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RESUMO

Saliva como espécime clinico para o estudo da hepatite A: aplica¢des no diagndstico, na
epidemiologia molecular e na patogénese.

TESE DE DOUTORADO

LUCIANE ALMEIDA AMADO

No Brasil, surtos de hepatite A em comunidades fechadas, principalmente em creches e escolas,
constituem um importante problema para salde publica, que requerem investigacdo
epidemioldgica e rapida intervencdo de controle, devido ao risco de propagacao “silenciosa” para
as comunidades préximas. Entretanto, a coleta de sangue é invasiva e dolorosa o que dificulta o
acesso a populacdo infantil para realizacdo do diagndstico, muitas vezes inviabiliza o estudo
epidemioldgico quando este envolve um ndmero grande de individuos. A coleta de amostras de
saliva como uma alternativa, oferece potenciais vantagens, pois se trata de uma coleta ndo-
invasiva, indolor e rapida. A fim de avaliar a utilizacdo da saliva como espécime clinico para o
diagndstico e estudos epidemioldgicos da hepatite A, estudos foram conduzidos a partir de
amostras pareadas de saliva/soro de pacientes envolvidos em um surto de hepatite A. No primeiro
estudo, otimizamos métodos para deteccao de anticorpos anti-HAV e do HAV-RNA em amostras
de saliva. Neste estudo, observamos sensibilidade e especificidade do teste de deteccdo de anti-
HAV IgM na saliva de 96% e 98%, respectivamente. ApoOs estabelecer os protocolos para
deteccdo do HAV RNA, verificamos uma alta freqtiéncia de deteccdo de HAV RNA em amostras
de saliva tanto de pacientes em fase aguda como em pacientes em periodo de “janela
imunoldgica” (37,2%). O estudo da epidemiologia molecular conduzido durante o surto revelou
co-circulacdo dos subgenotipos IA e IB do HAV e a ocorréncia de casos de co-infecgdo por
subgendtipos diferentes do HAV entre as amostras pareadas de soro e saliva. Este resultado nos
levou a investigacdo de uma possivel replicacdo extrahepatica do HAV em glandulas salivares,
através de um estudo de infeccdo experimental em cinomolgos. Neste estudo constatamos a
presenca do antigeno viral nos hepatocitos e nas glandulas submandibulares dos animais
infectados. Atraves da deteccdo do replicativo intermedidrio do HAV, observou-se uma
replicacdo ativa do HAV nas glandulas submandibulares dos animais infectados
experimentalmente. Este trabalho demonstrou a aplicabilidade das amostras de saliva para o
diagnostico da hepatite A e sua importancia para estudos de epidemiologia molecular. Os dados
deste presente estudo esclareceram alguns aspectos da patogénese do HAV como a ocorréncia de
replicacdo extrahepéatica em glandulas salivares, sugerindo a possibilidade de transmissdo do
HAV atraves da saliva.
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ABSTRACT

Saliva as clinical specimen for the study of hepatitis A: usefulness for diagnosis, molecular
epidemiology and pathogenesis.

TESE DE DOUTORADO

LUCIANE ALMEIDA AMADO

The occurrence of hepatitis A outbreaks in communities as child care centers and schools
constitutes an important public health issue. A reliable epidemiological investigation and
immediate action are fundamental to apply control measures due to the risk of “silent”
dissemination to surrounding communities. Nevertheless, the collection of blood samples is
invasive and unpleasant which limits the access to infants. Consequently, the conduction of the
diagnosis and the development of a feasible epidemiological study is an obstacle when it involves
a large number of individuals Saliva collection as an alternative to the blood collection, offers
potential advantages because the collection is non-invasive, painless and fast. In order to evaluate
the use of saliva as clinical samples for diagnosis and epidemiological studies of hepatitis A,
studies were conducted from paired samples of saliva and serum of patients involved in an
outbreak of hepatitis A. In the first study, we optimized methods for detection of anti-HAV and
HAV-RNA in saliva samples. This study showed sensitivity and specificity of testing for IgM
anti-HAV in saliva of 96% and 98%, respectively. After establish protocols for detection of HAV
RNA, we found high frequency of detection of HAV RNA in samples saliva of both acute-phase
patients and patients in window period of infection (37.2%). The molecular epidemiology study
conducted during the outbreak revealed a co-circulation of sugenotypes IA and IB, besides the
occurrence of co-infection with different HAV subgenotypes among the paired samples of serum
and saliva in six patients. These findings prompted us to investigate a possible extrahepatic
replication of HAV in salivary glands, through a study of experimental infection in cynomolgus.
In this study we verified the presence of viral antigen in the hepatocytes and in salivary glands of
the infected animals. Through detection of HAV intermediate replicative, we observed an active
replication of HAV in submandibular glands of these animals. These studies showed the
feasibility of saliva samples for hepatitis A diagnosis and its importance to molecular
epidemiology studies. Our data showed some aspects of HAV pathogenesis as the occurrence of
extrahepatic replication in salivary glands, suggesting the possibility of HAV transmission
through saliva samples from infected subjects.
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1- INTRODUCAO

1.1 A Hepatite A

Os agentes etiologicos das hepatites virais sdo responsaveis pela alta
incidéncia, morbidade e mortalidade e representam um grave problema de saude
publica. As hepatites virais sdo causadas por cinco virus hepatotropicos atualmente
conhecidos como virus da hepatite A, B, C, D e E, que levam a altera¢gBes hepaticas

de gravidade variavel (Hollinger e Emmerson, 2007).

A hepatite A € uma doenca infecciosa aguda e, embora seja auto-limitada e
raramente associada a faléncia hepatica fulminante, ainda é uma significante causa
de morbidade e perdas socioecondmicas em muitas partes do mundo (Martin e
Lemon et al., 2006).

7

Historicamente, a hepatite A é conhecida de longas datas. Relatos da
ocorréncia de ictericia epidémica foram descritos inicialmente por Hipocrates 400
a.C. No entanto, o primeiro relato escrito de hepatite A, segundo reviséo feita por
Cockayne em 1912 (Apud Hollinger e Emerson, 2007), foi a descricdo de uma
epidemia na ilha de Minorca, no século 18, na qual a via de disseminacao da doenca
foi erroneamente descrita como sendo por aerossoOis. Em 1923, Blumer e
colaboradores, ao analisarem surtos ocorridos nos Estados Unidos da América
(EUA) entre 1912 e 1922, sugeriram a transmissdo através do contato de pessoa a
pessoa. No século XX, durante as grandes guerras, onde havia grande
concentracdo de pessoas, a doenca foi disseminada levando a pandemias (Paul e
Gardner, 1950). Desde entdo, a hepatite A foi reconhecida como um importante

problema de saude publica.

Logo apO6s a segunda guerra mundial, pesquisas em voluntarios humanos
demonstraram a transmisséao da doenca de pessoa a pessoa (MacCallum e Bradley,
1944). Em um estudo de infeccdo experimental realizado em uma instituicdo de
criancas especiais foi conhecida a principal via de disseminacdo da doenca
(Krugman et al., 1967). Neste estudo, foram estabelecidos dois tipos de hepatites, a
infecciosa e a ictericia sérica, com periodos de incubagéo bem distintos e modos de

transmissao diferentes.
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Em 1947, MacCallum introduziu os termos hepatite A para a hepatite infecciosa e
hepatite B para a ictericia sérica. Um dos agentes de hepatite, designado MS-1, era
transmitido pela via fecal-oral. A doenca era altamente infecciosa e tinha um periodo
de incubacado relativamente curto, de aproximadamente 6 semanas. A fim de
reproduzir a doencga, a cepa MS-1 do virus da hepatite A foi utilizada para infectar
adultos voluntérios (Boggs et al., 1970). A partir de amostras de fezes e soro destes
voluntarios, Feinstone e colaboradores, em 1973, conseguiram, pela primeira vez,
através de imunomicroscopia eletrénica, identificar o virus nas fezes destes
pacientes. Quase uma década depois, Provost e Hilleman (1979) obtiveram sucesso
na propagacdo do virus em cultura celular, possibilitando o desenvolvimento de

imunobioldgicos, tais como kits para diagndstico e vacina.

1.2 Classificacao e morfologia do virus da hepatite A (HAV)

O HAV esta classificado na familia Picornaviridae (Melnick, 1982; Gust et al.,
1983) e € o unico representante do género Hepatovirus (Minor et al., 1991). Em
contraste com outros virus da familia Picornaviridae, o HAV se replica mais
lentamente em alguns sistemas de cultura celular, sem interferéncia na sintese de
macromoléculas da célula hospedeira e, conseqientemente, sem efeito citopatico
aparente. Diferente de outros picornavirus, o HAV requer o fator eucariético de
iniciacdo 4G (elF4G) da célula hospedeira para iniciar o processo de traducao,
(Pint6 et al., 2007). Por conseguinte, o0 HAV compete de forma ineficiente com a
maquinaria celular de traducdo, o que pode explicar sua lenta replicacdo em cultura
celular. Estudos bioquimicos também demonstraram outras diferencas em relacéo a
outros picornavirus, tais como: maior resisténcia a temperaturas elevadas (56°C por
30 min) e a algumas substancias quimicas como éter (20%) e cloroférmio (de
Chastonay et al., 1988); estabilidade em pH 1,0 (Scholz et al., 1989); e né&o
apresenta reatividade com anticorpos monoclonais contra enterovirus (Hollinger e
Emerson, 2007). Além disso, o HAV possui um unico sorotipo identificado e um
namero limitado de epitopos antigénicos intimamente agrupados na superficie viral
(Stapleton e Lemon, 1987; Ping et al., 1988; Ping e Lemon, 1992). Os Unicos
variantes antigénicos conhecidos sdo de cepas do HAV isoladas de macacos do

velho mundo (Nainan et al., 1991; Tsarev et al., 1991).
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O virion ndo é envelopado, apresenta um capsideo icosaédrico composto por
trés proteinas principais: VPI, VP2 e VP3 e possui um diametro de 27 a 32 nm
(figura 1.1) (Feinstone et al., 1973).

Figura 1.1: Imunomicroscopia eletrénica do virus da hepatite A (fonte: CDC, 1998)

A particula viral madura contém 12 pentameros, ou seja, 60 cOpias de cada
proteina do capsideo. Recentemente, imagens da particula viral obtidas por
criomicroscopia eletrdnica demonstraram caracteristicas significantes da sua
superficie, tal como a auséncia de uma depressédo ao redor do eixo de simetria dos
pentameros, a qual em outros picornavirus é necessaria para que ocorra a ligacao
do virus aos receptores celulares e consequente desnudamento do capsideo viral
(figura 1.2) (Rossmann et al., 2002).

Figura 1.2: Imagem da estrutura da particula do HAV obtida por criomicroscopia eletrénica
(Martin e Lemon, 2006). O triangulo define um eixo de simetria delimitado por um pentamero
(topo) e dois pequenos triangulos (vértices inferiores esquerdo e direito) (fonte: Martin e
Lemon, 2006, autorizado por Dr. Holland Cheng, University of California at Davis).
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1.3 Estrutura gendmica e proteica

O genoma do HAV é formado por um RNA linear de polaridade positiva,
constituido por aproximadamente 7.478 nucleotideos, seguido por uma cauda poli
(A) de 40 a 80 nucleotideos (Provost et al., 1975; Bradley et al., 1978; Paul et al.,
1987; Koff, 1998). Como todos os picornavirus, seu genoma pode ser dividido em
trés regides distintas (figura 1.3): uma regido 5’ ndo-codificante (5’ NC) de 734 a 740
nucleotideos, compreendendo aproximadamente 10% do genoma, que possui uma
proteina covalentemente ligada (VPQ); uma regido codificante de 6680 a 6726
nucleotideos, com uma unica fase de leitura aberta (ORF), que codifica as proteinas
virais estruturais e nao-estruturais; e uma regiao 3’ nao-codificante (3° NC), com
aproximadamente 60 nucleotideos, que possui uma cauda poliadenilada (Cohen et
al., 1987; Koff, 1998).

1.3.1 Regides nao-codificantes

A regido 5’ nao-codificante representa a por¢cao mais conservada do genoma,
com mais de 85% de identidade nucleotidica entre as cepas dos gendtipos |, Il e lll,
possui 734 nucleotideos, precede a unica ORF e a regido 3’ ndo-codificante (Bradley
et al., 1984). Uma pequena proteina viral, 3B (VPQg) esta covalentemente ligada a
esta regido. Apresenta estruturas secundarias e terciarias, sendo organizada em
seis dominios de estruturas secundérias, dentre eles uma estrutura em forma de
grampo, duas estruturas helicoidais e um trato de polipirimidina (Cohen et al., 1987).
Os dois primeiros dominios estéo localizados entre os nucleotideos 1-95 e parecem
atuar no controle da iniciacdo da sintese da fita positiva de RNA (Andino et al.,
1993). Os outros quatro dominios estdo localizados entre os nucleotideos 155-734
(Totsuka et al., 1999). O terceiro dominio é um pequeno segmento de fita simples e
parece participar na replicacdo do RNA viral, uma vez que muta¢des neste dominio
conferem um fendétipo de replicagdo viral sensivel a temperatura (Andino et al.,
1993). Os ultimos dominios da regiao 5’NC formam o sitio de entrada interna de
ribossomos (IRES), o qual direciona a traducdo da ORF (Totsuka et al., 1999).

A regiao 3’ nao-codificante contéem 60 nucleotideos, é poliadenilada na
extremidade 3’ e possui mais de 20% de heterogeneidade nucleotidica entre as

cepas de HAV analisadas, dessa forma, apresentando maior variabilidade que a
4
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regiao 5 NC. Apresenta estruturas secundarias helicoidais e, possivelmente, um
pseudo-no, provavelmente responsaveis pela interacdo entre as proteinas virais e
celulares especificas. As estruturas secundérias das regides nao-codificantes
(dominios | e Il e o trato de polipirimidina) sédo importantes na sintese do RNA viral
(Totsuka et al., 1999).

1.3.2 Regiao codificante

A regido codificante possui uma unica fase de leitura aberta (6681 bases) que
codifica uma poliproteina de 2227 aminoacidos, compreendendo trés regifes: a
regido P1, que codifica proteinas estruturais 1A (VP4), 1B (VP2), 1C (VP3) e 1D
(VP1); a regido P2, que codifica as proteinas 2A, 2B e 2C; e a regido P3, que
codifica as proteinas 3A, 3B, 3C e 3D (figura 1.3). Cada proteina do capsideo é
formada a partir de clivagens da poliproteina mediada pela protease viral (3C).

A regido 1A déa origem a proteina VP4, um polipeptideo de 23 aminoacidos e
peso molecular de 2,5 KDa (Tesar et al., 1992), que é indetectavel na particula viral
madura (Totsuka et al.,1999) e essencial para formacdo do virion (Probst et al.,
1999). Através de cristalografia de Raio-X, demonstrou-se a localizacdo da proteina
VP4 na superficie interior do capsideo de outros picornavirus (Totsuka et al., 1999).
Entretanto, esta localizac&o ainda néo foi conclusivamente demonstrada no HAV.

A regido 1B da origem ao precursor VPO que sofre processamento
autocatalitico para formar VP2, uma das principais proteinas estruturais do virus. A
regido 1C forma a proteina VP3, que possui 246 aminoacidos e tem peso molecular
de 28 KDa. Finalmente, a regido 1D é responsavel pela proteina VP1, que é formada
por 300 aminoacidos e tem peso molecular de 33 KDa. A proteina VP1 é a mais
abundante do capsideo e ¢é responsavel pela formacdo dos epitopos
conformacionais junto com a proteina VP3 (Lemon et al., 1992).

A regido P2 codifica as proteinas 2A, 2B e 2C, que possuem 189, 107 e 335
aminoacidos, respectivamente. Embora a proteina 2A de outros picornavirus possua
atividade de proteinase, ndo existe evidéncia dessa atividade nesta proteina do HAV
(Yokosuka, 2000). Cohen e colaboradores (2002) demonstraram que o papel desta
proteina €, primeiramente, atuar como proteina precursora do capsideo. Além disso,
alguns estudos revelaram que a proteina 2A atua como um sinal de montagem das
particulas virais e, portanto, possui um papel importante na morfogénese viral

(Cohen et al.,, 2002; Kusov et al.,, 2007). As proteinas 2B e 2C possuem um
5
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importante papel na replicacdo do RNA viral, com atividades de helicase e NTPase e
sdo consideradas importantes na adaptacdo do virus a célula hospedeira, ja que
inUmeras mutacBes foram detectadas em ambas as regifes de virus adaptados
(Emerson et al.,, 1992; Totsuka et al., 1999). Além disso, as proteinas 2B e 2C
possuem a propriedade de se associar as membranas intracelulares e induzir um
rearranjo estrutural dessas membranas (Teterina et al., 1997).

A regido P3 codifica as proteinas 3A, 3B, 3C e 3D. A proteina 3B, com 23
aminoécidos, é denominada VPg (Virion Protein, Genome linked) e esta
covalentemente ligada ao RNA do HAV, representando um primer para a sintese do
RNA intermediario, de polaridade negativa, e subsequentemente, das moleculas de
RNA de polaridade positiva da progénie viral (Martin e Lemon, 2006). A proteina 3A
€ denominada pré-VPg, contém 74 aminoacidos e ancora a proteina 3B no RNA. A
proteina 3C tem atividade de protease viral, sendo a maior responsavel pelo
processamento proteolitico do virus (Gauss-Muller et al., 1991). Em adi¢cdo a sua
atividade proteolitica, a proteina 3C se liga ao RNA viral e, portanto, influencia na
replicagdo do genoma viral (Peters et al., 2005). Estudos recentes demonstram que
a clivagem da proteina ligada ao trato de polipirimidina pode estar envolvida na
regulacdo negativa da traducdo viral, dando lugar a subsequente replicacdo do
genoma viral (Kanda et al., 2009). A proteina 3D, contendo 489 aminoacidos, €&
considerada uma RNA polimerase RNA-dependente e sua seqiéncia nucleotidica
possui alta similaridade com as sequéncias correspondentes de outros picornavirus
(Martin e Lemon, 2006). Recentes estudos identificaram determinantes na sequéncia
de aminoacidos da 3D (pol) que sdo necessarios para controlar a cinética de
crescimento do HAV em cultura celular (Konduru et al., 2010). Portanto, as proteinas

P2 e P3 demonstram um importante papel funcional na replicagéo viral.
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Figura 1.3: Representacdo esquemética do genoma do HAV (Fonte: Santos, NS.
Introducéo a Virologia humana -2ed —Rio de Janeiro; Guanabara Koogan, 2008)

1.4 Biossintese e Replicacao Viral

ApGs a infeccdo via trato gastrointestinal, o HAV se replica lentamente nos
hepatdcitos por varias semanas e, mais intensamente, durante o seu periodo de
incubacédo. O processo de replicacdo se inicia com a adsorcdo do virus a membrana
celular por meio de sua interacéo a receptores celulares. O receptor celular do virus
da hepatite A € um tipo de glicoproteina integral de classe | (HAVCR1/TIM1) (Tami et
al., 2007). Embora o receptor HAVCR1/TIM1 seja suficiente para que ocorra a
interacdo virus-célula e as alteracdes das particulas do HAV, que sdo necessarias
para a entrada do virus na célula (Silberstein et al., 2001, 2003), foi sugerido que a
imunoglobulina A anti-HAV exerca um importante papel na infeccéo in vivo, via
receptor asialoglicoproteina (ASGPR), que é uma glicoproteina localizada na
superficie basolateral dos hepatocitos humanos (Dotzauer et al., 2000) modulando a
interacdo do virus com o receptor em condi¢cdes nao favoraveis de infeccdo, como
0s niveis baixos de receptores (Tami et al., 2007).

Apbs a adsorcédo do virus ao hepatdcito, ocorre o desnudamento da particula
viral e posterior liberacdo do genoma de RNA fita-positiva dentro da célula
hospedeira, que passa a funcionar como RNA mensageiro (RNAm) para a traducao

da poliproteina viral. Todo o processo de replicacdo ocorre no citoplasma da célula
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infectada. A primeira etapa da replicacdo ap0s a descapsidacdo do RNA viral é a
sintese da poliproteina, que é direcionada pela regido denominada sitio de entrada
interna de ribossomos (IRES), presente na regido 5 NC. As regides terminais do
genoma viral 5’NC e 3'NC sao identificadas como elementos importantes para
replicacdo, sendo necessarias para iniciacdo da sintese das fitas positiva e negativa
de RNA (Kusov et al., 2005). A sintese das fitas positivas ocorre dentro do reticulo
endoplasmatico liso e € um processo catalisado pelas proteinas nédo-estruturais
recém-formadas (2B-3DP®), que atuam como RNA replicase e se ligam a
extremidade 3’' do RNA gendmico, iniciando a sintese de uma cépia de RNA
complementar, de polaridade negativa (replicativo intermediario). Esta copia servira
de molde para a sintese de novas e multiplas fitas de RNA de polaridade positiva.
Muitas dessas novas fitas de RNA de polaridade positiva podem ser reutilizadas,
servindo de molde para sintese de outras moléculas de polaridade negativa ou
podem ser traduzidas para sintese de novas proteinas virais. Outras moléculas de
RNA de fita positiva sdo empacotadas para formacdo de novas particulas virais,
seguida de uma clivagem final do precursor da jungdo VP1/2A e uma clivagem de
“‘maturacado” da jungdo VP4/VP2. A (ltima etapa do ciclo replicativo consiste na
montagem da particula viral. Admite-se que os trés polipeptideos do capsideo do
HAV sejam montados em uma estrutura de icosaedro contendo 60 cépias de cada
um. As novas particulas de HAV sdo liberadas pela membrana apical dos
hepatécitos, nos canaliculos biliares (figura 1.4). O mecanismo de liberacdo e
secrecdo das particulas virais é desconhecido, mas sugere-se que nao é
dependente de lise celular, jA que altos titulos virais sdo detectados nas fezes antes

de qualquer evidéncia de necrose nos hepatdcitos (Cuthbert, 2001).
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Figura 1.4 Esquema de um hepatdcito durante a replicagdo do HAV. (a) adsorgéo do virus
ao receptor celular. (b) Desnudamento e liberagdo do RNA gendmico. (c) Traducdo da
poliproteina viral. (d) Processamento proteolitico. (e) Sintese da fita de RNA de polaridade
negativa. (f) Sintese de novas copias de RNA gendmico de polaridade positiva. (g) Tradugdo
das novas fitas de RNA de polaridade positiva para sintese de proteinas virais. (h)
Empacotamento do RNA e montagem de novas particulas virais. (i) Liberacdo das novas

particulas virais, para os canaliculos biliares. Fonte: Martin e Lemon, 2006.

A replicacdo do HAV em cultura celular tem sido descrita desde 1979, em
células de primatas ndo-humanos e em células humanas, de linhagem hepatocitaria
ou outra linhagem. O isolamento primario de HAV geralmente apresenta um lento
processo de replicacdo, sem aparente efeito citopatico em cultivo celular (Yokosuka,
2000). No entanto, algumas cepas de HAV, altamente adaptadas a determinados
sistemas de cultivo celular apresentam replicacdo mais rapida e até mesmo efeito
citopatico, aléem de aparentemente poderem causar morte celular por apoptose
(Brack et al., 1998; Gosert et al., 2000). As principais muta¢cdes responsaveis por
esse fenotipo de adaptagéo estdo localizadas nas regides P2 e 5° NC (Day et al.,
1992; Emerson et al., 1993; Zhang et al., 1995). Entretanto, mutac6es especificas

nas proteinas 2B e 2C foram descritas como as mais importantes mutacdes
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associadas com a adaptacao viral para crescimento em cultura celular (Yi e Lemon,
2002).

1.5 Patogénese e Manifestacfes clinicas

A transmissao do HAV geralmente ocorre pela via fecal-oral, apds a ingestéo
de agua ou alimentos contaminados com fezes contendo o HAV. Apds a ingestao
oral, o exato destino dos virions ainda € desconhecido. Contudo, estudos de
infeccédo experimental em macacos coruja (Owl Monkeys) demonstraram a deteccao
do antigeno viral no estébmago, intestino delgado e intestino grosso logo apoés a
inoculacdo oral do HAV e durante todo o curso da infeccdo (Asher et al., 1995),
sugerindo replicacao viral nesses sitios. Provavelmente, apds ultrapassar a barreira
epitelial do trato digestério, o HAV alcanca o parénquima hepatico através da
circulacdo portal (ou apdés a circulacdo sistémica), sendo capturado pelos
hepatdcitos através de receptores especificos (Cuthbert, 2001). O virus se replica no
hepatocito e é eliminado nas fezes atraves da bile. O ciclo enterohepatico do HAV se
mantém até que anticorpos neutralizantes o interrompam.

Algumas evidéncias indicam que o HAV nado é diretamente citotoxico aos
hepatdcitos e, portanto, a citopatologia induzida pelo HAV, ndo deve ser responsavel
pelas alteracbes patoldgicas que ocorrem na infeccdo e que a injaria hepética
resulta primariamente de mecanismos imunes (Siegl et al., 1993).

O virus é intensamente eliminado junto com as fezes e pode ser detectado
durante o periodo de incubacao, que dura cerca de 2 a 7 semanas. No entanto, por
meio da técnica de Reacdo em cadeia de polimerase (PCR) demonstrou-se a
excrecdo viral nas fezes por um periodo médio de 81 dias (titulos de 2x10° - 2x10°®
copias/ml de suspenséo fecal), podendo se estender por mais de trés meses ap0s o
inicio da doenca, mesmo depois da normalizacdo dos niveis séricos de
transaminases (Tjon et al., 2006).

A duracao da viremia foi estimada em um periodo médio de 42 dias (Tjon et
al., 2006), podendo variar de 5 a 59 dias, segundo Kwon e cols (2000) e de 36 a 391
dias, segundo Bower e cols (2000) apos o inicio dos sintomas. A concentracdo do
virus no soro € de 2 a 3 logyp unidades menor que a concentragédo nas fezes (Cohen
et al., 1989; Bower et al., 2000) e em média varia de 10° a 10° cépias/mL (Costa-
Mattioli et al., 2002a; Hussain et al., 2006).
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Cohen e colaboradores (1989), apos a inoculacao oral de chimpanzés com
cepa selvagem de HAV, detectaram o0 antigeno viral por radioimunoensaio nas
tonsilas durante o periodo de viremia. Um estudo recente demonstra que o virus
também pode ser eliminado na saliva de pacientes com hepatite A, sendo a carga
viral neste fluido de 1 a 3 log;p unidades menor que a concentracdo no Soro
(Mackiewicz et al., 2004). Entretanto, os dados epidemioldgicos existentes ainda nao
sao suficientes para o estabelecimento da saliva como uma importante fonte de

transmissao do HAV.

O curso clinico da infeccao pelo HAV pode variar de uma infeccéo
assintomética a formas graves, como a hepatite fulminante. As manifestacdes
clinicas da infeccdo pelo HAV sao geralmente brandas ou assintomaticas em
criancas menores de 10 anos e a partir desta idade observa-se que a doenca se
manifesta de forma mais grave, principalmente em adultos e idosos (Lemon, 1997;
Cuthbert, 2001). O curso da infec¢do pode ser dividido em quatro fases clinicas: (a)
periodo de incubacao, que varia de 15 a 50 dias, com média de 30 dias (Paul et al.,
1945). Durante esta fase, o individuo permanece assintomatico, apesar da intensa
replicacdo viral; (b) fase pré-ictérica ou periodo prodromico, quando aparecem 0s
primeiros sintomas inespecificos, tais como: febre, ndusea, vémito, dor abdominal,
anorexia e fadiga. Geralmente, ocorrem 5 a 7 dias antes do inicio da ictericia; (c)
fase ictérica, caracterizada pela deposicao de bilirrubina na pele e mucosa, que
assumem coloracdo amarelada e geralmente, também ocorre collria e hipocolia
nesta fase. Sua duracdo é bastante variavel podendo ser de 4 a 29 dias (Havens,
1947); (d) fase de convalescéncia. Em geral, o paciente se recupera completamente
dentro de dois meses. Na literatura, ndo existem registros de formas crénicas da

doenca.

Nas formas agudas anictéricas ou ictéricas consideradas benignas ou
brandas (a grande maioria dos casos), os exames histologicos demonstram lestes
nos espacos porta e no interior dos I6bulos, que se caracterizam por degeneracéo e
necrose de hepatdcitos, com exsudato inflamatoério predominante de mononucleares,
porém, neutrofilos e eosindfilos podem ser observados (figura 1.5a). Além disso,

células apoptdticas podem ser observadas.

Manifestacfes atipicas de hepatite A podem ocorrer em alguns individuos,

tais como: hepatite colestasica, recorrente, prolongada ou até manifestacoes
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extrahepaticas. Pacientes com hepatite colestatica geralmente apresentam niveis de
bilirrubina sérica acima de 10mg/dL por mais de 12 semanas, com acumulo de bile
no interior dos hepatécitos. Embora a resolucdo da doenca seja lenta, a recuperacao
€ completa. A hepatite recorrente ocorre em cerca de 3 a 20 % dos casos agudos e
surge entre 4 e 15 semanas apos o desaparecimento dos sintomas iniciais (Glikson
et al.,, 1992). Neste caso, titulos de anti-HAV IgM reaparecem ou aumentam e 0
virus pode ser detectado nas fezes e no soro (Tong et al., 1995). Na forma
prolongada de hepatite A pode ser observada a persisténcia de anti-HAV IgM por até
55 semanas (Krki¢-Dautovi¢, 2006).

Ocasionalmente pode ocorrer necrose extensa do figado durante a hepatite
viral aguda, levando ao comprometimento da funcdo hepéatica e caracterizando uma
hepatite fulminante. Nas formas fulminantes (formas que se acompanham de
insuficiéncia hepética aguda), a necrose é confluente, comprometendo grande parte
ou todo o l6bulo hepatico (necrose submacica ou macica) (figura 1.5b). O infiltrado
inflamatorio é predominantemente mononuclear, mas pode ser escasso oOu
desproporcional a extensdo da necrose. A taxa de letalidade por hepatite A
geralmente é menor que 1,5% entre 0os casos hospitalizados, aumentando de 0,4%
nos pacientes com menos de 40 anos de idade para 12,5% nos pacientes acima de
65 anos (Canuel et al., 2007).
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Fig. 1.5 Microscopia Optica de hepatite viral aguda. (a) Infiltrado inflamatério na area portal
(H&E x140). (b) necrose macica, com infiltracdo do estroma e &reas portais com células
inflamatorias (coloracdo de Hematoxilina-Eosina, aumento de 140x). Fonte: Ishak KG. Light
microscopic morphology of viral hepatitis. Am J Clin Pathol 1976; 65: 787-827.

