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DO HOSPEDEIRO NA HEPATITE A AGUDA E FULMINANTE. 134 fls.Tese
de Doutorado — Pés—graduacéo strictu sensu em Biologia Parasitaria. 2015.

Na infeccdo pelo virus da hepatite A, a maioria dos pacientes desenvolvem
uma doenca branda ou assintomética. No entanto, alguns pacientes podem
progredir para uma doenca mais grave que é caracterizada pela rapida
degradacdo do figado, coagulopatia e encefalopatia hepatica, conhecida como
faléncia hepatica aguda (ALF). A infeccao pelo HAV se apresenta como uma
interacdo dinamica entre fatores do virus e do hospedeiro que em conjunto é
responsavel pela diversidade no desfecho clinico da doenca. Apresentacfes
incomuns de infec¢cdes prevalentes foram muitas vezes atribuidas a fatores
especificos do hospedeiro. Estudos de associacdes gendmicas (GWAS)
provaram ser uma Otima abordagem na identificacdo de alelos de risco que
estdo relacionados a tais sindromes. Neste estudo, 31 variacdes nucleotidicas
humanas, incluindo variagcbes de um uUnico nucleotideo (SNP) e insercdes,
associadas a infeccdo pelo HAV foram caracterizadas numa coorte com casos
classicos e de ALF. Todos os casos de hepatite A foram identificados pelo PCR
em tempo real otimizado para a regido 5' ndo codificante do HAV. A populacéo
amostral dos GWAS consistiu em individuos expostos a surtos intradomiciliares
e casos esporadicos de hepatite A no Brasil. Ao todo 321 amostras foram
coletadas das quais 164 foram utilizadas nos estudos de variabilidade genética
do hospedeiro. As analises de “odds ratio”’e “data mining” sugeriram que os
SNPs INFL3 rs rs8099917, TGFbetal rs1800469, ABCB1 rs1045642, IL10
rs1800871 (IL10b),  TNF-alpha rs1799964 (TNF-alpha a), TNF-alpha
rs1800630 (TNF-alpha b) foram significantemente associados a gravidade da
doenca. Muitas das variantes identificadas neste estudo estédo relacionadas a
genes importantes na patofisiologia da infeccdo pelo HAV. Entender como os
fatores do hospedeiro influenciam a resposta imune a infecgédo viral fornece
novas oportunidades para controlar esta doenga e o desenvolvimento de
terapéuticas eficientes.
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ABSTRACT
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During hepatitis A virus infection, most patients develop mild or asymptomatic
disease. However, some patients can progress to a serious, life—threatening
disease characterized by rapid deterioration of the liver, hepatic
encephalopathy, and coagulopathy known as acute liver failure (ALF). HAV
infection features a dynamic interplay of viral and host factors that in
conjunction are responsible for the range of disease outcomes. Unusual
presentations of prevalent infections have often been attributed to host—specific
factors. Genome—wide association study (GWAS) has proven to be a powerful
approach for identifying risk alleles that underlie such syndromes. In this study,
thity one human nucleotide variations, including single nucleotide
polymorphisms (SNP) and insertions, associated with HAV infection were
characterized in a cohort of ALF and classical HAV cases. All hepatitis A cases
were identified by optimized real-time PCR for HAV 5' non-coding region.
GWAS sample population consisted in individuals exposed to an
intradomiciliary outbreak and sporadic cases of hepatitis A in Brazil. Altogether
321 samples were collected of which 164 were placed into host genetic
variability study. Odds ratio and data mining analysis suggested that INFL3 rs
rs8099917, TGFbetal rs1800469, ABCB1 rs1045642, IL10 rs1800871 (IL10b),
TNF-alpha rs1799964 (TNF-alpha a), TNF-alpha rs1800630 (TNF-alpha b)
SNPs were significant associated with severe hepatitis A outcome. Several of
the variants identified in this genome-wide study lie within genes important to
hepatic pathophysiology for hepatitis A virus infection. Understanding how the
host factor influences the immune response to viral infection provides new
opportunities to control this disease and for the development of effective
therapeutics.
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1-INTRODUCAO
1.1 - O virus da hepatite A (HAV)

O virus da hepatite A (HAV) € o unico membro do género Hepatovirus,
pertencente a familia Picornaviridae (Melnick, 1982). Diferentemente de outros
representantes dos Picornavirus, as particulas ndo envelopadas do HAV séao
bastante estaveis no ambiente, especialmente quando associados a matéria
organica, exibindo um alto grau de resisténcia em baixas temperaturas e pH.
Estas caracteristicas faciltam a transmissdo fecal-oral através da agua e
alimentos contaminados (Hollinger e Emerson, 2007).

O virion possui morfologia icosaédrica com 27 a 32nm de diametro
(Feinstone et. al., 1973) (Figura 1.1) e é composto de 60 cépias de cada uma das
trés maiores proteinas estruturais, VP1, VP2, VP3 (Siegl et al., 1981).

Figura 1.1: Imunomicroscopia eletrénica do HAV (Fonte: www.cdc.gov, 1998).

Seu genoma é constituido por uma molécula de RNA linear de fita simples,
de polaridade positiva, com 7.5 Kb, seguido por uma cauda poli (A) de 40 a 80
nucleotideos (Provost et al., 1975; Bradley et al., 1978; Koff, 1998). A cadeia de
RNA consiste de trés regides: uma regidao nao-codificante na extremidade 5’, de
732 a 740 nucleotideos, que corresponde a 10% do genoma; uma regido
intermediaria, codificante de proteinas virais estruturais e nao-estruturais, com

2.225 a 2.227 nucleotideos; e uma regiao nao-codificante na extremidade 3’ com
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40 a 80 nucleotideos. O RNA genbémico estd associado covalentemente a proteina
VPg (ou 3B) na extremidade 5’ ndo-codificante, tendo esta um papel importante na
iniciacdo da transcrigao, pois forma o sitio de entrada do ribossomo (Redondo et
al., 2012; Yang et al., 2011; Pereira e Gongalves, 2003) (Figura 1.2).

As proteinas VP1, VP2, VP3 e VP4, formam o conjunto das principais
proteinas estruturais do HAV. Essas proteinas séo originadas por clivagem da
proteina primaria pela protease 3C, codificada a partir regidao P3, que também
codifica a VPg (Siegl et al., 1981). As proteinas nao-estruturais tém funcoes
diferenciadas: a proteina 2A atua como precursora do capsidio e na morfogénese
viral (Cohen et al., 2002); as proteinas 2B e 2C induzem rearranjos na estrutura
das membranas intracelulares para a formacao do complexo de replicagdo, além
disso, a proteina 2C possui ainda atividades de helicase e NTPase (Weilandt et
al., 2014); a proteina 3A (ou pré-VPg) ancora a proteina 3B no RNA, enquanto que
a proteina 3C tem atividade de protease viral, sendo a maior responsavel pelo
processamento proteolitico do virus (Gauss-Muller et al., 1991); ja a proteina 3D é
considerada uma RNA polimerase RNA-dependente (Martin e Lemon, 2006)
(Figura 1.2).

*RNA do HAV
5 —Regido aberta para leitura——| 3’
VPg = EE0 AAA
hd = ¥
Néo Codificante TI"E_.I.I"IS |"|_:I§ a0 Mio Codificante

*Polipeptideo do HAY —— —

Estrutural Nao Estrutural
NH, COOH
P1 P2 P3

*Proteinas i L +
- VP4 11 m 3A {pré VPg)
- VP2 o 2B = 2B (VPg)

VP e o ™= 3C (protease)

3D (RNA polimerase)

Figura 1.2: Esquema do RNA do HAV, mostrando as principais proteinas

codificadas (Fonte: Pereira e Gongalves, 2003).
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O HAV possui um unico sitio conservado de neutralizacdo antigénica
(Stapleton e Lemon, 1987) e, devido a este fato, todos os isolados de diferentes
partes do mundo pertencem a um unico sorotipo. Apesar desta uniformidade
antigénica, o HAV demonstra um modesto grau de diversidade genética que é
suficiente para definir alguns genoétipos e subgendtipos. Algumas regides
gendmicas sao comumente usadas para tal fim. Variagbes na sequéncia
nucleotidica ocorridas na regido VP1 ou na juncao VP1/2A sdo usadas para defini-
los: os gendtipos tém 15% de variagdo nucleotidica entre os isolados e os
subgendtipos tém de 7 a 7,5% de variagdes nucleotidicas. Existem seis gendtipos
do HAV ja identificados: trés genétipos (I, I, 1ll) sdo de origem humana, sendo | e
[l classificados em subgendtipos A e B; e trés (IV, V, VI) sédo originados de simios
(Robertson et. al., 1992). Anteriormente, foram relatados sete genoétipos, porém,
alguns estudos reclassificaram o geno6tipo VII como um subgenétipo do gendtipo I
(Lu et. al., 2004). Os gendtipos mais frequentes nas infec¢des humanas sao os
gendtipos | e Il (Costa-Mattioli et. al., 2002a).

Estudos de epidemiologia molecular permitiram determinar a distribuigdo
dos gendtipos do HAV no mundo. O gendtipo | é o mais prevalente, sendo o
subgendtipo IA mais comum do que o IB. O subgendtipo IA € mais frequentemente
encontrado na América do Norte, China, Japao, Tailandia e Nigéria (Robertson et
al., 1992; Costa-Mattioli et al., 2002a; Nainan et al., 2006; Forbi et al., 2013).

Estudos de caracterizacdo molecular conduzidos em paises da América
Latina (Argentina, Venezuela e Uruguai) demonstraram apenas a circulacdo do
subgendtipo IA (Mbayed et al., 2002; Munné et al., 2007; Garcia-Aguirre et al.,
2008; Sulbaran et al., 2010; Aguirre et al., 2011). No entanto, no Brasil, além do
subgendtipo 1A, o subgendtipo IB também vem sendo associado com surtos
(Costa-Mattioli et al., 2001a; de Paula et al., 2002; Amado et al., 2011) e casos
esporadicos de hepatite A (de Paula et al., 2002; Fiaccadori et al., 2006; Villar
2006b). A circulacdo concomitante dos subgendtipos IA e IB em surtos de hepatite
A ja foi descrita no Brasil (Costa-Mattioli et al., 2001b; De Paula et al., 2002;
Santos et al., 2008; Amado et al., 2011) e na Africa do Sul, Europa e EUA (Cristina
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e Costa-Mattiolli, 2007). Artigos recentes relataram a existéncia de cepas
recombinantes |A/IB na Argentina (Aguirre et al., 2011) e Uruguai (Liu et al., 2010),
apesar de nunca ter sido isolado o genétipo IB nestes paises, sugerindo o
aumento da cocirculacao ou introducdo de cepas recombinantes do Brasil para os

paises vizinhos.

O subgendtipo IB tem sido descrito principalmente na Europa, regido
Mediterranea, e EUA (Nainan et al., 2006; Pint6 et al., 2007; Normann et al., 2008;
Klevens et al., 2010). O subgenétipo IB também vem sendo isolado em amostras
ambientais de 4guas marinhas de Hong Kong, sendo o principal genétipo de HAV
humano encontrado em aguas marinhas desta regido (Yang et al., 2011). Na
Espanha, um estudo realizado com cepas isoladas de surtos e casos esporadicos
identificou duas novas cepas obtidas de marisco que provavelmente pertencem a
um novo subgendtipo (IC) dentro do gendtipo | (Peréz-Sautu, 2011b). Na
Argentina, também ja foi encontrada uma cepa do novo subgenétipo IC
proveniente de uma amostra ambiental (Blanco Fernandez et al., 2012). No Brasil,
ainda ndo existem relatos da ocorréncia subgenatipo IC.

Os subgendtipos IIA e IIB sdo raramente reportados e, até o presente
momento, foram identificadas as cepas CF-53 (llA) na Franca e SLF88 (lIB) de
Serra Leoa (Lu et al, 2004). Porém, surpreendentemente, nos ultimos anos tém
se verificado casos autdctones de hepatite A causados pelo subgendétipo IIA na
Franca ((Tjon et al., 2005; Desbois et al., 2010).

O subgenétipo IlIA é prevalente em paises da Asia Central e do Sudeste da
Asia (Costa-Matiolli et al., 2003b; Arankalle et al., 2006; Chadha et al., 2009).
Cepas tém sido isoladas da india, Alemanha e Japao (Heitmann et al., 2005;
Hussain et al., 2005; Kulkarni et al, 2009; Miyamura et al., 2012). Poucas
informacgdes foram obtidas até entdo sobre o subgendtipo IlIB; sabe-se apenas
que este estd associado com infeccoes em humanos na Dinamarca e no Japao
(Robertson et al., 1992; Mitsui et al., 2006).

