research is necessary to elucidate if

different infection dynamics may affect the proportion of infected pigs at slaughter age.

How the virus persists within a herd while being able to infect each production batch is still
not clarified. Some studies suggest that breeding sows could play a role as HEV reservoirs
being able to transmit the virus to suckling piglets (Fernandez-Barredo et al., 2007; Di Bartolo
et al., 2008). In the present study only 2 pre-farrowing sows (17%) and 5 breeding sows were
shedding virus in faeces (16%), similar percentages as showed in other studies (Fernandez-
Barredo et al., 2006 and 2007). How these breeding sows could be infected despite having I1gG
HEV-antibodies is still uncertain. Physiological changes during pregnancy (high level of steroid
hormones) or farrowing (stress) might induce a reactivation of HEV replication, as suggested
by Fernandez-Barredo et al. (2006) and Navaneethan et al. (2008). Stress during farrowing
may explain why all sows that were shedding virus in faeces during suckling period were not
excreting virus during pre-farrowing stage. Even though transmission from sows to piglets has
not been excluded, none of the studied piglets born from positive sows became infected at 3
weeks of age. Despite of this, an efficient disinfection of pens between batches should be

recommended to avoid virus persistence.

Viraemia and virus excretion in experimentally infected pigs are expected to last for 1-2 weeks
and 2-3 weeks, respectively (Halbur et al., 2001); virus in liver can be detected until 4 weeks
post infection (Bouwknegt et al., 2009). In the current study, most HEV positive animals at
slaughterhouse had not had virus detection before. Although some pigs had already

developed an antibody response at the abattoir, none of them had virus in serum or in faeces,
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suggesting that they had probably finished the acute phase of HEV infection. Interestingly,
three animals that had virus in serum or faeces at 13 weeks of age also showed virus in liver or
in bile 12 weeks after their first detection. What is more, sequences from the same animal at
different sampling ages were not identical. We can speculate that these sequences could have
had enough mutations to change into other HEV strain, but the calculated mutation rate in
these cases (10™") would be higher than the calculated for positive-sense single-stranded RNA
virus like HEV (107) (Duffy et al., 2008). Therefore, it is easier to assume that these pigs could
be infected with two different strains of HEV over their life. It could happen that a higher
amplification rate of each isolate in liver at different time points results in a different strain
detection. The presence of virus in liver until 3 months after its detection in faeces may be due
to a possible persistence of virus in target organs. A short protective immunity could also
facilitate new HEV infections during its productive life, as described by Chandra et al. (2008).
In both cases, animals infected during early life could still contain HEV at slaughter age,

representing a risk for public health.

Phylogenetic analysis of 19 positive samples, representing the different farms tested,
indicated that multiple HEV strains can be present in a same farm (Huang et al., 2002; Nakai et
al., 2006; Di Bartolo et al., 2008). Huang et al. (2002) demonstrated that in 37 swine farms
from the United States, HEV isolates from the same geographic region showed higher
percentages of identities than those from different geographic region. Although the distance
between the 6 farms in our study is quite large (25-30 Km), they are located in an area with
high density of pig production and consequently with substantial concentration of slurry in the
environment. Water sources may have been contaminated with swine faeces that have
facilitated HEV transmission between farms. It is worthy to note that pigs that have isolates of
group 3 could be infected for two different HEV strains at the same time, since they displayed
two different nucleotides at the same variable regions than group 2. However, this must be

confirmed cloning this sequences and isolating the two supposed different strains separately.

In the current study, a total of 12% of pigs had presence of RNA in liver or in bile at the
slaughter time. Whether this HEV RNA had an extrinsically (cross-contamination) or
intrinsically (natural infection) source or whether it continuous to be infectious or not,

remains to be examined. Nonetheless, the prevalence is slightly higher than found in other
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European countries (Banks et al., 2007; Bouwknegt et al., 2007), but similar to the proportion
showed in United States (Feagins et al., 2007). A nutritional survey performed in Catalonia
during 2002-2003 revealed that viscera consumption was very low (0-2.9 grams/person/day
(g/p/d)) compared with meat and fish consumption (57.6-86.6 g/p/d and 56.1-84.3 g/p/d,
respectively) (Anonymous, 2005). These data suggested that the risk for infection by
consumption of pig livers in Catalonia (Spain) might be extremely small. However,
manipulation of HEV-infected livers or other organs from pigs could be considered a possible
route of transmission, as has been reported recently in a butcher and in a slaughterhouse

worker (Jary, 2005; Pérez-Gracia et al., 2007).






5. Estudi Il

Comparison of Muscle Fluid and Sera for
detection of Antibodies against Hepatitis E

Virus Infection in Slaughter Pigs






Estudilll | 63

5.1 Introduction

Hepatitis E virus (HEV) is the aetiological agent of hepatitis E. In developing countries, HE
usually occurs as epidemics transmitted through drinking water in which HEV genotypes 1
and 2 are the cause. In industrialized countries, autochthonous cases most often are of
sporadic nature and caused by HEV genotypes 3 and 4 (Purcell and Emerson, 2008). In this
later case, pigs have been suggested to be a potential source of infection since HEV prevalence
is very high (Seminati et al., 2008; Yoo et al., 2001; Banks et al., 2004b). In fact, several human
cases of HE have been associated with the consumption of inadequately cooked meat (Li et
al., 2005) and it has been reported that people in contact with swine are more likely to have
anti-HEV antibodies (Galiana et al., 2008). Although monitoring of HEV is not routinely
performed, the potential of this virus as a food-borne zoonosis might suggest so in the future
and serology at the slaughterhouse could be a convenient mean to do it. The objective of the
present study was to investigate the use of the muscle fluid as an alternative to serum for

detecting anti-HEV antibodies by ELISA in swine.

5.2 Materials and methods

A total of 67 pigs from five Spanish farrow-to-finish farms were sampled at 4 different
abattoirs. Each pig had been previously tagged in each ear in order to identify specific animals
and samples during the slaughter chain. Individual blood samples were taken during bleeding.
In parallel, thoracic visceras were taken during the evisceration process from the
corresponding carcasses and stored in individual boxes until muscle sampling. A piece of 4 cm
x4 cm x 1 cm of the diaphragm was taken and kept in sterile plastic bags. All blood tubes and
bags were correctly identified and frozen at -80°C until used. Muscle samples were then

thawed and the released juice was collected and transferred to serological tubes.

All serum and muscle fluid samples were tested for anti-HEV 1gG by means of a previously
described ELISA (Martin et al., 2007). Firstly, some samples of muscle juice at dilutions 1:10;
1:50 and 1:100 were compared with their correspondent serum at dilution 1:100 as previously

determined (Meng et al.,, 1997). When the optimal muscle fluid dilution was established
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(1:10), muscle fluid and serum for each pig were analyzed in the same plate to avoid possible
interplate differences. To minimize the background of the test a corrected optical density (OD)
was calculated (antigen-coated well OD value less uncoated well OD value). Positive and
negative control sera included in each plate were obtained from naturally infected pigs
identified as positive or negative by RT-PCR and which had high or low titres of anti-IgG HEV,
respectively. Serum samples that had an OD >0.300 were considered as positive (Meng et al.,

1997).

Statistical analysis was performed using STATA v.8.2 (SAS Institute, Cary, N.C., USA). Cut-off,
sensitivity and specificity for the muscle fluid ELISA as compared with the serum ELISA were
calculated by ROC curves. Kappa value and Spearman correlation were also calculated. A

linear regression analysis was used to obtain the determination coefficient (R?).

5.3 Results

Of the 67 serum samples analyzed, 43 (64%) were positive for anti-HEV IgG. Considering the
serum ELISA as the standard, the optimal cut-off of the muscle fluid ELISA was 0.322
corresponding to a sensitivity of 93% (Clgsy: 80.9%-98.5%), whereas the specificity was 91.7%
(Clgsg: 73%-99%). Of the 67 muscle fluid samples analyzed, 43 (64%) were positive for anti-
HEV IgG. Kappa value for the comparison between the serum and the muscle ELISAs was 0.84
(Clgse: 0.72-0.96) whereas Spearman correlation was 0.91 (p<0.05) (Figure 5.1). Therefore, the
determination coefficient of the linear regression model between sera and diaphragm muscle

fluid optical densities (ODs) was 0.77. ELISA results for each farm are shown in table 5.1.

Table 5.1. HEV ELISA results for muscle fluid and serum in each farm.

Farms n2  Serum positive/tested (%) Muscle fluid positive/tested (%)

1 14/14 (100) 14/14 (100)
2 1/19 (5) 0/19 (0)
3 17/18 (94) 18/18 (100)
4 4/8 (50) 4/8 (50)
5 7/8 (87) 7/8 (87)

Total 43/67 (64) 43/67 (64)
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Figure 5.1. Scatterplot of serum and muscle fluid ODs for anti-HEV IgG ELISA.

SerumOD values

Muscle fluid OD values

5.4 Discussion

The use of porcine muscle fluid as a material for serology has been reported previously for
Salmonella and Actinobacillus pleuropneumoniae (Nielsen et al., 1998; Wallgren and Persson,
2000). The present study shows that this type of sample could also be used for the serologic
detection of HEV. Considering muscle fluid a dilution of serum (Nielsen et al., 1998), we would
expect a smaller sensitivity of muscle fluid compared with serum one. However, the results
obtained with muscle juice diluted 1:10 were comparable to those produced by serum.
Moreover, the kappa value for the comparison of tests showed that the agreement of results
was acceptable-to-good and therefore both of them could be used for anti-HEV IgG antibodies

detection.