1.6 Infecc&o experimental em animais

No inicio da década de 60, foram iniciadas as tentativas de transmissédo do
virus da hepatite A em animais experimentais (Deinhardt et al., 1962). Contudo,
somente em 1969 foi confirmada a transmissao do HAV em saguis inoculados com
soro de pacientes agudos (Holmes et al., 1969). Logo surgiram subsequentes
trabalhos evidenciando a transmissdo de cepas humanas de HAV em chimpanzés
(Dienstag et al., 1975; Maynard et al., 1975). Atualmente, sabe-se que, além de
chimpanzés (Dienstag et al., 1975; Cohen et al., 1989; Balayan, 1992; Purcel et al.,
1992), diversas espécies de primatas ndo-humanos sdo suscetiveis a infeccdo com
HAV humano, tais como: macaco Rhesus (Macaca mulatta) (Lapin e Shevtsova,
1990), macaco verde africano (Cercopithecus aethiops) (Balayan et al., 1992),
macacos coruja (Aotus trivirgatus) (Traham et al., 1987; Asher et al., 1995), macaco
de rabo curto (Macaca speciosa) (Mao et al.,, 1981) e varias espécies do novo
mundo como sagui (Callithrix jacchus) (Gaspar et al., 1992; Baptista et al., 1993;
Vitral et al., 1995), Tamarin (Saguinus sp) (Krawczynski et al., 1981; Emerson et
al.,1996) e macaco-esquilo (Saimiri sciureus) (Prevot et al., 1992). A infeccéo
experimental em primatas n&do-humanos assemelha-se com a de humanos,
entretanto, frequentemente € subclinica e moderada (Pinto et al., 2002). Apés a

infeccdo desses animais, o virus ou 0 antigeno viral pode ser detectado nos
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hepatdcitos, depois no soro, bile e fezes. Estes eventos precedem a lesédo hepatica,
gue aparece concomitantemente com a soroconversao (Vitral et al., 1998a).

Algumas espécies de primatas suscetiveis a infec¢do natural pelo HAV, como
Macaca fascicularis e Macaca arctoides, ndo desenvolvem a doenca quando
inoculados com cepas humanas de HAV (Andzhaparidze et al., 1987; Balayan,
1992). No entanto, Shevtsova e colaboradores (1988) demonstraram a transmissao
em cinomolgus (Macaca fasciculares) inoculados com cepas isoladas de humanos,
porém, com resultados inconclusivos a respeito desta espécie como modelo animal
para o estudo da hepatite A. Alguns estudos sugerem que certas espécies de
primatas selecionam variantes virais espécie-especificas, ja que cepas simias
isoladas de macaco verde causam hepatite grave em Macaca fasciculares, mas nao
em P. troglodytes (Emerson et al., 1996) e, apds 20 passagens em marmotas, a
cepa simia se torna mais virulenta em marmotas e atenuada em chimpanzés
(Bradley et al., 1984).

1.7 Epidemiologia

A infeccdo pelo HAV ocorre em todo o mundo, representando a causa mais
comum de hepatite viral aguda (CDC, 2006). Anualmente, sé&o reportados cerca de
1,5 milhdées de casos novos (CDC, 2006), um numero na verdade muito abaixo da
real incidéncia da infec¢do em virtude da subnotificacdo e dos casos assintomaticos.
A via de transmissao fecal-oral por contato pessoa a pessoa € a forma mais comum
de infeccéo, principalmente em instituicbes fechadas como creches e escolas, nas
quais a aglomeracéo aliada as condicfes inadequadas de higiene e a alta propor¢ao
de individuos suscetiveis a doenca sdo fatores que facilitam a transmissdo da
doenca. Isto ocorre, principalmente entre criangas, que portanto constituem uma
importante fonte de disseminacdo da doenca para a comunidade (de Paula et al.,
2002; Villar et al., 2002, 2004; Morais et al., 2006). A transmissdo do HAV através do
sangue é rara, porém pode ser uma causa potencial de hepatite pdés-transfusional
(Solodovnikov et al., 2003; Castkova e Benes, 2009). O risco de transmissao
parenteral € maior entre usuarios de drogas injetaveis (Diel et al., 2001) e, de acordo
com o Centro Europeu de Prevencédo e Controle de Doencgas (ECDC), a incidéncia

de hepatite A vem aumentando neste grupo (Castkova e Benes, 2009).

14



Saliva como espécime clinico para o estudo da Hepatite A: aplicacdes... Amado, LA

Os padroes de infeccdo do HAV variam em relacdo ao nivel de
desenvolvimento socio-econémico (Jacobsen e Koopman, 2004) (figura 1.6). Em
areas de alta endemicidade, o HAV é transmitido primariamente pelo contato pessoa
a pessoa. Embora 90% das criangas tenham contato com o virus antes dos 10 anos
de idade, nestas areas a hepatite A ndo representa um problema clinico e os surtos
sdo eventos incomuns. Este padrdo epidemioldgico é tipico da Africa e Oriente
médio, assim como em varios paises da América Latina e Asia.

Em areas de moderada endemicidade a incidéncia da infeccdo é alta e a
infeccdo ocorre mais freqientemente na adolescéncia e em adultos jovens. Surtos
sdo comuns em algumas destas areas e a transmissado ocorre por contato pessoa-
pessoa ou através de agua ou alimentos contaminados. Este padrdo de transmissao
tem ocorrido em regides previamente endémicas da América Latina, Asia e Oriente
médio, cuja taxa de soroprevaléncia vem declinando nos ultimos 10 anos (Tanaka,
2000; Kang et al., 2004).

Em paises desenvolvidos, a endemicidade do HAV é baixa e as taxas de
infeccdo sdo mais altas em adultos jovens (Pham et al., 2005). O virus é transmitido
principalmente através do consumo de agua ou alimentos contaminados, embora
alguns casos de transmissao pessoa-pessoa sejam descritos. Nestas areas, surtos
também sdo comuns. Finalmente, em areas de endemicidade muito baixa, casos de
infeccdo s@o esporadicos e ocorre tipicamente em adultos. Os individuos séo
geralmente contaminados em viagens para areas endémicas. Este padrdao pode ser
visto na Escandinavia, que é o pais com uma das menores taxas de prevaléncia da
hepatite A no mundo (CDC, 1999).
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Figura 1.6. Distribuicdo geogréfica da infeccdo pelo HAV (fonte: CDC, 2006).

A infeccdo pelo HAV é fortemente associada a pobreza e saneamento
inadequado. Nas ultimas décadas, em muitos paises, como os da América Latina e
do sudeste Asiatico vem ocorrendo melhorias nas condi¢cdes socioeconémicas.
Como consequéncia, tem sido observado um significante declinio da prevaléncia da
infeccdo pelo HAV em individuos jovens (Tapia-Conyer et al., 1999; Manfredi et al.,
2005; Fitzsimons et al., 2010). No passado, estas areas eram consideradas de alta
endemicidade para infeccdo pelo HAV, nas quais a maior parte da populacdo se
infectava ainda na infancia. No entanto, diversos estudos na América Latina, tém
demonstrado uma mudancga no padrdao de endemicidade de alta para moderada
(Tapia-Conyer et al., 1999; Clemens et al., 2000; Tanaka, 2000, Vitral et al., 2008).

Estudos recentes demonstraram que o Brasil apresenta diferentes padrbes de
endemicidade, sendo que a exposicdo ao HAV na infancia é maior nas Regifes
Norte e Nordeste quando comparadas as Regides Sul e Sudeste (Clemens et al.,
2000; Carrilho et al.,, 2005). Estudos conduzidos na Regido Amazdnica e no
Nordeste do Brasil, incluindo individuos com idades entre 1 e 83 anos,
demonstraram altas taxas de prevaléncia de hepatite A nessas regides (95% e 77%,

respectivamente) (Clemens et al., 2000). Entretanto, estudos recentes conduzidos
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em Labrea (Regido Amazobnica brasileira), em todas as capitais do nordeste e no
centro-oeste brasileiro, incluindo apenas criancas menores de 10 anos,
demonstraram uma prevaléncia de hepatite A de 60% (Braga et al., 2009), 42 e
34%, respectivamente (de Alencar Ximenes et al., 2008). Esses dados indicam uma
provavel mudanca para um padrdo de endemicidade moderada, apesar das
precarias condicdes sanitarias ainda observadas nessas regides.

Estudos soroepidemiol6gicos em criancas menores de 10 anos de idade
demonstraram prevaléncia de hepatite A de cerca de 60% na Regido Sudeste (Rio
de Janeiro) (Almeida et al., 2001) e de 42% na Regiao Sul (Porto Alegre) (Clemens
et al., 2000). Mudancas no perfil epidemiolégico da infeccdo pelo HAV no Brasil
foram observadas de forma mais acentuada nos grandes centros urbanos da regido
sudeste. Segundo Vitral e colaboradores (1998b), durante um periodo de 17 anos
(1978-1995) a prevaléncia de hepatite A no Estado do Rio de Janeiro reduziu de
98,1 para 7,8% em criancas abaixo de cinco anos. Embora venha ocorrendo uma
reducdo da exposicdo ao HAV durante a infancia (Jacobsen e Koopman, 2004), a
persisténcia do virus circulando no ambiente potencializa as chances de ocorréncia
de surtos epidémicos (Wheeler et al., 2005; Vitral et al., 2006). A alta eliminacéo de
virus nas fezes de pessoas infectadas facilita sua disseminacédo e contribui para
difusdo de surtos de hepatite A, principalmente através do contato domiciliar com
uma pessoa infectada. Como os sintomas clinicos sdo pouco comuns em criangas, 0
aparecimento da doenca entre seus contactantes adultos é que muitas vezes chama
a atencdo para o problema em creches e nas Unidades de Terapia Intensiva

neonatal.

Em contraste com a disseminagdo pessoa a pessoa, epidemias subitas e
explosivas de hepatite A em comunidades ou populacbes confinadas geralmente
resultam da contaminacéo viral de uma Unica fonte, como &4gua potavel e alimentos
gue sao ingeridos crus, como ostra, marisco e mexilhao (Villar et al., 2004; Vale et
al., 2005; Chancellor et al., 2006; Yoon et al., 2008; Waterman et al., 2009). No
municipio do Rio de Janeiro, de acordo com o Sistema de Informacfes de Agravos
de Notificacado (SINAN) (Silva et al., 2007), entre 1999 e 2001, foram registrados e
confirmados 1.553 casos de hepatite A. A andlise da distribuicdo dos casos de
hepatite A durante esse periodo mostrou um pequeno deslocamento da ocorréncia
da doenca para faixas etarias mais elevadas, com pico de incidéncia acumulada
entre os 6 e 10 anos (41,7 casos por 100 mil habitantes). Segundo dados da
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Secretaria de Estado de Saude do Estado do Rio de Janeiro, cerca de 50% da
populacdo até dez anos apresentaram soropositividade para anti-HAV. Ainda
segundo estudos de Villar et al. (2002), 75% dos individuos até 18 anos ja haviam se
tornado soropositivos, indicando claramente que a circulagdo do virus continua a
ocorrer em ambientes frequientados por pessoas de faixas etarias mais elevadas. Do
total de casos notificados e confirmados, cerca de 25% estavam envolvidos em
surtos, tendo grande parte ocorrido em creches e orfanatos; consequentemente, o

maior percentual de casos envolvidos em surtos ocorreu até a idade de cinco anos.

1.8 Variabilidade genética e distribuicdo dos genoétipos do HAV

Os estudos de variabilidade genética do HAV, em geral, sdo baseados em
regides parciais do genoma, como a regidao VP3 C-terminal (Jansen et al., 1990),
VP1 N-terminal (Robertson et al., 1991) ou a regido de juncédo VP1/2A (Jansen et al.,
1990; Robertson et al., 1992).

Os genotipos do HAV foram caracterizados pela primeira vez por Jansen e
colaboradores, em 1990, utilizando-se a regido de jungéo entre a por¢cao C-terminal
da proteina VP1 e a N-terminal da proteina 2A (regido VP1/2A) para comparar as
sequéncias analisadas, segundo os mesmos critérios desenvolvidos por Rico-Hesse
e colaboradores (1987) para analisar isolados de poliovirus. Essa regido gendmica
despertou interesse porque entre outros picornavirus, como o poliovirus, inclui
sequéncias caracteristicas de sorotipos. Além disso, a regidao VP1 codifica a maior
proteina do capsideo e possui sitios de ligacdo para anticorpos neutralizantes (Hogle
et al., 1985). Neste estudo, foi encontrada uma variabilidade genética superior a
20%, entre as 247 bases analisadas do genoma. Assim, as cepas do HAV foram
inicialmente classificadas em 4 gendtipos: |1, 11, lll e IV.

Utilizando-se da mesma abordagem descrita por Jansen e colaboradores
(1990), Robertson e colaboradores, em 1992, compararam sequéncias de 152
isolados do HAV de diferentes partes do mundo. Neste estudo, foram analisados
168 nucleotideos da regidao VP1/2A, resultando na caracterizacdo de sete genotipos
do HAV (I-VII). Um gendtipo foi definido como um grupo de virus com mais de 85%
de identidade na sequéncia nucleotidica (Robertson et al., 1992). Os genotipos | e 11l
foram subdivididos em dois grupos distintos (subgenétipos A e B), que diferem em

atée 7,5% na sequéncia nucleotidica. Isolados de trés gendtipos (I, Il e VII)
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agrupavam somente cepas de HAV humanas. O gendtipo Il incluia cepas de HAV
humanas e uma cepa (PA 21) isolada de macaco-coruja (Aotus sp) (Brown et al,
1989). Enquanto que isolados designados como genotipos IV, V e VI continham
apenas cepas simias (Nainan et al., 1991; Robertson et al., 1992). Este importante
estudo influenciou os estudos de variabiliade genética do HAV. No entanto, Costa-
Mattioli e colaboradores, em 2002, demonstraram que este método nao diferenciava
variantes antigénicas. Alternativamente, foi proposta a utlizagdo da regiao VP1
completa (900 nucleotideos) para a constru¢do da arvore filogenética ao invés do
pequeno fragmento de 168 nucleotideos utilizado anteriormente (Costa-Mattioli et
al., 2002b). A analise filogenética da regido VP1 completa de 86 cepas de HAV
isoladas de varias partes do mundo sugeriu a existéncia de apenas seis grupos
geneticamente distintos (Costa-Mattioli et al., 2002b). Baseado neste estudo uma
nova classificacao dos genétipos do HAV foi proposta, sugerindo que os genétipos |l
e VIl definidos anteriormente seriam apenas um ou dois subgendtipos do mesmo
tipo (Costa-Mattioli et al., 2003). Em 2004, Lu e colaboradores determinaram a
sequéncia gendmica completa do Unico isolado representante do genotipo Il (CF53).
Dados deste estudo indicaram que os gendtipos Il e VII deveriam ser considerados
um Unico gendtipo e baseando-se na andlise da sequéncia completa de VP1, a cepa
CF53 (anteriormente classificada como genotipo 1) seria classificada como genétipo
IIA e a cepa SLF88 (anteriormente classificada como gendétipo VII) como gendtipo
[IB (figura 1.7), confirmando a existéncia de apenas seis gendtipos do HAV. Até o
momento, as diferentes cepas de HAV humano apresentam caracteristicas em
comum, tais como: um unico sorotipo e reatividade similar frente aos anticorpos
monoclonais contra o HAV, o que favorece a eficacia de uma vacinacdo em massa,
contribuindo para que, no futuro, seja possivel a erradicacdo da doenca.

Entretanto, apesar da estabilidade antigénica do HAV, recentes estudos
demonstram que tanto in vivo quanto in vitro existem variantes do HAV
geneticamente muito proximas, ndo—idénticas, conhecidas como quasiespecies
(Sanchez et al., 2003). A dinamica de quasiespecies é caracterizada pela geracao
continua de variantes do genoma viral, competicdo entre eles e selecdo dos
mutantes mais adaptados para determinados ambientes (Costa-Mattioli et al., 2006).
A compreensdo dos principios que moldam a evolucdo de quasiespecies esta se
tornando cada vez mais importante para 0 acompanhamento da progressdo da
doenca e o desenvolvimento de estratégias preventivas e terapéuticas para controlar

a doenca (Domingo et al., 2001).
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Figura 1.7. Dendrograma demonstrando a relacdo genética entre os diferentes genotipos
das cepas de HAV humanas e simias. Os limites entre os genétipos e subgendtipos estéo
delimitados por linhas verticais (Lu et al., 2004).

Estudos de epidemiologia molecular demonstraram que o genotipo | é o mais
abundante em todo o mundo, particularmente o subgenétipo 1A, que inclui cepas
encontradas na Ameérica do Norte, China, no Japéao e Tailandia (Robertson et al.,
1992; Costa-Mattioli et al., 2002b; Nainan et al., 2005). Isolados de HAV humano na
América Latina foram classificados quase que exclusivamente como genotipo IA,
sugerindo que h& uma circulacdo endémica nesses paises (Diaz et al., 2001; Costa-
Mattioli et al., 2002b; Mbayed et al., 2002). Entretanto, varios estudos demonstraram
a circulacdo concomitante dos subgendtipos IA e IB no Brasil (de Paula et al., 2002,
2004; Fiaccadori et al., 2006; Villar et al., 2006).

O gendtipo IB contém cepas isoladas na Jordania, Africa do Norte, Australia,

Europa e do Japdo (Robertson et al., 1992). A maioria das cepas restantes foi
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classificada como sendo do gendtipo Ill. Cepas desse gendtipo foram isoladas em
amostras da india, do Sri Lanka, Nepal, da Malasia e dos EUA (Heitmann et al.,
2005; Hussain et al., 2006; Kulkarni et al., 2009). Na Europa é observado um padréo
mais complexo de circulagdo de gendtipos, encontrando-se além do gendtipo I, o
genatipo lll, observado em analises genéticas de amostras ambientais como de
ostras associadas a surtos na Franca, Espanha e Italia provavelmente
representando virus de outras regides (Robertson et al., 1992; Costa-Mattioli et al.,
2001; Pina et al., 2001; Sanchez et al., 2002; Chironna et al., 2003).

1.9 Prevencéo e controle

A hepatite A se tornou uma doenca imunoprevenivel em 1991 com o
licenciamento da vacina inativada, pelo Food and Drug Administration (FDA), nos
EUA. As vacinas atualmente licenciadas séo todas inativadas e utilizam diferentes
cepas de HAV. As vacinas inativadas sédo altamente imunogénicas (Werzberger et
al., 1992; Innis et al., 1994) e conferem protecéo por 20 anos ou mais na maioria dos
vacinados (Van Damme et al., 1994; Wiens et al., 1996; Ashur et al., 1999). O
esquema de vacinacao varia de acordo com o fabricante e consiste em duas doses,
sendo a segunda dose administrada entre 6 e 18 meses ap0s a primeira para

obtencédo de uma imunidade prolongada.

Em 1996, as primeiras recomendacfes do Comité consultivo sobre Praticas
de Imunizacao (ACIP) dos EUA para prevencao da hepatite A, focava primariamente
a vacinacdo de criancas a partir de dois anos de idade que residiam em
comunidades com alta endemicidade e pessoas com alto risco de adquirir a doenca,
incluindo viajantes para regides de alta endemicidade, usuéarios de drogas ilicitas,
homens homossexuais, pacientes portadores de doencas crbnicas do figado e
pessoas com risco de infecgdo ocupacional. Apds uma década de implementacédo da
vacina nos EUA, em 2005, a vacina se tornou disponivel para criangas a partir de 12
meses de idade, sendo entdo incorporada ao calendario de vacinagao infantil (CDC,
2006). Em 2009, o ACIP estendeu a recomendagé&o da vacinagao contra a hepatite
A para membros de familias e pessoas em contato pessoal proximo (ex: babas) de
criancas adotadas recém-chegadas de paises com alta endemicidade de hepatite A
(CDC, 2009).
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Em regibes de alta endemicidade a vacinacdo em larga escala ndo é
recomendada. Entretanto, a Organizacdo Mundial de Saude recomenda que em
paises de endemicidade moderada seja considerada a vacinagcdo em larga escala
ainda na populacdo infantil. Alguns paises considerados de endemicidade
intermediaria como Israel (Mor et al., 2010), Espanha (Dominguez et al., 2008), Italia
(Romano et al., 2009), e mais recentemente, a Argentina (Vacchino, 2008) também
relataram o impacto positivo da vacinagdo sobre a incidéncia de hepatite A. No
Brasil, ainda ndo foi adotada uma estratégia de controle da hepatite A através da
vacinacdo ampla da populacdo, mas recomenda-se a aplicacdo da vacina aos
grupos de risco, segundo os critérios do Programa Nacional de Imunizacdes do
Ministério da Saude (2006), incluindo pessoas com hepatopatias cronicas,
suscetiveis a hepatite A; portadores de HBV; criangcas menores de 13 anos com
AIDS; individuos com imunodepressao terapéutica; candidatos a transplante de

orgao solido e profissionais de saude.

Recentemente a administracdo de imunoglobulinas (IG) também é
recomendada em adicdo a vacina para profilaxia pré-exposicado para viajantes para
regides de alta endemicidade (CDC, 2009). A administracdo em larga escala de
imunoglobulinas como profilaxia na pos-exposicdo pode diminuir a transmissédo da
doenca, porém nao é capaz de controlar surtos (Connor, 2005). Entretanto, varios
estudos demonstraram que a vacina contra a hepatite A é eficaz no controle de
surtos (Kaic et al., 2001; Bonani et al., 2005). Prikazsky e colaboradores (1994)
demonstraram a implementacdo da vacina em um surto de hepatite A ocorrido em
uma escola, onde 404 criancas receberam a vacina e 19 receberam IG. Neste
estudo, constatou-se que o numero de novos casos de hepatite A foi maior entre os
gue receberam Ig do que no grupo que recebeu a vacina. O consenso para
utilizacdo de vacina contra a hepatite A no controle de surtos é baseado nas
evidéncias de que esta é eficaz na prevencdo da doenca na pré-exposicao
(Werzberger et al.,1992) e na pos-exposicdo (Saggliocca et al.,, 1999). A alta
imunogenicidade da vacina contra a hepatite A, sua habilidade de prevenir novos
casos e seu potencial de reducéo da duragdo de um surto em uma comunidade,
guando administrada a uma grande propor¢cédo da populagédo de risco, indicam sua
maior eficacia no controle de surtos de hepatite A, quando comparadas a
administragao de IG (Bonanni et al., 1998, 2005).
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Vacinas atenuadas, cuja aplicacédo seria mais econémica, tém sido avaliadas
em Varios ensaios clinicos desde 1997 (Mao et al., 1997; Zhuang et al., 2005; Faridi
et al., 2009). Em geral, estas vacinas sdo imunogénicas, seguras em criancas
(Bhave et al., 2006) e vém sendo apontadas como duradoura na prevencdo e
controle da doenca (Faridi et al., 2009). Além disso, vacinas recombinantes tém sido
pesquisadas como uma estratégia para o desenvolvimento de uma vacina baseada
em peptideos sintéticos do capsideo do HAV (VP1 e VP3) (Haro et al., 2003).

1.10 Abordagem diagndstica

Casos de hepatite aguda séo definidos como casos de doenca aguda com
sintomas discretos e ictericia ou elevacao dos niveis de transaminases (CDC, 1998).
Em pacientes sintomaticos, sdo comuns elevacbes de aminotransferases ALT
(Alanina aminotransferase) e AST (Aspartato aminotransferase), fosfatase alacalina
e bilirrubina sérica (Tong, 1995). O diagndstico laboratorial deve incluir hemograma
completo, tempo e atividade de protrombina (TAP) e niveis séricos de
transaminases.

Tipicamente, a bilirrubina sérica total permanece abaixo de 10 mg/dL, mas
podem ser ocasionalmente observados niveis de 20mg/dL (Radha et al., 2009). As
concentracfes de ALT e AST fornecem uma avaliacdo quantitativa da lesao hepatica
durante a infeccdo aguda. A ALT é primariamente localizada no figado, limitada ao
citosol dos hepatdcitos, enquanto que a AST € encontrada na mitocondria (80%) e
no citosol (20%). Esta compartimentalizagdo de enzimas pode, parcialmente,
explicar o padrdo de aminotransferases observado em muitas formas de doencas
hepéticas, ja que durante a hepatite aguda “classica” os niveis de ALT séao
significantemente maiores que os niveis de AST, resultando em uma alta relacdo de
ALT/AST (>1,4) na maioria dos casos. Entretanto, exce¢bes podem ocorrer em
situacdes nas quais se desenvolve necrose tecidual grave, resultando em uma maior
liberacdo de AST no sangue. A elevagdo das aminotransferases (transaminases)
ocorre ja na fase prodrémica, alcancando o limite maximo coincidente com o0s
sintomas clinicos, sendo comuns concentracfes acima de 1.000 UI/L. Os melhores
indicadores de progndstico sdo tempo e atividade de protrombina e os niveis de
bilirrubina. Em dois meses, 60% dos pacientes ja tém testes bioquimicos normais,
chegando a quase 100% em seis meses. Como a albumina é a principal proteina de
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secrecdo produzida pelo figado e importante para regulagdo osmotica, sua
concentragcdo também é (til para o prognostico da doenca (Radha et al., 2009).

O diagndstico clinico e bioquimico ndo permite diferenciar a hepatite A das
outras formas de hepatite agudas (Cuthbert et al., 2001), de forma que os testes
sorologicos sdo necessarios para a identificacdo do agente etiologico. O diagndstico
sorologico especifico é feito pela pesquisa dos anticorpos anti-HAV da classe IgM,
que é o principal marcador de infeccdo aguda pelo HAV. Geralmente a deteccao
desses anticorpos é feita por ensaio imunoenzimatico (teste competitivo), com varios
conjuntos diagnosticos disponiveis no mercado (Poddar et al., 2002). A
especificidade da deteccdo de anticorpos anti-HAV IgM para o diagnostico da
hepatite A é de aproximadamente 99%, a sensibilidade de 100% e o valor preditivo
positivo de 88% (Wiedmann et al., 2003). Os titulos de anticorpos anti-HAV IgM
geralmente aumentam rapidamente entre 4 e 6 semanas apos a infeccdo e entdo
declinam a niveis indetectaveis dentro de 4 meses, podendo chegar a 6 meses em
5% dos casos. Raramente, persiste por mais de 12 meses. Geralmente, as
transaminases séricas normalizam-se antes da negativacdo de anticorpos anti-HAV
IgM.

Anticorpos anti-HAV IgM e IgG podem ser detectados simultaneamente uma
ou duas semanas apoés o inicio dos sintomas. Os titulos de anticorpos anti-HAV IgG
se elevam gradualmente, alcancando altos niveis durante a fase convalescente
(Stapleton et al., 1991) e permanece por toda a vida conferindo imunidade contra
reinfeccdo (figura 1.8). A deteccdo de anticorpos anti-HAV total € usada,
primariamente, para determinar o estado imunolégico do individuo apds vacinagao

ou infecgao.
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Figure 1.8. Cinética da infec¢é@o pelo virus da hepatite A. A sequéncia de eventos inclui o
periodo de viremia (amarelo) e eliminacdo fecal (azul), seguido de aumento dos niveis de
ALT (linha rosa) e aparecimento de anticorpos anti-HAV IgM e IgG (linhas azuis). Fonte:
American Association for the Study of Liver Diseases.

Os anticorpos anti-HAV da classe IgA possuem um importante papel na
“barreira intestinal” contra agentes infecciosos. Na infeccdo pelo HAV, estes
anticorpos podem ser encontrados nas fezes durante a fase aguda ap6s o pico de
transaminases (Locarnini et al., 1980; Yoshizawa et al., 1980), persistindo alguns
meses durante a fase de convalescenca. No entanto, tais anticorpos nao
demonstram atividade neutralizante (Stapleton et a., 1987). Além disso, estes
anticorpos ndo sédo encontrados em todos 0s pacientes e sua importancia na
recuperacdo clinica e na imunidade protetora é desconhecida (Yoshizawa, et al.,
1980). Com o uso de radioimunoensaios, Stapleton (1991) demonstrou a presenca
de anti-HAV IgA em amostras de saliva obtidas de individuos 56 dias apés o

aparecimento de ictericia.

A deteccdo do antigeno viral (HAVAQ) pode ser observada em fezes, soro,
cultura celular e em amostras ambientais, geralmente por meio de testes
imunoenzimaticos ou moleculares. Técnicas de imunohistoquimica de fluorescéncia
direta ou indireta sdo em geral usadas para identificacdo do HAVAg em amostras de
figado, tonsilas, rins e intestino (Cohen et al., 1989; Asher et al., 1995, Pinto et al.,
2002).
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A amplificacdo do RNA viral por nested-PCR ¢, atualmente, o método mais
sensivel e amplamente usado para deteccdo do RNA do HAV em diferentes tipos de
amostras (soro, plasma, suspensdo fecal e amostras ambientais). Estudos
demonstram que a detecgdo do RNA do HAV por PCR tem um importante papel no
diagnéstico precoce da infeccao, principalmente, no periodo de janela imunoldgica
durante surtos e em casos agudos de hepatite com etiologia desconhecida (de Paula
et al., 2004). Entretanto, o diagndstico molecular da hepatite A ndo é empregado em
laboratérios de andlises clinicas e em bancos de sangue, como ja acontece para as
infeccbes pelo HIV e HCV. A PCR em tempo real € uma técnica aplicada mais
recentemente para a deteccdo e quantificacdo do HAV (Bustin et al.,, 2005). A
rapidez e alta sensibilidade desta técnica permitem uma rapida analise de amostras
em larga escala como, por exemplo, em situacdes de surto. Entre os sistemas de
PCR em tempo real mais utilizados, destacam-se o Tagman (Costa-Mattioli et al.,
2002a), Syber Green (Morrison et al., 1998; Casas et al., 2007) e Molecular beacons
(Mackay et al., 2002; Abd EI Galil et al., 2004). Atualmente, a técnica de PCR em
tempo real estd sendo amplamente utilizada para deteccdo do HAV em diversos
tipos de aguas ambientais (De Paula et al., 2007; Villar et al., 2007; Rigotto et al.,
2009; Silva et al.,, 2010) e em alimentos como ostras, mexilhdes e mariscos
(Chironna et al., 2002; Coelho et al., 2003; Pint6 et al., 2009; Manso et al., 2010),
constituindo uma importante ferramenta para investigacdo das fontes de

contaminacdo e disseminacao do virus através de aguas e alimentos.