1.2 - Epidemiologia
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Mundialmente, a endemicidade da infec¢do pelo HAV varia de acordo com
padrées de higiene, condicao sanitaria e fatores socio-econémicos (WHO, 2000).
Estima-se a ocorréncia de, aproximadamente, 1,5 milhées de novos casos de
hepatite A em todo o mundo a cada ano (Vaughan et al., 2014; Martin e Lemon,
2006), representando a causa mais comum de hepatite viral aguda (Vitral et al.,
2008). A maior prevaléncia de infecgdes causadas pelo HAV ocorre em regides
com baixos niveis sécio-econdmicos, como em paises em desenvolvimento, onde

o baixo padrao sanitario permite a transmissdo do virus (Hadler, 1991).

Nas areas de alta endemicidade, o HAV ¢é transmitido primariamente pelo
contato pessoa-a-pessoa. Apesar de 90% das criancas se tornarem infectadas
antes de completar os 10 anos de idade, a hepatite A ndo representa um grave
problema clinico, e os surtos sdo relativamente incomuns. Em &reas de
endemicidade moderada, a infeccdo ocorre mais frequentemente em adolescentes
ou jovens. Em tais areas, os surtos sdo comuns, e a transmissdo ocorre de
pessoa-a-pessoa ou através do consumo de alimentos e agua contaminados
(Tanaka, 2000). Ja nas areas de baixa endemicidade, a taxa da doenca é muito
baixa, e a infeccdo ocorre tipicamente em adultos. Casos de infeccdo sao
esporadicos e os individuos sdo, geralmente, contaminados durante viagens a
areas endémicas. Nestas areas, os surtos sdo comuns (Pham et al., 2005) (Figura
1.3).
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Prevaléncia de anti- HAV

B Aita

[ Alta/ Intermediaria
O Intermediaria

D Baixa

] Muito baixa

O Ministério da Saude (MS) Brasileiro estima que 70% da populagdo do
pais entrou em contato com o virus da hepatite A (MS 2011). A doenca ainda
apresenta indices elevados de transmissdo devido as baixas condi¢cdes de
saneamento basico ou até mesmo pela inexisténcia das mesmas em algumas
regibes do pais (Santos et al., 2005). Porém, o pais vive um momento de
mudanca do padrdo de alta endemicidade para um padrédo de endemicidade
moderada (Pannuti et al., 1985; Jacobsen e Wiersma, 2010; Vitral et al., 2012)
gragas ao crescimento econémico do pais e, consequentemente, a melhoria das
condicoes de saneamento basico e planejamento ambiental. Em consequéncia a
essas melhorias, foi observada uma diminuicdo da circulacdo do HAV (Clemens et
al., 2000; Vitral et al., 2006; 2008; Jacobsen e Wiersma, 2010). Segundo dados do
Ministério da Saude, o Brasil vem apresentando uma diminuicéo da incidéncia. No
ano de 2006, a taxa de incidéncia registrada foi de 9,1 casos por 100 mil
habitantes enquanto em 2010 a taxa foi de 3,6 por 100 mil habitantes (MS 2012b).

Segundo o inquérito nacional conduzido em 27 capitais das cinco
macrorregidoes do Brasil, o pais apresenta regiées com diferentes padrées de
endemicidade. A regido com maior soroprevaléncia para o HAV em individuos
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com menos de 20 anos € a do Norte com 58,3%, seguido do Centro Oeste com
54,1%, Nordeste 53,1% e Distrito Federal com 41,6%. Todas essas regides foram
consideradas de endemicidade intermediaria. J& a regido Sul apresenta a menor
soroprevaléncia com 30,8%, seguido da regido Sudeste com 32,5%. Estas regides
sdo consideradas de baixa endemicidade (Ximenes et al., 2010).

Nos ultimos anos tem se observado uma correlacdo inversa entre a
exposicdo ao HAV e nivel socioeconémico da populacdo (Pannuti et al.,, 1985;
Abuzwaida, 1987; Ferreira et al., 1998; Pinho et al., 1998; Zago-Gomes et al.,
2005). Normalmente, as instalagbes sanitarias sao fornecidas primeiramente para
regides metropolitanas, o que explica por que a exposicao ao HAV é mais comum
em regides rurais e cidades periféricas. Porém, alteracbes na soroprevaléncia do
HAV ndo podem ser sempre consideradas como indicativas de melhorias
socioeconémicas. Melhorias em condi¢cdes sanitdrias foram implementadas em
varias areas urbanas onde o nivel socioeconémico dos habitantes permaneceu o
mesmo (Vitral et al., 2006). Um estudo recente conduzido no Rio de Janeiro,
Cuiaba e Manaus, com criancas e adolescentes de baixa condicao
socioeconémica que vivem em regides periféricas, também demonstrou declinio
na soroprevaléncia do HAV (Vitral et al., 2012). Este estudo revelou que 10%,
13,2% e 25,9% das criancas com menos de 5 anos foram soropositivas para o
HAV no Rio de Janeiro, Cuiaba e Manaus, respectivamente. A prevaléncia de
anticorpos anti-HAV encontrada foi menor do que tem sido reportado para
populacado de baixa condicdo econémica (Ferreira et al., 1998; Assis et al., 2002;
Almeida et al., 2006) e similar a populacado de maior renda mensal (Ferreira et al.,
1998; Dinelli et al., 2006; Krebs et al., 2011).

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 (Vitral et.
al., 2006). Por tal razdo, os dados sobre a proporcao da populacdo que € imune
ou tem sido infectada com um virus especifico tém muitas aplicacbes

epidemiologicas. Estes incluem a identificagdo de grupos susceptiveis em uma
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determinada populacdo (Tourinho et al., 2011), a avaliacdo de programas de
saude (vacinacao) e o uso destes dados em modelos matematicos para prever
surtos (Gayotto et. al., 1991).

1.3 — Diagnéstico da hepatite A

Testes bioquimicos das fungdes hepéticas podem ser utilizados com
diagnéstico auxiliar para hepatites virais (De Paula, 2012). Tal infeccdo pode ser
evidenciada pelo aumento dos niveis séricos de bilirrubina e enzimas hepaticas:
alanina aminotransferase (ALT), aspartato aminotransferase (AST), que podem
preceder as manifestacbes clinicas e diminuicdo do tempo de protrombina
(Hussain et al., 2005). A principal alteragdo bioquimica sérica, durante a infeccao
sintomatica pelos virus hepatotrdpicos, € a elevagdo de ALT maior que da AST. A
ALT se localiza exclusivamente no citosol, enquanto AST é encontrado na
mitocondria (80%) e no citosol (20%). Sabe-se que as alteracdes histolégicas no
figado nas hepatites virais agudas induzem lesdao da membrana plasmatica do
hepatocito e liberagdo das enzimas do citoplasma (Hollinger e Emerson, 2007). As
enzimas AST e ALT podem atingir taxas maiores que 1.000 UI/L (Hussain et al.,
2005), no entanto, como tal situacao pode ocorrer por outros agentes que causam
hepatite, a deteccdo destas alteracbes nao € utilizada como diagndstico final
(Cuthbert, 2001).

O diagnéstico clinico da hepatite A aguda nao permite diferencia-la de
outras formas de hepatites virais. Portanto, é necessario um diagndstico
sorolégico especifico que € confirmado por meio da deteccéo de anticorpos anti-
HAV IgM, geralmente feito por ensaio imunoenzimatico (ELISA) (De Paula, 2012;
Hollinger e Emerson, 2007; Poddar et. al., 2002). A presenca de anti-HAV IgG e a
auséncia do anti-HAV IgM pode ser usada para diferenciar a infeccao passada da
infeccdo recente. Como mencionado, embora existam seis gendtipos do HAV,
estes constituem apenas um sorotipo, ndo interferindo, portanto, no diagnéstico

sorolégico. Os testes para detecgdo de anticorpos anti-HAV totais (IgM e IgG) séao
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utilizados fundamentalmente para determinar o estado imune de individuos apos

vacinacgao ou infeccao (Oba et. al., 2000; Hess et. al.,1995).

Testes utilizando amostras de fluidos orais tém sido apresentados como
uma forma alternativa aos testes convencionais para a deteccao de anticorpos
anti-HAV total no soro devido a sua simplicidade e facilidade na coleta das
amostras. Apesar da sensibilidade da detecgdo do anti-HAV em fluidos orais ser
de 1 a 3 unidades de log menor do que no soro, muitos estudos tém demonstrado
0os beneficios da implementacédo de testes utilizando tal espécime como uma
ferramenta de triagem em investigacées de surtos e estudos epidemioldgicos
(Tourinho et al., 2011; Amado et al., 2006; Oba et al., 2000; Ochnio et al., 1997;
Jacobson et al., 1995).

O uso da técnica de PCR (Polimerase Chain Reaction) tem importante
papel no diagndstico precoce em casos agudos de etiologia desconhecida e em
surtos epidémicos ou em pacientes com sintomas e sem marcadores sorolégicos
para hepatites A, B e C. Tal método € a técnica mais sensivel para a triagem de
diversas espécimes clinicas como: suspensao fecal, soro, fluido oral e amostras
ambientais (De Paula, 2012). Estudos que utilizaram o PCR de transcri¢cdo reversa
(RT-PCR) demonstraram que o HAV RNA pode ser detectado previamente no
sangue do que 0s anticorpos e que a viremia pode estar presente por um periodo
muito mais longo durante a fase convalescente da hepatite A do que se
imaginava. O diagnéstico molecular pode ser baseado na deteccdo de diferentes
regides genbmicas virais: 5' ndo codificante, regido mais conservada e utilizada
para detecgdo e quantificacdo do HAV (Fujiwara et al., 2002); e VP1 (Costa-
Mattioli et al., 2002a), VP3 (Munné et al., 2007) e VP1/2A (De Paula et al., 2007;
De Paula et al., 2002), regides utilizadas na deteccao do HAV RNA e em estudos
de variabilidade genética através do sequenciamento génico. E recomendado que,
para confirmacéo do diagnostico, mais de uma dessas regides sejam detectadas.
Dentre as variagdes na técnica de PCR, o PCR em tempo real é o mais
recentemente utilizado para deteccdo e quantificacdo do HAV devido a alta
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sensibilidade e a rapidez na analise das amostras (De Paula., 2012; Costa-Mattioli
et al., 2002a).

1.4 — Prevencao e controle da Hepatite A

A medida de prevencao mais simples contra a infeccao pelo HAV é a
utilizagcdo de métodos que previnem a contaminagdo das maos, comida, agua, ou
outras fontes por fezes contaminadas de individuos infectados antes da doenca
clinica se tornar aparente. Lavar bem as maos, assim como evitar praticas de
trabalho que facilitam a contaminagcdo das mesmas ao entrar em contato com
criangas menores de dois anos também sao medidas importantes para o controle
da hepatite A (Hollinger, 1992).

A administragdo de imunoglobulinas, utilizada até 1995 como unico método
de imunizacgao, ainda é recomendada na prevencao contra a doenga em casos de
viajantes que frequentarao areas de alta endemicidade (CDC, 2009). No entanto,
seu uso como profilaxia pré-exposicdo tem sido substituido pelas vacinas

inativadas contra o HAV (Martin e Lemon, 2006).

Estdo disponiveis no mercado, diversas vacinas consideradas seguras e
eficazes contra a infecgdo pelo HAV. As duas mais comumente usadas s&o
compostas por virus inativados por formalina: a HAVRIX (Smith — Kline Beecham)
e a VAQTA (Merck Sharpe e Dohme). Ambas possuem taxa de soroconversao de
91-100% apdés a administracdo da primeira dose vacinal em individuos

anteriormente soronegativos.

Em 1988, foram avaliadas algumas cepas mutantes de HAV que foram
diretamente isoladas da cultura celular de fezes humanas e propagadas em
células certificadas para producdo de vacinas (Provost et al., 1988). Ao utilizar
uma dessas vacinas experimentais atenuadas, anticorpos neutralizantes foram
detectados a partir do terceiro até o sexto més apds a vacinacdo em todos o0s
voluntarios soronegativos (Midthun et al., 1991). A vacina foi bem tolerada e o
HAV n&o foi recuperado das fezes ou sangue dos individuos. No entanto, vacinas

10
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com virus vivos e atenuados tém sido utilizadas somente em paises asiaticos,

principalmente China e india (Faridi et al, 2009; Zhuang et al., 2005)

Vacinas seguras e eficazes contra o HAV tém sido licenciadas desde 1992,
mas sdo significativamente subutilizadas. As vacinas sdo altamente imunogénicas,
induzindo a producéo de anticorpos anti-HAV que persistem por pelo menos 15
anos. Ha, ainda, indicagbes de que tais vacinas conferem protecao a longo prazo.
Baseado em evidéncias cientificas atuais, a protecdo vacinal é considerada de
longo prazo ap6s a aplicacao de duas doses da vacina (Conference report, 2010;
Mongillo et al., 2010) (Quadro 1.1).