This method allows knowing the percentage of seropositive pigs at the slaughter age giving
information about the infection status of farms regarding infections with HEV. The simplicity
of sample collection of this method offers new possibilities which will facilitate monitoring of
pig herds. Besides, diaphragm sampling is routinely performed in some countries for the

surveillance of trichinellosis at the abattoirs. In conclusion, the present study shows that
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muscle fluid can be used as an alternative to serum for serologic detection of hepatitis E virus

antibodies in slaughter pigs.



6. Estudi IV

Pigs Orally Inoculated with Swine Hepatitis

E virus are able to Infect Contact Sentinels
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6.1. Introduction

Hepatitis E virus (HEV) infection in humans is one of the most important causes of acute
clinical hepatitis in developing countries. Transmission of the virus occurs primarily by the
faecal-oral route through contaminated drinking water in areas with poor sanitary conditions.
Although the case fatal rate is generally low (<£1%), it can reach up to 25% in pregnant women

(Kumar et al., 2004).

The existence of sporadic HEV infection cases in individuals of industrialized countries with no
history to travel to endemic areas has suggested the possibility of an animal reservoir (Pina et
al.,, 2000; Pavio et al., 2008). After the first description of swine HEV in USA (Meng et al.,,
1997), sequence analyses have shown high nucleotide identity between swine and human
isolates from the same geographic area (Huang et al., 2002a). The facts that human clinical
hepatitis E has been associated with consumption of undercooked meat products (Tei et al.,
2003; Li et al., 2005b) and swine HEV strains can infect non-human primates (Meng et al.,
1998b) provide more evidence that HEV should be considered an agent with zoonotic

potential.

The lack of a practical animal model has hindered a better knowledge of human HEV infection
mechanisms. Different experimental infections have been done in swine, most of them using
the intravenous (1V) inoculation as the route of exposure. In an experiment performed in 1998
(Meng et al., 1998a), pigs got infection after IV inoculation of a swine strain of HEV and were
able to infect non-inoculated contact animals. In the same study, pigs could not become
infected by some human HEV strains (Mex-14 and Sar-55). However, in a subsequent study
from the same research group, another human strain (US-2) was infectious for pigs (Meng et
al., 1998b). Following these studies, a comparison of pathogenesis of pigs infected with swine
and human strains of HEV was performed (Halbur et al., 2001). When pigs are inoculated IV,
liver seems to be the primary site of virus replication (Lee et al., 2008). Then, the virus can be
accumulated into the gallbladder, probably as a consequence of HEV liver replication in large
amounts. The virus seems to be excreted into the bile duct and finally shed in faeces. Williams
et al. (2001) showed the existence of extrahepatic sites of HEV replication, including the small

intestines, colon, and hepatic and mesenteric lymph nodes, as the most important tissues.
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As previously said, almost all studies focused on HEV infection mechanisms with swine HEV
have used the IV inoculation as the route of infection. Taking into account that the most likely
natural route of transmission among pigs is the faecal-oral one (Meng and Halbur, 2006; de
Deus et al., 2008a), the pathogenic events that occur under natural conditions are not really
known. Few experimental infections have used oral inoculation as the route of exposure. The
first one was reported in 1990 by Balayan et al., in which two young piglets were inoculated
with a 1:10 faecal suspension containing a human HEV strain of genotype 1. Even though they
attributed the infection to the virus inoculated from the human stool, further studies
demonstrated that those pigs were already infected with a swine HEV strain of genotype 3 (Lu
et al., 2004). In 2002, Kasorndorkbua et al. tested the faecal-oral route infecting two pigs, one
inoculated with a stomach tube and the other using an oral drop system. None of them got
infection although the inoculum contained a virus titer of 10° GEs/ml. In a subsequent study
from the same research group using the oral route of inoculation (Kasorndorkbua et al., 2004),
three pigs were inoculated by an oral gavage with 15 g of fresh swine faeces for 3 consecutive
days. Only one animal shed virus in faeces (from 21 to 35 days post-inoculation (dpi)) and
seroconverted by 56 dpi. No direct contact exposure was evaluated in this work. Besides, the
oral route of transmission has also been investigated using manure slurry as inoculum,

although no evidence of infection was obtained (Kasorndorkbua et al., 2005).

Taking into account the poorly documented infectiousness of HEV exposed orally to pigs, the
objectives of the present study were to explore the most likely natural route of infection by
oral inoculation of a larger group of pigs and to investigate the possibility of infection by direct

contact to sentinel animals.

6.2. Materials and methods

6.2.1. Virus inoculum

The swine HEV inoculum used in this study was prepared from bile of a naturally infected pig.
The bile was tested positive for HEV by a semi-nested RT-PCR as described previously (Martin
et al., 2007) and had a titer of 10° GEs/ml (see Annex Ill). The phylogenetic analysis revealed
that the HEV strain used belonged to genotype 3 (Peralta et al., 2009c). A second bile,
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negative by semi-nested RT-PCR, was used as negative control. Biles were kept at -80°C until

used.

6.2.2. Experimental design

6.2.2.1. Preliminary infectivity study

In order to test the infectivity of the inocula, four 2-week-old piglets with very low values of
IgG antibody to HEV measured by an in-house ELISA (Martin et al., 2007) and free of swine
HEV in faeces and blood were housed in a biosecurity level 3 (BL-3) facility. After one week of
acclimatization, each piglet was inoculated IV with 1 ml of a 1:5 bile suspension (infectious
dose: 10° GEs/ml) in physiological saline solution. Clinical signs and rectal temperature were
recorded every 2 to 3 days through a 28 day-period. Serum and rectal swabs were taken twice
a week to be analyzed by a semi-nested RT-PCR (Martin et al., 2007). Serum samples were also
analyzed by ELISA to detect anti-HEV IgG antibodies. Bile collected at the necropsy day (28
dpi) was also tested to detect the presence of HEV RNA. All samples were stored at -80°C until

analysis.

6.2.2.2. Transmission study

Thirty-seven 2-week-old piglets with no or very low HEV IgG antibody OD ELISA values and
negative by semi-nested RT-PCR to the virus in blood and faeces were included in the study.
Pigs were kept together for 1-week acclimatization period in the same experimental box in a
BL-3 facility until the moment of challenge (0 dpi). Then, animals were divided in two groups
(group A, n=25; group B, n=12), taking into account the ELISA OD values of each animal;
therefore, no statistical significant difference in mean OD between groups were observed.
Sixteen animals of group A were inoculated orally using a syringe with 2 ml of a 1:10
suspension (infectious dose: 10° GEs/ml) of a RT-PCR positive bile in physiologic saline serum.
The remaining nine pigs were kept as sentinels (contact controls) and were inoculated with 2
ml of 1:10 suspension of a RT-PCR negative bile in physiologic saline serum. Pigs from group B

(negative controls) received orally the same inoculum as the sentinels.

Clinical signs and rectal temperature were monitored every 2 to 3 days until the end of the
experiment at 64 dpi. Five or 6 pigs from the inoculated group, 3 from the contact group

(sentinels) and 4 from the control group were randomly euthanized at 16, 32 and 64 dpi.
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Serum and faecal samples were collected twice a week to be analyzed by semi-nested RT-PCR;
bile obtained at necropsy was also tested for the mentioned technique. Serum samples were
studied for anti IgG HEV antibodies by ELISA. Faecal samples were collected directly from the
rectum and diluted 1:10 in PBS. After vigorous vortexing, faecal samples were centrifuged at
16.000 x g for 30 min and supernatants were taken to perform RT-PCR. All samples were
stored at -80°C until further use. Liver samples obtained at necropsy were also taken and fixed

by immersion in 10% neutral-buffered formalin for histopathological studies.

Both experiments were performed in accordance with the guidelines of the Good
Experimental Practices (GEP), under the supervision of the Ethical Welfare Committee on
Human and Animal Experimentation of the Universitat Autonoma de Barcelona (CEEAH),

Spain.

6.2.3 Detection of anti-HEV antibodies
Serum and bile used as inoculum samples were tested for specific anti-HEV 1gG antibodies by
an in-house enzyme-linked immunosorbent assay (ELISA) previously described (Martin et al.,
2007). This assay was performed using a purified ORF2 truncated protein as antigen, which
was obtained from a local strain of swine HEV genotype 3 that was expressed into
recombinant baculovirus (Peralta et al., 2009b). To minimize the background on the ELISA
results, each serum was analyzed both in coated and un-coated wells. The working solution
for the anti-IgG conjugate was 1:40,000 (Serotec). The reaction was stopped with H,SO,; 2M
and the optical density (OD) of each plate was read at 450 nm. Samples that had an OD value
(antigen-coated well OD value less uncoated well OD value) equal or greater than the cut-off

value (0.300) were considered positive (Martin et al., 2007).

6.2.4 Detection of HEV RNA
Total RNA from serum, bile, rectal swabs and faecal suspension was extracted with
Nucleospin® RNA virus kit (Macherey-Nagel), reverse-transcribed, and subjected to a semi-
nested RT-PCR as previously described (Martin et al., 2007). Sequencing analysis was
performed on all resulting positive samples to verify that the HEV strain found in pigs was the

same as the inoculated one. The resulting sequences were also compared with the one used
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as positive control in the RT-PCR to check that no cross contamination occurred. Serial
dilutions of serum, faeces and bile were used to determine the titer of viral genomes by semi-
nested RT-PCR. Viral concentrations were expressed as GE per microliters of sample (serum,

faecal suspension or bile) as described elsewhere (Meng et al., 1998a).

6.2.5 Histopathological studies
Fixed liver samples were dehydrated, embedded in paraffin and stained with hematoxylin and
eosin. Microscopic analysis was performed with special emphasis for the presence or absence
of hepatitis, the main lesion found in HEV infected pigs (Meng et al.,, 1997; de Deus et al.,
2007). Hepatic lesions were scored following a previously described staging system (from | to
IV) proposed by Rosell et al. (2000) to evaluate liver inflammation associated to porcine

circovirus type 2 infection.