A técnica de sequenciamento de acidos nucleicos é realizada em produtos de
PCR para confirmar a sua especificidade e fornece o meio mais efetivo para
identificacdo e genotipagem do virus. O sequenciamento de acidos nucléicos de
regides selecionadas do genoma do HAV tem sido usado para determinar a relagéao
genética entre os seus isolados (de Paula et al., 2004; Nainan et al., 2005; de Paula
et al.,, 2006; Toyoda et al., 2009; Yoon et al, 2009). A metodologia de
sequenciamento de &cido nucleico originalmente descrita por Sanger e
colaboradores (1977), que exigia a marcagao independente de cada nucleotideo e
gel de eletroforese convencional, foi substituida por métodos de alto rendimento,
incluindo as matrizes capilares para eletroforese, que aumentam a velocidade e

precisao do sequenciamento (Marziali et al., 2001; Randhawa et al., 1999).

Embora convencionalmente o diagndstico da hepatite A seja realizado em

amostras de soro, a coleta de sangue é um procedimento invasivo, doloroso e mais
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oneroso, ja que requer uma equipe especializada em flebotomia. Além disso, a
dificuldade de coletar amostras de sangue, principalmente em criancas e o risco de
transmissdo de doencgas por materiais pérfuro-cortantes tornam esse procedimento
pouco atraente. Estes problemas sédo agravados quando a pessoa a ser testada é
crianca, 0 que ocorre principalmente em surtos de hepatite A. Estes fatos
estimularam o desenvolvimento de métodos ou adaptacdo de técnicas previamente
existentes para deteccdo de anticorpos especificos na saliva (Parry et al., 1987,
Ochnio et al., 1997; Amado et al., 2006) e, com isso, pesquisas envolvendo o uso de
amostras de saliva tém se tornado cada vez mais frequentes (Mackiewicz et al.,
2004; Morris-Cunnington et al., 2004; Amado et al., 2006).

1.11 Saliva como meio diagnéstico para infeccdes virais

As amostras de saliva sdo consideradas como um fluido obtido na cavidade
oral por expectoracdo, constituido pela mistura de secrecdo das glandulas salivares
submandibulares, sublinguais e parétidas. Enquanto que o fluido oral € um fluido
obtido na cavidade oral pela insercao de coletores absorventes, que contém uma
mistura de saliva e fluido crevicular gengival. O fluido crevicular gengival consiste em
fluido derivado do transporte passivo de componentes do soro, que ganha acesso a
cavidade oral pelo sulco gengival (sulco entre a gengiva e o dente). E constituido por
uma mistura de varios componentes, que refletem os constituintes da circulacédo
plasmatica, como as imunoglobulinas e outras proteinas plasmaticas (Malamud,
1993).

O interesse em utilizar a saliva para diagnostico de infecgdes virais surgiu na
década de 80, com a descoberta do agente etiologico da AIDS (Sindrome da
Imunodeficiéncia Adquirida) e os conhecimentos a respeito da transmissédo do HIV
através de sangue e objetos pérfuro-cortantes. O potencial beneficio de um método
nao-invasivo como meio diagnostico e de vigilancia da doenca estimulou muitos
pesquisadores a desenvolverem testes simples e rapidos, minimizando os riscos de
transmissdo da doenca, utilizando amostras de saliva. Estudos de deteccédo de
anticorpos anti-HTLV IgA (1986) e anti-HIV (1987) em saliva de pacientes com AIDS
foram iniciados por Archibald e colaboradores, utillizando a técnica de
radioimunoprecipitacdo. Em 1987, Parry e colaboradores demonstraram que

anticorpos anti-HIV IgG eram marcadores salivares mais confidveis para investigar a
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infeccéo pelo HIV, comparando-se aos anticorpos anti-HIV IgA, e que esta classe de
imunoglobulinas podia ser detectada de forma mais simples pela técnica de
imunocaptura classe-especifica.

Utilizando a mesma técnica, Parry e colaboradores (1987) descreveram pela
primeira vez a deteccdo de anticorpos IgG contra as hepatites A e B (anti-HBc) em
amostra de saliva total (fluido obtido da cavidade oral por expectoracédo),
demonstrando em seus resultados preliminares uma acurécia similar a dos testes
em soro. Alguns anos depois, foi demonstrado que infec¢des recentes de hepatite A
e B podiam ser diagnosticadas através da deteccdo de anticorpos IgM especificos
na saliva (Parry et al., 1989). Estes resultados sugeriram que este método poderia
ser aplicado para facilitar a investigacdo de grandes surtos de hepatite em escolas e
comunidades. A partir desses dados, alguns estudos foram realizados para
investigacdo de surtos de hepatite em comunidades (Bull et al., 1989; Warburton et
al., 1991, Stuart et al., 1992).

Um importante avanco na utilizacao de saliva para o diagndstico das hepatites
virais foi o desenvolvimento de um novo sistema para coleta de fluido oral e a
adaptacdo de testes soroldgicos comercialmente disponiveis para testar amostras
orais (Thieme et al., 1992). O novo sistema de coleta baseava-se em um algodao
absorvente preso a uma haste. O algodéao era saturado com uma solucao de cloreto
de sodio (3.5% cloreto de sodio, 0.3% &cido citrico, 0.1% sorbato de potéssio, 0.1%
benzoato de sodio, pH 7.2). A técnica de coleta consistia em introduzir o absorvente
na cavidade oral entre a gengiva inferior e a bochecha por dois minutos. Apés a
coleta, o absorvente era colocado em um tubo contendo 1mL de solucéo
bacteriostatica e, em seguida, a amostra era retirada do algodao por centrifugacao.
Este sistema de coleta foi, posteriormente, designado como OraSure Collection
Device (figura 1.9). Neste estudo, a deteccdo de anticorpos anti-HAV IgM e total em
fluido oral (OraSure), através de testes imunoenzimaticos comerciais, demonstrou
uma sensibilidade de 100% e especificidade de 98%, comparando com amostras de
soro. Para a deteccdo do antigeno de superficie do virus da hepatite B (HBsSAQ) e

anti-HCV o teste apresentou sensibilidades e especificidades de 100%.
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Figura 1.9: Coletor de saliva Orasure® (Epitope Incorporeted, Beaverton, Oregon
(www.orasure.com).
Muitos estudos anteriores sobre o desenvolvimento de testes para detecgao

de anticorpos virais na saliva utilizavam a saliva total expectorada sem estimulo
(Parry et al., 1987; Johnson et al., 1988; Parry et al., 1988). Entretanto, a crescente
preocupacdo na obtencdo do espécime correto, associado ao fato da coleta ser
desagradavel, a frequéncia de amostras recebidas com volume insuficiente,
possibilidade de contaminacdo da parte externa do recipiente usado para a coleta e
dificuldade de pipetar amostras néo tratadas de saliva levaram ao desenvolvimento
e adocdo de coletores apropriados para a coleta de saliva. Atualmente, existem

diferentes sistemas de coleta de fluido oral disponiveis comercialmente (figura 1.10).
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(a) (b) (c)

Figura 1.10: Dispositivos utilizados para coleta de fluido oral para detec¢cdo de anticorpos
contra virus. (a) Salivette™ (Sarsdet, Leicester, Alemanha), (b) Omnisal™ (Saliva Diagnostic
Systems Incorporated, Beaverton, Oregon, EUA), (c) Oracol™ (Malvern Medical
Developments Ltd, Worcester, Inglaterra).

1.11.1 Anticorpos na saliva

A saliva, além de ser composta por uma complexa mistura de secrecdes
provenientes das glandulas salivares (parétidas, submandibulares e sublinguais),
pode conter fluido gengivo-crevicular, sangue, leucécitos, células epiteliais,
bactérias, placas dentarias, virus e detritos alimentares, ndo sendo estéril e contém
muitas enzimas degradantes. O transporte de moléculas do sangue para a saliva
ocorre através da via transcelular, por difusdo passiva ou transporte ativo, e pela via
paracelular, por ultrafitracdo, através das junc¢fes intercelulares (Haeckel., 1996)
(figura 1.11).
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Figura 1.11: Transporte de substéncias do sangue para a saliva. Fonte: Haeckel et al.,
1996.

As imunoglobulinas tém acesso a cavidade oral através da secrecdo das
glandulas salivares e por transudacdo a partir de capilares sanguineos localizados
sob o material gengivo-crevicular. Embora a maior parte da imunoglobulina IgA seja
derivada de ambas as fontes, grande parte do contetdo de IgG e IgM é proveniente
do fluido gengivo-crevicular. No entanto, anticorpos anti-HAV sdo detectaveis em
individuos sem dentes e, portanto, com pouco ou sem fluido gengivo-crevicular
(Bagg et al., 1991). Devido as imunoglobulinas IgG e IgM anti-HAV na saliva serem
derivadas de transudado, para fins diagndstico, estas sao consideradas como uma
diluicdo do plasma e, portanto, a saliva contém concentragdes de anticorpos anti-

HAV muito menores que o plasma sanguineo (Parry et al., 1989) (tabela 1.1).

Tabela 1.1: Concentragbes de imunoglobulinas (mg/L) no plasma e em diferentes

componentes da saliva.

Espécime IgG IgM IgA
Plasma 14730 1280 2860
Saliva parotida 0.36 0.43 39.5
Fluido crevicular 3500 250 1110
Saliva total 14.4 2.1 194

Fonte: Roit e Lehner, 1983
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1.11.2 Por que utilizar a saliva?

Por ser facilmente acessivel para coleta, a saliva demonstra muitas vantagens

sobre amostras bioldgicas “classicas”, como o sangue e as fezes (quadro 1.1).

Quadro 1.1. Vantagens potenciais da saliva como meio diagndéstico para as

hepatites virais em relacédo ao sangue.

Menos dolorosa e estressante que a coleta de sangue
Melhor para criangas e idosos
Util para pacientes com acesso as veias comprometido devido ao uso de drogas
Segura
Elimina os riscos de acidentes pérfuro-cortantes
Melhor aceitagédo do paciente
Particularmente em criangas e idosos
Pacientes nado sintomaticos
Maior conveniéncia
Facilita estudos de grandes populactes

Pode ser usado em lugares onde a coleta de sangue € inconveniente, como em escolas,
creches e prisdes.

Melhor custo-eficiéncia
Os préprios pacientes podem coletar as amostras com coletor apropriado

N&o é necesséria equipe especializada em flebotomia

A coleta de saliva como uma alternativa a coleta de sangue oferece potenciais
vantagens para investigacao de surtos e estudos epidemiolégicos de hepatite A, pois
permite uma investigagao “ndo-invasiva’ de todos os individuos, principalmente
criangas; identifica casos subclinicos, que ocorrem com freqiéncia em criangas; e
facilita o rastreamento de individuos candidatos a vacinacdo. Uma revisdo na
literatura cientifica disponivel nas bases de dados PubMed , Medline, LILACS e
Scielo demonstrou que diversos estudos foram realizados utilizando-se a saliva para
deteccdo de anticorpos especificos contra a hepatite A, em geral com resultados

promissores (tabela 1.2).
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Tabela 1.2: Reviséo bibliografica sobre estudos utilizando saliva ou fluido oral como

meio diagnostico para hepatite A, identificados em bases de dados nacionais e
internacionais (LILACS, Scielo, Medline e PubMed).

Populacéo de

Anticorpos

Autor Ano Local Objetivo Técnica*
estudo detectados
Parry et al. 1987 Geral Londres Padronizacéo IgG, IgM RIA
Parry et al. 1988 Viajantes Londres Prevaléncia [o]€] RIA
Parry et al. 1989 Geral Londres Padronizagéo 1gG RIA
Parry et al. 1989 Hepatite aguda Inglaterra Diagnéstico IgG, IgM RIA
Thieme et al. 1992 Geral EUA Padronizagéo IgM ELISA
Stuart et al. 1992 Criangas Londres Surto IgG, IgM ELISA
Parry et al. 1993 Geral Londres Surto 1gG, IgM RIA
Hurni et al. 1993 Geral EUA Padronizacéo IgG ELISA
Piacentini et al. 1993 Geral EUA Padronizagéo 1gG, IgM ELISA
Mas Lago et al. 1994 Hepatite aguda Espanha Padronizagdo IgA ELISA
Jacobson et al. 1995 Criangas Londres Surto 1gG, IgM RIA
Laufer et al. 1995 Vacinados EUA Padronizacéo IgG ELISA
Ochnio et al. 1997 Voluntarios Canada Padronizagéo IgG ELISA
O’ Farrel et al. 1997 Geral Irlanda Padronizagéo 1gG ELISA
Ochnio et al. 1997 Criancas Canada Prevaléncia IgG ELISA
Asratian et al. 1997 Hepatite aguda Russia Diagndstico 19G, IgM ELISA
Trout et al. 2000 Trabalhadores EUA Prevaléncia IgG ELISA
Aszkenasy et al. 2000 Religiosos India Surto IgG, IgM ELISA
Oba et al. 2000 Geral Brasil Diagnoéstico IgG, IgM, IgA  ELISA
Omar et al. 2000 Criangas Alexandria Prevaléncia IgG ELISA
Ochnio et al. 2001 Usuarios drogas Canada Prevaléncia 1gG ELISA
Marks et al. 2001 Criangas Londres Surto IgM ELISA
Skidmore et al. 2001 Prisioneiros Londres Surto 1g9G, IgM ELISA
Madar et al. 2002 Geral Eslovaquia Prevaléncia IgG ELISA
Morris-Cunningtom et al. 2004 Geral Inglaterra Prevaléncia IgG ELISA
Morris-Cunningtom et al. 2004 Adolescentes Inglaterra Prevaléncia 1gG ELISA
Duval et al. 2005 Criancas Canada Prevaléncia 19G ELISA
Amado et al. 2006 Voluntérios Brasil Diagndstico IgM, 1gG ELISA
Ochnio et al. 2007 Voluntarios Canada Prevaléncia 1gG ELISA
Quoilin et al. 2007 Geral Bélgica Prevaléncia 19G ELISA
Sayer et al. 2007 Deficientes Irlanda Prevaléncia IgG ELISA

*RIA: Radioimunoensaio; ELISA: Enzyme-Linked Immunosorbent Assay

Atualmente, a saliva tem sido amplamente utilizada para o diagnéstico de

uma grande variedade de doencas virais (Pink et al., 2009), tais como: hepatite B e

C (Quoilin et al., 2007), sarampo (Goyal et al., 2009), cachumba, rubéola (Vainio et

al., 2008), HIV (Stevens et al., 2009), Epstein-Barr, parvovirus B19, herpesvirus 6

humano (Madar et al., 2002), Ebola (Formenty et al., 2006) e Torque Teno virus

(Naganuma et al., 2008).
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2. RELEVANCIA DO ESTUDO

Durante as ultimas décadas, as mudancas ocorridas devido as melhorias no
sanenamento basico, principalmente nos grandes centros urbanos, mudaram o perfil
epidemioldgico da hepatite A no Brasil e levaram a uma menor exposi¢cdo ao HAV
durante a infancia. Com isso, o0 niumero de criancas suscetiveis a doenca se torna
cada vez maior, facilitando a ocorréncia de surtos de hepatite A, principalmente em
creches e escolas (Vitral et al., 2006).

Na década de 90, a equipe do nosso Laboratério participou do esclarecimento
da etiologia de vérios surtos epidémicos de hepatite A e, com isso, tivemos a
oportunidade de estudar a forma de disseminacdo do HAV em diferentes creches e
em escolas do Rio de Janeiro, onde a maioria da populacdo estudada era crianca.
Nestes estudos, foi possivel constatar a dificuldade de coleta e manejo de amostras
de sangue, principalmente em criancas. De acordo com 0s relatos promissores na
literatura, a analise da saliva poderia ser uma ferramenta pratica e segura para o
diagnostico da hepatite A, ja que para facilitar a deteccdo, investigacdo e o
acompanhamento de surtos de hepatite A seria extremamente Gtil a utilizacdo de um
fluido cuja coleta fosse mais facil e menos invasiva que o sangue.

Em 2004, a equipe do nosso Laboratorio realizou estudos de deteccédo de
anticorpos especificos contra as hepatites virais A, B e C em amostras de saliva,
utilizando testes imunoenziméticos comerciais, a fim de avaliar a possibilidade de
utilizacdo desta amostra para diagnostico e estudos epidemiolégicos. A
determinacdo dos padrées de qualidade dos testes imunoenzimaticos, quando
comparados com amostras de soro, demonstraram uma excelente concordancia
entre os resultados das amostras de saliva e soro na deteccdo de anticorpos
especificos contra hepatite A, indicando a possibilidade de substituicdo de amostras
de soro por amostras de saliva para o diagndstico de infec¢cdo aguda assim como
para estudos de prevaléncia de hepatite A (Amado et al., 2006).

Entretanto, sabe-se que durante surtos epidémicos muitos pacientes se
encontram no periodo de janela imunolégica, na qual ndo é possivel realizar o
diagnostico através da deteccdo de anticorpos. Portanto, a pesquisa do RNA do
HAV em amostras de saliva permitiria a detec¢do precoce do HAV nédo apenas nos
surtos, mas também em casos de pacientes com hepatite aguda sem marcadores
soroldgicos para as hepatites virais. Além disso, tendo em vista que a epidemiologia

molecular se tornou importante na caracterizagcao do HAV e investigacoes de surtos
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e casos esporadicos de hepatite A, a realizacdo destes estudos utilizando-se
espécimes clinicos, como a saliva, poderia facilitar e contribuir para a ampla
compreensao das formas de transmisséo, fontes de contaminacdo e padréo de
circulacdo do virus durante surtos. A investigacao dos isolados de HAV é importante
visto que informacdes sobre a variabilidade genética do virus podem relacionar
casos esporadicos ou surtos aparentemente distintos.

Embora a deteccdo do HAV em amostras de saliva de casos esporadicos de
hepatite A tenha sido descrita por Mackiewicz e colaboradores (2004), ndo existem
relatos da deteccdo do HAV durante surtos epidémicos. Estudos de infeccéo
experimental demonstraram a presenca do antigeno viral em saliva e tonsilas
(Karayiannis et al., 1986, Cohen et al., 1989; Pinto et al., 2002), entretanto, ainda
ndo existem dados epidemiolégicos suficientes indicando que a saliva seja uma
importante fonte de transmissdo do HAV. Embora o sitio de replicacdo do HAV seja
o hepatdcito, o fator que determina este tropismo ainda nédo foi elucidado. A
deteccdo do virus nas tonsilas e na saliva, logo apés o aparecimento do virus no
sangue, sugere que eventos replicativos precoces podem ocorrer na orofaringe e
nas glandulas salivares (Cohen et al., 1989).

A partir desses resultados, constatamos a necessidade de estudos mais
detalhados sobre a possibilidade de deteccdo do HAV na saliva e sua aplicacdo em
estudos de epidemiologia molecular durante surtos epidémicos. Além disso, esses
relatos reforcam a necessidade de se investigar alguns aspectos da patogénese do
HAV. Desta forma, visamos avaliar os mecanismos resposnsaveis pela presenca do
HAV na saliva a aspectos histolégicos, bioquimicos, sorolégicos e moleculares,
assim como investigar alguns fatores que podem contribuir para a infectividade
deste fluido, tais como: a presenca de particulas virais, o titulo viral, a presenca do
antigeno viral em células-alvo na &rea de exposi¢cdo e a presenca do replicativo

intermediario em tecidos da cavidade oral.
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3- OBJETIVOS

3.1. OBJETIVO GERAL:

Avaliar a saliva como espécime clinico para o diagnéstico da hepatite A,

estudos de epidemiologia molecular e patogénese do HAV.
3.2. OBJETIVOS ESPECIFICOS:

1. Otimizar métodos moleculares de nested-PCR e PCR em tempo real para
a deteccdo e quantificacdo do HAV em amostras de saliva, comparando-
as as amostras pareadas de soro;

2. Avaliar a saliva como espécime clinico para deteccdo e caracterizagédo
molecular do HAV em individuos expostos a um surto de hepatite A;

3. Determinar as sequéncias nucleotidicas de HAV provenientes de amostras
de soro e de saliva, para identificar os genétipos do HAV e relaciona-los
entre si e com outras cepas isoladas do Rio de Janeiro;

4. Investigar as fontes de transmissao do HAV durante um surto epidémico
de hepatite A.

5. Acompanhar o curso da infec¢cdo pelo HAV, através da deteccado do
antigeno viral, HAV-RNA e do replicativo intermediario, em primatas néo-

humanos (Macaca fascicularis) infectados experimentalmente com HAV,

6. Estabelecer métodos moleculares para deteccdo e quantificacdo do
replicativo intermediario do HAV (RNA de fita negativa) para monitorar a
replicagéo do HAV in vitro e in vivo;

7. Investigar a presenca de sitios extrahepaticos de replicacdo do HAV na
cavidade oral (glandulas salivares) de primatas ndo-humanos (Macaca

fascicularis) infectados experimentalmente com HAV.
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4- METODOLOGIAS E RESULTADOS:

Os resultados obtidos nesta tese serdo apresentados sob a forma de
manuscritos publicados ou submetidos a publicacdo em revistas cientificas

indexadas e serao listados a seguir na ordem que as publicacdes serdo discutidas.

4.1. Comparison between serum and saliva for the detection of hepatitis A virus
RNA. Amado LA, Villar LM, de Paula VS, Gaspar AM. J Virol Methods, 2008;
148: 74-80.

4.2. Mixed infection of hepatitis a virus subgenotypes in children exposed of an
outbreak using paired serum and saliva specimens. Luciane Almeida
Amado, Livia Melo Villar, Vanessa Salete de Paula Marcelo Alves Pinto and
Ana Maria Coimbra Gaspar. J Med Virol. Submetido.

4.3.Experimental hepatitis A virus (HAV) infection in cynomolgus monkeys
(Macaca fascicularis): evidence of active extrahepatic site of HAV replication.
Luciane A. Amado, Renato S. Marchevsky, Vanessa S. de Paula, Cleber
Hooper, Marcos da S. Freire§, Ana Maria C. Gaspar and Marcelo A. Pinto. Int.
J. Exp. Path, 2010; 91: 87-97.

4.4.Kinetics of hepatitis A virus replication in vivo and in vitro using negative-
strand quantitative PCR. De Paula VS, Perse AS, Amado LA, de Morais
LM, de Lima SM, Tourinho RS, Gaspar AM, Pinto MA. Eur J Clin Microbiol
Infect Dis, 2009; 28: 1167-1176.
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Objetivos: Otimizar métodos moleculares para deteccéo e quantificagcdo do HAV em
amostras de saliva de individuos expostos a um surto de hepatite A. Avaliar a
utilizacao da saliva como espécime clinico para detecc¢éo e caracterizacao molecular

do HAV em individuos expostos a um surto de hepatite A;
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Objetivo: Avaliar a utilizagdo de amostras de saliva em estudos de epidemiologia
molecular do HAV durante um surto epidémico. Caracterizar os genétipos dos
isolados de HAV provenientes de amostras de soro e de saliva dos individuos

infectados e correlaciona-los entre si e com outras cepas isoladas do Rio de Janeiro.
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Objetivo: Demonstrar a suscetibilidade da espécie Macaca fascicularis a infeccéo
experimental pelo virus da hepatite A (cepa HAF-203). Acompanhar o curso da
infeccdo pelo HAV, através da deteccdo de marcadores moleculares utilizando
amostras de saliva, nos animais infectados experimentalmente. Avaliar a existéncia
de sitios de replicacdo extrahepaticos do HAV na cavidade oral (glandulas salivares)

dos primatas infectados experimentalmente.
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Objetivo: Estabelecer métodos moleculares para deteccdo e quantificacdo do
replicativo intermediario do HAV (RNA de fita negativa) para monitorar a replicacao

do HAV in vitro e in vivo.
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5- DISCUSSAO

Diversos estudos soroepidemiolégicos vém demonstrando uma reducdo na
prevaléncia de anticorpos anti-HAV na populacao brasileira. Dados do Ministério da
Saude mostram uma reducdo no numero de casos notificados nesta ultima década
(Ministério da Saude/SVS-SINAM, 2009). Embora todas as formas de hepatite sejam
de notificacdo compulséria, os casos de hepatite A ndo sdo devidamente notificados

porque a maioria dos individuos infectados é assintomatico.

A reducdo do numero de pessoas imunizadas naturalmente durante a infancia
tem como consequéncia o aumento do risco de ocorréncia de surtos, principalmente
em creches e escolas. Surtos de hepatite A em comunidades fechadas constituem
um importante problema para saude publica, que requer uma investigacdo das
causas e uma rapida intervencdo de controle, jA que em geral a infeccdo entre
criangas € assintomatica e, portanto ha o risco de propagacdo “silenciosa” através

do contato pessoa a pessoa para as comunidades proximas.

Nos ultimos anos tivemos a oportunidade de participar de estudos em Vvarios
surtos de hepatite A ocorridos no estado do Rio de Janeiro, em comunidades
fechadas como escolas e orfanatos, na qual a idade média das populacbes
envolvidas foi de 5 anos (Villar et al., 2002; Santos et al., 2008). Nesses estudos foi
constatada a dificuldade de coleta de sangue de criancas e em grandes
comunidades envolvidas. A coleta de sangue, por ser invasiva, além de dificultar o
acesso a populacao infantil para realizacao do diagndéstico, muitas vezes inviabiliza o
estudo epidemioldgico quando este envolve um nimero grande de individuos. Estes
fatos levaram a busca de um método mais facil e ndo-invasivo para realizar o
diagnostico da hepatite A. Desde o final da década de 80, muitos estudos vém
demonstrando a utilizacdo de amostras de saliva para o diagndstico de hepatite A,
como um meétodo alternativo para o diagnéstico da doenca (Parry et al., 1987,1989;
Stuart et al.,, 1992). Baseando-se nesses resultados promissores previamente
relatados, foi realizado em 2006 um estudo de avaliacdo da deteccdo de anticorpos
especificos contra a hepatite A utilizando amostras de saliva. Neste estudo prévio foi
observado um excelente desempenho do teste, indicando que a coleta de saliva
poderia ser uma importante ferramenta para o estudo da hepatite A (Amado et al.,

2006). Este estudo foi o ponto de partida para iniciarmos uma investigacado mais
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detalhada sobre diversos aspectos relacionados a utilizacdo desse espécime clinico

para o estudo da hepatite A.

O desenvolvimento de ensaios imunoenzimaticos para deteccdo de anticorpos
presentes na saliva poderia facilitar a identificacdo de individuos com infec¢éo aguda
e 0s suscetiveis, principalmente durante surtos epidémicos. Entretanto, durante
esses estudos a utilizacdo de técnicas moleculares para detec¢cdo do RNA do HAV
tem-se mostrado importante para conduzir estudos de epidemiologia molecular,
permitindo auxiliar na determinacdo do padrdo de circulagcdo do virus e

possibilitando a deteccéo precoce do HAV durante periodos de “janela imunologica”.

Em 2007, a fim de avaliar a possibilidade de deteccdo do RNA do HAV em
amostras de saliva, foi conduzido um estudo em um surto de hepatite A ocorrido em
uma creche municipal no Rio de Janeiro. Esse estudo teve como objetivo principal
otimizar métodos moleculares de RT-nested-PCR e PCR em tempo real para a
deteccdo e quantificacdo do HAV em amostras de saliva, comparando-as as
amostras pareadas de soro (artigo 1). A principio a baixa concentracdo de RNA viral
e a presenca de substancias inibitérias ou de interferéncia em amostras de saliva
poderiam ser os maiores fatores limitantes do estudo. Até entdo, uma unica
publicacdo demonstrava a utilizacdo da técnica de PCR para deteccao do HAV em
amostras de saliva em poucos casos esporadicos de hepatite A (Mackiewiez et al.,
2004). Estudos experimentais em animais demonstravam que a particula do HAV
era eliminado na saliva durante o periodo de incubacdo e no inicio da fase aguda
(Asher et al., 1995) e que o RNA do HAV podia ser detectado na saliva de animais
inoculados a partir de 6 horas ap0s infeccdo, permanecendo detectavel até algumas
semanas apos o inicio dos sintomas (Pinto et al., 2002). Portanto, visavamos
inicialmente adequar a técnica de RT-nested-PCR previamente descrita para
deteccdo do HAV-RNA em amostras de soro (de Paula et al., 2002), para as
amostras de saliva. Inicialmente foram avaliados trés métodos de extragdo do RNA
(Trizol, silica e kit comercial QIAamp), utilizando diluicbes seriadas de amostras de
saliva controles positivos e negativos de HAV. Os melhores resultados foram obtidos
utilizando-se o kit comercial QlIAamp (Qiagen, Maryland, EUA), que além da rapidez
e simplicidade, apresentou maior sensibilidade. Para a reacdo de PCR, foram
testadas diferentes concentracdes de reagentes e volumes de amostra, 0o que
resultou em um teste com limite minimo de deteccdo de 6x10° copias/mL.

Comparando os resultados entre as amostras de saliva com os de amostras de agua
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RNA/DNAse free inoculadas com virus, foi verificada a amplificacdo do genoma viral
nas mesmas diluicbes em ambos o0s espécimes, demonstrando que nao houve
resultados falso-negativos causados por inibicdo ou interferéncia de componentes

presentes na saliva.

A técnica de PCR em tempo real havia sido recentemente desenvolvida em
nosso Laboratoério para quantificagdo do HAV em amostras de soro (de Paula et al.,
2007). Para avaliar a aplicacdo desta técnica em amostras de saliva, a principio foi
avaliada a presenca de substancias inibidoras do PCR em tempo real nessas
amostras, utilizando controles positivos internos de um DNA alvo exdgeno de virus
nao-humano. Foi observado que em todas as amostras de saliva-controle negativos,
o sinal de fluorescéncia foi negativo para sequéncia-alvo do HAV e positivo para o
DNA exdégeno de virus ndo-humano, indicando que a sequéncia-alvo de HAV néo
estava presente nestas amostras e que ndo ocorreu inibicdo do PCR. A
sensibilidade desta técnica foi de 140 cépias/mL, o que representa um limite minimo
de deteccdo menor que o descrito anteriormente por Mackiewicz e colaboradores
(2004), que descreveu uma sensibilidade de 600 copias/mL. A variabilidade inter e
intra-ensaio ndo foram estatisticamente significativas, o que demonstra a

reprodutibilidade desta técnica.