Quadro 1.1: Dosagem recomendada da vacina contra hepatite A e esquema de

vacinacao por faixa etéria (Fonte: Fiore et al., 2006).

Vacina | Idade | Concentracao | Volume | Doses | Reforco
(anos) por dose (mL) (meses)
HAVRIX | 1-18 720 EL.U.* 0.5 2 6ail2
>18 1440 EL.U.* 1.0 2 6al12
1-18 25 U** 0.5 2 6ail8
VAQTA | >18 50 U** 1.0 2 6ail8

* Unidades do ensaio imunoenzimatico (ELISA) ** Unidades

As politicas de vacinagado sdo variadas em todo o mundo, e vao desde a
inclusdo da vacina contra hepatite A em programa nacional universal de
imunizacao para criangas a imunizagdes dirigidas a grupos de risco. Programas
nacionais de imunizacao tém sido bem sucedidos, com boas taxas de cobertura e
diminuicdo da incidéncia em até 90% (CDC, 1999). Paises ou regides que
implementaram a imunizagdo universal, como lIsrael (Mor et al, 2010), ltalia

(Romano et al., 2009), Espanha (Dominguéz et al., 2008) e os Estados Unidos das

11
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América (EUA) (Wasley et al, 2005), Argentina (Vizzotti et al., 2014)

demonstraram um impacto positivo sobre a incidéncia da hepatite A.

Em paises altamente endémicos, programas de vacinacdo em larga escala
contra a hepatite A ndo sdo recomendados. J& em paises de endemicidade
intermediaria, onde uma proporcao relativamente grande da populacdo adulta é
suscetivel ao HAV e onde a hepatite A representa um 6nus significativo para a
saude publica, a OMS recomenda que a vacinacao infantii em grande escala
possa ser considerada como um complemento a educacdo em saude e
saneamento basico. Em regides de baixa endemicidade, a vacinacao € indicada
para individuos com maior risco de infeccdo, como os viajantes para areas de
endemicidade alta ou intermediaria (WHO, 2000).

A vacinagao contra hepatite A, antes de 2013, era indicada pelo Ministério
da Saude Brasileiro, em casos especiais, para individuos portadores de:
hepatopatias cronicas de qualquer etiologia, inclusive portadores dos virus da
hepatite B e C; portadores do HIV, fibrose cistica, trissomias; e portadores de
hemoglobinopatias e coagulopatias; e individuos com imunodepressao
terapéutica, candidatos a transplante, transplantados ou doadores de érgao sélido;
(Ministério da Saude, 2011). No entanto, o Senado Federal aprovou recentemente
a inclusdo da vacina contra hepatite A no calendario infantil. A vacina foi
incorporada na rotina do Programa Nacional de Imunizacdo (PNI) brasileiro
através da portaria MS n°. 2, de 18 de Janeiro de 2013. O Ministério da Saude
aprovou a administragéo inicial de uma dose da vacina inativada para criancas a
partir de 12 meses até 2 anos. A administragdo de uma dose da vacina foi
justificada pelo MS uma vez que, entre os individuos inicialmente soronegativos,
observou-se a soroconversdao em mais de 99% dos individuos 4 semanas apés a
vacinacdo. O inicio da soroconversdo apos uma dose foi verificado ocorrendo
paralelamente ao inicio da protecédo contra a doenca clinica da hepatite A. O PNI
esta monitorando a situagcédo epidemioldgica da hepatite A, visando a definicao da
inclusdo ou ndo de uma segunda dose desta vacina no calendario de vacinagao

infantil brasileiro.
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1.5 — Imunopatologia da hepatite A

A hepatite A é caracterizada como uma doenca hepatica aguda inflamatéria
autolimitada, na qual os sintomas podem variar desde a forma assintomatica a
doenca leve, e até mesmo a hepatite fulminante (De Paula, 2012). A transmissao
do HAV ocorre, usualmente, por via fecal-oral, por meio da ingestao de agua ou
alimentos contaminados com o virus, ou via contato pessoa-pessoa. A
aglomeracdo de individuos susceptiveis associada aos maus habitos higiénicos
favorece, neste caso, a disseminacao da doenca (Morais et al., 2006; De Paula et
al., 2002; Villar et al., 2002). A transmissdo sanguinea é rara e, quando ocorre,
esta mais frequentemente associada a transfusées de sangue (Castkova e Benes,
2009). Ja o risco de transmissdo parenteral € mais alto entre os usuarios de
drogas injetaveis (Diel e Schneider, 2001) e vem aumentando em individuos com
este fator de risco (Castkova et al., 2009). No quadro 1.2 estdo demonstrados os

grupos com risco de infeccdo para a hepatite A.
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Quadro 1.2: Grupos expostos ao risco de infecgcdo pelo HAV (Adaptado de

Nguyen e Tran, 2009).

Grupo de risco

Fator de exposicao ao risco

Viajantes

Viajantes de paises desenvolvidos que se deslocam para paises
subdesenvolvidos e podem ser infectados pelo HAV

Homossexuais

Sexo anal-oral

Usuarios de drogas injetaveis e
nao injetaveis

Utilizacdo de drogas e seringas contaminadas com HAV

Individuos com disturbio da

coagulagao sanguinea

Fator VII do plasma de doadores com Hepatite A

Individuos que trabalham
manuseando alimentos

Contaminacdo com HAV na comida e bebida durante sua preparagao

Individuos que trabalham com

criangas (creche, escola)

Esses individuos sao infectados ao entrar em contato com criangas com
infecgdo assintomatica ou branda

Trabalhadores da area de saude

Transmissao do paciente para o profissional de salde

Tratadores de primatas nao-
humanos

Transmissao de primatas suscetiveis ao HAV para o trabalhador

Em individuos infectados com HAV, as particulas virais viaveis sao

ingeridas e adsorvidas no intestino delgado, antes de atingir a circulagcao portal e
serem trasnportadas para o figado. O periodo de incubagéo varia entre 10 e 50
dias, dependendo do numero de particulas virais infecciosas ingeridas; a infec¢ao
com poucas particulas resulta em um maior periodo de incubagéo (Koff, 1992).

Durante a infecgéo, o virus ultrapassa a barreira do trato digestério e adere
aos hepatocitos pelo receptor HAVCR1 onde inicia sua replicagédo (Tami et al,,

2007). Em seguida, ocorre a liberacdo de particulas virais para o sangue (viremia)

14
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que pode estar presente por um longo periodo durante a fase convalescente da
hepatite A (Yotsuyanagi et al.,, 1993). A deteccdo do virus nas tonsilas e saliva,
logo apds o aparecimento do virus no sangue, sugere que um evento anterior de
replicacdo pode ocorrer na orofaringe ou nas glandulas salivares (Amado et al.,
2010; Cohen et al., 1989). Ainda existem duvidas se existem sitios extrahepaticos
de replicacao primaria. Acredita-se que, apos a ingestao, o HAV alcance o figado
através do sistema porta hepatico e seja capturado pelos hepatécitos através de
receptores especificos (Cuthbert, 2001), replique-se e, a seguir, seja excretado no
intestino pela bile (Asher et al., 1995; Pinto et al., 2002a).

Primatas nao-humanos desenvolvem, pela inoculagdo experimental do
HAV, lesdes histoldgicas no figado que incluem a) infiltracdo inflamatéria portal,
principalmente com linfécitos e macrofagos; b) aumento e ativacdo das células de
Kupffer; e c) difuso dano hepatocelular. As alteragcdes histolégicas verificadas nos
animais experimentalmente inoculados sdo semelhantes, porém menos intensas

que em humanos com hepatite A (Amado et al., 2010; LeDuc et al., 1983).

Os mecanismos responsaveis pela injuria hepatocelular na hepatite A ainda
ndo estdo totalmente esclarecidos. Considera-se que o dano hepatocelular ocorra
pela resposta imunomediada contra hepatdcitos infectados e nao pela direta acao
citopéatica do virus. Durante a fase aguda da doenca observou-se a presenca de
células T citotoxicas CD8+ (Vallbracht et al., 1989; Fleischer et al., 1990) e CD4+
(Pinto et al., 2002b) que secretam interferon-y, com capacidade de estimular
células inflamatérias para os locais de replicacdo viral no figado, aumentando
desta maneira a injuria hepatocelular (Maier et al., 1988; Fleischer et al., 1990;
Pinto et al., 2002b). Outras citocinas pré-inflamatérias (interleucina-1, interleucina—
6 e fator de necrose tumoral—a), liberadas nos locais da injuria hepatica
relacionada ao HAV, podem recrutar células inflamatérias que sao potencialmente

desencadeadoras de dano e regeneracao hepatocelulares (Pinto et al., 2002b).

A deteccao da enzima Oxido nitrico sintetase, em macréfagos esplénicos e
células de Kupffer, de primatas n&o-humanos com hepatite A, sugere a
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contribuicdo do Oxido nitrico, produto desta enzima, para 0S mecanismos
citotdéxicos hepaticos e de eliminacéo do virus (Pinto et al., 2000). As células NK
(natural killer) do sistema imune inespecifico parecem ter também papel
importante no dano hepatocelular antecedendo a ativacdo das células T
citotoxicas (dos Santos et al., 2009; Baba et al., 1993).

A infecgdo pelo HAV ndo induz a sintese de interferon-a (IFN- a) e
interferon-B (IFN- B) basicamente pelo fato de que a introducéo desses interferons
exogenos é capaz de eliminar infeccées pelo HAV persistentes em fibroblastos
humanos (Vallbracht et al., 1984, 1985). Em cultura de células, o HAV inibe a
transcricdo do RNA mensageiro do interferon-, induzido pela dupla fita de RNA
(dsRNA) formada durante a replicacao, e a apoptose induzida pelo acumulo de
RNA. Esta dupla capacidade preserva o local de replicacdo do virus por um longo
periodo, permitindo a propagacdo para as células vizinhas, facilitando ao virus
estabelecer a infecgao (Brack et al., 2002).

Na figura 1.4, podemos observar a cinética de infeccdo pelo HAV. Os
marcadores bioquimicos (por exemplo, niveis séricos de ALT) e os sintomas
clinicos estao correlacionados com a deteccdo do HAV RNA por PCR em tempo
real em amostras de fezes, soro e saliva, e a resposta imune € medida como
anticorpos anti-HAV IgM e IgG detectados por ensaio imunoenzimatico em
amostras de soro. Depois de 4 semanas de exposicao ao HAV, ha um aumento da
ALT e o aparecimento da ictericia. As barras representam o tempo que € possivel
detectar o HAV RNA por PCR em tempo real. Antes do inicio dos sintomas
clinicos, o HAV RNA pode ser detectado no soro durante cerca de 1-10 semanas
(Fujiwara et al.,, 2011; Normann et al., 2004), no fluido oral durante cerca de 1-8
semanas (Amado et al., 2010) e é excretado nas fezes durante aproximadamente
1-12 semanas (Tjon et al., 2006). Os titulos de anti-HAV IgM tém seu pico durante
a fase sintomatica e diminuem para valores basais dentro de 3-6 meses dentro da
fase sintomatica. Titulos de anti-HAV IgG aumentam gradualmente, atingindo altos
niveis durante a fase convalescente e permanecem por toda vida, conferindo

imunidade contra reinfeccao.
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Figura 1.4: Curso temporal da infeccéao pelo HAV (Adaptado de De Paula, 2012).

O curso da infecgdo pelo HAV é dividido em quatro fases: periodo de
incubacao, fase pré-ictérica, fase de ictericia e fase convalescente. O periodo de
incubacgao do virus varia de 15 a 50 dias (Nainan et. al., 2006; Paul et. al., 1945).
Durante esta fase, o individuo infectado permanece assintomatico, apesar da
replicacdo viral estar ocorrendo. Por este motivo, este € o periodo de maior risco
de transmissao, jA que resulta em grande quantidade de virus eliminado nas
fezes. Na fase pré-ictérica ocorre o aparecimento dos primeiros sintomas. Em
seguida, ocorre uma deposicdo de pigmentos na pele e mucosas que assumem
uma coloracdo amarelada, o que caracteriza a fase ictérica. As manifestacoes
clinicas da hepatite A em adultos comeg¢am abruptamente, com os sinais clinicos e
sintomas mais comuns sendo: urina escura, fadiga, febre, problemas
gastrointestinais (tais como anorexia, nauseas, vomitos e dor abdominal),
hepatomegalia e ictericia observada nas mucosas, pele e conjuntiva. Em criancas,
a infeccdo pelo HAV pode levar a sintomas inespecificos embora, na maioria dos
casos a infeccdo seja assintomatica, mostrando que a manifestacdo clinica e

gravidade da doenga esta intimamente relacionada com a idade (De Paula, 2012).
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A fase convalescente representa a fase de recuperacao do individuo (O’grady,
1992; Nainan et. al., 2006).