6.3 Results

6.3.1 Preliminary infectivity study

All four pigs inoculated IV with the swine HEV inoculum remained clinically healthy during the
whole experimental period. Rectal temperatures remained within the normality rank

throughout the study with an average (avg) of 39.7°C (standard deviation (SD): 0.22).

RT-PCR results of HEV RNA detection in faeces and bile are shown in Table 1. Three out of 4
animals became infected. HEV was firstly detected in faeces on 3 dpi in animal A and on 7 dpi
in animal B. Faecal shedding of pig A lasted for 1 week and only 4 days for pig B. Viraemia was
not detected in any studied animal. HEV RNA was not detected in faeces of pig C, although
virus genome was detected in bile at necropsy (28 dpi). The sequencing of all RT-PCR products
demonstrated a 100% nucleotide identity with respect to the inoculated virus. Pig D did not

show any evidence of HEV infection by RT-PCR.

Pig A seroconverted to anti-HEV IgG by 21 dpi. No other pig seroconverted at any time of the
experimental period. Bile used as inoculum did not contain specific anti-HEV IgG antibodies.

None of the animals had significant macroscopic and microscopic lesions.
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Table 6.1. Viraemia, faecal shedding and serological OD values in pigs inoculated intravenously from the
preliminary infectivity study.

Days post-inoculation
0 3 7 10 14 21 28

Pig  Virus/antibody detection®

A Virus Serum - - - NT - - -
Feces - + + + - - -

Bile NA NA NA NA NA NA -

Antibodies 0.18 0.11 0.08 0.04 0.10 1.08 0.33

B Virus Serum - - - NT - - -
Feces - - + + - - -

Bile NA NA  NA NA NA NA -

Antibodies 0.29 009 0.32 0.21 0.14 0.11 0.05
C  Virus Serum - - - NT - - -
Feces - - - - - - -

Bile NA NA NA NA NA NA +

Antibodies 0.24 0.27 0.44 0.19 0.18 0.13 0.08
D  Virus Serum - - - NT - - -
Feces - - - - - - -

Bile NA NA NA NA NA NA -

Antibodies 0.33 0.26 0.19 0.16 0.12 0.05 0.05

%, negative; +, positive; NT, not tested; NA, non-available; cut-off >0.300

6.3.2 Transmission study

Control animals remained healthy during the whole experimental period. Pigs from the
inoculated and contact group did not show clinical signs attributable to HEV during the
experiment; however five animals, three from the inoculated group and two from the contact
group, showed pyrexia and different clinical signs (prostration, difficult breathing and shivers),
dying during the first 3 weeks of experiment. Rectal temperatures remained within normality
in all the remaining animals: inoculated group, avg: 39.48°C / SD: 0.27; sentinel group, avg:
39.52°C / SD: 0.35; control group: avg: 39.54°C / SD: 0.4. Bacteriological culture of different
swabs (from cerebrospinal fluid and pericardium, thoracic and abdominal cavities) obtained at
necropsy, revealed the presence of colonies compatibles with common pathogens of swine
farms such as Haemophilus parasuis, Streptoccocus suis and Escherichia coli (data not shown).
No significant gross lesions were observed in any of the pigs from all three experimental
groups (besides those that died because of systemic bacterial infections, which showed
fibrino-purulent meningitis, polyserositis and/or polyarthritis). Slight perilobular or periportal

hepatic fibrosis was histologically seen in animals 16 (inoculated) and 59 (contact),
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respectively. Slight or mild periportal hepatitis (stage | of Rosell et al., (2000)) was observed in
pigs 17 and 89 (inoculated), 59 (contact) and 82 (control). No microscopic hepatic lesions were

seen in the remaining pigs.

Some animals had antibody titers of IgG at the beginning of the study: 8 from the HEV
inoculated group; 1 from the contact group and 3 from the control group. Most of these

animals lost maternal antibodies after 8 dpi.

A total of 4 out of 16 pigs presented one or more evidences of HEV infection (Table 2). Three
pigs from the HEV inoculated group shed virus in faeces, none of them had detectable
viraemia, two had virus RNA in bile at the day of necropsy and two of them seroconverted to
IgG anti-HEV antibodies. Nevertheless, these animals were able to infect contact sentinels;
two contact pigs got infection, with presence of HEV in bile. None of the contact pigs had virus
faecal shedding, viraemia or seroconversion at 64 dpi. Finally, control pigs remained
seronegative throughout the study. None of them had HEV RNA in faeces, blood or bile during
all the experimental period. Positive RT-PCR products showed a 100% nucleotide identity with
respect of the inoculated virus. Faecal shedding was detected between 22 and 36 dpi (Table
2). Only one animal (pig 87) had HEV RNA detectable in faeces during different time points of
the experiment. Pig 94 (euthanized at 16 dpi) had detectable virus in bile, but it was never
recorded as positive in faeces. Pig 16 died at 22 dpi and was HEV RT-PCR positive both in bile
and faeces at necropsy; serial dilutions of positive bile and faeces of this pig revealed that the
genomic titer of HEV in bile (10°-10" GEs/ml) was higher than that in faeces (10 GE/ml).
Seroconversion of inoculated pigs appeared 43 days after challenge onwards. In the contact

group of pigs, virus was only detected in bile of two animals euthanized at 64 dpi.

6.4 Discussion

Porcine HEV was firstly described in 1997 (Meng et al., 1997); since then, several
experimental studies have been performed to clarify the pathogenesis of this viral infection.
Most of them used IV inoculation although oral HEV exposure would be the most natural

route of infection.
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Table 6.2. HEV RNA detection in faeces and bile, and HEV IgG presence (OD values) in orally inoculated and contact sentinel pigs showing
evidence of infection during the experimental period.

Days post-inoculation

Group Pig Virus/antibody detection®
3 8 11 16 22 25 29 32 36 43 50 57 64
Inoculated 16 Virus Feces - - - - - +
Bile NA NA NA NA NA +
Antibodies 0.02 NT  0.05 NT 0.01 0.01
87 Virus Feces - - - - - - + - + + - - - -
Bile NA NA NA NA NA NA NA NA NA NA NA NA NA -
Antibodies 056 NT 039 NT 017 010 NT 004 NT 021 033 004 118 131
94 Virus Feces - - - - -
Bile NA NA NA NA +
Antibodies 036 NT 030 NT 0.09
95 Virus Feces - - - - - + - - - - - - - -
Bile NA NA NA NA NA NA NA NA NA NA NA NA NA -
Antibodies 044 NT 014 NT 006 007 NT 004 NT 004 013 020 041 0.22
Sentinels 40 Virus Feces - - - - - - - - - - - - - -
Bile NA NA NA NA NA NA NA NA NA NA NA NA NA +
Antibodies 0.04 NT 003 NT 003 003 NT 003 NT 002 002 002 002 0.02
99 Virus Feces - - - - - - - - - - - - - -
Bile NA NA NA NA NA NA NA NA NA NA NA NA NA +
Antibodies 055 NT 033 NT 024 013 NT 008 NT 004 003 002 002 0.10

®_, negative; +, positive, NT, not tested; NA, non-available; cut-off >0.300
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Few experimental infections have been performed using the latter route of exposure,
clearly indicating the difficulty to cause HEV infection (Kasorndorkbua et al., 2002, 2004,
2005). The present report further investigated the oral route of administration of HEV,
demonstrating its feasibility, and describes for the first time the successful transmission of
HEV from orally inoculated pigs to sentinel ones. Other experiments showed that pigs with
direct contact exposure to positive controls got also infection, but those controls were

inoculated IV (Meng et al., 1998a; Kasorndorkbua et al., 2004; Bouwknegt et al., 2008a).

Most of HEV experimental infections have mainly used faeces from infected pigs as inocula
(Meng et al., 1998b; Kasorndorkbua et al., 2002, 2004; Lee et al., 2008). In contrast, this
study used bile from a naturally infected pig; this animal had higher amount of HEV
genome copies in bile than faeces (data not shown). The used bile was previously tested
by ELISA to ensure that specific IgG antibodies that may hinder HEV infection progress

were not present.

The preliminary study performed demonstrated that the bile recovered from a naturally
infected animal was infectious for pigs when inoculated IV. Two of the pigs (A and B) got
infection because of the IV inoculation of the bile; however, a third pig only showed
evidence of infection by RT-PCR at the end of the experiment, suggesting that infection
probably occurred by oro-faecal transmission due to contact with the other two. The lack
of virus detection in faeces and blood of this animal previous to its detection in bile may
suggest that liver is the primary site of HEV replication, as described in other IV
experimental infection (Lee et al., 2008); therefore, bile would be one of the most
important samples to find the virus, as has also been suggested under natural infection
conditions (de Deus et al., 2007). It is worthy to note that a fourth animal did not show
evidence of infection during the whole experimental period, which suggests an inadequate

IV inoculation but also an apparent difficulty of horizontal transmission from infected pigs.

Faecal-oral route is believed to be the natural route of HEV transmission among pigs
(Meng and Halbur, 2006; de Deus et al., 2008a). In fact, a recent study demonstrated the
potential of HEV to cause epidemics in populations of pigs since the basic reproduction
ratio (Ro) for contact-exposure was estimated to be 8.8 (Bouwknegt et al., 2008a). In the
present study, pigs could be infected orally and they were able to infect animals in contact.