Apbs estabelecer os protocolos para deteccdo do HAV RNA, um total de 78
amostras de soro e saliva de pacientes envolvidos no surto de hepatite A, foram
testadas inicialmente quanto a presenca de anti-HAV IgM e total. Observou-se 52
(67%) casos agudos de hepatite A, anti-HAV IgM positivos no soro, e 26 (34%)
individuos suscetiveis (anti-HAV total e IgM negativos). Ao comparar os resultados
dos ensaios imunoenzimaticos para deteccao de anti-HAV IgM entre as amostras de
soro e saliva, observou-se uma sensibilidade e especificidade do teste de 96% e
98%, respectivamente (dados nao publicados), confirmando a aplicabilidade das
amostras de saliva para o diagnéstico da doenca. Em ambos os testes analisados,
RT-nested-PCR e PCR em tempo real, verificou-se uma maior frequéncia de
deteccdo do HAV RNA em amostras de saliva de pacientes anti-HAV IgM positivos
do que nas amostras pareadas de soro. Este estudo foi o primeiro relato de
deteccdo do HAV RNA em amostras de saliva de pacientes envolvidos em um surto.
Em um surto de hepatite A envolvendo 112 criancas na Tailandia o HAV RNA néo foi
detectado em nenhuma das amostras de saliva testadas (Poovorawan et al., 2005).

Entretanto, Mackiewicz e colaboradores (2004) demonstraram a detec¢cao do HAV
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RNA em 83% (5/6) das amostras de saliva provenientes de casos esporadicos de

hepatite A.

O RNA do HAV guando pesquisado nas criancas com sorologia negativa para
hepatite A mostrou que dentre 26 criancas, 12% (3/26) apresentavam o RNA do
HAV na saliva, através do RT-PCR e 58% (15/26), através do PCR em tempo real.
Em concordancia com o descrito por De Paula e colaboradores (2004) utilizando
amostras de soro, estes resultados sugerem uma deteccdo precoce do virus,
durante o periodo de janela imunolégica, quando ainda ndo ha sintese de anticorpos
especificos. Estes dados demonstram que a detec¢cdo do RNA do HAV por PCR em
amostras de saliva além de facilitar o diagnostico da infeccdo em criancas, pode
também permitir uma avaliacdo mais precisa da extensdo de um surto e

consequentemente controlar a infeccdo de forma maior eficiente.

Ao avaliar a correlacdo entre a deteccdo do RNA do HAV na saliva e a
presenca de sangue nestas amostras, nossos resultados, em concordancia com
estudos prévios envolvendo a deteccdo do HCV em amostras de saliva (Liou et al.,
1992; Hermida et al., 2002), ndo revelaram nenhuma associacdo entre a presenca
de eritrécitos na saliva e a deteccdo de HAV RNA. Embora em alguns estudos seja
sugerida a ocorréncia de transferéncia de particulas virais da circulacdo sanguinea
para saliva através de um gradiente de concentracdo ou através de contaminacao
com sangue (Belec et al., 2003), nossos resultados indicam que a presenca de
sangue em amostra de saliva ndo é um fator preditivo para a positividade do HAV-
RNA, sugerindo, portanto que este ndo € o mecanismo pelo qual o virus esta

presente na saliva.

A quantificagéo da carga viral das amostras de saliva ndo revelou diferencas
significantes (p>0,05) da carga viral das amostras pareadas de soro, ja que a carga
viral média detectada no soro e na saliva foi de 2,8x10° + 6,4 copias/mL e 1,7x10° +
3,2 copias/mL, respectivamente. Entretanto, Mackiewicz e cols (2004), utilizando a
técnica de PCR em tempo real, observou uma diferenca de 2 log entre as amostras
de soro e de saliva. Provavelmente esses dados discordantes sejam devido a maior
sensibilidade do PCR em tempo real aplicado em nosso estudo. Nado se observou
relacdo entre a deteccdo do HAV RNA na saliva e a carga viral no soro, sugerindo,
portanto que a carga viral no soro ndo € um fator preditivo para detec¢cdo do HAV na

saliva, ou seja, o nivel de viremia ndo influencia na detec¢cdo do HAV em espécimes
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de saliva, ao contrario do que tem sido sugerido por outros autores em estudos com
o0 virus da hepatite C (Fabris et al.,1999; Hermida et al., 2002, Wang et al., 2006).

Ao comparar as duas técnicas de deteccdo do RNA do HAV utilizadas neste
estudo (RT-PCR e PCR em tempo real), observou-se uma maior frequéncia de
deteccado do virus na saliva através do PCR em tempo real (61% vs 37%) (p<0,01).
Entre as amostras positivas no PCR em tempo real, 33% eram negativas no RT-
PCR. Os resultados deste presente estudo confirmam que o PCR em tempo real se
mostrou como 0 método mais sensivel e apropriado para determinar a carga viral do

HAV tanto em amostras de soro quanto de saliva.

Neste estudo, os resultados de deteccdo de anticorpos anti-HAV e HAV-RNA
na saliva, demonstraram a viabilidade deste espécime clinico tanto para o
diagnéstico como para estudos de epidemiologia molecular do HAV. Nos estudos de
epidemiologia molecular, a analise da sequéncia nucleotidica do virus € um método
que fornece informacOes precisas sobre o genoma viral, podendo esclarecer
possiveis fontes de contaminacdo em surtos epidémicos (Robertson et al., 1992,
2000; Normann et al., 1995). A partir dos resultados, obtidos neste estudo, de
padronizacao dos testes de deteccdo do HAV RNA em amostras de saliva, técnicas
de seqienciamento nucleotidico e de andlise filogenética foram empregadas para
determinar os gendétipos circulantes do HAV em amostras de soro e de saliva
durante o surto de hepatite A (artigo 2). Além disso, também foram conduzidas
investigacdes epidemioldgicas a fim de verificar os fatores de risco associados a

infeccdo e as possiveis fontes de transmissdo do HAV durante o surto.

Em concordancia com estudos anteriores, foi observado que a alta frequéncia
de criangas suscetiveis com idades abaixo de 5 anos em comunidades fechadas
configurou um fator de risco significante (p<0,05) para a disseminacdo do HAV
durante o surto de hepatite A (Robertson et al., 2000; Smith et al., 1997). A
investigacdo epidemioldgica ndo revelou nenhum fator de risco estatisticamente
significante. Possivelmente, os dados referentes a estas variaveis podem estar
distorcidos por viés de falsa-resposta (tipo de viés de informacédo, onde por questbes
embaracgosas ou “invasivas” os individuos tendem a negar sua condicdo em relagao
a algumas variaveis) (Medronho e Perez, 2005), jA que os individuos ficaram
constrangidos de falar a verdade ao responder ao questionario, em relacdo aos seus

habitos de higiene. Além disso, estas variaveis sdo de dificil caracterizacéo, ja que
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toda a populacdo vive em condicbes semelhantes de saneamento, sendo em geral
as condicdes sanitarias e de higiene precarias. Embora toda a populacéo possua um
sistema de abastecimento de agua encanada e tratada pela CEDAE (Companhia
Estadual de Aguas e Esgotos), a maioria das residéncias esta situada proxima ao rio

Jacarezinho, onde sao lancados o esgoto e dejetos dos moradores do bairro.

Neste estudo também foram realizadas coletas de amostras de agua de
diferentes fontes da creche, a fim de avaliar a possivel associacdo entre 0 consumo
de agua e a transmissao do HAV. O RNA do HAYV foi detectado em uma amostra de
agua proveniente de um dos bebedouros da creche, entretanto nas amostras de
agua das fontes abastecedoras do bebedouro (caixa d'dgua) ndo foi possivel
detectar o virus. A andlise genética do isolado do HAV proveniente do bebedouro
revelou um alto grau de identidade (99,3%) com o HAV isolado de uma crianca
envolvida no surto (amostra se37). Estes resultados sugerem que o bebedouro em
guestao pode ter sido contaminado pelo contato das maos das criancas contendo
fezes infectadas com o virus ou através de saliva contendo o HAV. Esta hipotese é
reforcada ao observar a andlise microbioldégica da agua da creche (dados néo
mostrados), onde verificou-se que nenhum dos pontos de dgua estava com indices
de coliformes fecais acima do recomendado. Esses resultados indicam que durante
o surto estudado, a principal via de transmissdo tenha sido o contato pessoa-a-
pessoa e que 0 bebedouro tenha sido apenas um veiculo de transmissdo. A
hip6tese de transmissdo do virus pelos manipuladores de alimentos como relatado
por outros autores (Cliver, 1985; Sobsey et al., 1988; Dalton et al., 1996; Bidawid et
al., 2000, Morais et al., 2006) foi descartada neste surto pois nédo foi detectada a
presenca da infeccdo pelo HAV por PCR ou ELISA nas amostras coletadas das

cozinheiras da escola.

Neste estudo foi observada a co-circulagdo dos subgenotipos 1A e IB do HAV.
Este fato mostrou que no mesmo surto estavam circulando diferentes cepas do HAV,
provavelmente vindas de diferentes fontes de infeccdo. Embora estudos iniciais
demonstrem a presen¢a somente de cepas do subgenotipo IA na América do Sul
(Arauz-Ruiz et al., 2001; Costa-Matiolli et al.,, 2001), estudos mais recentes
conduzidos no Rio de Janeiro também relatam a co-circulagéo dos subgendtipos IA
e IB em surtos de hepatite A (de Paula et al., 2002, 2004; Villar et al., 2004). A co-

circulacdo dos subgendtipos IA e IB também tem sido descrita em outras regides do
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mundo como na Africa do Sul (Taylor et al., 1997), Franca (Apaire-Marchais et al.,
1995; Costa-Mattioli et al., 2001) e Holanda (Bruisten et al., 2001).

Em geral, as amostras de HAV deste estudo apresentaram alta identidade
genética (99,4 -100%) com cepas isoladas de outros surtos ocorridos no Rio de
Janeiro e de outros estados do Brasil, como Bahia (BA 300) e Minas Gerais (MG
350). Entretanto, amostras de HAV de outros paises da América do Sul como
Uruguai, Argentina e Chile, formaram clusters distintos entre si. Este dado sugere
um padrdo de circulacdo endémica de cepas brasileiras de HAV durante surtos

epidémicos.

Este estudo foi o primeiro relato demonstrando a variabilidade genética de
isolados de HAV provenientes de amostras de saliva comparando-os aos do soro.
Entre as 12 sequéncias de HAV isolados de amostras pareadas de soro e saliva,
observou-se um grupo de amostras (n=6) no qual todas as sequUéncias pareadas
apresentavam o mesmo genaotipo entre si, entretanto, surpreendentemente em outro
grupo, as amostras de saliva apresentaram genoétipos diferentes das amostras de
soro correspondentes. Para excluir a possibilidade de contaminacdo dessas
amostras durante os testes, as etapas de extracdo do RNA viral, amplificacdo e
sequenciamento foram repetidas. Uma possivel explicacdo para este resultado seria
que, devido a presenca de dois subgendétipos diferentes no mesmo individuo,
durante o sequenciamento o subgenétipo predominante na amostra especifica (soro
ou saliva) tenha prevalecido. No entanto, duas condicbes parecem ter sido
necessarias para que este fato ocorresse; primeiro seria a co-circulacdo de cepas
diferentes na mesma area geografica, e segundo, o contato do individuo suscetivel
com pelo menos duas fontes de infeccdo em um curto periodo de tempo. Todos os
pacientes que apresentavam os dois subgenoétipos IA e IB eram alunos da creche,
indicando a existéncia de mais de uma fonte de infecgdo no local o que facilitou a

contaminagao seguida dessas criangas em um curto intervalo de tempo.

A co-infecgao por duas cepas de HAV em um mesmo individuo ja foi descrita
por De Paula e colaboradores (2003) em uma amostra de soro de um paciente
funcionario de uma creche localizada no Rio de Janeiro, onde ocorria um surto de
hepatite A. Em concordancia com os achados deste presente estudo, genoétipos
discrepantes de HCV em amostras pareadas de soro e saliva ja foram relatados por

Roy e colaboradores (1998) em pacientes usuarios de drogas injetaveis. Para que
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ocorra a recombinacdo é necessario que haja uma dupla infeccdo em uma mesma
célula. Apesar das possiveis implicacdes patogénicas da recombinacdo do HAV nao
terem sido esclarecidas até o momento, acredita-se que a co-infeccdo seja o

primeiro requisito para que ocorra a recombinagéo entre dois genotipos.

Para realizar uma melhor investigacdo sobre a suspeita de dupla infecgéo
desses individuos, as sequéncias nucleotidicas provenientes das amostras de soro e
saliva de pacientes que apresentaram os dois subgendétipos, foram clonadas em
bactérias E. coli. Cerca de cinco clones de cada amostra, selecionados
aleatoriamente, foram sequenciados. Observou-se que todos os clones isolados de
uma mesma amostra apresentavam o mesmo genétipo, indicando a presenca de um
anico subgendtipo do HAV na amostra. Sanchez e colaboradores (2003)
descreveram a primeira evidéncia de distribuicdo de quasiespecies do HAV,
mostrando que apesar da conservacao antigénica, podem ocorrer mutacdes durante
a replicacdo e que pressdes seletivas geram um espectro de mutantes virais em
determinados sitios. A coexisténcia de diferentes subpopulacfes virais tem sido
extensivamente  documentada em  estudos envolvendo HIV  tipo |
(Papathanasopoulos et al., 2003; Shapshak et al., 1999) e HCV (Chen et al., 2003;
Laskus et al., 2000), sugerindo que esse comportamento pode permitir uma rapida
adaptacdo do virus a mudancas adversas (Cristina J. & Costa-Mattioli, 2007).
Segundo Laskus e cols (2000) e Ferreiro e cols (2005), a distribuicdo de diferentes
subpopulac¢des virais no sangue e outros tecidos sugere a ocorréncia de uma

replicacdo extrahepatica independente.

Uma possivel replicacdo primaria extrahepatica do HAV foi demonstrada por
estudos com infec¢do experimental em primatas ndo humanos, onde o antigeno viral
e 0 material gendémico do HAV foram observados em células epiteliais das criptas
intestinais, células da lamina propria, bago, rins, tonsilas e saliva (Karayiannis et al.,
1988, Cohen et al., 1989; Asher et al., 1995; Pinto et al., 2002), entretanto, n&o foi
demonstrada a replicagdo do RNA viral. Alguns estudos sugerem que a presenca de
virus na saliva pode ocorrer devido a um sitio de replicacdo intraglandular do HAV
(Laskus et al., 2000). Embora a presenca do antigeno do HAV em determinados
sitios ndo comprove uma replicacdo viral, a localizacdo deste antigeno no

citoplasma sugere a infeccéo viral destas células (Cohen et al., 1989).
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Deste modo, com o proposito de esclarecer alguns questionamentos
relacionados a replicacédo e patogénese do HAV, foi realizado um estudo de infec¢ao
experimental pelo HAV em cynomolgos (Macaca fasciculares) (artigo 3). Apesar de
diversos estudos demonstrarem esta espécie como modelo animal para o estudo da
hepatite E (Tsarev et al., 1994; Tam et al., 1997; Kamili et al., 2002, 2004), estudos
prévios desenvolvidos por grupos russos, demonstram a utilizacdo desse modelo
experimental para transmissdo do HAV com resultados inconclusivos (Shevtsova et
al., 1988; Doroshenko et al., 1990). Neste presente estudo, a espécie Macaca
fasciculares foi utilizada devido principalmente a disponibilidade deste animal no
Centro de Criacdo de Animais de Laboratério do Instituto Oswaldo Cruz
(CECAL/IOC) e ao seu maior porte, o que permitiria a realizacdo da coleta de saliva

utilizando o coletor comercial apropriado e facilitaria os procedimentos cirlrgicos.

Neste estudo, quatro animais foram inoculados pela via intravenosa com
suspensao fecal contendo o HAV (cepa HAF-203 com titulo viral de 1:320 TCID 50)
e um animal permaneceu como controle da infeccdo. Esses animais foram
monitorados durante 60 dias, através de coletas de fezes, sangue e saliva para
acompanhar os parametros bioquimicos, virolégicos e imunoldgicos durante a
infeccdo. Apds a necropsia, amostras de figado, glandula salivar, tonsilas e linfonodo
intestinal foram coletadas para analise histologica e posterior deteccdo e

quantificacdo da particula viral.

Este estudo mostrou que os animais infectados desenvolveram uma patologia
hepatica moderada, com lesBes tipicas de infeccdo pelo virus da hepatite A.
Entretanto, nenhum animal inoculado apresentou manifestacao clinica relacionada a
infec¢éo pelo HAV, assim como tem sido descrito em estudos anteriores (Shevtsova
et al., 1988; Asher et al., 1995; Pinto et al., 2002). Ao avaliar o curso da infeccéo,
anticorpos anti-HAV se tornaram detectaveis a partir do sétimo dia apos inoculacao,
atingindo niveis maximos cerca de 20 dias depois, coincidindo com os picos de ALT.
No sétimo dia de infecgdo, foi possivel detectar o HAV RNA nas fezes de todos os
animais infectados, permanecendo detectavel durante todo o estudo (60 dias), com
carga viral entre 10° a 10° copias/mL. Observou-se uma viremia persistente por
aproximadamente 30 dias, com carga viral média de 10° cépias/mL. Estes achados
estdo de acordo com o curso da infeccédo pelo HAV observada em infeccfes naturais
em humanos (Costa-Mattioli et al., 2002a; Normann et al., 2004). Em geral, o HAV-

RNA foi detectado na saliva dos animais infectados durante os quinze primeiros dias
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de infeccao, entretanto em um animal (cy3) o HAV foi detectado na saliva por até 45
dias de forma intermitente. Estudos experimentais anteriores demonstraram que a
particula do HAV é eliminada na saliva durante o periodo de incuba¢éo e no comeco
da fase da aguda (Cohen et al., 1989; Asher et al., 1995) e que o RNA do HAV pode
ser detectado na saliva a partir de seis horas apos inoculacao (Pinto et al., 2002),
permanecendo detectavel por varias semanas. Entretanto, neste estudo anterior a
via de inoculacao foi oral, o que sugere que a deteccao precoce do HAV na saliva
pode ser devido a resquicios do indculo (Pinto et al., 2002). A carga viral na saliva foi
similar & observada no soro e variou de 10% a 10* cépias/mL, atingindo niveis
maximos no sétimo dia apds inoculacdo (cyl). Em dois animais foi observada a
deteccdo do HAV RNA na saliva sem o mesmo ter sido detectado no soro, o que
exclui a possibilidade de contaminacdo com tracos de sangue. Segundo alguns
autores, a deteccdo do HAV RNA na saliva indica que a saliva representa uma via
de excrecdo do HAV e sugerem que a mesma pode ser infecciosa (Cohen et al.,
1989; Mackiewicz et al., 2004).

Através da técnica de imunofluorescéncia indireta, foi constatada a presenca
do antigeno viral (HAVAg) nos hepatdcitos e nas glandulas submandibulares de
todos os animais necropsiados entre os dias 15 e 60 apds inoculacdo. Em
concordancia com estudos anteriores, 0 HAVAg foi observado em células de Kupffer
ocasionais, que neste caso pode ser o resultado da fagocitose de um complexo
imune (Baptista et al., 1993; Asher et al., 1995; Pinto et al., 2002). No entanto, 0
padrdao de fluorescéncia perinuclear observado nos hepatécitos sugere uma
replicacdo local. A presenca do HAVAg no citoplasma das células serosas e
mucosas das glandulas submandibulares durante o mesmo periodo de deteccdo nos
hepatocitos, sugere que o virus se replica na glandula salivar e € entdo excretado na
saliva ao mesmo tempo que o virus se replica no figado. Entretanto, embora a alta
carga viral na saliva associada a deteccdo do HAVAg em glandulas
submandibulares indiguem uma possivel replicacdo local, esse achados nédo séo
suficientes para afirmar a ocorréncia de uma replicacdo extrahepatica, ja que a
presenca do HAV neste tecido pode ser devido a contaminacdo com o plasma, a
aderéncia de virus circulantes ao local ou devido a formacgé&o de imunocomplexos do
HAV com imunoglobulinas secretadas.

Como o HAV se replica através da sintese de RNA de polaridade negativa
complementar ao RNA gendmico, o replicativo intermedidrio € um marcador da

replicagcdo ativa do HAV e, portanto, permite avaliar os sitios de replicacdo e
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compreender melhor alguns aspectos da sua patogénese, ainda controversos e
pouco compreendidos. Para isso, foi realizado um estudo em paralelo ao estudo
experimental em animais, no qual vishdvamos desenvolver uma técnica de PCR em
tempo real para deteccdo especifica do RNA de fita negativa do HAV, a fim de
monitorar sua replicacao in vitro e in vivo (artigo 4).

Até o0 momento ndo havia estudos descrevendo a deteccdo do replicativo
intermediario do HAV em tecidos de animais infectados experimentalmente. A
deteccéo e exata localizagdo do HAV nos tecidos destes animais tém um importante
papel na compreensdo da patogénese e historia natural da infeccdo pelo HAV.
Alguns aspectos da patogénese do HAV ainda sdo pouco compreendidos
principalmente porque somente primatas nao-humanos sdo modelos animais
estabelecidos para este estudo (Daemer et al., 1981; Pinto et al., 2002). A cinética
de replicacdo do HAV em cultura celular ndo é bem compreendida, principalmente
devido as dificuldades de deteccdo de pequenas quantidades dos produtos de
replicacdo viral quando comparados a grande quantidade de produtos celulares.
Esse estudo também avaliou a cinética da replicacdo do HAV em cultura celular para
uma melhor compreenséo dos mecanismos de replicacéo nesses sistemas de cultivo
celular e com isso poder contribuir com uma futura aplicacdo no desenvolvimento de
vacinas inativadas em maior escala. A replicacdo do HAV em cultura celular é lenta
e ineficiente, o que dificulta a producéo em larga escala do antigeno viral para uso
em diagnostico e desenvolvimento de vacinas.

Para avaliar a cinética da replicacdo do HAV em cultivo celular, foram
utilizadas células FRhK-4 inoculadas com a cepa HAF-203 do HAV (Gaspar et al.,
1993). Com intervalos de 1, 5, 10, 15, 25, 30, 35, 40, 50, 55, 60, 65, 75, 85, 100
horas e 10 dias pi, 0 HAV RNA foi extraido tanto do sobrenadante quanto da
monocamada celular. Para deteccdo do replicativo intermediario do HAV in vivo,
foram utilizadas as amostras de figado dos animais infectados experimentalmente
conforme descrito em nosso estudo anterior. O HAV RNA foi isolado dessas
amostras ap0s a necropsia desses animais nos dias 15, 30, 45 e 60 pi. A
especificidade da técnica de amplificacdo da fita negativa do HAV RNA baseou-se
na utilizacdo da enzima termoestavel rTth que conduz a transcri¢cao reversa em altas
temperaturas e utilizando-se somente primers sense especificos para as regides
conservadas 5’NC e VP3 do HAV. Neste estudo, a técnica de PCR em tempo real-
fita especifica apresentou sensibilidades de 20 e 30 copias/mL para as regides 5’NC

e VP3, respectivamente. Esses resultados demonstraram que foi possivel detectar o
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replicativo intermediario do HAV em todos os pontos de replicagdo avaliados tanto in
vitro quanto in vivo.

Ao avaliar a cinética da replicacdo do HAV in vitro, observou-se que a sintese
de RNA é assimétrica e que embora a quantidade de RNA fita-positiva seja
consideravelmente maior que a de RNA fita-negativa, esta pode ser detectada e
considerada como marcador de replicacao viral. Aproximadamente trés dias pi, foi
possivel detectar altas concentragdes de replicativo intermediario, que atingiu niveis
méximos (1.0x10’ cépias/mL) apés 10 dias. Em concordancia com nossos
resultados, De Chastonay e Siegl (1987) demonstraram que durante o ciclo de
replicacdo do HAV em células MRC-5 infectadas, a sintese de RNA ocorre a partir
dos dois primeiros dias de infec¢do. Os resultados obtidos neste estudo demonstram
a eficiéncia e aplicabilidade desta técnica para monitorar a replicacdo viral em cultivo
celular e com isso acelerar os processos de producdo viral utilizados para o
desenvolvimento de vacinas e testes diagndsticos, assim como uma ferramenta para
avaliar a inibicdo do HAV por drogas antivirais.

Durante o estudo da replicacdo do HAV in vivo, foi observada uma replicacao
ativa do HAV nos hepatdcitos a partir do 15° dia e com trinta dias de infeccédo a
replicacdo atingiu seu platd (10° log) e se manteve por até sessenta dias, o que
demonstra uma intensa replicacdo do HAV no figado por pelo menos dois meses
apos infeccdo. Até o momento ndo existem dados publicados a respeito da detec¢éo
do replicativo intermediario do HAV em amostra de figado de animais
experimentalmente infectados. Esses resultados demonstram que essa técnica pode
ser aplicada em futuros estudos de infeccdo experimental para verificar a taxa de
replicacdo do HAV nos hepatdcitos e avaliar possiveis sitios de replicacao viral
extrahepatica.

A partir desses resultados satisfatorios, esta técnica de detecgdo do marcador
de replicacdo viral ativa foi utilizada para investigar possiveis sitios de replicacao
extrahepéatica do HAV em amostras de glandulas salivares, tonsilas, linfonodo
intestinal e figado coletados dos animais infectados previamente (artigo 3). Neste
estudo, observou-se uma replicacdo do HAV mais intensa nas glandulas salivares
(10% coépias/mg) no comecgo da infeccdo (15 dias) do que nos hepatécitos (102
copias/mg). Entretanto, posteriormente, a replicacdo do HAV tornou-se mais intensa
no figado (cerca de 10* cépiasimg) do que nos outros tecidos analisados,
permanecendo constante até o final do estudo (60 dias). Muitos pesquisadores

também descreveram a presenca do antigeno viral em tecidos extrahepaticos como
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rins, baco (Mathiesen et al., 1978; Karayiannis et al., 1986), linfonodos (Mathiesen et
al., 1978), e duodeno (Karayiannis et al., 1986). Entretanto ndo existem dados a
respeito da deteccdo do HAV e seu replicativo intermediario em glandulas salivares.
A replicagdo do HAV foi fracamente detectada nas tonsilas e linfonodo intestinais e
por um breve periodo, que provavelmente pode ser interpretado como consequéncia
da captura viral por células apresentadoras de antigeno.

Nossos resultados evidenciaram uma replicacao ativa do HAV nas glandulas
submandibulares dos animais infectados experimentalmente. O pico de HAV RNA
observado na saliva coincidiu com a maior taxa de replicacdo viral nas glandulas
salivares e demonstrou uma significante correlacdo positiva entre a taxa de
replicacdo nesse sitio e a carga viral na saliva. Estes resultados sugerem que a
replicacdo do HAV na cavidade oral e sua consequente eliminagéo na saliva podem
implicar na infecciosidade desse fluido, que poderia, portanto, desempenhar um
importante papel como fonte de transmissdo do HAV, através da via oral-oral pelo
contato pessoa-pessoa. Entretanto, esses achados ndo sdo suficientes para
comprovar a transmissdo do HAV através da saliva e, portanto, estudos mais
detalhados séo ainda necessarios para investigar essa hipotese.

A partir dos nossos resultados podemos propor que apds uma breve
replicacdo do HAV nas glandulas salivares, sitio de entrada do HAV no organismo,
0s hepatdcitos assumem a replicacdo liberando entéo os virions nos sinusdides e na
bile. Em adicdo, esse estudo confirmou a suscetibilidade do cinomolgos a infeccao
pelo HAV de origem humana (cepa HAF-203), indicando que esta espécie pode ser
estabelecida como modelo animal para o estudo da patogénese do HAV.

Este trabalho demonstrou a aplicabilidade das amostras de saliva para o
diagnéstico da hepatite A, assim como sua importancia para estudos de
epidemiologia molecular, viabilizando a investigagdo de surtos e casos esporadicos
de hepatite A. Além disso, nossos dados esclareceram alguns aspectos da
patogénese do HAV como a ocorréncia de replicacdo extrahepatica em glandulas
salivares, sugerindo a possibilidade de transmissdo do HAV através da saliva.
Entretanto, ainda é necessério investigar quais as implicagbes clinicas de uma
replicacdo viral extrahepatica e o potencial infeccioso da saliva para transmissédo do

HAV através de uma via oral-oral.
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6- CONCLUSOES

1. Nossos resultados mostram que as técnicas de Nested-PCR e PCR em tempo
real estabelecidas neste estudo foram eficazes para detectar e quantificar o
RNA do HAV em amostras de saliva. No entanto, a técnica de PCR em tempo

real apresentou uma sensibilidade significantemente maior que o Nested-PCR.

N

. Em geral, a presenca do RNA do HAV foi mais freqientemente detectada em
amostras de saliva (50%) do que nas de soro (42%), independentemente da
técnica aplicada, mostrando que a saliva além de ser menos invasiva € uma

amostra clinica eficiente e apropriada para deteccdo do HAV.

w

. Foi possivel a deteccdo do RNA do HAV em amostras de saliva (21% através
da técnica de PCR em tempo real) de pacientes com sorologia negativa para
hepatite A, 0 que demonstra a importancia da deteccdo do HAV em amostras
de saliva para um diagnostico precoce de hepatite A e esclarecimento de

casos de hepatite sem etiologia.

4. A analise nucleotidica revelou uma co-circulacdo dos subgendtipos IA e IB
durante o surto. A comparacdo dos genétipos revelou a existéncia de
subgendtipos diferentes entre algumas amostras pareadas de soro e saliva,
demonstrando uma co-infec¢do desses pacientes por genoétipos diferentes do
HAV.

5. Os isolados de HAV deste estudo apresentaram alta identidade genética com
cepas isoladas de surtos ocorridos previamente no Rio de Janeiro e em outros
estados brasileiros como Bahia e Minas Gerais, indicando um padrdo de

circulacdo endémica de cepas brasileiras de HAV durante surtos.

6. Nossos resultados indicam que durante o surto estudado, a principal via de
transmissdo tenha sido o contato pessoa-a-pessoa e que um bebedouro da
creche, no qual foi detectado o RNA do HAV, tenha sido apenas um veiculo de

transmissao, excluindo a agua como fonte de infeccao.

7. Durante o curso da infeccéo experimental em macacos mostramos que o0 RNA
do HAV é eliminado na saliva por até 45 dias apés infeccdo com uma carga

viral similar a do soro, ambas de aproximadamente 10° cépias/mL.