Clinicamente, a hepatite A segue um curso anictérico e assintomatico em
90% das pessoas quando infectadas até cinco anos de idade (Ross et al.,1991).
Em éareas de alta endemicidade, a maioria dos individuos se torna infectado no
inicio da infancia. Nos adultos, a doenca é mais grave e prolongada (Lednar et. al.,
1985), mas ndo leva a um estado crbénico (Battegay et al., 1995). A hepatite
fulminante € uma rara complicacao da hepatite A. O risco de faléncia aguda do
figado é de 0,5-1% (Akriviadis e Redeker, 1989). Em 15 a 20% dos pacientes
pode ocorrer reincidéncia ou prolongamento da doenca por até seis meses
(Sjogren et. al., 1987), sendo o HAV detectado por seis a doze meses apds a
infeccdo (Bower et al., 2000). Anticorpos IgA especificos para o HAV (anti-HAV
IgA) também sao produzidos, por um tempo limitado, durante a infecgdo. O papel
dos anticorpos IgA na resposta contra o HAV ndo € bem estabelecido. No entanto,
a IgA foi postulada como carreadora auxiliando o transporte hepatotrépico do
HAV, sendo especulado que esse mecanismo de carreamento contribui para os
desfechos clinicos da doenca (Dotzauer et al., 2012).

Anticorpos contra as proteinas estruturais do HAV sdo produzidos também
apos imunizacdo com a vacina contra hepatite A. Uma pequena proporcao de
pessoas vacinadas (8 a 20%) tem uma resposta transitéria de anti-HAV IgM.
Anticorpos anti-HAV 1gG séo produzidos por pessoas imunizadas com sucesso
(91-100% apds a primeira dose da vacina) (Sjogren et. al., 1987). Anticorpos anti-
HAV IgM e IgG sédo neutralizantes, pois reconhecem epitopos conformacionais
formados pelas proteinas estruturais do capsideo viral.

1.6- Interacao HAV-Hospedeiro

O progresso em tecnologias genbmicas tornou possivel avaliar a
contribuicdo dos fatores genéticos do hospedeiro para as doencas infecciosas
(Manry e Quintana-Murci, 2013). A variabilidade nos resultados clinicos entre

individuos e populagbes foi inicialmente atribuido a variabilidade genética dos
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patdbgenos, mas estudos recentes tém demonstrado que o mesmo agente
infeccioso poderia causar diferentes tipos de infeccoes (Casanova e Abel, 2005;
Quintana-Murci et al., 2007). Os resultados da variabilidade individual de uma
infeccdo é uma complexa interacao entre fatores ambientais, fatores microbianos

e fatores genéticos e nao genéticos do hospedeiro (Casanova e Abel, 2004).

E geralmente aceito que fatores virais associados com diferentes fatores
demograficos, tais como idade, sexo e etnia tém um importante papel no desfecho
clinico da infeccao pelo HAV (Fujiwara et al., 2002;. Sasbon et al,, 2010). No
entanto, variagdes gendmicas do hospedeiro responsaveis pela gravidade dessa
doenca ndo sdo bem compreendidos. E importante ressaltar que um ndmero
limitado de estudos tém abordado em detalhes a associagédo entre a gravidade da
hepatite A e variagbes no genoma do HAV; e mais reduzidos ainda sdo os estudos
que avaliam essa mesma associacao com polimorfismos genéticos do hospedeiro
(Vaughan et al., 2014).

Em um estudo recente, os dados de genotipagem de 67 SNPs em 31 genes
candidatos foram avaliados por associacoes estatisticas com a soropositividade
de anticorpos anti-HAV usando amostras de DNA de 6.779 participantes, como
parte da Pesquisa Nacional de Saude e Nutricdo nos Estados Unidos, (Zhang et
al., 2012). Este estudo identificou associacbes genéticas significantes entre
soropositividade de anti-HAV entre os americanos de descendéncia mexicana e
variantes dos genes ABCB1, TGFB1, e XRCC1. Os autores mostraram que o0s
individuos portadores do alelo funcional T no gene TGFB1, uma citocina
reguladora multifuncional que desempenha um papel na patogénese da lesdo do
figado durante a hepatite A (Flisiak et al., 2005), foram mais propensos a infec¢ao
pelo HAV. Além disso, os portadores do alelo funcional T do gene XRCCH1
apresentaram maior prevaléncia na infeccao por este mesmo virus, sugerindo que
XRCC1 pode desempenhar um papel na susceptibilidade a esta infeccdo através
de seus efeitos indiretos sobre a inflamacédo, o estresse oxidativo, e vias de
apoptose (Vidal et al., 2001). A expressao supra regulada do gene ABCB1 em
hepatdcitos humanos e ductos biliares nas hepatites virais pode oferecer protecao
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contra a acumulacdo de constituintes téxicos biliares e torna estas células
resistentes ao estresse oxidativo (Ros et al, 2003). Na populagdo mexico-
americana, individuos com uma ou duas copias do alelo T eram menos propensos
a infeccao pelo HAV, sugerindo que o gene ABCB1 pode afetar a susceptibilidade
de um individuo a esta infeccao através do seu efeito protetor no figado (Zhang et
al., 2012).

Em um estudo recente, mostrou-se que fatores genéticos afetam a resposta
de anticorpos anti-HAV ap6s a vacinacao contra hepatite A. Certos alelos de HLA
foram encontrados como sendo associados com a evolugdo da infeccdo em
criangas. A tipagem de alta resolugdo do HLA-DRB1* mostrou um aumento na
frequéncia do alelo DRB1* 1301 nos controles saudaveis, em comparagao com
criancas com formas prolongadas da infeccdo pelo HAV. No entanto, esta
predisposicao para uma infeccao prolongada nao parece estar ligada a uma maior
susceptibilidade a infeccao em geral. O aumento da frequéncia deste alelo nao foi
observado entre criangcas com infeccdo autolimitada pelo HAV (Fainboim et al.,
2001).

A infeccdo pelo HAV tem sido sugerida como uma predisposicao para
hepatite autoimune em individuos susceptiveis (Rahaman et ai, 1994; Vento et al.,
1988). No entanto, a relacdo entre a infeccdo pelo HAV, os genes de HLA e
hepatite autoimune nao é clara (Czaja et al, 2002; Fainboim et ai, 1994). O alelo
HLA-DRB1* 1301, que foi associado com a infec¢do prolongada pelo HAV, nao foi
correlacionado com a hepatite autoimune, apesar deste alelo ser potencialmente
ligado a persisténcia de danos no figado (Fainboim et al., 2001). Curiosamente,
em paises onde a hepatite autoimune ndo € comumente relatada, como o Japao,
a frequéncia do gene, DRB1* 1301, € muito baixa (Saito et al., 2000). Além disso,
o haplotipo DRB1* 1302, que difere do alelo HLA-DRB1* 1301 apenas por um
aminoacido, parece ter um carater protetor em relacdo ao desenvolvimento de

hepatite autoimune pediatrica do tipo 1 (Pando et al., 1999).
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A associacgéao significativa entre o polimorfismo 2E1 no gene do citocromo
P450 (CYP2E1) e a hepatite em pacientes indianos também tem sido relatada
(Deka et al., 2010). Este estudo analisou dados da genotipagem do gene CYP2E1
e 0s gendtipos do HAV como um marcador de prognéstico para predisposicao de
pacientes com doenca hepatica. Os pacientes foram acompanhados durante a
fase aguda da infecgdo. A prevaléncia do alelo Dral mutante entre os pacientes
com hepatite viral foi significativamente maior nos casos de infecgdo pelo HAV.
Assim, a presenca do alelo Dral pode desempenhar um papel na lesdo do figado

causada pela infec¢ao aguda deste virus.

Embora os fatores genéticos que predispéem para a susceptibilidade a
formas graves de hepatite induzida pelo HAV estdo ainda em investigacao, é
possivel que a variabilidade na gravidade da doenca induzida por este virus possa
ser regulada, também, pelo polimorfismo no gene que codifica o receptor para o
HAV nas células, o HAVCR1, também conhecido como TIM1 (Feigelstock et al.,
1998). Tem sido sugerido que o HAV pode modular o sistema imune do
hospedeiro, uma vez que HAVCR1 é expresso por células T CD4+ ativadas
durante o desenvolvimento de células T auxiliares (Th2) e regula a produgéo de
citocinas (Mclintyre et al., 2001). Além disso, o HAVCR1 é uma importante
molécula co-estimuladora de células T que regula a inducédo de tolerdncia e de
ativacdo dessas células (Rodriguez-Manzanet et al, 2009). Através do
sequenciamento do DNA complementar a partir de linfécitos humanos, uma
insercao de seis aminoacidos (INS) foi identificada no residuo 157, denominado
157insMTTTVP. A insercao 157insMTTTVP esta localizada no centro de uma
regido extracelular do tipo mucina que é necessaria para o desencapsulamento
eficiente do HAV (Silberstein et al., 2003). Assim, a inser¢cao 157insMTTTVP pode

afetar a eficiéncia de entrada do virus na célula.

A variante polimérfica do HAVCR1 também tem sido associada com um
aumento do risco para a hepatite grave (Kim et al., 2011). Entre criancas
argentinas com insuficiéncia hepatica aguda induzida pelo HAV, verificou-se que o
polimorfismo 157insMTTTVP (forma longa) do HAVCR1 foi associado com a
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gravidade da doenca. Esta associacdo pode ser explicada em parte pelo fato de
que a forma longa de TIM-1 se liga ao HAV mais eficientemente do que a forma
curta. Além disso, as células NKT, que expressam a forma longa de HAVCR1, tém
uma maior citotoxicidade sobre células infectadas pelo HAV, sugerindo que o HAV
pode induzir respostas imunes mais vigorosas € com maior lesdo hepatica em
individuos com a forma longa do HAVCR1. O HAVCR1 esta associado, também, a
atopia em individuos soropositivos para o HAV, sugerindo que este pode favorecer
a selegdo natural de alelos mais curtos do HAVCR1, assim, reduzindo a gravidade
da hepatite induzida pelo virus (Kim et al., 2011).

Durante a infeccdo pelo HAV, a maioria dos pacientes desenvolvem a
doenca sintomatica leve ou assintomatica. No entanto, um pequeno numero de
pacientes desenvolvem hepatite grave que pode apresentar risco de vida (Kim et
al., 2011). Os resultados destes estudos podem ajudar a explicar a variabilidade
na gravidade desta doenca. No quadro 1.3 € possivel visualizar os genes e a
funcdo das proteinas codificadas por eles que podem estar relacionados aos
diferentes desfechos clinicos da hepatite A.
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Quadro 1.3: Fungao das proteinas codificadas pelos genes associados aos diferentes desfechos clinicos da hepatite A.

Gene alvo Fungéo da Proteina Codificada Referéncia
INFL3 Citocina com atividade antiviral, antitumor e imunomoduladora mp://ww.genecgre%zﬂgﬁggbin/carddsp_pm
TGFBeta1 Ajuda a controlar o crescimento, proliferagéo, diferenciagéo, motiidade e apoptose celular hitpy/ghr.nimnih.govigene/TGFB1
XRCCt Corrige defeitos reparando quebras na dupla-fita de DNA htp:/fwwwuriprot.or g/uniprot/P 18887

ABCB1 (MDRH)

TM1 (HAVCRT)

CYP2E1

TTC40

RELN

NCR3LG1

STXBP1

GPC1

DNAH12

MST1R

NFATC4

HLA-DQA1

ESR1

IL-10

TNF-alpha

miR-164a

TLR3

TANK

Atua como transportador de varias moléculas entre as membranas do meio intra e extracelular

Pode desempenhar um papel no desenvolvimento da célula T-helper e a regulagé@o da asma e
das doengas alérgicas. No caso da hepatite A, funciona como um receptor de superficie celular
para o virus. Pode desempenhar um papel na leséo e reparagao renal

Codifica um membro da superfamiia de enzimas do citocromo P450. As proteinas do citocromo
P450 catalisam diversas reagdes envolvidas no metabolismo de farmacos e da sintese de
colesterol, esterdides e outros lipidos.

Tetratricopeptide repeat domain 40. A repeti¢do tetratricopeptide (TPR) é um motivo estrutural.
Consiste em um motivo degenerado de 34 amino4cidos identificado numa ampla variedade de
proteinas.

Este gene codifica uma grande proteina da matriz extracelular que parece controlar as
interacges célula-célula criticas para o posicionamento celular e a migragao neuronal durante o
desenvolvimento do cérebro.

E um ligante para receptores das células Natural Killers e parecem desempenhar um papel
imunomodulador na resposta TLR e na sinalizagéo de citocinas pré-inflamatorias

Este gene codifica uma proteina de ligagdo a sintaxina. A proteina codificada parece
desempenhar um papel na liberagéo de neurotransmissores através da regulagdo da sintaxina,
uma proteina de ligagao do receptor transmembranar.