A previous study demonstrated that faeces containing a high titer of HEV (10° GEs/g) was
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able to infect animals when they were inoculated orally, but three inoculations of 15 g of
faeces each were necessary to infect only one out of 3 animals (Kasorndorkbua et al.,
2004). Although the present work has reproduced HEV infection successfully by oral
inoculation, the infection rate was less efficient than when using IV inoculation, and orally
inoculated animals showed faecal shedding and seroconversion later compared with IV
inoculations (Tsarev et al., 1994; Kasorndorkbua et al., 2004, 2005). Moreover, in the study
cited above, pigs inoculated IV with an HEV dose of 10° GEs shed the same concentration
of viral particles in faeces (Kasorndorkbua et al., 2004). In contrast, pigs from the present
study inoculated orally with an HEV dose of 10> GEs excreted much lower concentrations

of virus in faeces (data not shown).

McCaustland et al. (2000) described that multiple variables may influence the outcome of
HEV infection: virus titer, the ratio of infectious to defective particles, the route of
infection and host factors such as immune status and age of exposure. The present results
showed that a single dose of 10> GEs is insufficient to induce a large infection rate, since
only four out of 16 inoculated pigs got measurable infection. Moreover, these four pigs
could only infect two contact animals. Thus, it remains unclear whether oral route explains
the high incidence of HEV infection in pig population (Meng and Halbur, 2006; Leblanc et
al., 2007; Satou and Nishiura, 2007; Seminati et al., 2008). Some studies attributed this
difference between experimental and natural conditions to the repeated exposure of
animals to HEV that is probably needed for a successful transmission (Kasorndorkbua et
al., 2002, 2004, 2005). On the other hand, pigs kept under experimental facilities imply box
cleaning every day and, therefore, pigs probably do not have the same HEV infectious
pressure as pigs in conventional farms where slurry is not often removed during all the

growing period.

How host factors influence HEV infection when pigs are inoculated orally is still not known
(Kasorndorkbua et al., 2004). In the present study, all 16 inoculated pigs received the same
dose, but a variety of responses was seen. Several facts might explain such response
variability to infection. On one hand, conventional pigs usually have remaining humoral
immunity of maternal origin. In the present study, half of these inoculated animals had
residual 1gG antibodies at the beginning of the study. Although this fact would apparently
be detrimental to achieve infection, 3 out of the 4 pigs that got infection (No. 87, 94 and

95) had some residual HEV antibodies, while only one of them was seronegative to the
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virus. On the other hand, it has been described that host mucosal immunity in the
alimentary tract could play a role in the susceptibility to HEV infection (Kasorndorkbua et
al.,, 2002). It is feasible that IgA may neutralize the virus on mucosal surfaces (Tizard,
2000), which would explain the highest efficiency of IV inoculations than oral ones. Recent
studies have demonstrated that IgA maternal antibodies can be transferred to piglets (de
Deus et al., 2008a). On the other hand, at least in dogs, this immunoglobulin can be
present in bile to high amounts (German et al., 1998); it cannot be ruled out that a strong
IgA positivity in bile used as inoculum might interfere the outcome of HEV infection. In the
present work, IgA antibodies were not determined, so it remains unknown the role of

them in the success of oral infections.

Data obtained on virus shedding and seroconversion agree with results showed in a
previous oral inoculation study in which only one animal got infection (Kasorndorkbua et
al., 2004). This animal started to shed virus in faeces from 21 dpi to 35 dpi and
seroconverted by 56 dpi; bile was not tested in the mentioned study. In contrast, some
differences are observed when comparing data from oral inoculations and IV ones. When
animals are inoculated IV, virus in faeces is firstly detected at 7 dpi and lasts up to 3 weeks.
Virus in bile is firstly detected at 3 dpi and seroconversion appears only 2 weeks after
challenge (Halbur et al., 2001). Oral intake of HEV needs to pass through the intestinal
tract, which implies a delayed appearance of virus in faeces and bile as well as
seroconversion compared to IV inoculation (Kasorndorkbua et al., 2004; Bouwknegt et al.,
2008a). Moreover, the same dose given by one or the other route show different
bioavailability, which means that the real amount of virus inoculated per os reaching the

systemic circulation, can be rather low.

It has been described that HEV RNA is more frequently detected in faeces and for longer
periods than in blood (Wu et al.,, 2002; de Deus et al., 2007; Leblanc et al., 2007).
Therefore, to certain degree, it should not be surprising that viraemia was not detected in
the present study. It is possible that a localized HEV replication in the intestines, low
amounts of HEV particles in serum as a consequence of the low infection pressure, or an

intermittent viraemia could explain the negative results of RT-PCR of studied pigs in sera.

Transmission of HEV infection to contact sentinels appeared approximately 1 month after

HEV-excretion occurrence in inoculated pigs. In an experimental infection performed to
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guantify the transmission of HEV among pigs showed that this period was only 6 days for
contact sentinels exposed to pigs previously in contact with IV infected animals
(Bouwknegt et al., 2008a). This result is in contrast with data from the present study, but
the source of infection (IV versus oral) may explain a much lower infection pressure for the
latter inoculation route, thus, reducing the probability of infection and prolonging the

period between exposure and infection.

The histopathological liver lesions observed in only five animals were slight and could not
have any relation to virus detection since only one of these pigs got infection. In fact, it has
been described that mild, non-suppurative hepatitis can be considered as normal
background of pig liver (Halbur et al., 2001). In regards the five animals that died naturally
during the second experiment, they probably were carriers of common pathogens from
the farm origin and, when specific maternal immunity waned, bacteria were able to cause

disease in a limited number of pigs.

In conclusion the results from this study demonstrated that pigs orally inoculated with a
single HEV dose of 10° GEs got infection. Although few animals had evidence of infection,
thus confirming the more difficult reproduction of an oral HEV infection than IV one, those

animals were able to successfully transmit the virus to direct contact exposure sentinels.
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L'any 1998 es diagnostica el primer cas d’hepatitis E (HE) aguda en un pacient d’Estats
Units sense historial d’haver viatjat a paisos considerats endémics, especialment d’Asia i
Africa (Kwo et al., 1997; Schlauder et al., 1998). Encara que el nou aillat estava relacionat
geneticament amb els aillats de Burma (genotip 1) i Méxic (genotip 2), formava un grup
completament diferenciat, per la qual cosa se 'anomena genotip 3. Posteriorment, es van
anar identificant altres casos especialment a paisos d’Europa, América del Nord i Japg,
cosa per la qual es va suposar que I'HE era una malaltia autoctona dels paisos
industrialitzats (Buti et al., 2004; Péron et al., 2006; Takahashi et al., 2001). La identificacio
del VHE en diverses espécies animals, especialment en el porc, i amb seroprevalences molt
elevades va fer sospitar que es pogués tractar d’'una zoonosis. Des d’aleshores, una de les
principals questions en I'estudi del VHE ha estat considerar-lo o bé un agent emergent tant
en la poblacié humana com porcina, o bé una infeccid present en els paisos industrialitzats

des de fa molt de temps (Inoue et al., 2009; Lewis et al., 2008).

En base als resultats obtinguts en I'estudi serologic retrospectiu (estudi 1), es demostra
que la infeccié pel VHE esta present a la poblacié porcina espanyola almenys des de I'any
1985. De fet, a I'india i al Japd, també s’ha confirmat que hi és present d’enca d’aquest
mateix periode, tant en la poblacié porcina com en els humans (Arankalle et al., 2003;
Okamoto et al., 2003). El fet que no hi hagi diferéencies significatives entre les prevalences
al llarg dels 13 anys analitzats indica, probablement, que la circulacié del VHE és endéemica
entre els porcs. Cal destacar que, si bé la infeccié pel VHE és endémica a la poblacio
porcina, no significa que també ho sigui a la poblaci6 humana. Les seroprevalences
trobades entre la poblacié de donants reflecteixen un grau d’exposicidé baix al virus que
explicarien les infeccions inaparents i els casos esporadics de malaltia que es troben en

aquestes zones.

Tot i que per aquest estudi es disposava de mostres d’animals de qualsevol edat, només es
seleccionaren les mares pel fet que eren els animals que en presencia d’infeccié tenien
més probabilitat d’haver seroconvertit (Seminati et al., 2008). Per a cada comunitat
autonoma (CCAA), s’agafaren totes les granges de qué es disposava; per tant, la seleccid
no es va fer en funcié del cens de porci de cada zona. Aixi doncs, en total es varen incloure

2871 serums que corresponien a 208 granges de diferents CCAA en diferent proporcid.
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D’aquest estudi també es desprén que, en un 98% (interval de confianga: 96.1-99.9%) de
les granges espanyoles, circula el VHE i que el percentatge mitja d’animals seropositius a
una granja és del 47.8% (desviacié estandard (DS): 25.1). Aquestes seroprevalences son
comparables a dades anteriors obtingudes a Espanya (Seminati et al., 2008) i a granges
porcines d’altres paisos europeus: 85.5% al Regne Unit; 58% a Suecia i 23.5% als Paisos
Baixos (Banks et al., 2004b); i no europeus: 68.9% a Estats Units (Meng et al., 1997); 75% a
Nova Zelanda (Garkavenko et al., 2001); 78.8% a Xina (Wang et al., 2002); 59.5% a Canada
(Yoo et al.,, 2001) i 63.6% a Brasil (Vitral et al., 2005). Tot i que hi ha diferencies entre
paisos, la mitjana de porcs seropositius de 16 paisos diferents calculada per Vasickova et

al. (2007) és d’un 44% (DS: 24.2).