8. Nossos resultados mostram que a técnica de PCR em tempo real fita-

especifica estabelecida neste estudo é altamente sensivel e aplicavel para
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deteccdo do replicativo intermediario do HAV, como marcador de replicacao
ativa tanto em cultura celular quanto em hepatécitos de animais inoculados

experimentalmente.

9. Nossos resultados demonstraram a existéncia de um sitio extrahepatico de
replicacdo do HAV em glandulas submandibulares dos animais infectados
experimentalmente. Estes resultados sugerem que a replicacdo do HAV na
cavidade oral e sua consequente eliminagdo na saliva podem implicar na
infecciosidade desse fluido, que poderia, portanto, desempenhar um papel
como fonte de transmissdo do HAV, através da via oral-oral pelo contato

pessoa-pessoa.
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7- PERSPECTIVAS

Os dados obtidos nesta tese confirmaram a utilizacdo de amostras de saliva
para o diagnéstico molecular e estudos epidemiologicos do HAV durante surtos
epidémicos e pela primeira vez foi demonstrada a replicacdo extrahepética do HAV
em glandula salivar de animais infectados experimentalmente. Pesquisas
complementares serdo desenvolvidas para se verificar o potencial infeccioso de
amostras de saliva na transmissdo do HAV pela realizacdo de um estudo de

infecgao experimental em primatas nao-humanos.

Além disso, alguns aspectos ainda serdo investigados, como a viabilidade da
saliva para o diagnostico da hepatite A durante todo o curso da doenca, uma vez
que o curso da infeccdo pelo HAV através de amostras de saliva de individuos
naturalmente infectados ainda néo foi descrito. Portanto, seréo realizados estudos
para acompanhar o curso da infeccdo aguda pelo HAV mediante a aplicacdo de
testes para deteccdo de marcadores soroldégicos e moleculares do HAV em
amostras de saliva de casos esporadicos e de surtos de hepatite A, comparando-as

as amostras pareadas de soro.
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Abstract

Due to the ease of collection, oral fluid is being investigated as an alternative to serum for diagnostic and epidemiological purposes. However,
for prospective studies involving hepatitis A virus (HAV) RNA detection, a standard methodology must be developed. In the present study, nested
RT-PCR and real-time PCR were optimized and evaluated for HAV detection and quantification, using oral fluid from healthy volunteers (n=20)
and paired serum/oral fluid samples from individuals involved in a hepatitis A outbreak (n="78). Using nested RT-PCR, HAV RNA was detected
in 50% of oral fluid and in 42% of serum samples from acute cases, as well as in 12% of all samples from cases without IgM and total anti-HAV.
Using real-time PCR, HAV RNA was detected in 61% of oral fluid and in 71% of serum samples from acute cases, as well as in 17 and 12%,
respectively, from patients without HAV markers. Mean viral loads were 1.7 4 3.24 x 103 copies/ml in oral fluid and 2.8 4-6.46 x 10° copies/ml
in serum. Although nested RT-PCR and real-time PCR both detected HAV RNA in oral fluid, real-time PCR was more sensitive. Oral fluid sample

testing could be used as a noninvasive method of detecting HAV RNA during HAV outbreaks.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Oral fluid; Hepatitis A virus; Nested RT-PCR; Real-time PCR

1. Introduction

Hepatitis A virus (HAV) infection is a public health prob-
lem worldwide. The viral genome consists of a linear, positive
sense, single-stranded RNA that is approximately 7.5kb in
length (Provostetal., 1975). HAV is transmitted by the fecal-oral
route, in developing countries can be acquired through person-
to-person contact or through ingestion of contaminated water or
food (Hutin et al., 1999). Poor hygiene conditions and crowding
are often contributing factors in the spread of the virus and in the
occurrence of hepatitis A outbreaks, especially in schools and
day care centers (Villar et al., 2004; Morais et al., 2006).
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Although outbreaks are often investigated using only epi-
demiological and serological studies, molecular investigation of
hepatitis A cases and their contacts is essential since nucleotide
sequence data can be used to identify links between apparently
sporadic cases or apparently distinct outbreaks (Stene-Johansen
et al., 2002), as well as to determine the sources of infection,
thereby allowing the implementation of corrective measures.
During the window period of infection, HAV RNA can be present
in serum samples, and viral RNA detection is therefore an impor-
tant tool for diagnosing asymptomatic individuals, as well as
acute hepatitis cases of unknown etiology (De Paula et al., 2004).

Serological testing is the gold standard method of screening
for HAV infection. However, it has been proposed that oral fluid
could replace serum in the specific antibody detection used in
order to diagnosis viral hepatitis (Parry, 1993; Oba et al., 2000;
De Cock et al., 2004). The difficulties in collecting blood from
children and the elderly has prompted interest in the analysis of
oral fluid, as has the fact that such analysis is convenient, non-
invasive, cost-effective and safer than serum analysis in terms
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of the collection, testing and disposal of samples. As a result,
tests designed to detect viral antibodies in oral fluid have been
developed (Hutse et al., 2005; Yaari et al., 2006; Amado et al.,
2006).

The future use of an oral fluid-based testing will likely
increase because of the inherent advantages of this technology:
convenience; avoidance of inadvertent transmission of blood-
borne pathogens; and ease of use in pediatric and geriatric
populations.

The detection of viral genomes in oral fluid provides a non-
invasive means of investigating hepatitis A outbreaks. In two
recent studies, HAV RNA was detected in saliva samples by
reverse transcription polymerase chain reaction (RT-PCR) and
by real-time PCR. However, those studies produced conflicting
results, the rate of HAV detection ranging from 0 (Poovorawan
etal., 2005) to 83% (Mackiewicz et al., 2004) which underscores
the need for a standardized molecular assay for HAV detection
in oral fluid.

The main objective of this study was to standardize molecular
methods for the detection of HAV in oral fluid samples using
nested RT-PCR and real-time PCR and to evaluate the feasibility
of using oral fluid samples, rather than serum samples, during a
hepatitis A outbreak.

2. Material and methods
2.1. Specimens

2.1.1. Standardization using samples collected from
healthy individuals

To standardize the assay, oral fluid samples were collected
from 20 healthy adult volunteers without anti-HAV markers.
All samples were collected using OraSure collection devices
(Epitope Incorporated, Beaverton, OR, USA) according to the
manufacturer instructions. The samples were later recovered
by centrifugation at 2500 x g for 15min at 10°C and stored
at —20°C until analysis. All of these samples were mixed
together to produce a pool of saliva. To obtain saliva-positive
HAV controls, this pool of saliva was inoculated with 1 ml of
HAV concentrated from cell culture (HAF-203; Gaspar et al.,
1993), containing 6 x 10° copies/ml (real-time PCR). The pool
was then submitted to 10-fold serial dilutions (ranging from
6 x 10° to 6 x 10! copies/ml). To evaluate PCR inhibitors in
saliva, HAV from cell culture was also added to ultra pure water,
which was then also submitted to 10-fold serial dilutions.

2.1.2. Samples collected from individuals suspected of
being infected with HAV

A total of 78 paired serum and saliva samples were col-
lected from individuals involved in a hepatitis A outbreak that
occurred in a day care center. The oral fluid samples were col-
lected as described above. Total blood samples were collected by
venipuncture into sterile tubes, after which serum was obtained
by centrifugation and stored at —20 °C. Blood samples are con-
ventionally used for serological and molecular diagnosis of HAV
and it was used as the ‘gold standard’ (Ochnio et al., 1997) for
comparison with oral fluid tests. These 78 sample pairs were

selected for inclusion in this study based on their antibody sta-
tus. These paired samples were submitted to a modified ELISA
as described previously (Amado et al., 2006) and the results
showed that 52 were IgM anti-HAV positive, whereas 26 were
IgM negative and total anti-HAV negative. All oral fluid and
serum specimens were processed on the day of collection. Oral
fluid samples were inspected visually for blood contamination.
Permission for the collection and testing of samples was obtained
from the Ethics Committee of the Oswaldo Cruz Foundation.

2.2. Detection of HAV RNA in oral fluid samples

The detection of HAV RNA in oral fluid samples was stan-
dardized based on protocols described previously for serum
samples (De Paula et al., 2002).

2.2.1. RNA extraction from oral fluid samples

Three different techniques usually used to extract viral RNA
were evaluated in terms of their effectiveness for detecting HAV
RNA in oral fluid samples: the TRIzol method (Chomczynski
and Sacchi, 1987), the silica method (Boom et al., 1990) and a
commercial kit (QIAamp viral RNA minikit; QIAGEN, GmbH,
Hilden, Germany). Standardization was achieved using 10-fold
serial dilutions of saliva-positive HAV controls obtained from
healthy volunteers. For each protocol, the experiments were
carried out in triplicate.

In the TRIzol method, 100 w1 of oral fluid were mixed with
800 pl of TRIzol® LS reagent (Invitrogen, Carlsbad, CA, USA)
and 200 pl of chloroform. After centrifugation at 8000 x g for
20 min at 4 °C, the upper phase was precipitated with 600 .l
of isopropanol at —20 °C for 18 h. After an additional centrifu-
gation, the pellet was washed with 70% ethanol, air dried, and
finally resuspended in 10 w1 ultrapure DNase/RNase-free water
(Invitrogen).

In the silica method, 100 w1 of oral fluid was added to a mix-
ture containing 30 ul of size fractionated silica particles and
200 1 of L6 lysis buffer (8§ M guanidine isothiocyanate; 0.1 M
Tris—HCL at pH 6.4; 36 mM EDTA), after which the sample was
maintained at room temperature for 10 min. After centrifugation,
the pellet was washed once with 200 wl of L2 washing buffer
(10M guanidine isothiocyanate; 0.1 M Tris—HCL) at pH 6.4,
twice with 500 pl of 70% (v/v) ethanol and once with 500 .l
of acetone. The pellet was dried at 56 °C for 10 min, and the
nucleic acids were eluted with 1 pl of RNasin (Invitrogen) in
60 pl of water at 56 °C for 10 min. The tube was centrifuged
at 8000 x g for 2 min to sediment the silica particles and the
supernatant containing the RNA was used for cDNA synthesis.

Extraction with the commercial QIAamp viral RNA minikit
was performed using 140 pl of oral fluid and according to the
manufacturer instructions.

2.2.2. Reverse transcription

For cDNA synthesis in oral fluid samples, Moloney Murine
leukemia virus (MMLV) reverse transcriptase and Superscript
IT H™ reverse transcriptase (both purchased from Invitrogen)
were evaluated by testing 10 IgM anti-HAV-positive saliva sam-
ples. All reverse transcription was carried out using 10 ul of
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RNA, 20 pmol/pl of random primer (Invitrogen), 1 U/l of
RNasin (Promega, Madison, WI, USA), 125 mM deoxynucleo-
side triphosphates and 1 U/l of reverse transcriptase (MMLV
or Superscript, in a final volume of 20 nl) at 37 °C for 1 h (for
MMLYV) or 42 °C for 1 h (for Superscript), followed by incuba-
tion for 10 min at 65 °C.

2.2.3. Qualitative PCR

To standardize the nested RT-PCR, three conditions were
evaluated: 7ag DNA polymerase (5 U/pl; Invitrogen) in a vol-
ume of 0.15 1 (0.75U) and 0.3 1 (1.5 U); cDNA volume (5 and
10 1); and number of amplification cycles (30 and 40 cycles).
The PCR was carried out using a final volume of 25 pl. The
VP1/2A junction region of the HAV genome was amplified
through nested PCR using primers and conditions described
elsewhere (De Paula et al., 2002), modifying only the parameters
cited above. The PCR products were loaded onto 1.5% agarose
gels and stained with ethidium bromide to visualize bands of an
expected length of 247 bp. Each PCR experiment included the
ultrapure DNase/RNase-free water as a negative control.

2.2.4. Quality standards of qualitative PCR

To determine the sensitivity of the qualitative PCR, the 10-
fold serial dilutions of saliva-positive HAV controls (ranging
from 6 x 10° to 6 x 10! copies/ml) were evaluated. In order to
determine PCR inhibitors in saliva samples, the results for saliva-
positive HAV controls were compared with those for the ultra
pure water sample containing HAV.

In order to determine whether there was a relationship
between HAV RNA detection in oral fluid samples and blood
contamination of those samples, a commercial kit (URISTIK®
kit; DIRUI Industrial Co. Ltd., Changchun, China) was used
to detect hemoglobin (‘hidden blood’) macroscopically in oral
fluid. The URISTIK kit, which is designed to detect hemoglobin
in urine by visualization of reagent bands, was adapted for
hemoglobin detection in oral fluid samples. To validate the
URISTIK tests, oral fluid samples from negative volunteers
were collected and evaluated through flow cytometry, which
detected no blood. Subsequently, these samples were tested
using the URISTIK kit, and all tested negative for blood (no
false-positive results). To validate positive controls, some oral
fluid samples were spiked with blood diluted in PBS to various
concentrations (1:250.000, 1:750.000 and 1:1000.000). These
contaminated oral fluid samples were analyzed using the URIS-
TIK kit, and all tested positive for blood (no false-negative
results).

2.2.5. TagMan real-time PCR

To test the correlation between serum and oral fluid samples
viral load, HAV RNA was quantified using the real-time TagMan
assay. In order to create standard curve points in real-time PCR,
it was used a recombinant clone of the 5’ noncoding (NC) region
of the HAV strain HAF-203, quantified using a spectrophotome-
ter (DU®460; Beckman Coulter, Fullerton, CA, USA). Cloned
HAV was submitted to 10-log serial dilution to generate a stan-
dard curve. The standard curve was linear over the range from
1.4 x 10" to 1.4 x 108 copies/ml, with a slope of —3.39 (corre-

lation coefficient, 0.998). The detection limit of the assay was
14 copies of viral RNA per reaction.

Specific primers for HAV 5 NC and a single-labeled
5" FAM probe were designed based on the sequence of
the cloned HAV, using Primer Express software, version
2.0 (Applied Biosystems Inc., Foster City, CA, USA), for-
ward primer numbering as wild-type (M14707) 86-109
5" CTGCAGGTTCAGGGTTCTTAAATC 3’, reverse primers
219-240 5 GAGACCCTGGAAGAAAGAAGA 3’ and HAV-
probe 198-218 (FAM-5'ACTCATTTTTCACGCTTTCTG 3').
All PCR procedures were performed using an Applied
Biosystems 7500 Real-Time PCR System. Wells contained
1 x TagMan Universal PCR Master Mix (Applied Biosystems)
and 12.5 pl of assay (300 nM of each primer, 150 nM of probe).
In addition, 5 pl of standard curve points or cDNA of samples
were added to 20 .l of the PCR master mix (samples were run in
duplicate). The thermal cycling conditions comprised an initial
step at 50 °C for 2 min, followed by a denaturation step at 95 °C
for 10 min, 40 cycles of 95 °C for 15 and 60 °C for 1 min (De
Paula et al., 2007).

2.2.6. Quality standards of quantitative PCR

The real-time sensitivity and reproducibility were deter-
mined using 10-fold serial dilution of saliva-positive HAV
controls. However, to determine the reproducibility, these sam-
ples were examined in quadruplicate during each real-time PCR
run (intra-assay) and on 4 consecutive days (inter-assay). The
reproducibility of the real-time PCR was also determined by
testing three HAV-seropositive and three HAV saliva-positive
specimens, all samples were evaluated in triplicate. In order
to distinguish negative from false-negative results related to
PCR inhibition by substances present in saliva, a pre-optimized
exogenous internal positive control (TagMan Exogenous Inter-
nal Positive Control Reagent; Applied Biosystems) was spiked
into HAV-RNA negative saliva samples. In the real-time PCR,
the target (5" NC region of HAV) and internal positive con-
trol (non-human virus DNA) are amplified simultaneously. The
internal positive control DNA was detected using a VIC-labeled
probe, allowing it to be discriminated from the HAV RNA
detected using the FAM-labeled probe. A negative result for the
target and for internal positive control suggests PCR inhibition.

2.2.7. Evaluation of the performance of the nested RT-PCR
and real-time PCR in oral fluid samples

After optimization of the methods, tests were also conducted
to compare serum and saliva samples from individuals involved
in an HAV outbreak and thus to assess the performance of these
assays. Seventy-eight sample pairs collected from individuals
involved in a hepatitis A outbreak (occurring in 2004 at a day
care center in Rio de Janeiro, Brazil) were analyzed. Among
these individuals, 52 samples were IgM anti-HAV positive and
26 were IgM/total anti-HAV negative.

2.3. Statistical analysis

Data are expressed as mean =+ S.D. Proportions of HAV
RNA in saliva were examined in relation to the clinical
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and sociodemographic variables, applying the chi-square (x2)
test for independence, with Yates’ continuity correction and
Fisher’s exact test when appropriate. To assess continuous vari-
ables, the Student’s t-test or Mann—Whitney test was used
as appropriate. A two-tailed p<0.05 was considered statis-
tically significant. The statistical package Instat GraphPad®
3.01 (GraphPad Software, San Diego, CA, USA) was
used.

3. Results

3.1. Standardization of RT-PCR for HAV RNA detection in
oral fluid samples

The use of the QIAamp kit was found to be the most efficient
method, with a detection limit of 6 x 10° copies/ml. The silica
method showed a detection limit of 6 x 10* copies/ml, com-
pared with 6 x 107 copies/ml for the TRIzol method (Fig. 1).
Therefore, the commercial QIAamp kit was chosen for use
in the HAV RNA extraction from oral fluid samples. After
verification of viral RNA extraction from oral fluid samples,
the efficiency of the two reverse transcriptases (MMLV and
Superscript) was tested in 10 IgM anti-HAV-positive oral fluid
samples. Superscript demonstrated the greatest efficiency in the
reverse transcription of oral fluid samples, generating positive
scores in 7/10, compared with only 2/10 for MMLV (Fig. 2).
Based on these data, Superscript was chosen for subsequent
reverse transcription reactions.

(A)
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Fig. 3. The detection limit of HAV RNA using nested RT-PCR in saliva sam-
ples. Nested RT-PCR products were visualized by 1.5% agarose gel analysis
and ethidium bromide staining. Lanes: (1) $X 174 DNA ladder for molecu-
lar size standard; (2) HAF-203 (6 x 10° copies/ml); (3) HAF-203 diluted 1:10
(6 x 10° copies/ml); (4) HAF-203 diluted 1:10% (6 x 10* copies/ml); (5) HAF-
203 diluted 1:10 (6 x 10° copies/ml); (6-8) HAF-203 diluted 1:10* to 1:10°
(6 x 102 to 6 x 10° copies/ml); (9) negative control; (10) positive control.

The nested RT-PCR parameters were determined by increas-
ing the cDNA and 7ag polymerase volume to 10 and 0.3 pl
(1.5U), respectively, drawing comparisons with a previously
developed method of detecting HAV in serum (De Paula et al.,
2002). The increased volume made this system more reliable for
HAV detection in oral fluid samples, generating positive scores
in 8/10 samples.

After optimization of the nested RT-PCR, the sensitivity of
the technique was 6 x 10% copies/ml, which was the lower limit
of detection (Fig. 3).

Fig. 1. Comparative sensitivities of nested RT-PCR detection after three different RNA extraction methods, as analyzed by 1.5% agarose gel electrophoresis of
amplification products. Methods: (A) TRIzol; (B) Silica; (C) QIAamp kit. Lanes: (1) $X 174 DNA ladder for molecular size standard; (2-9) HAF-203 diluted from

6 % 106 to 6 x 10~! copies/ml; (10) negative control.

(A)
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Fig. 2. Comparative detection of HAV RNA in IgM anti-HAV-positive saliva samples using two different reverse transcriptase enzymes. Nested RT-PCR products
were visualized by 1.5% agarose gel analysis and ethidium bromide staining. Methods: (A) Superscript IT; (B) MMLYV. Lanes: (1) $X 174 DNA ladder for molecular
size standard; (2—11) IgM anti-HAV positive saliva samples; (12) negative control; (13) positive control (HAF-203).



78 L.A. Amado et al. / Journal of Virological Methods 148 (2008) 74-80

3.2. Validation of TagMan real-time PCR in oral fluid
samples

The analytical sensitivity of real-time PCR for oral fluid
samples was 140 copies/ml. Amplification of the saliva-positive
HAV controls at different concentration showed linearity over
the range from 108 to 10! copies/ml, with a correlation coeffi-
cient greater than 0.997.

In the tests run in order to evaluate inter- and intra-assay
reproducibility, there was no statistically significant difference
between the inter-assay variability (mean coefficient of varia-
tion, 1.37%) and the intra-assay variability (mean coefficient
of variation, 1.59%) (p >0.05, data not shown). In addition, the
reproducibility of real-time PCR was determined by performing
runs with saliva samples, in which the coefficient of variation
was found to be less than 2.55%.

All saliva samples HAV RNA negative containing the exoge-
nous internal positive control, produced a negative result for
the target and a positive result for the internal positive control.
This indicates that oral fluid samples were truly negative due
the absence of the HAV RNA rather than due to the presence of
inhibitory substances in the oral fluid.

3.3. Detection and quantification of HAV RNA in paired
serum and saliva samples

3.3.1. Nested RT-PCR

Among the 52 IgM anti-HAV-positive sample pairs, nested
RT-PCR detected HAV RNA in 22 (42%) of the serum samples
and 26 (50%) of the saliva samples (Table 1). In additional, three
(12%) of the 26 sample pairs collected from patients without
HAV markers (IgM and total anti-HAV negative) were positive
for HAV RNA, demonstrating early detection of the virus, still
within the window period of infection, in both clinical speci-
men types. Therefore, nested RT-PCR detected HAV in 37.2%
(29/78) of the saliva samples and in 32% (25/78) of the serum
samples.

A total of 39 saliva samples (29 HAV RNA-positive samples
and 10 HAV RNA-negative samples) were analyzed to deter-
mine whether they contained ‘hidden blood’ that could produce
false-positive PCR results. Of the 29 HAV RNA-positive saliva
samples, only eight tested positive for blood and among HAV
RNA-negative saliva samples, only two were positive for blood.

Table 1

No statistically significant association was observed between the
presence of blood in saliva and HAV RNA detection in saliva
samples (p=0.6; 95% CI: 0.4-5.44), indicating the absence of
false-positive PCR results caused by blood contamination of
samples.

3.3.2. Real-time PCR

Among the samples collected from the IgM anti-HAV posi-
tive subjects (n =52), real-time PCR successfully detected HAV
RNA in 37 (71%) of the serum samples and 32 (61%) of the
oral fluid samples. In addition, among the samples collected
from IgM/total anti-HAV negative subjects (n=26), the virus
was detected in 3 (12%) of the serum samples and 15 (58%) of
the saliva samples (Table 1). Therefore, real-time PCR detected
HAV in 60.8% (47/78) of the saliva samples and in 51% (40/78)
of the serum samples. Real-time PCR showed greater efficiency,
identifying 60.8% of the saliva samples as positive, compared
with only 37% for RT-PCR. This difference was statistically
significant (p =0.017).

The HAV RNA viral load in saliva samples ranged from
1.0x 10 to 1.4 x 10* (mean, 1.7+3.24 x 103 copies/ml),
compared with 1.2x 10%> to 3.2 x 10*copies/ml (mean,
2.8 +6.46 x 10’ copies/ml) in serum samples. Therefore, the
difference between saliva and serum viral load was not signifi-
cant (p=0.187). Interestingly, in eight of the sample pairs, the
viral load was higher in the saliva sample than in the serum
sample. Individual viral loads in 23 positive paired samples are
shown in Table 2, it was found a strong positive correlation
(r=0.597; p=0.003) between oral fluid and serum viral load.

Among the paired samples, no association was found between
the detection of HAV RNA in saliva samples and the serum viral
load, since there was no significant difference between HAV
RNA-negative saliva samples and HAV RNA-positive saliva
samples in terms of the viral loads of the corresponding serum
samples (r=0.28; p=0.25).

4. Discussion

The sensitivity and reliability of PCR for diagnostic and
research purposes depend upon efficient procedures of virus
extraction and detection. The major limiting factors in ampli-
fication reactions using oral fluid are low RNA concentration
and the presence of inhibitory substances (Wilde et al., 1990).

Detection of HAV RNA in serum and saliva samples by nested RT-PCR and real-time PCR

Saliva Nested RT-PCR? Real-time PCR?*
IgM positive IgM/total negative Total IgM positive IgM/total negative Total
HAV-RNA HAV-RNA HAV-RNA HAV-RNA
PositiveP Negative® Positive® NegativeP Positive? Negative” PositiveP Negative®
Positive 14 12 1 2 23 9 1 14 47
Negative 8 18 2 21 14 6 2 9 31
Total 22 30 3 23 37 15 3 23 78

2 p=0.017 (significant difference between nested RT-PCR and real-time PCR in terms of HAV RNA detection).

b Serum.



L.A. Amado et al. / Journal of Virological Methods 148 (2008) 74-80 79

Table 2
Quantification of HAV RNA from patients with paired serum and oral fluid
samples

Patients Viral load (copies/ml)
Oral fluid Serum
1 1.0 x 102 4.5 x 102
2 1.0 x 102 3.5 x 102
3 1.2 x 102 2.9 x 102
4 1.8 x 10? 5.4 % 107
5 2.1 x 102 3.6 x 102
6 2.2 x 10? 2.9 x 10?
7 3.2 x 102 2.0 x 102
8 3.6 x 10? 2.6 %103
9 4.9 x 10? 1.9 x 102
10 5.1 x 10? 8.9 x 102
11 6.9 x 102 1.0 x 103
12 1.2 x 103 1.5 % 10°
13 1.2x 103 25x10°
14 1.3 x 103 53 %103
15 1.6 x 103 1.3 %103
16 1.9 x 103 9.8 x 102
17 22x103 1.9 % 10°
18 2.4 %103 3.1x10°
19 2.4 %103 2.0x 103
20 3.7 % 10° 2.8x 103
21 42 %103 6.6 x 103
22 5.0x 103 3.1 x 10?
23 1.7 x 10* 14 x10°

Therefore, choosing the appropriate RNA extraction methods is
a critical step in the successful and valid use of PCR in clin-
ical samples. In this study, three methods of RNA extraction
(TRIzol, silica and QIAamp) were compared. The use of the
QIAamp kit was found to be the most sensitive method, detect-
ing 6 x 103 copies/ml, compared with 6 x 10* copies/ml for the
silica method and 6 x 103 copies/ml for TRIzol method. The
results obtained with the kit clearly demonstrate that it is suit-
able for use with oral fluid samples, as previously demonstrated
by other researchers (Mackiewicz et al., 2004).

Of the two reverse transcriptase enzymes evaluated, Super-
script was found to be the more efficient. This is probably due
the absence of RNase H activity, since this property increases the
chances of RNA degradation when it is hybridized with DNA. In
addition, the volumes of cDNA and Taq polymerase were greater
than those used for serum samples (De Paula et al., 2002) resulted
in highly efficient HAV RNA detection in oral fluid samples. Due
to the low quantity of virus in oral fluid samples, the greater
concentration of cDNA improved the detection of HAV RNA
by RT-PCR, which showed high sensitivity (6 x 10° copies/ml)
and specificity (no signals being generated by nonspecific
targets).

In the present study, the investigation into whether blood con-
tamination (‘hidden blood’) could be a contributing factor in
oral fluid sample HAV RNA positivity yielded results that are
in accordance with those of studies involving HCV (Liou et
al., 1992; Hermida et al., 2002). In those studies, no association
was observed between the presence of blood in a given oral fluid
sample and HAV RNA positivity of that sample. Taken together,
these findings show that the presence of blood in an oral fluid

sample is not predictive of HAV RNA positivity of the sample
and suggest that this is not the mechanism by which the virus
enters the oral fluid.

The qualitative and quantitative PCR were optimized in
oral fluid samples. Subsequently, in order to assess their per-
formance, both tests were conducted on serum and oral fluid
samples from individuals involved in an HAV outbreak. In both
tests evaluated, viral RNA was more frequently in oral fluid
samples than in serum samples, indicating that analysis of oral
fluid could be useful for molecular investigation during hepati-
tis A outbreaks. In addition, both tests were able to detected
HAV RNA in oral fluid and serum sample pairs collected from
individuals without HAV markers. Among those same samples,
real-time PCR identified HAV RNA positivity in 65% of the
oral fluid samples and 13% of the serum samples, attesting to
the high sensitivity of this method. These results show that oral
fluid samples can be used for early detection of the virus (during
the window period of infection), as demonstrated previously in
serum samples (De Paula et al., 2004).

Real-time PCR produced a satisfactory linear response from
14 to 1.4 x 108 copies/ml, with a correlation coefficient of
0.997. Other studies have shown that HAV viral load typi-
cally ranges from 1.8 x 103 to 2.3 x 107 copies/ml in serum
(Sanchez et al., 2006) and from 9.3 x 10 to 1.9 x 10* copies/ml
in saliva (Mackiewicz et al., 2004). This implies that the
method described here is suited to quantifying HAV in serum
and oral fluid samples. The real-time PCR described at this
present study demonstrated a sensitivity of 14 copies/ml in
serum samples, which is higher than that reported in serum
samples using other methods: real-time TagMan assays with
360 RNA copies/ml (Costa-Mattioli et al., 2002) or 2 x 10*
RNA copies/ml (Jothikumar et al., 2005); or kits commercially
available from Roche and Arthus, with 210 and 500 copies/ml,
respectively (Sanchez et al., 2006). In the present study, the sen-
sitivity in oral fluid samples was 140 copies/ml, and the linear
range was 140-1.4 x 108 copies/ml, which is also higher than
the 600 copies/ml previously reported by Mackiewicz (2004),
who used the Roche kit to test saliva samples. In addition, intra-
and inter-assay coefficients of variation are consistent with val-
ues found using other TagMan assays (Monpoeho et al., 2000;
Costa-Mattioli et al., 2002). Furthermore, the possibility of false-
negative results was ruled out, since the HAV sequence tested
negative, and the internal control tested positive. This indicates
that the samples testing negative were truly negative due to the
absence of the target sequence (HAV-RNA) and not due to PCR
inhibition (Stamey et al., 2001).

In relation to the viral loads, the 2-log difference between
serum and saliva samples reported by Mackiewicz et al.
(2004) was not observed in the present study. This is proba-
bly attributable to the use of different methods of quantification
and different timing of sample collection (Kwon et al., 2000).