E um glicofosfatidiinositol (GP)) ligada proteina da superficie celular e membro de um grande
grupo de proteinas de ligagdo de sulfato de heparano que estdo envolvidos na morfogénese,
aderéncia, quimiotaxia, e na inflamagao

Tem atividade de ATPase

Eumreceptor trosina-quinase da superficie celular, que regula respostas imunes hepaticas e é
expresso em macréfagos e hepatécitos.

E um regulador de células T e da resposta imune inata, é altamente expresso no figado.

Ela desempenha um papel central no sistema imunitario através da apresentagdo de péptidos
derivados de proteinas extracelulares

Os efeitos dos estrogénios sdo mediados por receptores de estrégeno (ESRS). Quando
estrogénio se liga ao seu receptor,ativa e regula miltiplos genes, como NF-kB, TNFa e IL-6

Citocina com efeitos pleiotrépicos na imunorregulagdo e inflamagdo. Regula negativamente a
expressdo de citocinas Th1, MHC-I Ags, e moléculas co-estimulatérias em macréfagos.
Aumenta a sobrevivéncia das células B, proliferagdo e produgéo de anticorpos.

Citocina pro-inflamatéria multifuncional. E secretada principalmente por macrofagos. Esta
envolvida na regulagdo de um vérios processos bioldgicos, incluindo a proliferagéo celular,
diferenciagao, apoptose, metabolismo de lipidos, e coagulagéo.

Atividade imunomoduladora e supressor de tumor

Desempenha um papel fundamental no reconhecimento do patégeno e ativagdo da imunidade
inata. Reconhece dsRNA associado com infecgdo viral, e induz a ativagdo de NF-kB e a
produgé&o de INF do tipo I.

Proteina adaptadora que desempenha um papel na imunidade inata antiviral

http:/Amwy.g enecards.org/cgi-bin/carddisp.pl?
gene=ABCB1

http:/Awww.uniprot.org/uniprot/Q96D42

http:/Awwv.g enecards.org/cgi-bin/carddisp.pl?
gene=CYP2E1

http:/mww.ncbi.nim.nih.govigene/54777
http://www.g enecards.org/cgi-bin/carddisp.pl?
gene=RELN
Matta et al., 2013

htp:/ww.g enecards.org/cgi-bin/carddisp.pl?
gene=STXBP1

Fransson, 2003; Parish, 2006

http:/Amwv.g enecards.org/cgi-bin/carddisp.pl?
gene:DlaAHm
McDowell et al., 2002

Bukong et al., 2011

Falah et al., 2013

Maeda et al., 2010; Nakagawa et al., 2009; Shimizu,
2003

htp:/www.ncbi.nim.nih.govigene/3586

htp:/www.nchi.nlm.nih.govigene/7124
Jiang et al., 2013
Mp://vwmgenecards.or_lg/cgi-bin/carddsp.p{’?
gene=TLR3

htp://www.g enecards.org/cgi-bin/carddisp.pl?
P g gene:'IgAl\?K
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1.7 — Faléncia Hepatica Aguda

A faléncia hepatica aguda (do inglés “Acute Liver Failure” - ALF) foi
inicialmente definida como o aparecimento simultdneo de defeitos de coagulacao
e encefalopatia num quadro de insuficiéncia hepatica aguda de qualquer tipo e na
auséncia de doenca hepatica pré-existente (Trey e Davidson, 1970). Ao longo dos
anos, definicdes variaram no que diz respeito ao tempo de aparecimento dos
sinais de insuficiéncia hepatica. No entanto, um padrdo central de sinais e
sintomas clinicos caracteriza todas as causas de ALF a medida que a lesao
hepatica grave evolui com o passar do tempo, independentemente da etiologia.
Sao eles: prolongado tempo de protrombina/ INR (“/nternational normalized ratio” -
INR), a diminuicdo da funcdo mental, vasodilatagdo periférica, caracteristicas de
sindrome de resposta inflamatoria sistémica e, finalmente, faléncia multipla dos
orgaos (Bernal e Wendon, 2013). A insuficiéncia hepatica aguda € uma sindrome
na qual, além do figado, outros érgdos podem ser acometidos, como o cérebro,
rins, pulmbes, medula, sistema circulatério e sistema imunoldgico. Apesar da
apresentacao clinica relativamente uniforme, as diferentes causas da ALF estdo
associados com resultados notavelmente diferentes (Ostapowicz et al., 2002).
Assim, o desfecho é definido pela etiologia, que deve ser determinada para
avaliagcdo prognostica e, sempre que possivel, para aplicacdo da terapéutica
adequada de causa especifica (Bernal et al., 2015).

Sao numerosas as causas da ALF, tais como hepatites virais, uso de
medicamentos, doencas metabdlicas, exposicao a téxicos, isquemia e uma série
de outras causas listadas no quadro 1.4. A investigacao criteriosa de todos os
possiveis agentes etioldgicos da ALF, entretanto, nem sempre é bem sucedida, e
cerca de 40% a 50% dos casos ficam sem etiologia determinada (Acharya et al.,
2002). O uso de drogas com reacao imprevisivel pode ser uma das causas da
ALF, mas uma droga de efeito hepatotoxico previsivel, o paracetamol, tem sido
relatada em todo o mundo como uma das causas mais frequentes da ALF, tanto
em adultos como em criancas (Ostapowicz et al., 2002). Tanto a hepatite A como
a hepatite B aguda, também, podem evoluir para ALF em percentuais variaveis,
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geralmente < 1% dos casos. Somente a agdo do virus ndo parece causar lesao
hepatica, e a evolucdo mais grave da infeccdo parece ser consequéncia da
resposta imunoldgica mais vigorosa do hospedeiro (Locarnini et al., 2006). No
caso da hepatite A, nenhuma mutacao genética viral foi associada aos casos de
ALF (dos Santos et al., 2009). J& para hepatite B, tanto muta¢des da regiao pré-
core do genoma viral quanto a reativacdo em casos de hepatite B cronica, ou uso
de imunossupressores ou quimioterapia pode, ocasionalmente, levar ao
desencadeamento da ALF (Mindikoglu et al, 2006). No entanto, fatores
imunogenéticos do hospedeiro relacionados a este desfecho mais grave da
doenca ainda necessitam ser elucidados principalmente, nos casos de hepatite A

onde poucas informacdes foram reportadas na literatura.
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Quadro 1.4: Causas de faléncia hepatica fulminante.

Etiologia

Virus das hepatites A e B

Citomegalovirus

Viris da Herpes simples

Epstein-Barr virus
Infecciosas Paramixovirus

Adenovirus

Virus da Dengue

Virus da Febre Amarela

Doenca de Wilson

Deficiéncia de alpha-1-antitripsina
Metabolicas Galactosemia

Tirosinemia

Exposicao a drogras ou toxinas:
Acetaminofeno
CCl4
a) Relacionada a dose Amanita phaloides
Fosforo amarelo

Halotano

Isoniazida

Rifampicina

Tetraciclina

Dissulfiram

Sindrome de Reye (acido acetilsalicitico)
cetoconazol

Anti-inflamatérios nao hormonais
Antitireoidianos, hidatoinas, alpha-
metildopamina

Isgémicas/hipoxia

Doenca venoclusiva

Disfuncao primaria hepatica pés transplante
Choque hepatico isquémico
Insuficiéncia cardiaca

b) Idiossincratica

hepatite auto-imune

Doenca de Still do adulto
Linfoma

Metasteses hepaticas
Esteatose aguda na gravidez
Hipertermia

Hepatectomia parcial
Criptogénica

Outros
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Ao longo dos ultimos anos, a frequéncia relativa das causas da ALF evoluiu.
As diferencas na etiologia entre paises em desenvolvimento e desenvolvidos
estdo bem caracterizadas, a Europa e os Estados Unidos apresentam uma alta
incidéncia de toxicidade por paracetamol levando a ALF junto com lesédo hepatica
induzida por drogas devido a agentes de prescricdo, menos comum, mas
igualmente importante. Em contrapartida, Sul da Asia, Hong Kong e América do
Sul tém uma maior incidéncia dos virus das hepatites, especificamente hepatite E
no Paquistdo, hepatite B em Hong Kong, e hepatite A na América do Sul (Acharya
et al., 2002; Ostapowicz et al., 2002).

Um importante fator para a compreensdo das caracteristicas clinicas e o
prognéstico da ALF é a relagdo do padrao de lesdo, determinado pela etiologia,
curso da doenca e sua duracdo. Nomes diferentes foram aplicados, mas os
termos hiperaguda, aguda e sub-aguda sao muitas vezes utilizados (O’grady,
1992). O periodo de lesédo ativa nos casos de paracetamol e isquemias pode ser
medido em horas, e é auto-limitado. Estes pacientes sdo caracterizados como
tendo um padrao "hiperagudo”, e, em muitos casos, tem uma recuperacao rapida
apesar da faléncia multipla de 6rgaos. Este padrao € muito diferente da maioria
das outras formas de ALF, usualmente denominada "Aguda ou sub-aguda”,na qual
0 padrao de lesdo evolui ao longo de 1-4 semanas, e nao € auto-limitado, mas sim
de longa duracéao. A lesédo hepatica induzida por drogas, pelas hepatite A e B, pela
hepatite auto-imune e a maioria dos casos indeterminados terdo um padrédo sub-

aguda e uma pior taxa de sobrevivéncia (Bernal et al., 2015; O’grady, 1992).

Os resultados dos testes hepaticos diferem sensivelmente entre os
pacientes. Os casos hiperagudos sado caracterizados por baixos niveis de
bilirrubina e niveis surpreendentemente elevados de aminotransferases,
caracteristica da necrose celular, como mecanismo patogénico primario (Tabela
1.1). Em contrapartida, os pacientes sub-agudos tém transaminases séricas
menores e maiores valores séricos de bilirrubina, decorrentes de uma lesao
hepatica mais gradual e num maior intervalo de tempo. Os mecanismos

patogénicos variam provavelmente entre as etiologias, mas a apoptose e a
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ativacao da resposta imunitaria adaptativa sdo importantes para a ALF (Bernal et
al., 2015; O’'grady, 1992).

Tabela 1.1: Dados demograficos, laboratoriais e desfecho clinico de acordo com a etiologia de ALF,
n=2000 adultos dos EUA 1998-2014. (Adaptado de Bernal et al., 2015)

APAP DILI Indeterminado  HAV HBV Outros

n=916 n=220 n=245 n=36 n=142 n=441
Idade (média em anos) 37 46 39 49 43 45
Sexo (% de femininos) 76 69 59 44 44 71
Ictericia ao coma (média de
dias) 1 12 11 4 8 7
Grau de HE 23 (%) 53 35 48 56 52 38
ALT (média em Ul) 3773 640 865 2275 1649 681
Bilirrubina (média em umol/L) 74 339 361 210 315 238
Transplante (%) 9 40 42 33 39 32

APAP -Paracetamol; DILI -dano ao figado induzido por outras drogas; HAV — virus da hepatite A; HBV -virus da hepatite B; HE —
encefalopatia hepatica.

A ALF leva a deficiéncia funcional grave do figado, com alteragdo de todo o
seu metabolismo. A capacidade de metabolizacdo de substancias enddgenas
como horménios, bilirrubinas, vitaminas e mesmo medicamentos encontra-se
prejudicada. Diversos fatores de coagulacdo sanguinea, sintetizados no figado e
de meia-vida curta, também estdo diminuidos na ALF, como o fator V e a atividade
da protrombina. O mau funcionamento das células de Kupffer permite o livre
transito de micro-organismos e endotoxinas provenientes do intestino, que
alcancam a circulagdo sanguinea, piorando as fungcdes metabdlicas e favorecendo
a instalacao de infeccoes e a liberagdo de citocinas com graves consequéncias

circulatérias, agravando ainda mais a doenga (Shawcross et al., 2004).

Os primeiros sintomas nao sao especificos — nausea, mal-estar, fadiga. O
sintoma que mais chama a atencao é a encefalopatia, que pode aparecer antes ou
depois da ictericia. Varios fatores extra-hepaticos podem contribuir para a

encefalopatia como hipoglicemia, hiponatremia, uremia, hipdxia e sepse. A
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evolucao da encefalopatia é classicamente descrita em quatro estagios, iniciando-
se com alteragdes de comportamento (grau 1), distirbios de sono-vigilancia (grau
II) e desorientacao témporo-espacial (grau lll). Alternancias de um grau para outro
podem ocorrer em horas, evoluindo para estagios mais avangados como o pré-
coma e 0 coma hepatico (grau IV). Em concomitancia com o desenvolvimento de
alteracbes neuropsiquicas préprias da encefalopatia hepatica, é comum a
instalagdo de infecg¢des, insuficiéncia renal e hemorragias, sendo possivel

caracterizar a sindrome de faléncia multipla dos érgaos (Hoofnagle et al., 1995).