El temps transcorregut i les condicions de conservacié de les mostres podien haver afectat
la qualitat d’aquestes i produir falsos positius. Per resoldre aquest problema en la
realitzacid de I'ELISA es va utilitzar doble pouet (antigenat i no antigenat) en totes les
mostres de I'estudi i, a més a més, aquelles que tenien valors molt propers al cut-off
també es van testar per dot-blot. Aquesta técnica només es va realitzar en sérums dels 3
primers anys (1985, 1986 i 1987) perqué només es volia confirmar que la infeccidé del VHE
era una malaltia que feia temps que hi era. A més, el dot-blot és un metode molt més
sensible i especific que I'ELISA (Porat et al., 1995; Roda et al., 2004) i, per tant, encara que
d’una banda va augmentar el nombre de positius vertaders (de 64 sérums analitzats, 38
eren positius per ELISA i 58 per dot-blot), per I'altra, va assegurar que els sérums testats
per ELISA eren realment positius. Només haguéssim testat serums més recents en cas que

haguéssim tingut una proporcié molt baixa de positius per ELISA.

Durant la realitzacié d’aquesta tesi, i com a part del projecte del Ministeri, es dugué a
terme I'estudi de la infeccié pel VHE en una granja de cicle tancat (de Deus et al., 2008a).
Aguest estudi va permetre entendre la dinamica d’infecci6 en una granja infectada
endemicament on els animals, després de perdre els anticossos maternals
aproximadament cap a les 9 setmanes, es comengaven a infectar, de manera que a les 22
setmanes de vida tots els animals havien seroconvertit. Resultats similars s’havien
obtingut en estudis anteriors com el realitzat per Meng et al. (1997). Els resultats de

I'estudi Il indiguen que no totes les granges de cicle tancat segueixen la mateixa dinamica
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d’infeccid pel VHE. Tot i que es demostri que el virus és present en totes elles, ja que les
mares tenen anticossos anti-HEV i es produeix infeccid natural dels garrins en algun
moment del cicle productiu, a les granges 2 i 4 més de la meitat d’animals no sén positius
a anticossos a I'edat adulta. Aparentment, aquest possible retard en la infeccié es podria
atribuir a diversos factors com: un lot concret d’animals, el manteniment de les garrinades
inicials, una major neteja i desinfeccid o un maneig tot-dins-tot-fora estricte (Nakai et al.,
2006; Li et al.,, 2009a). Alguns estudis demostren que I'aplicacié6 de mesures de
bioseguretat estrictes poden arribar a reduir significativament la incidéncia del VHE a les

granges porcines (Wu et al., 2002; Li et al., 2009b).

Per poder esbrinar realment quins son els factors relacionats amb la dinamica d’infeccié
caldria fer un estudi amb moltes més granges, realitzar una enquesta acurada de les
caracteristiques d’aquestes i determinar els factors que significativament estiguessin més
relacionats amb el fet de seroconvertir més tard o més d’hora. De totes maneres, d’aquest
estudi se’n pot despendre que per coneixer el seroperfil d’infeccié del VHE en una granja
concreta cal realitzar-lo especificament. Es podria recomanar realitzar un seroperfil amb
un total de 5 mostrejos semblants als que s’han realitzat en aquest estudi: 1 setmana de

vida; 4-5 setmanes; 7-8 setmanes; 15-16 setmanes i finals d’engreix.

Actualment encara no es coneixen els mecanismes que el VHE utilitza per mantenir-se en
una granja i poder persistir al llarg dels anys. Un dels objectius d’aquest segon treball era
esbrinar el paper de les mares com a possible reservori del virus a I'explotacié. Per aix0 es
recolliren mostres de les mares 2 setmanes abans del part i durant la lactacio, aixi com els
fills d’algunes d’aquestes mares. En cas que s’haguessin aillat soques semblants entre
mare i fill podriem haver explicat aquesta hipotesi inicial. Desafortunadament, molt
pogues mares resultaren positives i els garrins positius eren d’altres garrinades. Per poder
estudiar aquest aspecte de la infeccié del VHE, es podria dissenyar un estudi on se seguis
un nombre considerable de mares i fills, a principis i a finals de la lactacié. En augmentar
el nombre d’animals, els percentatges d’infectats també ho farien i hi hauria més
probabilitats de trobar mares amb els seus corresponents fills infectats. Segurament, pero,
el virus utilitza diferents “estratégies” per persistir a les explotacions. En ser un virus sense
embolcall, és molt resistent a la dessecacidé i a molts desinfectants com els fenols, amonis
guaternaris o la clorhexidina. Un mostreig de les sales, abeuradors i menjadores,

especialment de transicio i engreix, abans i després de la neteja i desinfeccid, ens ajudaria
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a saber si el VHE es manté a I'ambient i per tant, si pot infectar facilment cada lot de

produccio.

Segons alguns autors, la regié d’aproximadament 300-450 nt (corresponent als nt 5994 i
6294 del genoma M73218%) situada a I'extrem 5’ de 'ORF2 és la més conservada entre
tots els aillats de VHE, alhora que és la que millor es correlaciona amb I'analisi filogenetica
del genoma complet (Lu et al.,, 2006; Legrand-Abravanel et al.,, 2009). El fragment
amplificat en I'estudi Il era de 168 nt i corresponia als nt 6096 i 6307 de la capsida (veure
Annex |). Malgrat que teoricament aquesta regid podia determinar acuradament genotips i
subtipus, en fer I'arbre filogenétic amb altres aillats de genotip 3, els bootstraps eren molt
baixos, a més de donar resultats inconsistents quant a la divisié dels subtipus. Per tant, per
poder determinar els subgrups del genotip 3 a qué corresponien les soques, segurament
hauriem d’haver amplificat una regié més gran del genoma. Malgrat aixo, I'analisi de
seqliencies de I'estudi déna informacid suficient per determinar que, en una mateixa
granja i en un mateix animal en diferents moments de la seva vida, poden coexistir dues

soques diferents del virus.

El percentatge d’animals que arribaren positius a I'escorxador va ser d’'un 12%, dels quals
un 6% eren fetges i I'altre 6% eren bilis, on els animals positius a una mostra no ho eren
per 'altra. Molts d’aquests animals que arribaren infectats a I’escorxador no se’ls detecta
ni viremia ni excrecié fecal durant les setmanes 13 o 18. Seria erroni dir que aquests
animals s’infectaren al final del cicle productiu, ja que segurament el fet de mostrejar uns
dies concrets i que sovint la viremia i I'excrecio fecal sén intermitents no deurien permetre
detectar el VHE. En alguns animals, pero, el virus ja era present a I'engreix (13 o 18
setmanes) aixi com al sacrifici, i a més s’amplificaren aillats lleugerament diferents. El més
segur és que aquests animals s’infectessin, no necessariament al mateix moment, per dues
soques diferents del virus (de Deus et al., 2008a). De totes maneres, cal plantejar-se la
possibilitat que el virus pogués tenir la capacitat de persistir durant llargs periodes de
temps als organs diana, de manera que poguessin arribar animals positius a I'escorxador
havent-se infectat fa temps. En aquests casos, el virus present al fetge podria tornar a
excretar-se per |'estrés durant el transport cap a I'escorxador o a les sales d’espera, com

s’ha descrit en el cas de la infeccié per Salmonella (Isaacson et al., 1999). Aquesta

*M73218 correspon a la seqiiéncia de genotipus 1 amplificada per Tam et al., 1991.
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reactivacié podria arribar a representar un risc per a la contaminacié de canals durant

I’etapa d’evisceracio.

Malgrat que només dos treballs hagin descrit amb total seguretat la transmissié d’origen
alimentari del VHE (Tei et al., 2003; Li et al., 2005b), altres estudis han comprovat que la
ingestié de carn o despulles de porc pot ser un important factor de risc d’infectar-se pel
VHE (Yazaki et al., 2003; Mizuo et al., 2005; Mansuy et al., 2008; Toyoda et al., 2008). Tot i
aixi, per valorar aquest risc cal tenir en compte els costums alimentaris de cada regié. Al
Japd, per exemple, hi ha forca costum de menjar el fetge de porc molt poc cuinat, pero no
és el cas d’Espanya o altres paisos europeus’ (Serra Majem et al., 2007). Al nostre pais
només podria arribar a suposar un risc el consum de carn poc feta o certs embotits poc

curats.

Els resultats de I'estudi lll demostren que la mostra de serum i de suc muscular tenen
resultats comparables i que, per tant, ambdues poden ser utilitzades pel control serologic
del VHE a les granges porcines. Aquesta técnica, ja utilitzada en el monitoratge d’altres
infeccions porcines com la salmonel-losi (Nielsen et al., 1998), facilita el mostreig d’aquests
animals a I’escorxador. D’aquesta manera es pot coneixer de manera rapida el percentatge
d’animals seropositius al moment del sacrifici i, en conseqiiéncia, I'estatus de la granja en

relacié a la infeccié pel VHE.

La tecnica desenvolupada, pero, no déna informacié de la preséncia del virus a la canal.
Per aix0, seria recomanable ampliar aquest estudi analitzant les mostres de muscul
mitjangant RT-PCR i avaluar, aixi, el risc que podria representar aquesta mostra per a les
persones. De fet, un estudi recent demostra que els animals infectats experimentalment
poden arribar a contenir el virus en muscul fins un mes després de la infeccié (Bouwknegt
et al., 2009). Per tal de determinar la presencia del VHE en porcs d’escorxador, es
recomanaria agafar mostres de muscul, sobretot de les parts comercials (llom, costella,
etc.) i de visceres, especialment dels intestins, pel risc que podria suposar la seva

manipulacid i possible contaminacio creuada de la canal.