It has been shown that the presence of HCV RNA in saliva
correlates with HCV viremia (Fabris et al., 1999; Hermida et
al., 2002). However, in the present study, no significant relation-
ship was observed between serum viral load and oral fluid HAV
RNA detection, suggesting that high viral load in serum is not
predictive of HAV detection in oral fluid.
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In conclusion, although nested RT-PCR and real-time PCR
can both be used to detect HAV RNA in oral fluid, real-time
PCR is the more sensitive of the two. The collection and analysis
of oral fluid samples could be used as a noninvasive method of
detecting and quantifying HAV RNA in individuals during HAV
outbreaks.
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Abstract

Paired serum and saliva samples were collected simultaneously from 124 subjects
exposed to a hepatitis A outbreak, in a day care center at Rio de Janeiro, Brazil. All
samples were tested for IgM and total anti-HAV antibodies by EIA. Hepatitis A virus
(HAV) was detected by nested PCR in serum, saliva and water samples, employing
primers for VP1/2A region. Positive products were sequenced. Viral load of paired
samples was determined by real-time PCR using the TagMan system. HAV-RNA was
identified by nested PCR, in 37.7% of saliva, 29.5% of serum samples and in one water
sample. Mean of HAV viral load was similar in serum and saliva specimens (10’
copies/ml). HAV genotypes IA and IB were detected in both specimens and the isolate
from water sample was classified as genotype IB. This result indicates the existence of
more than one source of infection at the center. In six infected patients a differing HAV
subgenotype was found in serum compared to their paired saliva specimen. This
unusual pattern of mixed HAV infection was further investigated by molecular cloning
followed by nucleotide sequencing. All clones derived from saliva samples belonged to
subgenotype IB and showed a great identity within them (96.5-100%). However clones
derived from their corresponding paired serum belonged to subgenotype IA and showed
a discrete heterogeneity within them (90.5-100% of identity). This study showed the
important role of noninvasive salivary investigations of HAV in molecular

epidemiology studies of hepatitis A outbreak.

Key Words: molecular epidemiology, saliva, outbreak, hepatitis A.

John Wiley & Sons

Page 2 of 22



Page 3 of 22

1
2
; 66
: 67
5 68
0
8 69
9
10 70
11
12 71
13
14 72
15
16
1 73
18
19 74
20
21 75
22
23
o 76
25
26 77
27
28 78
29
30 79
31
32
33 80
34
35 81
36
37
a8 82
39
40 83
41
42 84
43
44
P 85
46
47 86
48
49 87
50
51
= 88
53
54 89
55
56
> 90
58
59 91
60

92

Journal of Medical Virology

INTRODUCTION

Hepatitis A virus is the prototype of the genus hepatovirus in the family Picornaviridae
[Gust et al., 1983; Melnick, 1992]. HAV has a single antigenic serotype [Lemon and Binn,
1983] determining a lifelong immunity as a result of the high conservation of amino acid
sequences and the lack of nucleotide diversity. However, despite this antigenic uniformity,
variation can be found by phylogenetic analysis that has enabled the classification of human and
simian isolates into six genotypes (I-VI) [Costa-Mattioli et al., 2003; Lu et al., 2004].
Genotypes I-III are of human origin and IV-VI of simian origin. Each of human
genotypes (I-III) possesses two subgenotypes, A and B. Genotypes have more than 15%
nucleotide variation and subgenotypes have 7-7.5% nucleotide variation [Robertson et al.,
1992].

Hepatitis A is transmitted by fecal oral route and is responsible for the majority
of viral hepatitis cases worldwide being recognized as an important public health
disease especially in intermediate endemicity regions [FitzSimons et al., 2010]. Due to
public health improvements and better social economic conditions, there has been a
reduction of HAV endemicity over the past few decades in Brazil [Morais et al., 2006;
Tanaka, 2000; Villar et al., 2004; Vitral et al., 2006]. This decrease in natural
immunization allows potentially massive outbreaks in closed communities, such as
schools and day care centers [de Paula et al., 2002; Morais et al., 2006; Villar et al.,
2002]. These institutions play an important role on HAV chain transmission due to the
asymptomatic infection in children younger than 6 years old that leads a silent
dissemination of the disease among susceptible people [Desenclos and MacLafferty,
1993; Poovorawan et al., 2005; Venczel et al., 2001].

Molecular epidemiology has shown that genotype IA of HAV is the most
prevalent globally while type IB predominates in the Middle East [FitzSimons et al.,

2010]. South America human HAYV isolates have been characterized almost exclusively
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as subgenotype IA, with exception of Brazil, where subgenoype IB have also been
reported in hepatitis A outbreaks [Costa-Mattioli et al., 2001; de Paula et al., 2002] and
in sporadic cases [de Paula et al., 2004; Fiaccadori et al., 2006; Villar et al., 2006b]. In
addition, co-circulation of both subgenotypes IA and IB in hepatitis A outbreaks have
also been reported [Costa-Mattioli et al., 2001; de Paula et al., 2002].

Hepatitis A diagnosis is carried out in serum samples, but many studies show the
applicability of saliva for HAV diagnosis in sporadic or outbreak cases [Amado et al.,
2006; Oba et al.; Ochnio et al., 1997; Stuart et al., 1992]. Saliva sample collection is
safer and cheaper than blood collection in epidemiologic field studies and can facilitate
HAYV studies on outbreaks of the disease.

To date, two studies demonstrate HAV RNA in saliva samples [Amado et al.,
2008; Mackiewicz et al., 2004], but to our knowledge the use of saliva samples has not
been described in molecular epidemiological studies of HAV outbreaks. Therefore, in
this study the feasibility of saliva specimen for molecular epidemiological studies was
evaluated among children infected during a Hepatitis A outbreak in a day care center in

Rio de Janeiro, Brazil.

MATERIAL AND METHODS
Epidemiological research
During October 2006, four cases of acute hepatitis A (three children and one
adult) were reported to the Brazilian Reference Center for Viral Hepatitis (BRCVH) and
detailed demographic and risk factor information for hepatitis A infection were
obtained. The only common risk factor among these cases was attendance to a day care
center located in Rio de Janeiro City, Brazil. Therefore, an investigation of this possible

hepatitis A outbreak was conducted. Hepatitis A case was defined by a positive
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serologic test for IgM anti-HAV antibodies. All individuals, including children,
household contacts and staff that gave formed consent was included in this study.
Demographic and risk factors information were collected by an epidemiological
questionnaire. Risk factors for HAV infection was defined as having school or
household contact with cases; absence of sewage system at home and consumption of
non-treated water. Permission for sample collection and HAV tests was obtained from
the Ethics Committee of the Oswaldo Cruz Foundation (CONEP-Fiocruz, resolution #

7071)

Samples collection and processing

Matched blood and saliva samples were obtained from 124 individuals. Blood
was collected by veninpuncture into sterile tubes and serum was separated by
centrifugation and stored at —20°C. Saliva samples were collected using OraSure
collection devices (Epitope Incorporated, Beaverton, OR, USA) according to the
manufacturer instructions and centrifuged at 2500xg for 15 min at room temperature.
All saliva and serum specimens were processed on same day of collection and stored at
—20°C until analysis.

Additionally, water samples were collected to investigate this role on HAV
dissemination at the outbreak. Ten different sources of water, including water-
reservoirs, taps and drinking fountains, were collected at day care center. After water
collection, tap water was dechlorinated by sodium thiosulfate with a final concentration
of 50mg/L. A total of 500mL of each sample was processed as previously described
[Villar et al., 2006b] to concentrate the virus and a final volume of 800 uL of

suspension was obtained.
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Anti-HAYV Detection in serum and saliva samples
IgM and total anti-HAV enzyme immunoassays were performed on serum samples
(n=124) by using a Biokit (Biokit, S.A. Barcelona, Espanha) according to the
manufacturer’s instructions. For saliva samples (n=124), undiluted samples (100uL and
15 pL for IgM and total anti-HAV, respectively) were tested in a modified ELISA
(Biokit, S.A. Barcelona, Spanish). Sensitivity of modified total and IgM anti-HAV EIAs

were 98% and 96% [Amado et al., 2008].

Detection and quantification of HAYV in serum, saliva and water samples.

Viral RNA was extracted from 140uL of serum, saliva and water samples by
using the QIAmp viral RNA kit (Qiagen, Courtaboeuf, France) according to the
manufacturer’s instructions. Elution of RNA from Qiamp spin column was done with
60uL of RNAse/DNAse free water and stored at -80°C until use.

A 247-bp fragment encompassing the VPI-2A junction of HAV genome was
amplified by nested reverse-transcription polymerase chain reaction (PCR) using
previously described primers and conditions [de Paula et al., 2003b]. RT-PCR was
performed with 10uL of extracted RNA using Superscript II H™ reverse transcriptase
(Invitrogen) and random hexamers primers according to the manufacturer’s instructions.
For saliva samples, cDNA and Taq Polymerase volume was increased in two fold in
relation to serum samples to increase sensitivity [Amado et al., 2008] .

HAV RNA was quantified from 5pL. of cDNA using TagMan® real-time PCR
assay in Applied Biosystems 7500 System (Applied Biosystems, Foster City, California,
USA). A recombinant clone of the conserved 5° noncoding region (NCR) of HAV
(strain HAF-203) [Gaspar et al., 1993] was used as standard curve points and specific

primers for 5° NCR of HAV and a single-labelled 5° FAM probe were used as
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previously described [De Paula et al., 2007]. The lowest quantification limit of this
assay on serum, saliva and water samples were 14 copies /ml, 140 copies/ml and 60
copies/ml, respectively [Amado et al., 2008; De Paula et al., 2007; Villar et al., 2006a]
Particular care was taken in order to prevent cross-contamination of samples during
molecular assays. The tests were conducted in separated rooms and in every PCR run,
three negative samples were included to control for contamination of the reverse

transcription, first and second round PCR.

HAY genetic analysis

HAV RNA positive samples were genotyped by direct sequencing of the
purified second PCR products using internal primers and ABI PRISM BigDye
Terminator Cycle Sequencing Kit (Applied BioSystems, Foster City, CA) in a Gene
Amp PCR System 9700 sequencer apparatus (Perkin Elmer, France) [Otto et al., 2008].
A 168 bp sequences of VP1/2A were used to construct a neighbor-joining tree based on
Kimura-2 parameter distances in the program MEGA [Kumar et al., 2001]. The HAV
genotype was determined by including reference sequences from Genbank including
genotypes strains TA: HAS-15 (X15464, USA); IB: HM-175 (M14707, Australia) and
HAF-203 (AF26896, Brazil); IIA: (L07729, Sierra Leone), 1IB: CF-53 (L07693,
France) and IITIA: GA76 (L07668, USA). Thirteen HAV strains isolated from different
Brazilian states and South American counties available from GenBank were also
included in this analysis. GenBank accession numbers for the VP1/2A nucleotide
sequences reported here are HM357765 to HM357788.

Mixed HAYV infection in patients with two subgenotypes was investigated by
cloning HAV PCR products (247pb) into pCR4.1-TOPO vector (TOPO TA cloning kit,

Invitrogen, San Diego, CA), according to the manufacturer’s instructions. After
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transformation and growth of Escherichia coli cells, recombinant plasmids were
purified by using the QIAprep spin miniprep kit (QIAGEN, Hilden, Germany), and both
strands of the insert DNA were sequenced using forward and reverse M13 primers

(TOPO TA cloning kit, Invitrogen, San Diego, CA) [de Paula et al., 2003a].

Data analysis
Epidemiological data of the patients were included in a logistic regression analysis to
identify independent factors associated with detection of IgM anti-HAV in serum and
saliva samples after adjustment for confounding variables. To assess continuous
variables, Student’s t-test or Mann-Whitney test were used as appropriate. A two-tailed
p<0.05 was considered to be statistically significant. Analyses were conducted using the
Statistical Package for the Social Sciences (SPSS for windows, release 8.0; SPSS Inc.,

Chicago, IL).

RESULTS
Epidemiology

Sixty-five children aged 1-4 years (3.1 0.7 years), 21 staff members (teachers
and cookers) aged 22-57 years (37.1+ 10.7 years) and 38 household contacts aged 1-11
years (5.7 + 2.7 years) were enrolled in this study.

Most of studied population (61%) presented low socioeconomic status. Although
most of subjects related to have access to sewage disposal (94%), 46% of them reported
to live nearby open sewage, and among them 11% had direct contact with this sewage
water. At least 31% reported previous contact with hepatitis A case. Twenty seven
percent reported to consume non-treated water. However, epidemiological data showed

that none of risk factors were related to hepatitis A infection (p>0.05).
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Hepatitis A cases were confirmed among 52 (42%) individuals that tested
positive for [gM anti-HAV in serum sample and in 51 (41%) subjects by saliva samples.
Among then 64% were asymptomatic. The frequency of acute infection was higher in
children up to 3 years than household contacts (8/52) and staff members (1/52) showing
significant association (y° = 52.2; p=0.002). Total anti-HAV was detected in 77%
(96/124) of saliva and in 78% (97/124) of serum samples, among them 47% (46/97) had
past infection. Still remained susceptible for hepatitis A infection, 21% (26/124) of the

subjects (Table I).

Detection of HAV-RNA in serum and saliva samples

HAV RNA was investigated in serum and saliva samples from acute hepatitis A
patients (IgM anti-HAV positive, n=52) and from susceptible patients (IgM and total
anti-HAV negative, n=26). HAV RNA was detected by nested PCR, in 38% (20/52) of
the serum samples and in 49% (25/51) of the saliva samples from acute hepatitis A
cases. Among patients IgM and total anti-HAV negative, HAV RNA was detected in
three sera and in four saliva samples. Overall, HAV was detected by nested PCR n
37.7% (29/77) of the saliva samples and in 29% (23/78) of the serum samples. HAV
RNA detection was higher within children (25/54) when compared to household
contacts (5/22) and staff members (0/2). Real time PCR successfully detected HAV in
48.7% (38/78) serum and in 58.9% (46/78) of saliva samples. Among them, 3 serum
and 15 saliva samples were from IgM/total anti-HAV negative subjects. HAV viral load
in saliva samples ranged from 1.0x10” to 1.4x10* (mean of 1.7 + 3.24x10° copies/ml),
which was similar to serum viral load, that ranged from 1.2x10% to 3.2x10* copies/ml

(mean of 2.8 + 6.46x10° copies/ml). Of the water samples collected, HAV-RNA was
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detected in one sample (1/10) from a drinking fountain used exclusively by children of

the day care center.

Genetic analysis of HAYV isolates

Sequence information was obtained from HAV RNA isolates of 23 sera and 26
saliva samples (three saliva samples were untypeable by sequencing). All isolates
belonged to genotype 1. Of these, 16 isolates from serum were assigned to genotype IA
and 7 to genotype IB. Among sequences isolated from saliva, 9 belonged to genotype
IA while 17 to genotype IB. As seen in figure 1, the majority of the strains of this
outbreak that share the same subgenotype are clustered together. After pair wise
comparison, HAV isolates of genotypes IA showed slightly higher identity (93.6-100%;
mean 96.8%) than isolates of genotype IB (90.5-100%; mean 95.4%). The virus
genotype in the salivary specimens was the same as that found in the paired serum
specimens of six patients: IA and IB. The remaining six patients had differing
subgenotypes in their paired serum and saliva specimens. This unusual pattern of mixed
HAV population in those patients was further investigated by molecular cloning
followed by nucleotide sequencing.

HAV sequence isolated from drinking fountain clustered into subgenotype IB
and showed 97.5 to 99.3% of identity with saliva sequences of subgenotype IB, isolated

from children of the day care center.

Phylogenetic analysis of the HAV isolates
The HAV sequences isolated from this study were compared with ten isolates
from other regions of Brazil and three other South American counties whose sequences

were determined previously [de Paula et al., 2004], in order to gain insight into the
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degree of genetic heterogeneity of this outbreak. Within subgenotype IA, most of the
sequences from this work were 96.3-100% homologous with other previous isolates
from sporadic cases of Brazilian states (MG, GO, BA and PA). Among subgenotype IB,
the isolates from this study were 98.1-100% homologous with sequences previously
isolated in outbreaks at Rio de Janeiro, clustering on the same branch of the three. When
compared to Uruguay, Argentine and Chile HAV isolates it appears in a different sub-

cluster from isolates IA of this study (Fig.1).

Mixed infection with subgenotypes IA and IB of HAV

Nested PCR and nucleotide sequencing of samples from mixed infected patients
were repeated to evaluate contamination and to confirm the results obtained. However it
was still observed the presence of both subgenotypes at these specimens. In order to
investigate this mixed infection of patients with different subgenotypes in their paired
serum and saliva specimens, it was undertaken a molecular cloning of these PCR
products of four patients (se07 and sa07; sa22 and se22; sa29 and se29; sa37 and se37),
followed by multiple sequencing on different clones. Clones from two patients (32 and
38) were untypeable by sequencing. A total of 32 clones were selected at random for
further characterization by nucleotide sequencing. Table III, shows that all clones
derived from saliva samples (n=14) belonged to subgenotype IB and at nucleotide level,
showed a great identity within them. However all clones derived from their
corresponding paired serum (n=19) belonged to subgenotype IA and showed a discrete

heterogeneity within them.
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DISCUSSION

Epidemiologic investigations of hepatitis A outbreaks have traditionally focused
on demographic and risk factors information and more recently also based on molecular
characterization of HAV from serum samples. This report describes a molecular
epidemiology study of a hepatitis A outbreak by identification and characterization of
HAV genome from saliva specimens. Child care center have been described as an
important source for HAV transmission [Morais et al., 2006; Venczel et al., 2001], as
the spread of HAV depends primarily on poor hygiene conditions (e.g. close contacts
between toddlers, who still are in diapers, and young children). In accordance with
previous studies, the high frequency of children under 5 years of age in a center is a
significant risk factor (p<0.05) for occurrence of the hepatitis A outbreak [Morais et al.,
2006; Robertson et al., 2000; Smith et al., 1997]. In this present study, direct contact
with previous hepatitis A cases was not observed as a significant risk factor for HAV,
most likely due the subclinical nature of the disease among children, as 64% of the
cases were asymptomatic. Together with other studies, children with asymptomatic
infection showed to be an important source of hepatitis A disease for household contacts
with no recognized risk factors during the day care center outbreak [Nainan et al., 2005;
Staes et al., 2000].

The association of water consumption and hepatitis A dissemination was
investigated and HAV was detected at a sample from drinking water fountain. However
it was not detected in samples from water-reservoirs that supply this drinking fountain.
Pairwise comparison revealed that HAV isolated from the drinking water had a great
identity (97.5-99.3%) with HAV isolated from the saliva of children linked to the
outbreak. Although we are unable to prove, these findings suggest that the drinking

fountain could be contaminated by child’s hands or saliva containing HAV. This
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epidemiological analysis indicates that the drinking fountain might be a vehicle of HAV
transmission (potential reservoir), excluding the water contamination as a source of
HAYV infection. The epidemiological investigation was not able to reveal statistically
significant risk factor or common sources of HAV, most likely due the subclinical
nature of the disease at outbreak and homogeneity of demographic data of studied
population.

In this study the subgenotype IA was the most prevalent, which is in accordance
with previous studies conducted in American continent [Costa-Mattioli et al., 2001;
Diaz et al., 2001; Mbayed et al., 2002; Robertson et al., 1992]. The predominance of
HAV subgenotype IA circulating in South America, has suggesting an endemically
circulation of this subgenotype in these countries [Costa-Mattioli et al., 2001]. In
agreement with previous studies conducted at Rio de Janeiro State [de Paula et al.,
2002; de Paula et al., 2003a; Devalle et al., 2003] we also found co-circulation of
subgenotypes IA and IB in the day care center outbreak. Many isolates from this study
were closely related genetically (or even identical) (96.3-100% of identity) to isolates
originating in previous studies in Brazil (Fig I). These findings suggest an endemic
pattern of HAV Brazilian strains circulation during outbreaks.

The comparison of HAV genotypes between paired serum and saliva specimens
identified six patients whose virus genotype in the salivary specimens was the same as
that found in the paired serum specimens, and the remaining six patients had differing
subgenotypes in their paired serum and saliva specimens. These patients may have a
mixed infection, with a different predominant subgenotype in the two body fluids and
when sequencing was undertaken, only the predominant sequence may prevail, or

alternatively, an indeterminate sequence emerges as the mixed sequences from the
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different virus appear together, which might explain the high numbers of isolates that
could not be genotyped [Roy et al., 1998].

Two conditions seems to be necessary for this phenomenon; the co-circulation
of different subgenotypes in this outbreak, and the contact, in a short period of time, of a
susceptible subjects with at least two sources of infection. Although mixed infection is
uncommon, it was also reported by de Paula et al., (2003b) in a patient exposed of a
hepatitis A outbreak at a child care center, indicating that multiple exposures of HAV
seems to be inevitable within this patient group at a day care center outbreak.

The molecular cloning conducted to investigate the mixed infection showed that
the distribution of genotypes in saliva was different from serum, since all clones from
saliva were classified as IB and in serum as IA. Coexisting virus subpopulations at
different sites have been extensively documented for HIV type I [Papathanasopoulos et
al., 2003; Shapshak et al., 1999] and HCV [Chen et al., 2003; Laskus et al., 2000],
suggesting that it may allow the virus to adapt rapidly to changes in the landscape
topology [Cristina and Costa-Mattioli, 2007]. Sanchez et al. (2003) reported that the
presence of different HAV strains at the involved sites may be related with generation
of a mutant spectrum in the course of each HAV replication, likely due to different
selective pressures.

In the other way, this unexpected discrepancy between saliva and serum
provided some interesting data which question the understanding of the source of
salivary HAV RNA. This study showed that HAV is more frequently present in the
saliva of acutely infected patients (37.7%) than in serum (29%). The results of this study
suggest that probably, in addition to transudation of fluid containing HAV from the
general circulation into saliva through gengivo-crevicular fluid, there may be other

sources of HAV in saliva, possibly including active replication at the site of salivary

John Wiley & Sons 14

Page 14 of 22



Page 15 of 22

©CoO~NOUTA,WNPE

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

Journal of Medical Virology

secretion in some individuals, as has been suggested for hepatitis C virus infections
[Arrieta et al., 2001; Roy et al., 1998; Takamatsu et al., 1992]. We have recently
reported that HAV negative-strand RNA (intermediate replicative) can be detected in
salivary gland of non-human primates experimentally infected with HAV,
demonstrating an active HAV replication at this site [Amado et al., 2010]. This would
perhaps explain the discrepant subgenotypes between paired serum and saliva
specimens, but further studies are needed to determine whether HAV RNA positive
saliva can actually transmit infection.

In conclusion, we demonstrated the saliva reliability for molecular epidemiology
purposes during an outbreak and that it is more appropriate specimen for HAV detection
during outbreak. The occurrence of co-infections with different subgenotypes was
confirmed in this HAV outbreak. However, further studies are necessary to investigate
the biological and clinical meaning of the uneven distribution of HAV subgenotypes

observed in paired serum and saliva specimens of the mixed infected patients.
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Table I: Demographic characteristics and HAV status of the studied population

Page 20 of 22

Characteristic Day Care Staff Household Total
Children Members contacts
(n=65) (n=21) (n=40) (n=126)
Gender
Male 31 (48%) 2 (9.5%) 23 (58%) 56 (44%)
Female 34 (52%) 19 (90.5%) 17 (42%) 70 (55%)
Age distribution
0-5 65 (100%) 0 18 (45%) 83 (66%)
6-10 0 0 21 (53%) 21 (17%)
11-15 0 0 1 (3%) 1 (0.8%)
16-20 0 0 0 0
21-30 0 7 (33%) 0 7 (6%)
31-40 0 6 (29%) 0 6 (5%)
>40 0 9 (43%) 0 9 (7%)
Hepatitis A status*
acute 43 (66%) 1 (5%) 8 (20%) 52 (41%)
susceptible 11 (17%) 1 (5%) 14 (35%) 26 (21%)
immune 22 (34%) 19 (90%) 16 (40%) 57 (45%)
HAV-RNA positive 20 (31%) 0 5 (13%) 25 (20%)
Risk factors
Close contact with HAV cases 16 (25%) 17 (81%) 6 (15%) 39 (31%)
Sewage disposal 62 (95%) 21 (100%) 36 (90%) 119 (94%)
Contact with sewage water 6 (9%) 0 (0%) 8 (20%) 14 (11%)
Consumption of non-treaed 22 (34%) 3 (14%) 9 (22%) 34 (27%)

water

*Hepatitis A status: Acute= IgM and total anti-HAV positive; susceptible= IgM and
total anti-HAV negative; Immune= Total anti-HAV positive

John Wiley & Sons
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Table II: Homology among clones generated from HAYV isolates in paired serum and

saliva samples of co-infected patients.

Serum Saliva
. Amplicons* Clones Amplicons* Clones
Subject

genotype homology (n) genotype homology (n)
07 1A 97.5-100% (5) 1B 100% (3)
22 IA 99.4-100% (8) IB 100% (2)
29 1A 90.5-95.2% (3) 1B 96.5-99.1% (5)
37 IA 92.3-95.2% (3) IB 100% (4)

*The genotyping was based on PCR amplicons of 168 bp of VPI/2a region of HAV

genome

John Wiley & Sons
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Figure I: Phylogenetic tree of 68 HAV isolates, constructed with the neighbor-joining method, and
based on 168 nucleotides (positions 3024+3191). Roman numerals designate the respective
genotype groupings, whereas A and B designate subgenotypes. Bootstrap percentages were

calculated from 2000 replicates and the numbers higher than 50 are shown. The horizontal bar at

the top represents an evolutionary distance of 0.05. The following symbols indicate the type of
clinical specimen of the HAV isolate in this work: serum (1), saliva (A) and the identical sequences

with 100% of homology (*). Gray square indicates saliva samples of the patients mixed infected
with subgenotypes IA and IB. References sequences from GenBank included subgenotypes IA: HAS-

15 (X15464, USA), IB: HM-175 (M14707, Australia) and HAF-203 (AF26896, Brazil), IIA: (L07729,

Sierra Leone), IIB: CF-53 (L07693, France) and IIIA: GA76 (L07668, USA). The sequences from

Brazilian states: RJ (Rio de Janeiro) (AY322851) (AY322850) (AF410381) (AF410387) (AF538727),

MG-350 (Minas Gerais) (AY323002), GO-348 (Goias) (AY322994), PA-315 (Para) (AY322923), BA-
300 (Bahia) (AY322898), PR-221 (Parand) (AY323046) and from Uruguay (AJ306387), Chile
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(AJ306383) and Argentine (AJ306374) has been reported by De Paula et al., 2004.
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Summary

This work studied the replication sites of hepatitis A virus (HAV) in cynomolgus
monkeys (Macaca fascicularis) after intravenous inoculation. The cynomolgus mon-
keys were inoculated with the Brazilian hepatitis A virus strain (HAF-203). Monkeys
were euthanized on days 15, 30, 45 and 60 postinoculation (pi). Liver samples, sub-
mandibular salivary gland, mesenteric lymph node and tonsils were removed for
virological and pathological evaluation. Immunofluorescence analyses on liver and
salivary gland sections using confocal laser scanning microscopy revealed the pres-
ence of HAV antigen (HAV Ag). The presence of HAV genome was monitored by
real-time PCR. The HAV RNA was detected at 7 days postinoculation (dpi), con-
comitantly in serum, saliva and faeces. The highest HAV viral load was observed in
faeces at 15 dpi (10° copies/ml), followed by serum viral load of 10* copies/ml at
20 dpi and saliva viral load of 10 copies/ml at 7 dpi. The animals showed first
histological and biochemical signs of hepatitis at 15 dpi. The HAV antigen (Ag) was
present from day 7 until day 60 pi in the liver and salivary glands. The HAV replica-
tive intermediate was also detected in the liver (4.5 x 10* copies/mg), salivary glands
(1.9 x 10° copies/mg), tonsils (4.2 x 10" copies/mg) and lymph nodes (3.4 x 10!
copies/mg). Our data demonstrated that the salivary gland as an extrahepatic site of
early HAV replication could create a potential risk of saliva transmitted infection. In
addition, the cynomolgus monkey was confirmed as a suitable model to study the

pathogenesis of HAV human infection.

Keywords
cynomolgus, extrahepatic site, Hepatitis A, intermediate replicative, saliva and

pathogenesis
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Hepatitis A is one of the most reported infectious diseases
and is a public health problem worldwide (Martin & Lemon
2006). Hepatitis A virus (HAV) is mainly transmitted
through the faecal-oral route, by person-to-person contact
and/or contaminated food and drinking water (Hadler et al.
1980). HAV causes a self-limited infection in the liver (Vi-
tral et al. 2006) that occurs in both sporadic and epidemic
cases. The exact pathogenesis of HAV remains undefined.
However, it is generally accepted that after entry via the gas-
trointestinal tract, the virus reaches the liver, replicates into
hepatocytes and is then transported via bile to the intestines
(Asher et al. 1995).

Like other members of the Picornavirus family, HAV rep-
lication is via a complementary minus-strand RNA (interme-
diate replicative). The copies of picornavirus minus-strands
are 100-fold fewer than that of plus-strands in infected cells,
suggesting that each minus-strand may serve as a template
for the synthesis of many plus-strands (Gromeier e al.
1999; de Paula ef al. 2009). The presence of HAV RNA is
not sufficient to demonstrate its replication in other tissues,
as viral RNA may be present because of contamination with
plasma and/or adherence of circulating viruses, or as a
result of immune complexes of the virus with secretory
immunoglobulin. Therefore, the presence of this replicative
intermediate is a hallmark of viral replication. Once
detected, it could open up new possibilities to the under-
standing of the liver tropism and the pathogenesis of HAV
(Jiang et al. 2004).

The replication of HAV in extrahepatic tissues is contro-
versial. There are still unsolved questions concerning its
transmission and pathogenesis (Pinto et al. 2002). In addi-
tion, HAV replication is remarkably slow in cell culture sys-
tems, showing a non-cytopathic behaviour (Lemon 1992).
Previous studies have reproduced subclinical HAV infections
in New World non-human primate species including com-
mon marmosets (Callithrix jacchus) and squirrel monkeys
(Saimiri sciureus) (Pinto et al. 2002). Their small size and
ease in manipulation give them many advantages over Old
World monkeys as laboratory animal species. Macaque
monkeys are widely used for biomedical research. Experi-
mental infection of cynomolgus monkeys with human strain
of HAV has provided a suitable model for studying HAV
pathogenesis (Shevtsova et al. 1988). However, potential
limitations of this model include poor descriptions and
imprecise results (Balayan 1992). Previous studies of natural
HAV infection in cynomolgus monkeys from the Malaysian
tropical forest have been described (Burke & Heisey 1984;
Belova et al. 1991; Nainan et al. 1991).