Os fatores prognoésticos da ALF podem ser estaticos ou dindmicos. Tém
sido considerados como fatores progndsticos estaticos a idade do paciente e a
etiologia da ALF. Apesar da infecao pelo virus da hepatite A e a intoxicagdo com
paracetamol serem consideradas de melhor prognostico, estas apresentam taxas
de mortalidade ao redor de 50%. J& os casos de etiologia provavelmente viral,
classificados como ndo A-E, bem como varios medicamentos, costumam ter pior

prognéstico (O’Grady et al., 1989) (quadro 1.5).

Quadro 1.5: Fatores prognosticos de faléncia hepatica fulminante

Fatores Mau Progndstico
Fatores Estaticos
Idade < 10 ou > 40 anos
hepatites virais (exceto
Etiologia hepatite A), Drogas (exceto

acetaminofen)

Fatores Dindmicos

Nivel de bilirrubina >18mg/dL
Tempo de acéo da Protrombina >100 segundos
Fator V <20%
Grau de Encefalopatia hepatica grau IV
Necrose hepatocelular extensa
Complicacoes presentes
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A terapia especifica s6 pode ser instituida a partir da identificacao etiolégica
da ALF. Na intoxicacdo pelo acetaminofeno, o uso de N-acetilcisteina deve ser o
mais precoce possivel, nas primeiras 10-24 horas. O tratamento desta
enfermidade induzida pelo herpes simples é a administracdo de aciclovir
(Montalbano et al., 2005). No caso da hepatite B, é indicado o uso de antivirais
orais, como a lamivudina (em doses habituais) embora outros antivirais de agao
rapida, como o entecavir sejam promissores. A correcao dos fatores que possam
levar a piora da lesdo hepética e da encefalopatia, como hemorragias, hipdxia,
alteragdes hemodinamicas, hidroeletroliticas ou do metabolismo acido-basico, séo
urgentes e mandatérias. Embora, todas essas medidas possam ser aplicadas, o
transplante hepatico é o tratamento definitivo, capaz de salvar a vida desses
pacientes (Bernal e Wendon, 2013). No quadro 1.6 encontramos o conjunto de
medidas terapéuticas a serem tomadas nos casos de ALF.
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Quadro 1.6: Condutas terapéuticas nas diferentes manifestacdes clinicas da faléncia
hepatica fulminante.

Complicacao Conduta terapéutica

Encefalopatia hepatica, dieta hipoproteica
Evitar sedativos
Encefalopatia hepatica Lavagem intestinal
Lactulose (?) - evitar em caso de edema cerebral
Transplante hepatico

Monitorar pressao intracraniana
Evitar movimentos

Edema Cerebra Evitar aspiragcdo nasotraqueal
Cabeceira a 45°
Manitol

Controle constante da glicemia

Hipoglicemia . B )
Soro glicosado em perfusao continua

Dialise
Hemofiltracao

Insuficiéncia renal

Monitorar gases arteriais
Insuficiéncia respiratdria Intubagéo orotraqueal

Ventilagdo mecéanica
Hipotensao Dopamina

Culturas frequéntes

Infeccdo o .
Antibioticoterapia

Plasma fresco/plaquetas
Hemorragia Fatores de coagulacao
Bloqueadores de H, / Inibidores de bomba de prétons
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2 — RELEVANCIA DO ESTUDO

Mundialmente, a infecgdo pelo HAV é a forma mais comum de hepatite
aguda, sendo responsavel por 1.5 milhdes de novos casos a cada ano (Vaughan
et al., 2014; Martin e Lemon, et al., 2006). Clinicamente, a infeccdo por este virus
segue um curso auto-limitado e assintomatico em 90% dos casos de criancas
infectadas até 5 anos de idade; em adultos, a doenca é mais grave e prolongada.
A ALF é uma complicagdo que apresenta uma taxa de mortalidade de até 80%
dos casos nao transplantados. A infeccdo pelo HAV é uma das causas mais
importantes de ALF, ocorrendo em até 1% dos casos reportados (O'Grady et al.,
1993). No Brasil, assim como em outros paises em desenvolvimento, as melhorias
nas condi¢des de higiene e saneamento tem contribuido para a mudanga no perfil
epidemiologico da hepatite A. Atualmente, devido a estas melhorias, houve um
aumento no numero de individuos suscetiveis no pais e, consequentemente, de
surtos em faixas etarias mais avancadas, o que € preocupante, pois a doenca

tende a ser mais grave.

A evolucado clinica da hepatite A, assim como as outras hepatites virais,
apresenta um estado dinamico de interacdes entre o virus e a resposta imune do
hospedeiro. O curso natural dessas infeccbes varia muito entre individuos.
Enquanto alguns pacientes apresentam extensdo no quadro clinico com
progressdo mais rapida da doenga hepatica, outros tém um prognéstico
relativamente benigno (Lee et al, 2013). No entanto, o mecanismo molecular
responsavel pela gravidade da doenca nao esta bem compreendido (Vaughan et
al.,, 2014).

Na dJdltima década, o grupo de pesquisadores do Laboratério de
Desenvolvimento Tecnologico em Virologia do Instituto Oswaldo Cruz buscou
relacionar fatores virais aos diferentes padrdes de infec¢des clinicas causados
pelo HAV no Brasil (Dos Santos et al, 2009a, 2009b). Contudo, fatores
epigenéticos do hospedeiro associados a essa infeccdo no pais permanecem
elusivos, principalmente em relagéo a ALF.
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Muitos fatores de risco tém sido avaliados com o objetivo de identificar
pacientes que podem ter uma predisposicdo a um desfecho mais grave da
doenca. Os estudos epidemiolégicos de surtos e casos esporadicos sao
importantes para investigar a disseminacdo do virus e estabelecer diferentes
fatores virais e socioambientais associados ao curso da infecgdo pelo HAV. Neste
mesmo cenario, atualmente, estudos de caso-controle, de genes candidatos e de
associacdes alélicas tem sido realizados com o objetivo de se investigar fatores
genéticos do hospedeiro e o curso da doengca (Amini e Poustchi 2012; Mosbruger
et al., 2010).

Variagdes no desfecho clinico da hepatite A destacam a importancia de se
identificar os mecanismos subjacentes da patogénese viral e da progressao da
doenca, bem como, de se estabelecer os fatores genéticos do hospedeiro que
poderiam contribuir para predisposicdo a ALF. A analise de mutagdes genéticas
em genes-chave e a analise da relagdo com a ALF induzida pelo HAV promovera

uma melhor compreensao da patogénese da doenca.
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3 - OBJETIVOS
Objetivo Geral

Estudar a variabilidade genética do HAV e o polimorfismo genético do hospedeiro
em associagao aos diferentes cursos clinicos da hepatite A

Objetivos especificos

3.1 — Avaliar, através de estudo transversal, a prevaléncia de marcadores de
infeccdo aguda e passada em populagdes expostas ao HAV e possiveis fatores de
risco a esta infeccao.

3.2 — Otimizar o método de PCR em tempo real e avaliar o potencial de
oligonucleotideos sintéticos como curva padrao para detectar, quantificar e

acompanhar a infec¢do precoce pelo HAV.

3.3 - Acompanhar a transmissdao horizontal do HAV em ambiente domiciliar,

através de métodos sorolégicos e moleculares

3.4 - Investigar os fatores moleculares e imunogenéticos do hospedeiro

responsaveis pela diversidade na gravidade da hepatite A.

3.4.1. Analisar o perfil genético de polimorfismos no gene INFL3 associado

aos diferentes desfechos clinicos da hepatite A.

3.4.2. Investigar a variabilidade genética do hospedeiro, incluindo
polimorfismos genéticos do sistema imune, associados aos casos classicos
e de faléncia aguda do figado (ALF) provocada pela infeccao do virus da
hepatite A.
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Abstract: Population-based prevalence studies are essential tools for screenng of
hepatitis A and provide important data on susceptible groups. However, surveillance in
isolated commmmnities 1s difficult because of the limited access to these areas and the need for
blood sample collection. This study aimed to determine the anti-HAV prevalence using oral
fluid samples to provide an alternative tool for epidemiological studies that might be useful
for vaccination-related decisions. The study population was composed of 224 volunteers
from South Pantanal aged 3 to 86 years old. This study was performed using oral fluads,
previously standardized for anti-HAV antibody detection, which were collected using a
ChemBio device. Eluates were tested using modified commercial EIA to detect anti-HAV
antibodies. The overall prevalence was 79.1%, corresponding to 178 reactive EIA tests out
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of 224 samples. The age stratified data revealed a prevalence of 47.8% between (—10 vears,
84% in 11-20 vears and 91.9% in subjects older than 21 vears. Results indicate that
hepatitis A prevalence was higher in adolescents and adults, corroborating the literature
reports. Thus, oral fluid samples could replace serum tn HAV epidemiological studies in
1solated communities as they are efficient at detecting anti-HAV antibodies.

Kevwords: hepatitis A- epidemiology; oral fluid; vaccine

1. Introduction

Hepatitis A 1s one of the most frequently reported vaccine-preventable diseases and remains
endenuc i many areas of the world, especially i developing countries [1]. Hepatitis A virus (HAV)
has been observed i heterogeneous pockets where susceptible or exposed mdividuals may co-exist.
Therefore, there 1s a threat of a small and localized outbreak of HAWV mfection or even a larger
outbreak in such areas [2].

The association of HAV infection with poor access to sanitation and hygiene behavior patterns,
age-dependent clinical outcome of the disease, and lifelong mmunity determune the different patterns
of HAV mfection observed around the world [3.4]. In areas marked by an mncreased prevalence rate of
hepatitis A, the infection 15 primanly observed among children. and most of them present with
asymptomatic to self-limiting disease, generating protective immunity against hepatitis A [3].
Conversely, in areas marked by an intermediate prevalence rate for hepatitis A_ a limited proportion of
the adult population 1s reported to be immune. As a result. community-wide epidemics, resulting from
person-to-person transmission may occur [5]. Finally, in areas marked by a low prevalence rate for
hepatitis A, residents may be at nsk for mfection by travel to areas where hepatitis A is endemic and
mgestion of local contamunated foods [5]. Despite the nuld course of the mfection dunng clildhood,
hepatitis A may cause significant morbidity and mortality among adolescents and adults [6]. Fulminant
hepatitis may also develop among individuals with a predisposing underlying liver disease [7].

As a result of the epidemiological pattern transition of hepatitis A in Brazil, two distinet epademiological
patterns may be observed: the North, Northeast, and Midwest regions with intermediate endemucity of
hepatitis A and the South and Southeast regions with low endenucity [8.9] This situation was
highlighted mn the discussion about universal mass hepatitis A vaccination program in the country.
In early 2013, a vaccine agamst hepatitis A was incorporated mto the routine children vaccination
program in Brazil as a result of a cost-effective analysis to control HAV infection [5]. To determine
whether the hepatitis A vaccine is effective as part of the national vaccination program. data regarding
the prevalence and epidemiology of hepatitis A are essential.

In the epidenuoclogical context, the use of oral flmds to deternune HAV protection has been
demonstrated to be appropriate because of 1ts advantages and high accuracy for surveillance studies
different groups [10,11]. The advantages of oral specimen collection and evaluation of performance of
several oral fluid collection devices m modified ETAs have led to increased mnterest in the use of oral
fluid samples as a surrogate for serum samples. These aspects are very important, especially if we
consider difficult-to-access areas where blood collection may be challenging, such as the Pantanal
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region. Pantanal is a vast wetland area. located mostly in Brazilian territory, which 1s of great interest
for epidemiological studies [12] as its hydrography can be a source element for hepatitis A virus
transmission. Nevertheless, there are no data concerning local hepatiis A vius circulation 1 this
region. Thus, the purpose of the present study was to determune the anti-HAV prevalence using oral
fliud samples to provide an alternative tool for epidemuological studies that nught be useful for
vaccination-related decisions.

2. Materials and Methods
2.1, Ethical Aspects

Ethical pernussion for collecting and testing samples was provided by the FIOCRUZ Etlucal
Committee (number 536/2009). and written informed consent was obtained from each participant
before enrollment in the study. The specimens and questionnaires were anonymous, and feedback was
provided to all participants of the study, including their hepatitis results. All unprotected participants
were advised to be vaccinated agamst hepatitis A

2.2 Sample Collection and Processing

Matched serum and oral fluid samples were collected from each participant. Frve mulliliters (mL) of
peripheral blood was drawn by venipuncture using hypodermic needles and multiple sterile vacuum
blood collection tubes (Vacutainer system. Becton, Dickinson and Company, Franklin Lakes NI
USA) Subsequently, the samples were centrifuged at 1300 g at 25 °C for 5 mun, and the sera were
stored at —20 °C._ Oral flmd samples were obtamed by means of a commercial device, ChemBio®
(ChemBio Diagnostic Systems Inc., New York, NY, USA), which consists of a sponge swab attached to
a handle with a plastic tube contaming 500 pL of a preservative solution. The swab was rubbed along
the teeth/gum hine for a munute. The collected oral flud was concentrated at the bottom of a plastic
tube after centrifugation at 1300 g at 25 °C for 10 min and stored at 2—8 °C until analysis.