> Advisory Committee on the Microbiological Safety of Food (UK). Hepatitis E (ACM/766) (2005)
http://acmsf.food.gov.uk/acmsfmeets/acmsf2005/acmsfmeet021205/acmsfmin011205 (consultat 18
juny 2009)
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En I'estudi IV es va realitzar una infeccié experimental per tal d’estudiar la patogenia del
VHE per inoculacié oral en I'especie porcina. La descripcié d’'un model animal mitjancant la
via més probable de transmissié entre els porcs també ajudaria a entendre el mecanisme
que utilitza el VHE per tal de mantenir-se i circular dins d’'una mateixa granja i entre
granges. Fins al moment de l'inici d’aquest estudi, les infeccions que s’havien dut a terme
per tal de demostrar la transmissié oral del VHE en porcs no eren prou convincents. Tan
sols Kasorndorkbua et al. (2004) va aconseguir que 1 animal de 3 excretés el virus en
femtes i seroconvertis després de la inoculacié oral de 15 g de femtes durant 3 dies

consecutius.

Els resultats de I'estudi IV confirmen la dificultat d’infectar porcs per via oral ja que només
4 de 16 animals inoculats desenvoluparen infeccié. Malgrat el poc nombre d’animals
infectats, aquests van ser capagos de transmetre la infeccidé a animals en contacte. Aquest
ultim punt s’ha de considerar com una novetat significativa d’aquesta tesi, donat que els
models habituals de transmissié utilitzen porcs infectats via intravenosa. De fet, I'Us
d’animals inoculats intravenosament com a model per estudiar la infeccié natural en els
porcs ha permes quantificar la transmissié i, també, explicar el curs de la infeccié natural

del VHE en animals en contacte (Bouwknegt et al., 2008a i 2009).

La principal dificultat en la realitzacié d’aquest estudi va ser la seleccié d’animals lliures
d’anticossos anti-HEV, ja que gairebé en el 100% de granges s’ha demostrat la circulacié
del virus. La granja de la qual provenien els animals del nostre estudi havia estat analitzada
anteriorment amb resultats negatius d’ELISA en animals d’engreix (61 animals; DOs entre
0-0.04, mitja: 0.009 i DS: 0.009). En aquells moments es va assumir que la granja d’origen
era seronegativa enfront del VHE. No obstant, no fou fins als estudis epidemiologics
realitzats posteriorment que ens permeté adonar-nos que en alguns casos les truges sén
seropositives perd el seu engreix pot mantenir-se negatiu. La seleccié d’animals de 2
setmanes de vida positius a ELISA, tant a la infeccid preliminar com en la definitiva, va
implicar la inoculacié d’animals que encara tenien anticossos maternals. La millor opcié
hagués estat realitzar la inoculacié setmanes més tard perqueé els titols haguessin baixat;
perod el calendari estricte de les instal-lacions feia impossible retardar la infeccié. Una altra

opcid hauria estat seleccionar animals més grans que ja haguessin perdut els anticossos i
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gue encara no s’haguessin infectat, o bé utilitzar animals privats de calostre. No obstant, el
model utilitzat es pot considerar perfectament com un model natural valid, en el qual un

cert percentatge de porcs que s’infecten encara presenten immunitat maternal residual.

A més a més, a part de la deteccié d’'immunoglobulines IgG dies abans de la inoculacio,
hauria estat interessant haver mesurat els titols d’IgA tant en els animals com en I'inocul
utilitzat. Per una banda, s’ha demostrat que aquests anticossos poden transferir-se
passivament de mare a fill tenint una durada aproximada de 3-4 setmanes (de Deus et al.,
2009a); de fet, la proporcio d’IgA respecte d’IgM i IgG augmenta considerablement a la llet
materna després de la presa de calostre, demostrant-se que tenen un paper molt
important en la immunitat intestinal del garri durant tota la lactacio (Porter et al., 1970).
Per tant, hagués estat d’interés haver mesurat per una banda les IgA al serum i, per una
altra, esperar el temps suficient perqué les defenses intestinals haguessin desaparegut

completament després del deslletament.

Inicialment, estava previst preparar l'inocul del segon estudi a partir de fetge o bilis
recuperats dels animals de la infeccid preliminar. No obstant, la poca quantitat de virus
gue contenia la bilis d’aquests, va fer que s’optés per utilitzar el mateix que a la primera
prova. Cal tenir en compte que, encara que I'indcul utilitzat tenia un titol de 10° GEs/ml,

no podem assegurar que la proporcio de particules infectives fos la mateixa.

Segons Bouwknegt et al. (2008a), la primera evidéncia de la infeccié pel VHE és la deteccié
fecal del virus durant 2-3 setmanes, generant-se subseqiientment virémia i seroconversio.
Tot i que en el present treball I'excrecié fecal només dura 1-2 setmanes i, a més, no es
detecta viremia en cap dels animals, alguns d’ells mostraren seroconversid i en altres es
detecta el virus a la bilis. A més, es confirma per dot-blot la preséencia d’anticossos
especifics enfront al VHE (resultats no mostrats). Podem confirmar, doncs, que en base a la
resposta humoral generada i a la deteccié de virus en femtes, que tant els animals

inoculats com els porcs en contacte s’infectaren.

Quant a les diferéncies d’eficiencia observades en les infeccions experimentals, es pot
considerar el subtipus de soca utilitzada. En el nostre estudi la soca
SWP6/EU723514/Spain esta classificada al genotip 3 subtipus f (Peralta et al., 2009c). En
canvi, tot i que encara no s’ha confirmat el subtipus al qual pertany la soca utilitzada a

I’estudi de Bouwknegt et al. (2008a), hi ha evidencies que pertanyi al 3e (Rutjes et al.,
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. . 6 . ., . .
2009; Saskia A. Rutjes’, comunicacidé personal). Recentment s’ha descrit que el canvi d’un
aminoacid en la regio de I'helicasa pot estar associat amb una major viruléncia del genotip

3 (Takahashi et al., 2009).

Durant la realitzacié d’aquesta tesi es va posar a punt un ELISA indirecte utilitzant com
antigen una proteina de I'ORF2 purificada, obtinguda a partir d’'una soca autoctona de VHE
porci i expressada en cultiu cel-lular. Els resultats obtinguts amb aquesta proteina eren
equiparables als resultats amb la proteina Sar-55 corresponent al genotip 1 (kappa= 0,82)
(Peralta et al., 2009a). D’aquesta manera, en |'estudi retrospectiu (estudi I) es va utilitzar la
proteina Sar-55, mentre que en els altres 3 ja es va utilitzar la proteina desenvolupada al
nostre laboratori. A fi de comparar els ELISA anti-HEV utilitzats en els diferents laboratoris
d’Europa, es va dur a terme un ring trial (prova de I'anell) on van participar un total de 9
instituts, entre ells el CReSA. Vuit dels 9 laboratoris van ser capacos de detectar com a
positiu un sérum no diluit d’'un animal infectat experimentalment amb VHE de genotip 3.
Al CReSA es va testar tant la proteina Sar-55 com l|’expressada en cultiu cel-lular i els
resultats s’equiparaven als dels altres laboratoris (Wim van der Poel’, resultats no

publicats).

Els encebadors utilitzats es varen dissenyar I'any 2003 a partir de seqiéencies dipositades al
Genbank (Martin et al., 2007). S’inclogueren soques americanes i japoneses d’origen porci
de genotip 3, una soca japonesa porcina de genotip 4, una soca espanyola d’origen huma
de genotip 3 i una soca espanyola de genotip 1 detectada a partir d’aiglies residuals
urbanes. Encara que fins al moment a Europa no s’hagin descrit aillats porcins de VHE
diferents del genotip 3, podria ser interessant utilitzar un nou joc d’encebadors dirigit a la

deteccid de cada un dels genotips i, especialment, pel genotip 4.

Tot i els nombrosos estudis realitzats fins ara per tal de coneixer les vies de transmissié del
VHE en els paisos industrialitzats, encara queden moltes preguntes per resoldre. Malgrat

gue la majoria d’aquests estudis s’han realitzat en |'espécie porcina, I'existéncia d’altres

® National Institute for Public Health and the Environment, Bilthoven, the Netherlands.
7 Animal Science Group of Wageningen UR, Department of Infectious Diseases, Lelystad, The
Netherlands.
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espécies animals seropositives enfront el VHE suggereix que hi pot haver altres espécies
que poden ser-ne reservori (Peralta et al., 2009b). Alhora, també caldria estudiar el risc
potencial de transmissié a través dels conreus on s’aboquen purins o arriben aigles
resiudals de granges i, en conseqiiéncia, es pot produir la contaminacié pel VHE dels

vegetals o fruits.

Respecte a I'espécie porcina, seria important coneixer els productes que poden arribar
contaminats al consum i alhora estudiar la viabilitat del virus en cada un dels processos de
transformacid. Per tal de predir el risc que suposarien els productes derivats del porc cap a
les persones, caldria desenvolupar una analisi de risc de tipus quantitatiu que abastés
totes les etapes de produccié: de la granja a la taula. Aquesta analisi ajudaria a conéixer
quins sén els punts critics de control pel VHE en tota la cadena de produccié. De manera
general, s’ha vist que els purins, el contacte amb porcs i la manipulacié d’organs d’animals
infectats (fetge, bilis, muscul, etc.) podrien representar un risc per a les persones
(Fernandez-Barredo et al., 2006; Feagins et al., 2007; de Deus et al., 2009a). Per tal de
reduir aquest risc, és important el seguiment de les mesures higiéniques basiques. A la
granja, s’aconsellaria especialment després de manipular animals i a les necropsies;
mentre que a I'escorxador, s’hauria d’evitar que no es produis contaminacié creuada entre

visceres i la canal.