In this report, we demonstrate that intravenous infection
of cynomolgus monkeys with HAV revealed an extrahepatic

replication site, which could be useful for studies regarding
the transmission and pathogenesis of this disease.

Materials and methods

Animals

Five clinically healthy young male adult (weighing 3-5 kg)
cynomolgus monkeys from the Primatology Department of
the Center for Laboratory Animal Breeding of the Fundacdo
Oswaldo Cruz, Rio de Janeiro, R], Brazil, were used and
confirmed to be seronegative for HAV. This colony of cyno-
molgus monkeys originated in 1988 with animals from the
Philippines. The monkeys first went to the Hazleton Primate
Center in Reston, Virginia, USA and after quarantine, they
were shipped to Brazil. Since its establishment, the colony
has been kept closed to the introduction of new animals. All
animals have health certificates, which guarantee the absence
of infectious diseases. A serological survey confirmed that
they were free of simian immunodeficiency virus (SIV) and
simian type D retrovirus (SRV/D).

During the study and quarantine periods, the monkeys
were housed individually in stainless-steel squeeze-back
cages in a climate-controlled room (temperature 21 = 1 °C
and relative humidity 55 = 5%) with a 12 h light/dark
cycle.

The experimental protocol was reviewed and approved by
the Fiocruz Ethics Commission for the Use of Animals
(CEUA-Fiocruz, resolution #P0064-00). This study was per-
formed in 2007.

Inoculum

The strain (HAF-203 accession: GenBank AF268396) of
HAV was isolated from stool of a Brazilian child with spo-
radic hepatitis A infection (Gaspar ef al. 1992). The stool
samples were diluted 1% (w/v) in PBS (10 nM sodium
phosphate, 0.15 M NaCl) with penicillin (100 TU/ml) and
streptomycin (100 mg/ml), clarified by low-speed centrifuga-
tion and filtered through a 0.45 pm membrane. HAV was
titred by an enzyme-linked immunosorbent assay (ELISA)
(1:320) (Gaspar et al. 1992) and by real-time PCR (titer of
3 x 10° copies/ml). Four animals were inoculated intrave-
nously with 0.5 ml of this faecal suspension, whereas one
animal was maintained as uninfected control.

Experimental design

Preinoculation serum, saliva and liver samples

establish

were

collected to individual baseline values for

© 2009 The Authors

Journal compilation © 2009 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 91, 87-97



biochemical, virological and immunological parameters.
Clinical observation and rectal temperature were checked
every day. Faeces were collected daily from the 7th to the
60th dpi. On days 7, 15, 20, 30, 45 and 60 pi, the
animals were anaesthetized with 10-20 mg/kg ketamine
hydrochloride Brazil) to
saliva and blood samples.

The monkeys were sacrificed by total exsanguination
under deep anaesthesia on days 15 (cy1), 30 (cy2), 45 (cy3)
and 60 (cy4 and cy$5) pi. After necropsy, samples of the
liver, submandibular salivary gland, mesenteric lymph node

(Vetanarcol™, Konig, collect

and tonsils were excised for histological and virological
studies. Control specimens were obtained from the seronega-
tive control animal (cy3).

Samples collection

Total blood samples were collected by venipuncture into
sterile tubes, after which serum was obtained by centrifuga-
tion and stored at —20 °C. Saliva samples were collected
using OraSure® collection devices (Epitope Incorporated,
Beaverton, OR, USA) according to the manufacturer’s
instructions. The samples were later recovered by centrifuga-
tion at 2500 g for 15 min at 10 °C and then stored at
—20 °C until analysis.

Serum aminotransferases

Serum from the monkeys was assessed for alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
levels by a manual colorimetric procedure using a commer-
cially available kit (Abbott, North Chicago, IL, USA). ALT
and AST baseline levels were obtained from preinoculation
and control group blood samples.

HAYV antibodies

Serum was analysed by ELISA using a commercial kit (Bio-
elisa HAV 96T Kit, Biokit, S.A., Barcelona, Spain) to detect
IgM and total anti-HAV antibodies.

Haematological analyses

Blood samples for haematocrit and total white blood cells
were collected using Capiject® dipotassium-EDTA capillary
blood collection tubes and analysed by a fully automated
veterinary haematology analyzer ABX ABC Vet (Horiba
ABX, Montpellier, France). For the leucocytes, a series of
blood films were prepared and treated for May-Griinwald-
Giemsa staining.
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Histopathological and immunofluorescence examination

Samples of the liver, salivary gland, mesenteric lymph node
and tonsils were fixed in 10% neutral formalin. Paraffin sec-
tions, 4 um thick were stained with haematoxylin and eosin
(H&E). The excised liver and salivary gland tissues were
immediately put in liquid nitrogen and stored at —70 °C
until assayed for HAV Ag by immunofluorescence using a
mouse anti-HAV IgG1 monoclonal antibody (against HAV
conformational epitope) as primary antibody (0.1 mg/ml)
diluted 1:20 (United States Biological, Swampscott, MA,
USA), followed by Alexa Fluor 488-labelled chicken anti-
mouse IgG (2 mg/ml) diluted 1:300 (Molecular Probe,
Eugene, OR, USA) as secondary antibody. Slides were
counterstained with Evans Blue, coverslip with Slow Fade®
in glycerol with DAPI stain (Molecular Probe) and the
images of positive fields were obtained by confocal micro-
scopy LSM Zeiss 510 Meta (Carl Zeiss, Oberkochen,
Germany). In addition, to check the specificity of the stain-
ing in infected tissues, the primary antibody was replaced
with a negative isotype control of mouse immunoglobulin
IgG1 (0.5 mg/ml) diluted 1:20 (Chemicon, Melbourne,
Australia). Non-infected tissue sections were also stained
with the primary antibody (mouse anti-HAV IgG1 mono-
clonal antibody).

Real-time PCR

Viral RNA was extracted from 140 ul of serum, saliva and
faecal suspension (10% w/v in PBS) samples and 60 ul of
RNA was eluted using the commercial assay QIAamp viral
RNA (Qiagen, Valencia, CA, USA). Total RNA was isolated
from 0.03 g of tissue samples of the liver, salivary gland,
tonsils and mesenteric lymph node, by a commercial rapid
shell-vial-assay (Promega, Madison, WI, USA) and then
eluted in 100 pl of RNase-free water. The cDNA was pre-
pared at 42 °C over a course of 60 min using 10 pl of RNA,
RNAsin (IU/ul), random primers (20 pmol/ul) (Invitrogen),
dNTP (1.25 mM) (Invitrogen) and the Superscript III trans-
criptase (IU/pl) (Invitrogen). HAV RNA was quantified with
the TagMan® real-time PCR assay using an Applied Bio-
systems 7500 Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA).

To quantify HAV RNA, a standard curve of a recombi-
nant clone of the 5’ non-coding (NC) region of the HAV
(strain HAF-203) was used. The clone was quantified using
a GeneQuant Spectrophotometer (Amersham Biosciences,
Piscataway, NJ, USA) (de Paula et al. 2007). The recombi-
nant clone was submitted to 10-log serial dilution to gener-
ate the standard curve points. The standard curve is linear
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over the range from 1.4 x 10! to 1.4 x 10® copies/ml, with
a slope of —3.39 (correlation coefficient R*=0.998). The
detection limit of the assay is 14 copies of viral RNA per
reaction. Specific primers for HAV 5" NC and a single-
labelled 5" FAM probe were designed based on the sequence
of the cloned HAV, using Primer Express software, version
2.0 (Applied Biosystems), forward primer numbering as
wild-type (M14707) 86-109 5-CTGCAGGTTCAGGG-
TTCTTAAATC-3’, reverse primers 219-240 5’-GAGA-
CCCTGGAAGAAAGAAGA-3" and HAV probe 198-218
(FAM-5-ACTCATTTTTCACGCTTTCTG-3).

To confirm HAV detection and its genotype, after reverse
transcription, the VP1/2A junction region of the HAV gen-
ome was amplified using nested PCR as described by de
Paula et al. (2003). Amplicons of the expected size (247 bp)
were purified using QIAquick PCR Purification kit (Qiagen
GmbH, Hilden, Germany) and sequenced directly using Big
Dye® Terminator 3.1 Cycle Sequencing Kit on Gene Amp
PCR System 9700 sequencer apparatus. Sequencing products
were analysed on an ALFexpress automated sequencer
(ABI-3730) (Amershan Biosciences, Sunnyvale, CA, USA).
Noucleotide sequences were compared with other sequences
deposited in the GenBank.

Detection of HAV negative-strand RNA

To analyse HAV replication levels in tissue samples, the neg-
ative-strand HAV RNA was detected and quantified by
rTth-based
polymerase chain reaction (RT-PCR) (Applied Biosystems).

strand-specific real-time reverse-transcription
With a thermostable enzyme rTth, false priming of the
incorrect strand was avoided by conducting cDNA synthesis
at 70 °C. Strand specificity requires that no RT activity
remain after cDNA synthesis when both primers are added
for PCR amplification (de Paula et al. 2009).

Negative-strand RNA from tissue samples was amplified
in 5° NC region. The cDNA was generated in 50 pl of a
reaction mixture containing 10 pmol/pl of sense primer for
5" NC region (5-ACCAATATATCGCGCTGCTGTTAC-3%;
nucleotide position 452-477), 1 x RT buffer, 2 pl of
MnCl,, 10 mM of each deoxynucleoside triphosphate, and
2.5 U of rTth. Reverse transcription of the negative strand
was performed at 60 °C for 1 h, followed by 10 min at
95 °C.

To quantify negative strands, a standard curve for real-
time PCR was developed. After identity confirmation of the
5" NC region by nucleotide sequencing, these amplicons
were cloned into a TOPO cloning vector (Invitrogen) and a
plasmid from a recombinant clone was used for establishing
standard curve points for negative strands. The recombinant

plasmid was quantified using a GeneQuant Spectrophotome-
ter (Amersham Biosciences). Standard curves were generated
using 10'-10” copies. All PCR reactions were carried out
using the 7500 real-time PCR system (Applied Biosystems)
and the primers and probes were identified using the Primer
Express program (TagMan gene expression assay). For each
PCR run, a master mix was prepared on ice with 1 X Taq-
Man Universal PCR Master Mix (Applied Biosystems) and
1.25 pl of assay (300 nM of sense: 5-ACCAATATA-
TCGCGCTGCTGTTAC-3" and reverse primers: 5-CGGG-
TGAAACCTTAGCTAATAC-3" and 150 nM of probe:
FAM-5'CCTATCCAAGGTCTCT-3’) (Gentec, Applied Bio-
systems Assay). Five microlitres of ¢cDNA and standard
curve points (recombinant plasmid, specific for 5 NC region
negative-strand of HAV) were added to 20 pl of the PCR
master mix. The thermal cycling conditions were an initial
step at 50 °C for 2 min and 95 °C for 10 min, followed by
40 cycles at 95 °C for 15 s and at 60 °C for 1 min.

The sensitivity and strand specificity of this reaction were
established using synthetic RNAs as templates for the HAV
5" NC region. The sensitivity of this negative-strand assay
was 20 copies/pl. Self-priming or endogenous priming was
ruled out by the lack of any amplification products follow-
ing RT-PCR and without primers in the RT mixture. All
assays were carried out in duplicate and the mean values
were obtained by direct real-time PCR.

Statistical analysis

Data are expressed as mean = standard deviation (SD).
Statistical analysis for continuous variables was performed
using non-parametric (Kruskal-Wallis H test) statistics to
compare medians and the Pearson’s correlation coefficient
(r) (or Spearman’s rho coefficient of rank correlation)
for correlation analysis of viral load logarithmic data
(log viral load). All P-values were two-tailed and P < 0.05
was considered statistically significant.
were undertaken using GraphPad InStat 1998, version
3.01 for Windows 95 (GraphPad Software, San Diego,
CA, USA).

All calculations

Results

Clinical signs, liver enzymes and serum anti-HAV
responses

None of the five animals displayed clinical signs of viral
hepatitis. Biochemical and viral profiles from each animal
are summarized in Figure 1. The average data of liver
enzymes are described in Table 1.
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Figure 1 Course of hepatitis A infection in cynomolgus monkeys after inoculation with hepatitis A virus (HAV). During the time-
course, serum, saliva and faeces were assayed for HAV RNA (+ or —). Serum samples obtained during follow-up were analysed for
alanine aminotransferase level and anti-HAV antibodies (*). Cut-off for normal ALT was 22.5 IU/l. *Total and IgM anti-HAV are

shown in DO/cutoff values.

This study indicates that in the preinoculation sera, no
IgM or total anti-HAV antibodies were detectable. The
animal (cy1) euthanized at 15 dpi did not produce IgM anti-
HAV antibodies. Its seroconversion was considered, just by
the elevation of serum total anti-HAV titres, which occurred
at the first week pi without elevation of ALT (Figure 1a).
The cy2 (euthanized day 30) showed a delayed elevation of
IgM and total anti-HAV levels, with the highest peak at
30 dpi, with slight ALT elevation (Figure 1b). Monkeys cy3
and cy4 (euthanized day 45 and 60 respectively) showed
increasing titres of IgM anti-HAV, reaching the highest titres
on 20 days pi (Figure 1c, d) associated with ALT peaks and
the presence of liver lesions characterized by infiltration of
mononuclear inflammatory cells. Detection of total anti-
HAV antibodies increased after the first week (Figure 1c, d).
Neither IgM nor total anti-HAV antibodies were detected in
the control animal (cy5). Peak ALT levels were recorded on
day 20 postinoculation. However, the average AST level was
inconclusive (Table 1).

© 2009 The Authors

Virus load from faeces, serum and saliva

The earliest HAV sequences were detected in faeces on the
first day of collection (7 dpi) in all inoculated animals. After
this period, virus was observed in saliva and serum intermit-
tently. Only one monkey (cy2) showed viral shedding in
faeces, serum and saliva for the full follow-up (30 dpi).

The highest HAV-RNA titre was observed in faeces from
cy3 and cy4, between 15 and 20 dpi (10* and 10° copies/ml
respectively). Both showed a decrease in faeces viral load after
20 dpi dropping to 10* copies/ml at the end of the follow-up
period (Figure 2c, d). A similar decreasing pattern of viral
load was seen in their sera (10°=10% copies/ml). In the animal
¢y2, a constant faecal and serum viral load (10* copies/ml)
was maintained during the whole period studied (Figure 2b).
The unique apparent viral clearance of peripheral blood
occurred in cy3 (45 dpi). Two animals, ¢yl and cy4, showed
measurable salivary viral load in the first week pi (Figure 2a,
d). However, in other animals (cy2 and cy3), the HAV RNA
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Table 1 Biochemical and haematological characteristics during the course of hepatitis A infection in cynomolgus monkeys

Days postinoculation

Characteristics* 0 7 15 20 30 45 60 P-value

ALT (IU/1) 37.7 5.2 29.2 = 3.7 27.7 £ 6.8 90.0 = 65.6 33.0 = 3.0 22.5 £ 0.7 22 +0.0 0.0198"

AST (IU/1) 96.0 = 2.4 56.0 +6.2 56.0 = 12.9 72.6 = 27.1 54.0 = 16.5 61.5 = 3.5 75.0 = 0.0 0.0432F

Leucocyte 1,1025.0 = 3664 1,4475 = 1960 1,3500 = 3349 9233 = 115.5 9500 = 1473 9200 = 1272 7900 = 0.0 0.0346"
(cel/mm?®)

Neutrophil 6871 = 4155 6116 + 4245 7738 = 3551 3592 + 1264 3358 = 896 3292 = 1486 2291 = 0.0 0.3410
(cel/mm?)

Band cell 0«0 289 + 327 846.5 = 872 146.4 = 4 436.6 = 386 175 + 104.6 0+0 0.0351"
(cel/mm?)

Lymphocyte 3884 = 700.6 6130.5 = 1459 5288.2 = 535.2 5239.3 = 1120 5544 + 2137 5531 £ 394.6 5451 = 0.0 0.0646
(cel/mm?)

Eosinophil 0.0 = 0.0 1.6 = 1.1 2.5 =17 1.3 1.1 1.7 £ 0.6 0.5+0.7 1.0 = 0.0 0.2516
(cel/mm?)

Monocytes 269.25 = 85 379.00 = 326 102.5 = 150.7 277.6 = 162 438.3 = 261 206 = 56.5 79 = 0.0 0.3110
(cel/mm?)

Platelet 414.5 = 87.5 401.5 = 31.4 376.5 = 156.2 357.7 £24.5 369.7 =+ 115.6 352.5 +47.4 371 £ 0.0 0.934
(1000/mm?)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

*Values of the characteristics are the means = SD of the four infected monkeys and the control.
Difference of mean values of each day postinoculation highly significantly (P < 0.05).

was detectable in saliva samples only from the second week
pi, followed by a nearly constant viral load (10°-10° cop-
ies/ml) until death. In cy3, HAV RNA showed an intermittent
pattern of shedding in saliva, as it became undetectable on
day 30, but reappeared again on 45 dpi (Figure 2¢). HAV
RNA was undetectable in the control animal (cyS5).

Peripheral blood cell behaviour during infection

The values obtained from all inoculated animals were
depicted as the mean of absolute counts of white cells and
platelets (Table 1). The number of leucocyte counts began to
decrease at 20 dpi and had a significant decrease at 60 dpi
of the study (P =0.0346). The animals had a slightly
reduced number of neutrophils after 15 dpi. This fact was
associated with the increased number of band cells on day
15 (P = 0.0351) and recovered gradually towards baseline
by the end of the follow-up period. However, variations
among the means of lymphocytes, monocytes, eosinophils
and platelet levels were considered not significant (P > 0.05)
throughout the course of infection.

Histopathological findings and HAV antigen detection by
indirect immunofluorescence

Histopathological findings of the liver revealed (suggestive)
changes as a consequence of the HAV infection. At the

interface between portal tracts and parenchyma, there were
diffusely scattered macrophages mixed with lymphocytes
(Figure 3a).
Hepatocellular swelling started at 7 dpi, acidophilic degen-

and a few polymorphonuclear leucocytes
eration from 15 dpi and portal tract inflammatory cells
from 20 dpi. Hepatocyte regeneration was characterized by
the presence of numerous multinucleated hepatocytes at 7
and 30 dpi. Portal tracts were enlarged by moderate infil-
tration of mononuclear cells from 20 to 45 dpi (cy3, cy4).
Microvesicular steatosis of the hepatocytes was present at
the first week after HAV inoculation (cyl, cy2). A slight
focal inflammation with macrophage infiltration was first
seen on 15th dpi (cyl, cy2), followed by a moderate
inflammation from 30 dpi (cy2, cy3). At 3 weeks pi,
hepatocytes of cy2 showed diffuse ballooning with clear
cytoplasm and numerous clusters of macrophages. Severity
of liver histological lesions was totally coincident with
ALT and antibody peak values (at 20 dpi). Liver sections
from control animal, in contrast, did not show any abnor-
mality (cy5).

Hepatitis A virus antigen was detected 2 weeks after
inoculation by specific fluorescence in the cytoplasm of
hepatocytes and in Kupffer cells, which presented a fine and
granular perinuclear immunostaining and maintained this
characteristic until the end of the study (Figure 3¢). In addi-
tion, periportal distribution of HAV Ag was also detected
during the follow-up.

© 2009 The Authors
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Figure 2 Hepatitis A virus titres by real-time PCR in saliva, serum and faeces from intravenously inoculated cynomolgus monkeys.

At 60 dpi after inoculation, HAV Ag was still detected in
the liver. Any pathological changes were diagnosed on post-
mortem examination of the salivary gland. A positive signal
was observed in cytoplasm of both serous and mucous glan-
dular cells and in a diffuse pattern surrounding the interlob-
ular excretory duct (Figure 3f).

Replication dynamics of HAV in liver and extrahepatic
tissues

Specific real-time RT-PCR assay was used to quantify the
level of viral strand-specific RNA, especially of HAV
minus-stranded RNA, in salivary glands, tonsils, mesenteric
lymph nodes and liver. The highest positive-strand HAV
RNA viral load was found in the liver (8.7 x 10%
copies/mg), which was significantly higher than the viral
titres obtained from salivary glands (2.3 x 10* copies/mg)
(P < 0.001), tonsils (1.6 x 10 copies/mg) (P < 0.001) and
mesenteric lymph nodes (6.4 x 10> copies/mg) (P < 0.01).
In the HAV RNA, the

minus-strands highest viral

© 2009 The Authors

load was also in the liver (4.5 x 10* copies/mg), followed
by salivary glands (1.9 x 10° copies/mg), tonsils (4.2 x
10" copies/mg) lymph (3.4 x
10" copies/mg). There were significant differences between
individual values of minus-strands HAV RNA viral load
(Figure 4) in the liver and salivary glands (P = 0.0067).
The RNA replicative
intense in salivary glands (10° copies/mg) at the beginning
of the infection (15 dpi) than in the liver (10* copies/mg).
Thereafter, the liver active replication became higher
(10* copies/mg) than in the other tissues and remained

and mesenteric nodes

intermediate detection was more

approximately constant. The replicative intermediate of
HAV was also weakly detected in tonsils and lymph
nodes.

correlation

A very significant (r = 0.965;

P = 0.008) was observed between the salivary viral load and

positive

the level of intermediate replicative in salivary glands.
No other significant correlations were observed between
biological sample viral loads and quantitative levels of inter-
mediate replicative in the tissue samples.
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Figure 3 Optical and confocal immunofluorescence microscopy characteristics of the liver (a, b and ¢) and submandibular salivary
gland (d, e and f) from cynomolgus monkeys after inoculation with hepatitis A strain HAF-203. Panel A shows portal tract with
dense infiltrate of mononuclear inflammatory cells with moderate interface hepatitis (H&E); Panel B shows isotype (IgG1) control of
infected liver. Panel C shows specific green-fluorescence indicating viral-positive in the cytoplasm of Kupffer cells; Panel D exhibits
section of a salivary gland duct with the epithelial lining surrounded by thin connective tissue. Serous acini (head arrows) are more
plentiful than mucous acini (arrows) (H&E); Panel E shows isotype (IgG1) control of infected salivary gland and Panel F visualizes
specific green-fluorescence in cytoplasm of acinar cells.
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Figure 4. Specific detection of hepatitis
A virus (HAV) negative-strand RNA in
tissue samples (liver, salivary gland,
tonsil and lymph node) from inoculated
/ cynomolgus monkeys. The amount of
&0 HAV intermediate replicative in tissues
Days postinfection was assayed by rTth-based RT-PCR.
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Discussion

This report describes the susceptibility of cynomolgus mon-
keys (M. fascicularis) to experimental HAV infection in light
of advanced techniques of molecular biology. None of these
HAV inoculated monkeys exhibited clinical manifestations
related to hepatitis A infection. Liver histology and immuno-
histochemistry remain the ‘“gold standard” in diagnostic
evaluation of experimental HAV in monkeys associated with
aminotransferase abnormalities (Balayan 1992).

In this study, the ALT peak values were chronologically
coincident with most of liver morphology changes and with
peak of anti-HAV antibody titres. Together, these findings
suggest that the hepatocellular injury is a consequence of
host immune response against HAV infection as has been
reported (Popper et al. 1980; Keenan et al. 1984; Asher
et al. 1995). In addition, several other reports have described
coincident peaks of viral excretion in stools and ALT eleva-
tion (Keenan et al. 1984; Karayiannis et al. 1986).

HAV RNA was first detected in faeces at 7 dpi in all
experimentally infected cynomolgus monkeys, which is con-
sistent with previous studies (Asher et al. 1995). In general,
in this study, the cynomolgus monkeys showed a similar fae-
cal HAV RNA excretion pattern to that of tamarins (Karay-
iannis et al. 1986) and owl monkeys (Asher et al. 1995). In
this study, faeces viral load ranged from 10% to 10° cop-
ies/ml and HAV RNA was detected until 60 dpi, probably
because of the high sensitivity of the real-time PCR. The
same result was not demonstrated by Asher et al. (1995)
who reported faecal HAV excretion until 35 dpi. A previous
study using chimpanzees experimentally infected with HAV,
describes a higher viral load in faeces (10°-10'°) (Cohen
et al. 1989) using the CID 50 (50% chimpanzee infectious
dose) technique that detects only HAV Ag particles, in
which a major portion of the antigens can be associated
with non-infectious, empty particles (Ruchti et al. 1991).

Viraemia titres were detected from 7 to 30 dpi in all inoc-
ulated monkeys. We also observed persistent viraemia up to
60 dpi in one animal (cyn 2), even after antibody serocon-
version. The relationship between HAV detection and infec-
tivity has not been established yet (Polish ef al. 1999).
Through immunoenzymatic assay previously described by
Baptista et al. (1993) we observed excretion of HAV antigen
in blood up to 60 dpi until 107 dilution (data not shown).
These results associated with the HAV RNA detection in
blood and high rates of HAV replication in liver (approxi-
mately 10* copies/mg) suggest the detection of potentially
infectious viruses up to 60 dpi, despite seroconversion. How-
ever, the presence of viral particle and genetic material does
not necessarily correlate with infectivity, as the majority of

© 2009 The Authors

Extrahepatic HAV replication in cynomolgus 95

particles are usually defective (Ruchti ef al. 1991; Polish
et al. 1999). Investigations into human HAV infections
showed a similar kinetics and a mean serum viral load of
10 copies/ml (Costa-Mattioli et al. 2002; Normann et al.
2004).

Animal experiments have further shown that infectious
virus is shed in saliva during the incubation period and in
the early acute phase (Asher et al. 1995) and that HAV
RNA may be detected in saliva from 6 h postinoculation
until several weeks after hepatitis onset (Pinto et al. 2002).
It should be noted that in our model, HAV RNA was pres-
ent in saliva during the first 15 dpi reaching peak titre on
day 7. Other experimental protocols performed with orally
inoculated chimpanzees also confirmed a short period of
HAV excretion in saliva between 18 and 25 dpi (Cohen
et al. 1989) and marmosets at 6 h after oral inoculation
(Pinto et al. 2002). This early detection probably reflected
the arrested inoculum in the oropharynx. However, this
hypothesis must be excluded from our design, as the animals
were inoculated intravenously. In addition, when HAV was
detected in saliva there was a similar titre in the serum (on
average of 10’ copies/ml) and in two monkeys (cy2 and
cy3), the saliva was positive without serum detection of
HAV that would exclude the possibility of blood trace con-
tamination. The presence of HAV in saliva as reported in
this study and described in Callithrix sp. (Pinto et al. 2002)
and Pan troglodytes (Cohen et al. 1989) suggests that this
may represent a possible route of viral excretion. In acutely
infected patients, HAV load in the saliva ranged from 10* to
10* copies/ml, suggesting that saliva may be infectious
(Mackiewicz et al. 2004; Amado et al. 2008).

This experiment shows that cynomolgus monkeys devel-
oped mild-to-moderate hepatic pathology suggestive of infec-
tion with HAV, with typical lesions of HAV infection that
have also been reported in many other studies (Shevtsova
et al. 1988; Asher et al. 1995; Pinto et al. 2002). HAV anti-
gen was a conspicuous finding in the liver and salivary gland
of all animals necropsied from 15 to 60 dpi. The presence of
HAV antigen in the cytoplasm of serous and mucous cells of
the submandibular salivary glands during the follow-up sug-
gests that HAV replicated in this organ and was excreted
into saliva at the same time that the virus replicated in the
liver.

In accordance with previous studies (Baptista ef al. 1993;
Asher et al. 1995; Pinto et al. 2002), HAV antigen was also
observed in occasional Kupffer cells at 2 weeks pi, which
may result from phagocytosis of immune complexes rather
than active replication. However, the perinuclear fluores-
cence pattern observed in hepatocytes suggests an active
HAV replication.
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It should be noted (Table 1) that a significant decrease in
the total leucocyte count at 20 dpi that probably results
from a reduction in neutrophils, which is actually observed
in acute viral hepatitis (Krugman ez al. 1962), might point
towards migration at sites of virus replication.

The pathogenesis of HAV is still controversial. Numerous
attempts have been made to describe early events before
viral replication in hepatocytes. Our study focused on the
early events of HAV infection. We detected a more pro-
nounced active replication viral marker (intermediate repli-
cative) in cells of salivary glands before viral replication in
the liver. Several groups have detected HAV Ag at extrahe-
patic sites, including the kidney, spleen (Mathiesen et al.
1978; Karayiannis et al. 1986), lymph node (Mathiesen
et al. 1978), and duodenum (Karayiannis et al. 1986). HAV
Ag and genomic material were also observed in tonsils and
saliva, but it was inconsistently identified in other organs
(Karayiannis et al. 1986; Cohen et al. 1989; Asher et al.
1995). Detection of HAV in tonsils and saliva, soon after
the appearance of the virus in the blood, suggests that the
earliest replication event could occur in the oropharynx or
salivary gland (Cohen et al. 1989). However, the presence of
HAV Ag at a given site is yet to be defined as a local site of
viral replication, whereas replicative intermediate detection
provides direct evidence of active viral replication.

The HAV titre peak in saliva occurred at 15 dpi. This
peak coincided with that of positive and negative strands of
HAV RNA detection in salivary glands. This finding was
associated with a very significant positive correlation
observed among intermediate replicative titres and saliva
viral loads, suggesting that the HAV viral load in saliva sam-
ples may reflect a local site of HAV replication. These prom-
ising results suggest that HAV replication in the oral cavity
and its consequent release into saliva may play an infectivity
role of saliva as a potential source of person-to-person trans-
mission.

HAV-RNA replication was also observed in tonsils and
the mesenteric lymph node, but it was brief and weakly
positive, which may be understood as viral capture by anti-
gen-presenting cells on lymphoid tissue. We could speculate
that after brief HAV replication in salivary gland, the
hepatocytes assume HAV replication, releasing virions into
the bile and sinusoids.

Although previous studies have shown that the chimpan-
zee is a good animal model for HAV studies, this species
shows many disadvantages compared with cynomolgus
monkeys, such as their greater size and manipulation diffi-
culties. This work used advanced techniques, such as real-
time PCR to quantify the HAV in different body fluids of
experimentally infected non-human primates. The results

are in accordance with HAV load reported in saliva (mean
of 10% copies/ml) (Mackiewicz et al. 2004; Amado et al.
2008) and in serum of human patients (Costa-Mattioli
et al. 2002; Normann et al. 2004), demonstrating the feasi-
bility of this species to reproduce human hepatitis A infec-
tion.