2.3. Sample Screening

Total anti-HAWV antibodies were detected by using a commercially available, solid-phase enzyme
immunoassay (EIA) based on the principle of immunocapture (ImmunoComb®*II HAV Ab, Orgenics,
Istael). The solid phase 15 a comb composed of 12 projections, each one being sensitized at two
positions: an upper spot with a monoclonal anti-HAV antibody (internal control) and a lower spot with
rabbit anti-human IgG and IgM antibodies.

The test was performed according to the manufacturer's instructions and adapted for oral fluid
samples by adding 25 pL of oral fluid without sample diluents. as reported by Tournho erf al [1]
The test results were visible as gray-blue spots on the surface of the projections, and the visual results
were deternuned semu-quantitatively by companng the mtensity of the color of the lower spot on each
projection with the color scale provided by the manufacturer. The samples results were classified
accordimng to the cut-off powmnt (10 TU/L) of the test. A spot with an intensity greater to or equal than the
cut-off point indicated the presence of protecting anti-HAV levels. A spot with an intensity slightly
less than that of the cut-off was considered an equivocal result, and the sample was retested. A spot
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with a lower intensity than that of the cut-off was considered negative. The ImmunoComb*II HAV Ab
assay has a limit of detection of 10 IU anti-HAV antibodies/L, which i1s regarded as the mummum
concentration of anti-HAV antibodies that indicates immunization has occumred. All of the samples
were assayed three times, and identical visual readings for HAV were consistently observed by
multiple investigators (three).

2.4 Studied Population

Encompassing approximately 140,000 km® across the termtories of Brazil. Bolivia, and Paraguay.
the Pantanal region 15 one of the world's largest freshwater wetland ecosystems [12]. In Brazil, where 85%
of the total area of Pantanal is located. 65.5% of the area 1s situated i the State of Mato Grosso do Sul
(MS). and it 15 known as South Pantanal [13.14]. The region 1s ecologically classified into sub-regions
that differ in the degree of vegetation, flooding and physiognomy [15-17] (Figure 1).

‘—J"r #
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" . 8,514 mil ki %—/m
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Figure 1. Sub-regions of the Brazilian Pantanal area (adapted from Globo Rural-Edition®
288-October 2009).

This study was performed in four isolated communities of the Paraguay river basin sub-region.
in areas that are 661 km far from the city of Campo Grande (MS). This region is sparsely populated,
and 1t 15 characterized by wetlands that hinder access to the coastal commumities; access 15 only
available by boat. The whole population of the study area 15 estimated to be 691 mndividuals.
The survey was conducted between Aprl 2010 and June 2010, and a total of 224 paired serum and oral
fluid samples were collected using a non-probability sampling method from all consenting occupants
of households. The samples were placed into a cool box and retumed to the laboratory after 15 days of
collection for total anti-HAW screening test. The sociodemographic characteristics of each member of
the study were obtained by means of questionnaires. No mdividual had a history of hepatitis A vaccination.
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2.5. Statistical Analysis

Data are presented as frequencies. The performance of the laboratory tests with the collected oral
flmd samples was determined by companng the sensitivity, specificity, and positive and negative
predictive values and their respective 95% confidence mtervals (95% CT) with the serum results, which
were used as a gold standard control. The linear and weighted kappa (k) statistic was used to evaluate
the rate of agreement between the oral fluid and serum anti-HAWV antibody status. According to the
strength of the agreement, the & value was interpreted as follows [18]: <20%, poor; 21% to 40%, fair;
41% to 60%, moderate; 61% to 80%, good; and 81% to 100%, very good. To compare proportions,
the chi-square (¥*) test for ndependence with Yate's continuity comection, % for trends, and Fisher's
exact test (when appropriate) were used. A two-tailed p < 0.05 was considered statistically sigmficant.
All analyses were performed with MedCale for Windows, version 8.1.0.0 (MedCale Software, Manakerke,
Belgium) and GraphPad InStat version 3.05 software (GraphPad Software, La Jolla, CA, USA).

3. Results

3.1. Study Design and Patients

This study was a population-based cross-sectional survey, and it was conducted i four isolated
communities living in difficult-to-access areas of the Paraguay River basm, South Pantanal, Brazl:
Serra do Ameolar/SioLourengo, Paraguay Mirim, Porto da Manga, and Passo do Lontra.

3.2 Sociodemographic Characteristics of the Studied Population

In this serocepidenuological survey, a total of 224 matched serum and oral flmd samples were
obtained from volunteers, 100 (43.9%) of which were female and 124 (56.1%) male. The age of the
study population ranged from 3 to 86 vears, with a mean age of 26 91 = 17.35 years. Because of the
lack of data on anti-HAV prevalence in the studied communities, as many volunteers as possible were
recruited from among the local residents (Table 1).

Table 1. Sociodemographic charactenistics of the study subjects (n = 224).

Fariable Studied Papulation (n) Studied Population (%:)
Age group (vears)
010 46 20353%
11-20 30 2232%
21-30 47 2098%
31-40 26 11.61%
41-50 29 12.95%
=50 26 11.61%
Gender
Female 100 43.90%
Male 124 36.10%
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Table 1. Cont.

Farable Studied Poapulation (n) Studied Population (%)
Race/Ethnicity
Caucasian 67 2991%
Brown 55 20.00%
Black 4 18.30%
Amenndian 37 16.52%
Asian 2 357%
Not reported & 2.70%
Educational level
None 19 2.48%
First grade 156 69.60%
Second grade 32 14.29%
Graduated 14 6.25%
Not reported 3 1.38%
Family income
1 minimmm salary 107 47.80%
2 minimmm salary 93 42.40%
3 minimum salary 19 8.50%
Not reported 3 1.30%
Community
Serra do Amolar/S80 Lourenco 45 20.09%
Paraguai-Mirim 60 26.78%
Porto da Manga 3 10.37%
Passo do Lonira 96 42.86%

3.3 Anti-HAV Antibadies Detection in Serum and Oval Fluid Samples

Total anti-HAV antibodies were detected in 181/224 serum samples by using a commercial
immunoeassay, ImmunoComb I HAV Ab (Orgenics), corresponding to a hepatitis A seroprevalence of
80.8%. The prevalence of total anti-HAV antibodies in oral flmid was 79.01%, comresponding to
177 reactive samples. Analysis of the test performance revealed the following resulis: sensitivity of
97 24% (95% CI- 0.936 to 0.991). specificity of 97.67% (95% CI- 0.877 to 0.999), positive predictive value
of 99.44% (95% CI: 0.968 to 0.999), negative predictive value of 89 36% (95% CI: 0.768 to 0.964).
and Kappa coefficient of 91.7% (95% CT: 0.851 to 0.982).

3.4. Factors Associated with Total Anti-HAV Positivity

According to bivariate analysis. age and ethnicity were found to be statistically associated with total
anti-HAWV positivity i serum samples. However, only age was a factor statistically related to anti-HAWV
positivity mn oral fluid samples (Table 2).
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Table 2. Factors associated with anti-HAWV antibodies positivity in serum and oral flusd
(Chembio™) samples from individuals living in South Pantanal. Brazil (n = 224).

Serum Oral Fluid (ChemBio®)
Variable
Posinive (n = 181) Negative (n = 43) P Positive (n =177)  Negative (n =47) P
Age (vears), median _
27 (3.0-86.00 10 (3.0-72.0p <A, 0001 26 (3.0-86.00) 11 (3.0-77.0) =0.0001
(interval)
Gender, n (%) 0.9175 0.9953
Male 101 (55.8) 23(534) 98 (53.3) 26 (55.3)
Female B0 (44.2) 20 (46.5) 79 (46.7) 21447
Race/Echnicity, n (%) 00312 02797
Caucasian 33(183) 14(32.6) 51 (28.8) 16 (34.00
Brown 58 (32.0) 7(16.3) 57 (322 B(17.00
Black 53 (29.3) 8 (18.6) 32(18.1) 9(19.3)
Amerindian 26 (14.4) 11 (25.5) 26 (14.7) 11 (23.4)
Azian 6(33) 1(4.6) 6(6.4) 2(432)
NR * 5(28) 1{2.3) 5(2.8) 1{(2.1)
Domestic residents, n (%) 0.1589 0.7919
-1 17 (9.4) 5(11.6) 16 (9.00 6 (12.8)
-3 56(30.9) 4(9.3) 33 (299) 7(14.9)
4-5 41 (22.7) 14(32.5) 40 (22.6) 15 (31.9)
67 33(183) 9(20.9) 32 (18.1) 10(21.3)
=7 33(18.3) 10(23.3) 35(19.8) B (17.0)
HNR 1(0.6) 1(23) 1{0.&) 121)
Educadonal level, n (%) 0.8396 0.7248
Hone 1477 5(10.6) 1479 5(10.T)
First grade 127 (70.2) 29 (67.5) 126 (71.2) 30 (83.8)
Second grade 28 (15.5) 4(9.3) 25(14.1) 7(14.9)
Graduated 10(5.5) 4(2.3) 10 (5.6) 4 (8.5)
HNE 2(1.1) 1(2.3) 2(1.2) 1{2.1)
Familiar income (minimum salary), n (%) 0.7331 0.8599
=1 82 (45.3) 25(58.1) 81 (45.7) 26 (55.3)
2 85 (47.0) 10(23.3) 82 (46.3) 13 27.7)
3 12 (5.6) T(16.3) 12 (6.8) 7(14.9)
HNE 2(1.1) 123) 2(L.3) 121)
Drinking warter {souree), n (%) 0.3302 04174
Untreated (mver) 56 (30.9) 11(25.6) 56 (31.6) 11 (23.4)
Treated (rver) 107 (59.2) 30 (69.8) 104 (38.6) 33 (70.2)
Bottled (pumeral -
16 (8.8) 12.3) 5(2.8) 2(42)
water)
NR 2(1.1) 1{2.3) 2(1.2) 2(4.2)
History of heparitis 4, n (%) 0.0903 02506
Neo 161 (89.0) 42(97.7) 159 (89.8) 44 (95.7)
Yes 16 (8.8) 0(0.0) 15(8.5) 121
HR 4022 1(23) I 243
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Table 2. Cont.

o Serum Oral Fluid {ChemBio™)
Fariable
Pasinve (n = 181) Neganve (n =43) P Posinive (n=177)  Neganive (n=47) F:l
Community, n (%) 0.0562 0.1157
Pazso do Lontra 81 (44.8) 15(34.2) 77(43.5) 19 (40.4)
Porto da Manga 2(12.3) 1(23) 2124 12.1)

Paraguai-Mirim 43 (23.7) 17(39.5) 45 (24.3) 17 (36.2)
Sema do

Amolar/S3c 35(19.3) 10 (23.3) 35(19.7) 10 (21.3)
Lourengo

3 Not Reported; b including treated water by chlornation, filiration and boiling.

The seroprevalence of HAV infection ranged from 70.2% m Caucasian individuals to 89.2% m
brown subjects. The positivity for these antibodies in serum was higher in brown and black and
subjects, 89.2% and 86 9%, respectively. compared with the other ethmcities of the study.

The proportions of anti-HAV posttivity were considered to be similar in both types of biological
samples by age group, with a maximum difference of 7.7% in the age group of 3140 vyears old.
The seroprevalence progressively mcreased from 50% in children 010 vears up to 100% among
mdividuals aged 3140 vears. A similar trend was observed for oral flud samples. where disease
prevalence ranged from 50% in children 0-10 wears to 93.10% among individuals who were
41-50 vears old. There was a significant increase in prevalence, approximately 40%, between the ages
of 0—10 and 11-20 vears of age, for both types of clinical specimens (Figure 2).

A difference 1n the anti-HAV positivity rate among the communities studied, which ranged from
71.67% (43/60) in the community of Paraguay-Mirim to 95.65% (22/23) in Porto da Manga, was also
observed. The prevalence of HAV infection was higher in commumnities closer to urban centers, such as
Passo do Lontra (84.38%) and Porto da Manga (95.65%). than in most remote and difficult-to-access
comnmmities. such as Paraguay-Mirim (71.67%) and Serra do Amolar/Sio Lourenco (77.78%) (Figure 3).
Despite this variability, anti-HAV positivity was not significantly assoctated with a particular community.