8. Conclusions
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La infeccié pel virus de I'hepatitis E esta present a la poblacié porcina espanyola
almenys des de I'any 1985. L’analisi d’'un nombre significatiu de mostres porcines
incloent sérums de tota Espanya ha permeés confirmar que el VHE és present a la
majoria de granges (98%) amb un percentatge mitja d’animals seropositius dins la
granja proper al 50%. Les prevalences es mantenen estables al llarg dels anys
indicant probablement que la infeccié pel VHE és endéemica a les explotacions

porcines des de fa decades.

L'estudi longitudinal de 6 granges de cicle tancat, amb sistemes de produccid i
densitats d’animals semblants, ha mostrat que les granges poden tenir dinamiques
d’infeccié diferents. Els animals poden arribar a I’edat de sacrifici sent seronegatius

pero havent-se infectat al final de I’engreix, portant aixi el virus a I'escorxador.

L’analisi de 19 seqiiencies de VHE detectades en l'estudi longitudinal indica que
totes elles pertanyen al genotip 3. En una mateixa granja i en un mateix animal en
diferents moments de la seva vida productiva, poden detectar-se almenys dues

soques diferents del virus.

Els resultats de I'estudi prospectiu demostren que el fetge i la bilis poden estar
contaminats pel VHE al moment del sacrifici. Aquests organs poden representar un
risc per a les persones, especialment durant la seva manipulacié i per la possible

contaminacio creuada amb altres aliments frescos.

El suc de carn obtingut a partir de diafragma pot ser utilitzat com a metode de
diagnostic alternatiu al serum per la deteccié d’anticossos mitjancant ELISA enfront

el VHE en porcs d’escorxador.

Els resultats obtinguts en la infeccié experimental demostren la dificultat de
reproduir la infecci6 oral del VHE ja que una sola dosi de 10°> GEs/ml de bilis només
és capag d’infectar 4 de 16 animals. Per altra banda, els animals que s’han infectat
han estat capacos de transmetre amb éxit la infeccié per contacte directe a porcs

sentinella.
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Annex . Posicio dels encebadors utilitzats en la RT-PCR semi-anidada

AHY115488/Arkell
AF052843/Meng

ABO73912/swI5ET0
AF455784/0shz05
ABO37811/5WILIL
HY594199/SuCHZS

AHY115488/Arkell
AF052843/Meng

ABO73912/5wIET0
AF455784/0sh205
ABO37811/8WILIL
HY534198/SuCHZSE

AHY115488/Arkell
AF052843/Meng

AHBO73912/5wIST0
AF455784/0sh205
ABOI7SL1/EWILEL
HY534195/swCHZE

AHY115488/Arkell
AF052843/Meng

AHBO73912/5wI5ET0
AF455784/0sh205
AHBOI7811/8WILEL
AT594195/ swCHZS

AHY115488/Arkell
AF052843/Meng

AHBO73912/5wI5ET0
AF455784/0sh205
AHBOI7811/8WILEL
HY534199/swCHEE

HT115488/hrkell
ALF082843/Meng

AHBO73912/5wI5ET0
AF455784/0sh205
AHBOI7811/8WILEL
HY534199/swCHEE

HY115488/hrkell
AF082843/Meng

HBO73312/5wI5T0
AF455784/0shZ05
AHBOI7811/8WILEL
HY534199/swCHEE

AY115488/hrkall
AF022843/Meng

HB073912/5wI570
AF455784/0sh205
HBO3TEL1/EWILEL
AHT594199/sWCHEZS

AY115488/hrkell
AF082843/Meng

AB073912/5wI570
AF455734/0shz05
HBOS7BL1/8WILEL
AHT594199/swCHES

AY115488/hrkell
AF082843/Meng

ABO73912/5wI570
AF455734/0shz05
HBOS7BL1/8WILEL
AHT594199/swCHES

AY115488/hrkell
AF082843/Meng

ABO73912/5wI570
AF455784/0shz05
ABOS7BL1/8WILEL
AHT594199/swCHES

AY115488/hrkell
AF082843/Meng

ABO73912/5wI570
AF455784/0shz05
ABOS7BL1/8WILEL
AHT§94199/swCHZE

AY115488/hrkell
AF082843/Meng

ABO73912/5wI570
AF455784/0shz05
ABOS7BL1/8WILEL
AHT§94199/swCHZE

AY115488/hrkell
AF082843/Meng

ABO73912/5wI570
AF455784/0shz05
ABOS7BL1/8WILEL
AHT§94199/swCHZE

el 5200 2 szz0 el 5240 = 5260 el 5280 = 5300 el 5320 =
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c 3
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LG LT.LT.

[FRTRe
[FRTR

go L el

3156NE

el 5660 e s680 Gl 5700 e 5720 Gl
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A T =3

TA.
Th.

Hamn
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58FI
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Regid encebadors Erker et al., 1999
Regié encebadors Martin et al., 2007
Regid encebadors Huang et al., 2002a

L’ombrejat més clar correspon a la regié que seqlienciem
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Elaborat per:

Virus Hepatitis E (VHE):
semi-nested RT-PCR

Codi:

PT PCR 043-02
Data:08/07/09

Maribel Casas

Data: 14/01/09

Data: 01/07/09

Num. pag: 119
de 135
Area: Virologia Revisat per:
Aprovat per : Marga Martin Montse
Ordoiiez

Data:01/07/09

Mix desnaturalizacido dsRNA TERMOCICLADOR
Reactius ul

5 65°C
Primer L311R; 25 uM 1 w  4°C
Extraccié RNA (mostra) 12.25

RT Mix TERMOCICLADOR
RT Mix (Invitrogen) pl
5x First-Strand Buffer 4
DTT 0.1mM 1
dNTPs 5mM 1 60’ 42 °C
RNaseOUT 05 © 4°C
SuperScript™ Il Reverse Transcriptasa| 0.25
AFEGIR DE LA MIX A CADA TUB 6.75
Primera PCR Mix TERMOCICLADOR
| PCR Mix (Applied) ul 35 cicles
Gold Buffer 10X 1
DEPC-treated water 6.32
MgCl, 25 mM 0.8 6°94°C |50” 94°C| 7 72°C
dNTPs 5 mM 0.4 507 54°C| = 4°C
Primer L311R; 10 pM 0.2 1 72°C
Primer U74F 10 uM 0.2
AmpliTag Gold® DNA Polymerase 5 U/ul | 0.08
AFEGIR DE LA MIX A CADA TUB 9
cDNA 1
Segona PCR Mix TERMOCICLADOR
Il PCR Mix (Applied) pl 35 cicles
Gold Buffer 10X 5
DEPC-treated water 35.6
MgCl, 25 mM 4 6°94°C |50” 94°C| 7 72°C
dNTPs 5 mM 2 50" 54°C| ~» 4°C
Primer L266R, 10 uM 1 1 72°C
Primer U74F 10 uM 1
AmpliTag Gold® DNA Polymerase 5 U/ul | 0.4
AFEGIR DE LA MIX A CADA TUB 49
DNA primera PCR 1




Elaborat per:
Maribel Casas
Data: 14/01/09

CReSA’

Virus Hepatitis E (VHE):
semi-nested RT-PCR

Codi:
PT PCR 043-02
Data:08/07/09

Num. pag: 120
de 135
Area: Virologia Revisat per:
Aprovat per : Marga Martin Montse
Ordoiiez

Data: 01/07/09

Data:01/07/09

Mostra Codi extraccié | Mostra Codi extracci6
1. 13.
2. 14.
3. 15.
4. 16.
5. 17.
6. 18.
7. 19.
8. 20.
9. 21.
10. 22.
11. 23.
12. 24.
Seqiliéncies primers

Primer | Seqiiencia

L311R, | 5-CCRCCRAGAAGYGTATCAGC-3
L266R, | 5-CCRCGRCCCACCTCACCAAC-3’
U74F 5-TTVGGGCTYCTYGACTTTGC-3

Relaci6é productes

Producte Proveidor Ref. Codi
Proveidor | GESCReSA

5x First-Strand Buffer + DTT 0.1mM Invitrogen 18064014 001945

+ SuperScript™ Il Reverse

Transcriptasa

DEPC-treated water Applied AM9906 004200
Biosystems

100 mM dATP solution Invitrogen 10216018 001984

100 mM dCTP solution Invitrogen 10217016 001985

100 mM dGTP solution Invitrogen 10218014 001986

100 mM dTTP solution Invitrogen 10219012 001987

Gold Buffer 10X + MgCl, 25 mM + Applied 4311820G 001736

AmpliTag Gold® DNA Polymerase 5 | Biosystems

U/ul (pack de 12)

Primer 50nmol Invitrogen 10629012 001988

RNaseOUT Invitrogen 10777019 001923
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Annex lll. Posada a punt d’una PCR a temps real

Un dels objectius del projecte, en qué esta inclosa aquesta tesi, fou el de millorar les
tecniques de diagnostic existents per tal d’ampliar i alhora millorar els estudis
epidemiologics i de patogénia de les espécies afectades. Entre aquestes técniques, es posa
a punt una PCR a temps real amb I'objectiu de quantificar el nivell d’excrecid, la virémia i la
guantitat de virus als teixits en les diferents fases de la infeccid. La téecnica es va posar a
punt basant-se en l'article de Jothikumar et al. (2006) amb algunes modificacions. Aixi
doncs, es van utilitzar els mateixos encebadors i sonda que els descrits a I'article, aixi com

I’estandard utilitzat.

Els meétodes de PCR a temps real basats en sondes, com la TagMan®, detecten
I'acumulacié d’ADN amplificat mitjancant fluorescéncia. La sonda esta marcada per un
reporter a l'extrem 5 (donador de fluorescéncia) i per un quencher a I'extrem 3’
(acceptor). Durant I'hibridaci6 de la sonda a la cadena complementaria d’ADN, la
proximitat del reporter amb el quencher permet que no s’emeti fluorescéncia. En el
moment de I'amplificacid, la polimerasa degrada la sonda separant el reporter del
quencher i augmenta la fluorescéncia. Aquesta fluorescencia és detectada de tal manera

gue el seu augment és directament proporcional a la quantitat d’amplions generats.