In conclusion, hepatitis A infection was successfully repro-
duced in cynomolgus monkeys (M. fascicularis) using a
Brazilian human strain of HAV (HAF-203), confirming this
species as useful model to study HAV pathogenesis in vivo
as well as a candidate for possible hepatitis A vaccine stud-
ies. To our knowledge, this is the first study that proves
HAV replication in monkey salivary glands and hypothesizes
that HAV could be also transmitted through saliva by close
person-to-person contact. However, there is no evidence that
HAV can be transmitted by saliva and further studies are
necessary to investigate this hypothesis.
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Abstract The replication of hepatitis A virus (HAV) is via a
complementary negative-strand RNA. Each negative strand
may serve as a template for the synthesis of many positive
strands. The aim of this study was to detect the intermediate
replicative (negative strand) of HAV in order to monitor its
replication in vitro and in vivo. Real-time polymerase chain
reaction (PCR) was standardized to detect the intermediate
replicative of HAV in cell culture and liver from non-human
primates infected experimentally. HAV primers from the 5’
non-translated region and VP3 were used in the cDNA
synthesis of negative-strand RNA. The negative strand was
detected in the infected cell lines and liver by highly strand-
specific rTth recombinant Thermus thermophilus DNA
polymerase reverse transcription followed by quantitative
PCR. The results indicate that the negative-strand HAV RNA
can be detected in vivo and in vitro. This model is an
approach for assessing the dynamic patterns of replication
and should represent a valuable tool for the monitoring of
HAV replications in cell cultures and for the evaluation of
experimental infections in animal models.

Introduction

Hepatitis A virus (HAV) has a single-stranded RNA
genome of 7.5 kb with positive polarity. As a member of
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the Picornavirus family, it is unique in its biological
properties, in particular, in its highly protracted replicative
cycle in cell cultures and its inability to shut off the host
cell metabolism. HAV causes a self-limiting infection of the
liver with usually mild or no symptoms in young patients,
whereas adult patients might suffer from severe symptoms
[1, 2].

Similar to other positive-strand RNA viruses, the picorna-
viral genome serves as a template for both translation and
replication. Initially, the viral RNA is translated into a
polyprotein (P1-P2—P3), which is cleaved into the mature
viral proteins by virus-encoded proteinases, making picorna-
viral gene expression mostly dependent on polyprotein
processing. The viral structural proteins, VP1, VP2, VP3,
and VP4, are released from their common precursor, P1. In a
regulated fashion, the non-structural proteins, including the
viral proteinase (3C) and polymerase (3D), are liberated from
domains P2 and P3 of the polyprotein and are the major
constituents of the virus replication complex, which catalyzes
RNA genome synthesis. Once the replication complex is
formed, viral RNA is used as the template for replication [3].
The genomic RNA is free in the cytoplasm and it is first
translated to give rise to an array of viral proteins [4—6]. An
unknown number of these viral polypeptides use the
positive-stranded genomic RNA as a template to make a
complementary negative-stranded RNA. This negative-
stranded RNA is used, in turn, as a template to synthesize
more copies of positive-stranded RNA molecules that can
fulfill several requirements, i.e., they can be used as mRNAs
to make viral proteins or as templates to make more copies
of negative-stranded RNA, or they can be encapsidated to
generate mature virions [7, 8].

The slow and inefficient replication of HAV in cell
culture contrasts strongly with most other picornaviruses
and hampers the large-scale, cost-effective production of
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viral antigen for diagnostic and vaccine use. Numerous
studies have examined the restricted replication of HAV,
and despite the limited information available, many
hypotheses have been proposed. The kinetics of RNA
synthesis is not well understood, mainly due to difficulties
in detecting small amounts of viral product against the high
background of cellular product seen after metabolic
labeling, a result of the inability of HAV to inhibit host
cell protein synthesis [9].

The pathogenesis of HAV is poorly understood because
non-human primates are the only animal model for this
virus [10, 11]. To understand the mechanism(s) of HAV,
pathogenesis is a critical step toward the development of a
live attenuated vaccine for HAV. Several inactivated
vaccines which effectively protect individuals against
HAV infection are currently available [12]. However, these
inactivated vaccines are not generally available due to their
cost, especially in developing countries. Further studies of
HAV replication are required for a better understanding of
such processes which could help toward the development
of inactivated vaccines on a larger scale.

Previous studies have shown that quantitative real-time
polymerase chain reaction (PCR) is useful to detect HAV in
cell cultures [13] and in humans [14, 15]. However, the
number of negative RNA strands in liver tissues should
serve as a more reliable marker of active viral replication
than positive-strand RNA in the liver [16]. Until now, no
quantitative study describing HAV negative strands in
tissue samples has been carried out. In order to describe
the kinetics of HAV replication in vitro and in vivo,
quantitative real-time PCR to detect negative strands was
developed. The aim of this study was to detect the
intermediate replicative (negative strand) of HAV to
monitor its replications in cell cultures and in the liver
from non-human primates infected experimentally.

Materials and methods
Cells and viruses

Fetal rhesus kidney cells (FRhK-4) were grown at 37°C in
25-cm® disposable bottles containing 10 mL of 199
essential medium supplemented with 2 mM glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin and fetal
bovine serum (FBS), 10% in growth and 2% in mainte-
nance medium. Semi-confluent cells were inoculated with
1 mL of HAF-203 [17] ten-fold diluted (6> 10° copies/mL).
After 1 h of viral adsorption at 37°C, the inoculum was
replaced by 199 medium with 2% FBS. After 1, 5, 10, 15,
25, 30, 35, 40, 50, 55, 60, 65, 75, 85, 100 h, and 10 days
post-infection, the resulting supernatant and cell mono-
layers from each flask were collected and frozen. The cell
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monolayers were harvested with 0.25% trypsin and 0.01%
EDTA in phosphate-buffered saline (PBS) (pH 7.6),
collected, and frozen at —70°C in sterile tubes until use
for HAV RNA positive and negative strands analyses.
Three flasks were not infected and were used as negative
controls.

Tissue samples

Seven clinically healthy young adult 3-5-Kg cynomol-
gus macaques (Macaca fascicularis) provided by the
Oswaldo Cruz Institute colony were maintained in
individual cages during quarantine and experiments. The
study was performed according to biosafety level 2
precautions and procedures. The protocol was approved
by the Ethics Committee on Animal Experiments of the
Oswaldo Cruz Foundation (CEUA-Fiocruz: P.0064/00).
Four animals, which were serologically negative to anti-
HAV IgG, were inoculated intravenously with 0.5 mL of
fecal suspension (titer of HAV 3x 10 copies/mL) obtained
from the stool of a Brazilian child with sporadic hepatitis
A infection (HAF-203) [17]. Three animals were main-
tained as controls. Control liver samples were obtained
from seronegative animals euthanized without inoculation
at the end of the study. Liver samples from inoculated
animals were collected during the necropsies, which were
performed at 15, 30, 45, or 60 days post-inoculation. The
animals were euthanized by exsanguinations under deep
ketamine anesthesia.

Extraction of viral RNA from cell culture supernatant

Viral RNA was extracted from 140 pL of the cell culture
supernatant using the commercial kit QIAamp Viral RNA
Mini Kit (QIAGEN, GmbH, Hilden, Germany) following
the manufacturer’s instructions.

Extraction of RNA from infected cell pellets and liver

RNA from cultured cells and liver samples were
extracted by using the SV Total RNA Isolation System
(Promega Corporation, Madison, WI), which is specific
to purifying viral RNA from tissues and cultured cells.
This method is based on a lysis-centrifugation process
followed by a column filtration through a silica
membrane in an RNase-free environment. The cells
trypsinized were pelleted by centrifugation at 500xg for
5 min and the supernatant was discarded. The whole-
cell pellets were disrupted by adding 300 pL of lysis
buffer and viral RNA was extracted from whole lysed
cell samples. Viral RNA was also extracted from 30 mg
of liver samples and the following procedures were
carried out according to the manufacturer’s instructions.
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Reverse transcription of positive-strand HAV RNA

The positive strands were amplified in the 5’ non-translated
region (5'NTR) of the HAV genome that was selected as the
target due to its sequence conservation. The primers used were
checked against complete HAV sequences available at
GenBank and target the six genotypes of HAV. The positive
strands were reverse-transcribed using Superscript Il reverse
transcriptase (Invitrogen, Carlsbad, CA). The reaction was
carried out using 10 uL of RNA (10 pg—5 pg), 10 pmol/pL of
anti-sense primer (HAVSNCRI-R) (Table 1), 1 U/uL of
RNasin (Promega, Madison, WI), 125 mM of each deoxy-
nucleoside triphosphate, and 1 U/uL of Superscript III
reverse transcriptase, in a final volume of 20 pL at 50°C
for 1 h, followed by incubation for 10 min at 65°C.

Reverse transcription of negative-strand HAV RNA

Negative-strand RNA from cell pellets and liver samples
was amplified in 5’NTR and in the VP3 region (Fig. 1). The
VP3 gene encoding a major capsid protein was targeted for
the first amplification. Negative-strand specificity of re-
verse transcription PCR (RT-PCR) for the detection of 5’
NTR and VP3 was ascertained by conducting cDNA
synthesis at a high temperature with the thermostable
enzyme rTth (Applied Biosystems, Hammonton, NJ). The
cDNA was generated in 50 pL of a reaction mixture
containing 10 pmol/uL of sense primer for 5'NTR
(HAV5NCRI-F) or VP3 (HAVVP3RI-F) (Table 1), 1x RT
buffer, 2 pL of MnCl,, 10 mM of each deoxynucleoside
triphosphate, and 2.5 U of rTth. Reverse transcription was
performed at 60°C for 1 h, followed by 10 min at 95°C.

Qualitative PCR amplification

In order to develop the standard curve for real-time PCR
and to confirm by sequencing the detection of the negative
strands of the 5S’NTR and VP3 regions, a qualitative PCR
was performed in both regions (Fig. 1). The transcription of
negative strands was confirmed using five microliters of
cDNA to carry out the PCR. After a denaturation of 4 min

at 94°C, the positive and negative cDNA from 5'NTR were
amplified for 30 cycles at 94°C for 30 s, 59.2°C for 30 s,
and 72°C for 1 min, and an additional 7 min at 72°C in the
last cycle, in a final volume of 25 pL. The VP3 negative
strand was amplified under the same conditions, using
58.5°C as the annealing temperature. The primers for the 5’
NTR and VP3 regions and bands of expected length are
described in Table 1. PCR products (10 puL) were loaded on
a 1.5% agarose gel, electrophoresed, and stained with
ethidium bromide to visualize the bands of expected length.
The products of the qualitative PCR were then sequenced to
confirm the identity of the 5'NTR and VP3 regions of HAV.

Development of a standard curve for real-time PCR

A TagMan real-time PCR was conducted to quantify the 5’
NTR region of positive strands, as previously described by
de Paula et al. [18], with a detection limit of 60 copies/mL.

To quantify negative strands, the S'NTR and VP3 regions
of'the HAV genome were chosen to design the TagMan assay.
The primers and probes (Table 1) were identified using the
Primer Express program (TagMan gene expression assay).
After identity confirmation of the 5NTR and VP3 amplicons
by nucleotide sequencing, these amplicons were then cloned
into a TOPO cloning vector (Invitrogen, Carlsbad, CA) and a
plasmid from a recombinant clone was used for establishing
standard curve points for negative strands in the real-time
PCR. The recombinant plasmid was quantified using a
GeneQuant Spectrophotometer (Amersham Biosciences,
Piscataway, NJ). Standard curves were generated using
10'-107 copies. All PCR reactions were carried out using
the 7500 real-time PCR system (Applied Biosystems).

Real-time PCR

The cDNAs synthesized from positive and negative strands
were quantified by real-time PCR (Fig. 1). For each PCR
run, a master mix was prepared on ice with 1x TagMan
Universal PCR Master Mix (Applied Biosystems, Ham-
monton, NJ) and 1.25 pL of assay (300 nM each primer,
150 nM probe) (Gentec, Applied Biosystems Assay, Foster

Table 1 Primers and probes

used to detect negative strands Name Sequence (5'-3") Nucleotide position*  Fragment size
of hepatitis A virus (HAV) in
vivo and in vitro 5'NTR

HAV5NCRI-F 5'-ACCAATATATCGCGCTGCTGTTAC-3" 452-477

HAV5NCRI-R 5'-CGGGTGAAACCTTAGCTAATAC-3’ 401-426 75 pb

Probe FAM-5'CCTATCCAAGGTCTCT-3’ 435-453

VP3

HAVVP3RI-F 5'-TCCAGGTTTCAATTCAGGAAATCT-3" 2404-2430

HAVVP3RI-R 5'-GCACCTGTGGGAGCTATCAT-3’ 2346-2365 84 pb
*HAF-203 accession number Probe FAM-5'CAATTGATCCAGTTTTAG-3’ 2368-2389

AF268396
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Fig. 1 a—c Schematic drawing of the HAV RNA strand-specific
qualitative and quantitative polymerase chain reaction (PCR) proce-
dures. a Detection of negative-strand RNA by qualitative PCR. b

City, CA). Five microliters of cDNA and standard curve
points, specific for each HAV region (5'NTR positive and
negative strands and VP3 negative strand), were added to
20 pL of the PCR master mix. The thermal cycling
conditions were an initial step at 50°C for 2 min and
95°C for 10 min, followed by 40 cycles at 95°C for 15 s
and at 60°C for 1 min. The sequence of primers and probes
are shown in Table 1.

Validation of the assays

To determine the lower detection limit of these real-time
assays, standard RNA samples were first transcribed and
then submitted to ten-fold serial dilutions with DNA/
RNAse free water, ranging from 2.0x10” to 2.0x10" and
from 3.0x10” to 3.0x10" copies/uL of 5NTR and VP3,
respectively. Finally, the results of each concentration of the
standards were measured by fluorometric analysis.

The variability between assays was evaluated using four
different known concentrations of RNA (5.8x10* to 5.8x
10" copies/uL) that were amplified in triplicate to examine
the intra-assay precision, which defines the variability
within the same run. The inter-assay precision, representing
the variability of different runs under the same conditions,
was evaluated by testing these same samples on three
consecutive days. For each experiment, the coefficient of
variation was calculated.

Specificity for HAV detection was evaluated by spiking
a pre-optimized exogenous internal positive control of non-
human virus DNA (TagMan Exogenous Internal Positive
Control Reagent; Applied Biosystems) in the extracts of
RNA from a non-infected cell culture pellet and from a
non-infected animal liver sample.
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Quantification of positive-strand RNA (5'NTR) by quantitative PCR. ¢
Quantification of negative-strand RNA (5'NTR and VP3) by quanti-
tative PCR

In order to verify the amplification of falsely primed
cDNA generated during the RT-PCR step, some amplifica-
tion was conducted without the RT primer. Data are
expressed as meant standard deviation (SD). To assess
continuous variables, Student’s #-test or the Mann—Whitney
test was used as appropriate. A two-tailed P<0.05 was
considered to be statistically significant. The statistical
package Instat GraphPad® 3.01 (GraphPad Software, San
Diego, CA) was used.

Results
Qualitative PCR amplification

The amplification of the negative strands of HAV RNA was
improved by combining the benefits of RT-PCR and rT#h.
The reverse-transcriptase step used the thermostable reverse
transcriptase r'T#h and was carried out at 60°C using a sense
primer specific for each HAV region (5'NTR and VP3).
Figure 2 shows the amplification of 5NTR and VP3
negative strands in the qualitative PCR. The amplified
products were then sequenced to confirm the amplification
of HAV strands.

Development and validation of the quantitative PCR
Range of quantification and sensitivity

A ten-fold dilution series of HAV 5'NTR and VP3 negative
strands were used to determine the range and sensitivity of

quantification in real-time PCR. The lower detection limits
for the 5'NTR and VP3 regions were 20 and 30 copies per
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500bp —

100bp —

Fig. 2 The detection of positive and negative strands by qualitative
PCR. Qualitative PCR products were visualized by 1.5% agarose gel
analysis and ethidium bromide staining. Lanes: (/) 100 bp DNA
ladder for molecular size standard; (2) 5'NTR positive strand in vitro;

mL, respectively. The same correlation coefficient greater
than 0.99 (R*=0.997) was obtained for both regions over
the range of 10’—10" copies/ mL (Fig. 3a, b).

Reproducibility and specificity of the assay

Performing the assay in triplicate (intra-assay variabili-
ty), the corresponding coefficient of variation (CV%)
ranged from 1.0 to 5.0 in the 5'NTR assays and from
0.1 to 7.4 in the VP3 assays. Inter-assay variability
ranged from 0.4 to 1.6 and 0.3 to 1.5 in the 5'NTR and
VP3 assays, respectively. These values demonstrated
that the assays were reproducible (Table 2). There were
no statistically significant differences between the inter-
and intra-assay variability for the 5’NTR and VP3 regions
(P>0.05). For the specificity test, the exogenous internal
positive control of non-human virus DNA showed
negative results by these real-time assays (data not
shown). For the RT-PCR carried out without RT primer,
no amplicons were observed, demonstrating no
self-priming.

Kinetics of HAV replication in vitro by the detection
of positive- and negative-strand RNA

The replication of viral RNA during the growth cycle of
HAYV in FRhK-4 cells was examined by real-time PCR with
HAV-specific negative-strand probes. RNA was extracted
from the supernatant and infected cells after 1, 5, 10, 15,
25, 30, 35, 40, 50, 55, 60, 65, 75, 85, and 100 h, and
10 days post-infection. Figure 4 shows the kinetics of the
RNA synthesis in HAV-infected cells. In the supernatant, a
decrease in the number of copies during the first 10 h of

(3) 5'NTR negative strand in vitro; (4) VP3 negative strand in vitro;
(5) 100 bp DNA ladder for molecular size standard; (6) S'NTR
positive strand in vivo; (7) S'NTR negative strand in vivo; (§) VP3
negative strand in vivo; (9) negative control

a &'NTR
. Slope: -3,58
R*=0.997
]
L]
5 ]
]
s
1 2 3 4 H [ 7 8

Log CO

b VP3
s Slope: -3,40
R2=0.997
&
ol [ |
-
-
]
L]
1 2 3 4 H 6 7 8
Log CO

Fig. 3 a, b Range and sensitivity of the HAV 5'NTR and VP3
negative-strand TagMan assays. a Ten-fold serial dilutions of 5'NTR
negative-strand RNA transcribed in vitro, ranging from 2.0x 10 to 2.0
10" with a sensitivity of 20 copies/mL. b ten-fold serial dilutions of VP3
negative-strand RNA transcribed in vitro, ranging from 3.0x 10 to 3.0x
10" with a sensitivity of 30 copies/mL. The same correlation coefficient
was obtained (R*=0.997) for both negative-strand RNAs assays
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Table 2 Intra- and inter-assay
reproducibility of the real-time
polymerase chain reaction
(PCR)

Copies of 5'NTR transcripts Copies of VP3 transcripts

CV = coefficient of variation
calculated on the basis of the Ct
values

10 10 10° 10* 10 10° 10° 10*
Intra-assay variability (CV%) 1.0 2.5 5.0 1.5 2.9 2.8 0.1 7.4
Inter-assay variability (CV%) 0.8 0.7 0.4 1.6 0.4 0.3 1.5 1.5

infection was observed, while in infected cells, the number
of copies of positive (Fig. 4a) and negative strands (Fig. 4b)
increased, suggesting that the cells were infected. One hour
post-infection, the replication of HAV through 5'NTR and
VP3 negative-strand detection (Fig. 4b) could be measured.
In the 5'NTR region, the replication was more asynchronic
than in the VP3 region. Observing the kinetics of positive
strands, the eclipse of the input HAV was observed from
30 hpi (hours post-infection) to 50 hpi (Fig. 4a), while,

Fig. 4 a, b Kinetics of replica- A
tion of hepatitis A virus (HAV)

concomitantly, a massive replication of HAV could be
observed through negative strands (Fig. 4b). Approximately
three days post-infection, an increased title of viral load
could be detected in all strands. However, the highest virus
title isolated from the cell culture in 5’NTR and VP3
strands was observed 10 days post-infection. The viral load,
measured through the positive strands, detected at this point
was statistically significantly higher in comparison to all
previous points (P<0.001).

in vitro. The detection of posi- 1,00E+08
tive and negative strands is
shown in hours post-infection 1,00E+07 1
(hpi). a Detection of 5’NTR
positive strand from supernatant 1.008+06
and infected cells. b Detection 1 00E+05
of 5'NTR and VP3 negative e
strands from infected cells
1,00E+04
1,00E+03
1,00E+02
1,00E+01
1,00E+00

1hpi  5hpi 10hpi 15hpi 25hpi 30hpi 35hpi 40hpi 50hpi 55hpi 60hpi 65hpi 75hpi 85hpi 100hpi10 dpi

——5'NTR positive strand

B

-- % --supernatant 5'NTR positive strand

1,00E+08

1,00E+07

1,00E+06

1,00E+05

1,00E+04

LA
A, A A i /l\
A A T S

1,00E+03

1,00E+02

1,00E+01

1,00E+00

1hpi  5hpi 10hpi 15hpi 25hpi 30hpi 35hpi 40hpi 50hpi 55hpi 60hpi 65hpi 75hpi 85hpi 100hpi10 dpi

—=— 5'NTR negative strand

@ Springer

— -« — VP3 negative strand



Eur J Clin Microbiol Infect Dis

Kinetics of HAV replication in vivo by the detection
of positive- and negative-strand RNA

To extend the investigation of HAV replication from cell
culture to live animals, liver samples from experimentally
infected monkeys were accessed. The liver samples were
collected during the necropsies, which were performed at
15, 30, 45, or 60 days post-inoculation. The first liver
sample was collected 15 dpi (days post-infection) when the
infection was already persistent. The increased number of
positive and negative strands can be observed at 30 dpi in
the kinetics of the experimentally infected animals (Fig. 5).
A parallel replication was observed between detection of
the positive strand in the 5'NTR region and the negative
strand in the VP3 region. After one month of infection
(30 dpi), a strong replication in liver tissue was observed
and the infection was persistent until 60 dpi, when the last
animal was euthanized (Fig. 5).

Quantification of negative and positive strands in vivo
and in vitro

Table 3 shows the mean number of positive and negative
strands of HAV in cell cultures and liver samples by real-
time PCR. The amounts of 5'NTR and VP3 negative
strands, observed in vitro, were, on average, 32,597+
58,915 and 1,940,080+5,761,451, respectively, while in
vivo, these mean values were higher for both 5'NTR
(679,378+1,009,350) and VP3 (4,718,400+3,439,833)
regions. In general, the amount of positive-strand RNA
from infected cell cultures was higher than the negative-
strand RNA of 5'NTR and VP3 at different days post-
infection, except at 10 dpi, when the amount of VP3
negative strand was greater than that of the positive strand
(Table 3). The mean value of positive strands in cell culture
was 1,251,228+2,532,265 and the number of copies ranged
from 17,950 (40 hpi) to 10,440,000 (10 dpi) copies/mL. In

the animals infected experimentally, the mean number of
positive strands was 2,720,000,000+1,930,000,000 and the
number of copies ranged from 5,800 (15 dpi) to
4,550,000,000 (45 dpi) copies/mL. As observed in vitro,
the amount of positive-stranded RNA in vivo was also
higher than negative-stranded RNA, except at the beginning
(15 dpi) of the infection, when the number of negative
strands was higher than the number of positive strands.

Discussion

Little is known concerning the significance of quantifying
negative-strand RNA replicative intermediates of HAV in
cell culture and in the liver. In the past, methods to detect
positive- and negative-strand RNA synthesis generally
involved hybridization assays [19, 20] or amplification
assays, predominantly conventional RT-PCR [13, 21-24].
The principal limitations of these methods are often time-
consuming procedures and result in only semi-quantitative,
rather than actual, active replication. Consequently, a
strand-specific real-time RT-PCR assay approach for mea-
suring viral replication would be a powerful tool to prove
viral active replication in vitro and in vivo.

In the present study, a quantitative PCR was developed
for the specific determination of HAV negative-strand
RNA. The rTth enzyme was used and cDNA was
synthesized with a target sense primer at an elevated
temperature. In this study, the newly developed real-time
assays were sensitive enough to detect 20 and 30 copies/
mL, in 5'NTR and VP3, respectively. These assays
produced excellent linearity between 107 and 10' copies,
with a correlation coefficient (R?) of around 0.99 (Fig. 3).
The easy-to-handle methods showed high sensitivity,
reproducibility, and specificity. The results showed that
the quantitative real-time PCR was efficient in detecting
negative strands at all points post-infection both in vitro and

Fig. 5 Kinetics of replication of 1,00E+10
. . . N —— .
HAV in vivo. The detection of
positive and negative strands is
shown in days post-infection 1,00E+08
(dpi) TEI e A —— N
S 1,00E+06 ez bbbl L
Q2 - -
o -
o -
o P -
> e
Z 1.00E+04 ¥
T
1,00E+02
1,00E+00
15dpi 30dpi 45dpi 60dpi

——>5'NTR positive strand

-- #--5'NTR negative strand — -4 — VP3 negative strand
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Table 3 Quantification of positive- and negative-strand HAV RNA in cell culture and in the liver using a strand-specific real-time PCR

Copies/mL
Samples Time S'NTR (+) S'NTR (-) VP3 (-)
Cell culture
P1 01 hpi 301,050 4,170 34,850
P2 05 hpi 501,000 9,020 72,160
P3 10 hpi 218,500 4,370 183,450
P4 15 hpi 82,700 11,900 40,850
PS5 25 hpi 197,500 25,700 162,900
P6 30 hpi 301,500 34,300 179,000
P7 35 hpi 23,450 27,500 113,100
P8 40 hpi 17,950 12,500 166,000
P9 50 hpi 124,500 5,240 111,500
P10 55 hpi 632,500 10,200 302,000
P11 60 hpi 1,555,000 15,100 1,385,000
P12 65 hpi 817,000 243,000 894,500
P13 75 hpi 1,059,000 13,400 469,000
P14 85 hpi 1,690,000 9,760 997,000
P15 100 hpi 2,058,000 17,500 2530,000
P16 10 dpi 10,440,000 77,900 23,400,000
Mean (+ SD) 1,251,288 (+2,532,265) 32,597 (£58,915) 1,940,081 (£5,761,451)
Liver
L1 (12) 15 dpi 5,800 8,915 8,600
L2 (HB) 30 dpi 3,370,000,000 38,600 4,595,000
L3 (V13) 45 dpi 4,550,000,000 2,152,500 8,035,000
L8 (V3) 60 dpi 2,960,000,000 517,500 6,235,000
Mean (+SD) 2,720,000,000 (+1,930,000,000) 679,378 (£1,009,358) 4,718,400 (+3,439,833)

in vivo. As reported previously in poliovirus-infected cells,
positive-strand RNA was the most abundant form quanti-
fied [25, 26]. By using strand-specific quantitative PCR for
the detection of negative strands, it was possible to identify
an active viral replication. The results showed that HAV
RNA synthesis was asymmetric (Fig. 4a) and that the
synthesis of positive strands was greater than the synthesis
of negative strands (Table 3). Although the negative strands
detection was lower than that for positive strands, it can be
used as a marker for viral replication.

The VP3 gene, a major capsid protein, is the most
common target region used to detected replicative inter-
mediates of HAV in cell cultures [14, 21]. In our study,
using real-time PCR to detect negative strands, the
quantification of the number of copies in the VP3 region
was higher than in the 5'NTR region, which is probably
because VP3 is the target region for the first HAV
amplification and a full-length cDNA template could not
be achieved in premature cDNAs, leading to a lack of
copies in the 5'NTR region. In vitro experiments with

@ Springer

picornaviruses using inhibitors of protein synthesis demon-
strated that, when ribosomes are frozen on the viral RNA,
replication of the RNA is inhibited. In contrast, when
ribosomes are released from viral RNA, its replication is
increased [27], suggesting that replication and translation
cannot occur on the same template simultaneously. These
results could explain the difference between the detection of
the replication of 5’NTR and VP3 negative strands.

Figure 3 shows the kinetics of HAV replication in the
first few hours post-infection. The S'NTR region, the most
conserved region in the HAV genome, was chosen to
quantify positive strands in supernatant and in infected
cells. It was possible to observe a decrease of HAV RNA
copies in the supernatant and an increase in the infected
cells. The replication was asynchronous over time, suggest-
ing a delayed uncoating of viral particles, which could be a
factor that contributes to asynchronous replication [28].
Viral RNAs are sequestered into the nascent HAV capsid
and, thus, are unavailable for replication [20]; besides,
defective interfering particles could inhibit HAV replication
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[29]. Cho and Ehrenfeld [30] have suggested that asyn-
chronous replication rather than slow replication is respon-
sible for the protracted growth kinetics of HAV. Otherwise,
Bishop and Anderson [9] observed a highly efficient
encapsidation of HAV RNA, suggesting a sequestration of
RNA into virions, limiting the number of replicative
intermediates and, thus, the growth rate and yield of the
virus.

In this study, the maximum concentration (1.0x10’
copies/mL) was reached at 10 days post-infection. This
result can explain the typical slow cycle of HAV replication
and HAV release from cells in the absence of the cytopathic
effect. However, the results of positive strands in the 5NTR
region and negative strands in the VP3 region showed that,
approximately at 3 days, a high viral load replication can be
detected by real-time PCR, which demonstrated the
feasibility and rapidity of these methods in studies of the
virus and vaccine production. During the cycle of active
replication in infected cells, the synthesis of both negative
and positive strands of HAV RNA were reported to occur as
carly as 2—4 days post-infection, as reported previously by
De Chastonay and Siegl [19] in the replication of HAV in
MRC-5 cells.

When real-time PCR was applied to examine replication
in vivo, the animals infected experimentally were moni-
tored through to 60 dpi. After 30 dpi, HAV titers reached a
plateau (10° log) in the liver of infected animals. The
detection of negative strands two months after infection
showed an intensive HAV replication in the liver. The
different results between the kinetics of replication found in
the in vivo and in vitro experiments could be due to
hepatotropism of HAV and suggest that host-specific factors
interact with replication mechanisms for positive and
negative strand synthesis. Up to now, there are no data
available for positive and negative strands from HAV-
infected liver tissue using real-time PCR.

In conclusion, this quantitative real-time PCR, to detect
negative strands, can be adopted further in experimental
infection in order to examine the HAV replication rate in the
liver and in other extra hepatic sites. In addition, it could be
also used as a valuable tool for understanding HAV
replication in cell culture for monitoring the inhibition of
HAV with antiviral drugs, HAV replication after transplan-
tation, and vaccine production. With the sensitive system
described here, we provide evidence that even very low
levels of HAV genome replication can be detected by real-
time PCR.
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