Materials i metodes

Encebadors i sonda: s’utilitzaren els encebadors i la sonda TagMan®: encebador directe

(HEVF) 5'-GGTGGTTTCTGGGGTGAC-3’; encebador revers (HEVR) 5’-
AGGGGTTGGTTGGATGAA-3’; i sonda TagMan® 6-FAM-TGATTCTCAGCCCTTCGC-MGB
Jothikumar et al., (2006). La seqliencia amplificada tenia una longitud de 70 nt i estava

situada a la regié ORF3 del virus.

Construccid de I'estandard: el plasmid es va construir a partir d’'una mostra positiva de

bilis per RT-PCR convencional (Annex Il) (GenBank: SW626/EU723512/Spain) i els
encebadors HEVF i HEVR. Per poder amplificar el fragment, es dissenya un encebador
extern: encebador reverse (5500R): 5-GVGGGGCGCTGGGACTGGTC-3’ (figura 12.1). El

fragment de 70 nt es clona en pGEM®-T Vector System (Promega) i el producte de lligacid
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s’incorpora mitjangant electroporacié a cél-lules E. coli DH5a (Invitrogen). L’ADN plasmidic
es purifica mitjancant el kit Nucleospin Plasmid DNA Purification (Macherey-Nagel) i es
guantifica per espectrofotometria. A partir d'una dilucidé inicial de 10

nanograms/microlitre (ng/pl) de plasmid es feren 10 dilucions 1:10 (1 ng/ul a 100 ng/ul).

Extraccidé de I’ADN: I'extraccio es va fer mitjancant el kit Nucleospin RNA Virus (Macherey-

Nagel) o bé pel métode d’extraccié amb Trizol (Invitrogen).

Optimitzacié de la concentracid d’encebadors i sonda: per a I'optimitzacié dels encebadors

(HEVF i HEVR), es testaren les concentracions (nanoMolar (nM)) segiients: 50/50; 50/250;
250/250; 50/900; 250/900 i 900/250. Per a la sonda, es testaren les concentracions
seglients (nM): 50; 100; 125; 150 i 200. La prova es realitza per triplicat en cada una de les
dilucions de I'estandard i s’escolli la concentracié d’encebadors HEVF/HEVR i de sonda

amb el C; més baix (major sensibilitat).

Figura 12.1. Encebadors i sonda utilitzats per la posada al punt de la RT-PCR a temps real

—-
5z00 +* 5220 * 5240 * 5260 * 5280 * 5300 * sazo HEVF = 534
\¥115488/Arkell : ACCCATGGGA===CCACCATECGCCCTAGGGCTATTITGTTGTTGT TCITCETGCTTCTGLCTATGCTGCCCGCGECACCEECCGGCCAGCCETCTIGECCETCGTCGT GEECEECECARCGECEETGECEECGETGETTICICEECTGAL «
\FOBZE43/Meng ¢ G..... :
\BOTISLESSWIET0 1 G
\F455784/05h205 : C..
\BO978L1/8WI131 : CTC..... ACATC. . . . ..
\¥594199/5wCHZE © G.C.....AGATG.......0...T..C.....C..C....TC.

-
0 SONDA  saso - sas0 HEVR = 5400 . 5420 . 5440 . 5460 = 5480 5500R

\F115486/Arkell : AGGGTTGATTCTCAGCCCTTCGCCCTCCCCTATATTCATCCAACCAACCCCTT! CCCATCTCGTTTCACAATCCGGLGCTGCARCTCGCCCTCGACAS TTGCCTCCGCT TCECCTGACCAGTCCCAGCGLEEE

\POSZE43 /Mang I Enesanmnsnnnnsa i < U S sssssssssasaall

\BO73912/5wI570 <
\P455784/05h205 1 ...
\BOSTELL/SWILIL :
¥554195 /suCHZ S

5500 * 5520 * 5540 * 5580 * 5580 * 5600 * 5620 * s6d
\¥115488/Arkell : COCGCTGTCTCCCGTCGTOGATCTGOCCCAGE TEEGGCTGCGECGE TEACTECTACATCAL CAGCCCCCGATACAGCACCTGTACCTGATGTTGATTCACGTGOCGCCATT TTGCGCCGGCAGTACAACTTGTCCACGTCOCCGCTCACR +
LFD8Z843/Heng g
\BO73912/5w3570 @ T......C.C..

LF455784/05h205 ¢ T, ... .C.C. ...
\BO9TELL/SWILAL ¢ ..., TC.E.. .. e ..
L¥E94199/=uCHZE = G.....TC. A .vvneaeaaConnnnnnrnnnananaaToons

Sintesi del DNAc: la transcripcid inversa es dugué a terme segons el protocol utilitzat a la

RT-PCR semi-anidada (Annex ).

PCR a temps real: els 25ul de reaccié contenien 12,5ul de TagMan® Universal PCR Master

Mix, encebador HEVF i HEVR a una concentracié de 250mM i 900nM respectivament,
sonda a una concentracié de 150nM i 2,5ul de ADNc. Per a la realitzacié de la PCR a temps
real, s’utilitza I'aparell ABI Prism 7000, d’Applied Biosystems. Les condicions del
termociclador foren: descontaminacié de bases uracil mitjancant I’AmpErase UNG a 502C
per 2 min, desnaturalitzacié a 959C per 10 min, seguit de 45 cicles de 952 10 s, 502C 20 s i
72°C 30ss.
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Mostres: per comprovar |'eficiencia de la técnica s’escolliren mostres de bilis, femtes i
serum de porcs infectats de forma natural testades previament mitjancant la RT-PCR semi-

anidada (de Deus et al., 2007).

Resultats

Sensibilitat i eficiencia: la maxima diluci6 de plasmid detectada fou de 10® ng/ul

equivalent a <10 copies d’ARN per reaccié. La pendent mitjana de la corba fou de -3.4

corresponent a una eficiencia del 96%.

Comparacié de métodes d’extraccid: una mostra de bilis positiva a VHE per RT-PCR semi-

anidada s’utilitza per comparar ambdds metodes d’extraccid. Els resultats mostraren que
el métode d’extraccid per Trizol és més eficient que el metode d’extraccié per kit
comercial: 10°-10° equivalents de genoma/ml mostra de bilis versus 10 equivalents de
genoma/ml mostra de la mateixa bilis. Totes les mostres foren analitzades mitjangant
I'extraccié per Trizol i es detectd una preséncia més gran de virus en bilis (10°-10°
equivalents de genoma/ml de bilis) que en femtes (10>-10° equivalents de genoma/ml de

suspensio fecal) i serum (no detectat).

Discussio

Els metodes de diagnostic basats en la PCR quantitativa tenen una major sensibilitat, son
menys laboriosos, redueixen el temps de diagnostic i eviten contaminacions, comparat
amb els métodes de PCR convencional. A part, permeten quantificar el virus present a la
mostra donant una idea de la concentracié del virus en els diferents teixits al llarg de la
infeccid. La PCR a temps real que s’ha posat a punt en aquesta tesi té una molt bona
sensibilitat i especificitat, i permet quantificar el VHE present en mostres de bilis i femtes.
Encara que els resultats son equiparables a la técnica posada al punt per Jothikumar et al.

(2006), la técnica no és capac de detectar el virus en mostres de serum.

La PCR a temps real desenvolupada per Jothikumar et al. (2006) esta basada en “un sol
pas”, on I’ARN s’incorpora directament a la reaccié de la PCR a temps real. Si bé aquest
metode permet reduir considerablement el temps de diagnostic i les contaminacions, és
unes 10 vegades menys sensible que el sistema de “dos pasos” on, primerament, es
realitza la retranscripcié i, tot seguit, s'incorpora la cadena transcrita d’ADN a la barreja de

la PCR (resultats no mostrats).
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L’objectiu inicial d’aquest estudi fou el de substituir la RT-PCR semi-anidada per la PCR a
temps real com a eina de diagnostic rutinari per a la deteccio del VHE en mostres porcines.
Malauradament, la PCR a temps real és menys sensible que la RT-PCR semi-anidada, ja que
aquesta segona té aproximadament el doble de cicles d’amplificacié (35x2= 70 cicles) que
la primera (40 cicles). D’aguesta manera, mostres que contenen molt poca quantitat de
virus, com el serum, sén positives per RT-PCR semi-anidada perd negatives per PCR a
temps real. Recentment, s’han desenvolupant PCR quantitatives més sensibles basades en
el sistema de transferéncia d’energia sondaencebador (PriProET: Prime-Probe Energy
Transfer) (Gyarmati et al., 2007; Breum et al.,, 2008). Aquesta técnica, a diferencia del
sistema TagMan®, utilitza, a més de la sonda receptora, un encebador marcat amb un
fluorocrom donant en un dels encebadors. Quan la sonda s’hibrida amb la cadena marcada
per I'encebador marcat, I'energia es transfereix de I'encebador a la sonda. Aixi doncs, la
guantitat de fluorescéncia emesa és directament proporcional a la quantitat d’amplicons
formats, resultant ser una técnica més sensible (fins a un equivalent de genoma) i
especifica (Gyarmati et al., 2007). A més, aquest sistema permet genotipar directament
sense la necessitat de seqiienciar. La posada al punt d’aquest sistema permetria substituir
el diagnostic rutinari del VHE mitjangant la RT-PCR semi-anidada per un sistema molt més

rapid i segur.
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