120

1004
I Anti-HAY reagent serum

&0 EE Anti-HAY reagent oral fuid

64

Prevalence (%)

ER - N
Age Group (years)

Figure 2. Total anti-HAV prevalence in serum and oral fluid by age group from mdividuals
linving in difficul-to-access areas of South Pantanal, Brazil

44



Estudo Comparativo Do Polimorfismo Genético... Tourinho, RS

Int. J Environ. Res. Public Health 2015, 12 7365

120

100+ E  Anti-HAV reagent serum
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Prevalence (%)

Pass0 do Lontra  Pornooda Manga  Paraguad-Rnn Serra do Amolan 230 Louwrengo

Communities of Scuth Pantanal

Figure 3. Total anti-HAV prevalence in serum and oral flud by communites from individuals
livving mn difficul-to-access areas of South Pantanal. Brazil.

4. Discussion

In Brazil. HAV mfection accounts for the majonty of viral hepatitis notifications. Changes in the
epidenuological patterns have been described 1 some regions due to improvements 1n samtation and
socioeconomuc conditions. Nevertheless, all three patterns can be identified even within a particular
geographical region [8]. HAV infection has an intermediate prevalence in Brazil. and it 1s considered
endenuc to the country [19].

The 1ssue of implementing a national vaccmation program agamst hepatitis A i Brazil has been
widely discussed in view of the difficulty of establishing a umified project in an area of contmental
dimensions and macro-regions with distinct epidemiological profile of the disease. In Brazil HAWV
available vaccine 15 imported, and it has been recently evaluated for mclusion in the childhood vaccination
schedule. For determination of national policies on vaccination, the results of epidenuological studies
and cost-benefit must be carefully considered and the impact on public health must be balanced [2,20].

For epidenuological momtonng purposes, the use of oral fliud samples 1s of great importance
because, as shown by different authors [21-26] this specimen type has many clinical advantages and
appears to be accurate enough to be used in such situations. However, many of these studies have
proposed the use of oral flud as an alternative tool for blood samples. If the benefits of such climical
specimen have been demonstrated, and 1ts efficiency m enzyme mmmunoassays has sometimes proven,
why not use it as a substitute for blood collection?

As demonstrated in this study, oral fluid samples may, in fact, serve as a substitute for blood
collection. However, 1t 1s tmportant to select the most appropnate device for sample collection and
field studies [1.27]. provaiding accurate mformation to deternune the epidemuological profile, the need
for immumzation and disease control strategies [28].

To determine the efficiency oral fluid samples and its applicability in field research as a substitute
for serum. the first investigation of HAV infection in difficult-to-access commumnities was held in the
South Pantanal. Using samples collected from different individuals belonging to these commuuties,
we observed a close relationship between the HAV prevalence 1 oral flud samples collected with
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ChemBio® (79.01%) device and HAV seroprevalence (81.25%). The agreement between the results of
oral fluid and the “gold standard” (serum) was 97.32% (sensitivity = 97.24% and specificity = 97.67%).

A high overall anti-HAV prevalence rate (81.25%) was found compared with that observed 1n the
general population (55.7%) m the South and Southeast regions of Brazil. However, this rate was lower
than the rate found in the North (92.8%%) and more similar to the rate obtained in the Northeastern
region of Brazil (76.5%) [29].

Although some studies have demonstrated that urban populations have lower rates of HAV
infection than rural populations [30-32], in this study, communities closer to urban centers had a
higher rate of HAV exposure than the rate observed among individuals from the rural areas (91.65%
and 84 38% versus 71.67% and 77.78%, respectively). Similarly. Almeida and colleagues [33] found a
higher HAV prevalence in urtban areas (87 4%) compared with rural settlement areas of Cavunge
(79.7%), a semiarid region of Bahia state in Northeast Brazil.

Furthermore, in the present investigation, people living in these communities reported having a low
mcome. Despite the fact that anti-HAV positivity was not significantly associated with water source,
the inhabitants of these rural areas do not have adequate facilities for sanitation and use river water for
washing and consumption as well as for their personal hygiene. Urban communities are located near
the hotel mndustry and farms, where poor sanitation conditions persist, and environmental sanitation
projects erther do not exist or are still under construction. Apart from samitation facilities and hygiene
conditions, the residents” houses are located close to each other, and the high population density in
low-income urban communities can contribute to the spread of the hepatitis A vims.

The anti-HAV seroprevalence was significantly associated with age. Stratification by age revealed
that although the overall prevalence was 81.25%. only 50% of children aged (—10 vears are immune to
the disease. This rate is higher than that observed by De Alencar Ximenes and colleagues [8] in the
capitals of the Northeast and Midwest regions of Brazil, 32% and 34%. respectively. However,
the prevalence 1s lower (60%) than in individuals younger than 10 vears in the Amazon region [34].
Data from these studies demonstrate a low prevalence in this age group in these regions.

Despite the prevalence of HAV infection having been linked to race/ethnicity, this association appears
more to reflect a regional characteristic.

The combination of the collection and preservation of samples with the stabilizers in ChemBio®
device methodology is considered as an important strategy to avoid problems of rapid degradation
during antibody storage, as reported by Gréschl and colleagues [35] for other collectors.

5. Conclusions

The use of oral flud specimens is a helpful tool for understanding the hepatitis A prevalence in
areas where no data are available and might be useful for vaccination-related decisions since
1t 15 efficient in detecting susceptible individuals.
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ARTIGO 2 - Application of Synthetic Standard Curves for Absolute Quantification
of Hepatitis A and E by Real-Time PCR

50



Estudo Comparativo Do Polimorfismo Genético... Tourinho, RS

Towrinho et al. J Genet Genome Res 2015, 21
ISSN: 23T8-3648

)ﬁ\ Journal of
¥ Genetics and Genome Research

Short Communication: Open Access

Application of Synthetic Standard Curves for Absolute Quantification
of Hepatitis A and E by Real-Time PCR
Renata Santos Tourinho!, Camilla Rodrigues de Almeida', Andreza Salvio Lemos?, Noemi

Rovaris Gardinali', Yasmine Rangel Vieira', Jonas Schmidt-Chanasit® and Vanessa Salete
de Paula'™

'l ahoratario de Desenvolvimento Tecnoldgico em Virologia, Instituto Oswaldo Cruz - FIOCRUZ, Brazil
*Bemhard-Nocht-institutfiir Tropenmedizin-BNI, Germany

*Corresponding author: Vanessa S de Paula, FPavithdo Helio e Peggy Pereira, sala B219, Instifuto Oswaldo Cruz
— FIOCRUZ, Cx Postal 926, Av. Brasil 4365, CEP: 21045-800, Rio de Janeiro, RJ, Brazil, Tel: 5521-2562-1876, Fax:

3321-2270-6397, E-mail: vdepaula@ioc_fiocruz.br

Short Communication

Hepatitis A, which presents a major health problem globally, is
caused by hepatitis A virus {HAV). This virus, whose primary site
of replication is the liver, is the most common agent causing acute
liver disease worldwide [1]. Hepatitis E virus (HEV) is the most
recently discovered of the hepatotropic viruses, its genome having
been identified in 1991. Despite the similarity with hepatitis A virus
in their pathogenesis and transmission form, HEY has a zoonotic
potential [2].

Two major challenges of virus analysis include a lack of adequate
information in infectivity and the difficulty to cultivate these viruses
in vitro. Conservatively, immunaological, nucleic acid-based methods.
and cell culture have been applied as molecular techniques for virus
analysis [3,4]. The disadvantages of these methods have incited for
new detection approaches that are rapid, sensitive and specific as
the real-time PCR technique. Real-time viral detection provides
sufficient information regarding multiple steps in infection process
at molecular level, which is valuable for the prevention and control
of viral infections [5].

Conventionally, in absolute quantitative real-time PCR detection,
the viral load is measured as copy number per cell or per total RNAJ
DNA following a transformation of the data using a standard corve.
A standard curve is generated by performing a real-time PCR using a
dilution series of template DNA made from plasmid DNA or, more
recently, DNA oligonocleotides. The current literature suggests that
there are advantages and disadvantages of using different templates
for the construction of a standard curve in the absolute quantification
[6]. As the results of our laboratory cost-benefits studies, we could

observe that, despite displaying reliable results, using plasmid DNA
as template is more expensive and takes longer to synthetize than
DNA oligonocleotides. The advantage of using DNA oligonucleotides
is that it can be custom synthesized, and only requires the nucleotide
sequence information.

Orwer the past decade, synthetic biology has taken advantage of a
comprehensive inventory of biomolecular parts [7] and it is providing
alternative diagnostic tools for viral detection and monitoring.
This report highlights the application of synthetics standard curves
for quantification of hepatitis A and E genomes by real-time PCR
The aim of this study was to examine the potential of two DNA
oligos for hepatitis A (HAV) and hepatitis E virus (HEV) genomes
quantification that could be adopted readily into established testing
protocols.

The HPLC-pure oligonucleotides specifying the 89bp HAV
(5" non-coding region) and 74bp HEV (ORF3 region) amplicons
were custom synthesized by IDT® (CoralVille, USA) (Table 1)
corresponding to the same genome fragments used for plasmid DNA
standard curve construction. Following manufacturer’s specifications,
the DNA olign was dissolved in DNase/ RMase-free distilled water
to 100pmoliul. which is equivalent, approximately, to 107 DNA
maolecules/ul. according to the Avopadro number calculation -
([DNAg/ul]/ Plasmid size (bp) x 660) x {6,022x107). The standard
curves were generated by performing a TagMan real time PCR,
previously described by De Paula et al. and by Jothikumar et al. for
HEY [8,9]. In this study, the plasmid standard curve was replaced
to ultramer template ten-fold dilution series (107°-107'). The specific
primers and probes were used according to the literature above. After
determining the dilution range for each synthetic curve, they were

Table 1: Hepatitis A and E synthetic standand curve sequences

Virus Uliramer sequence Size (bp} Amaount of ofigs
LAV E-TFCGTG.ﬁGABCCCTGGMG&&WAE&CGTATCAGAMMTWAMTGAGTAT&:GTG g anmal
ATT TAA GAA CCC TGA ACC TGC AGC TGA TA-Z
ey | T-TTC GTA GGG GTT GGT TGG ATG AAC GTA GOG AAG GGC TGA GAA TCAATG CGT GTC ACC CCA 74 £ ol
GAA ACC ACC TTC GT-3
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Figure 1: Synihetic oligo DMA standard curves for absolule quantification of hepatifis A and E virus by realime PCR. Amplification plot and linear regression of
HAV synthetic standard curve, respectively, slope-3,489, R# 0,98 (A) and (B). Amplification pliot and linear regression of HEV synthetic standand curve, respaciively,
slope -3,301, R70.820 EA}a'd{B]

assayed along with plasmid DMNA as standard curve to compare their
quantification in copies/ul. Therewith, the absolute quantification
using DNA oligo as standard curve could be performed using a panel
of 14 HAV and HEV available samples with known quantification.

Firstly, in our experiments, we could observe that the range
dilation for HAV synthetic curve was 10%-10" moleculesul. and
for HEV 10°-10" molecules/ul. (Figure 1). The difference between
the dilution ranges of both oligo DNAs could be explained by
HEV genome quantification results. It was detected non-specific
amplification at high dilutions or at a low copy number. The Ct
value of the HEV oligo DNA standard curve was leveled off at high
Ct values due to low input DNA concentrations. Bowers and Dhar
also reported it; however, this effect was apparent when the plasmid
DNA and 500 bases in vitro transcribed RNA template were used as
templates. The data from their study suggested that the size of the
template used to generate standard curve should be very similar to the
size of the amplicon which will reduce or eliminate the nonspecific
amplification. In this report, we use this strategy but we could not
observe similar results. Nevertheless, later data demonstrated that
this effect did not hawve a directly influence on HEV genome absolute
quantification due to the exclision of non-specific amplification
templates.

Following, it was assayed both plasmid and synthetic DNA
curves with the samples. As the plasmid DNA corve was
optimized for both viral genomes (range 2x10*-10*ng/ul), they were
used as "gold standard™ curve to compare sample quantification for
HAYV and HEV. Samples quantification using each type of curve as
standard was compared each other and the difference between their
results were analyzed. HAV results demonstrated that quantification
ratio between the two types of curves ranged from 0.83 to 2.14
times, The same comparison was performed for HEV samples and
quantification ratio ranged from 1.87 to 2.23 times. Difference in
absolute quantification between both types of curves, for HAV and
HEV genomes, did not exceed one log. Furthermore, there was not
discordance between qualitative results of tested samples.

Amplification efficiency valnes were similar for both types of
curves, as indicated by the slopes of separate standard curves. The
results of HAV absolute quantification demonstrated a slope average
for plasmid DN A of -3,345, and oligo DNA of -3,499. For HEV, the
slope average for plasmid D'NA was -3,27 and for oligo DN4 -3,301
(R>0,99 for all assays).

The absolute quantification of viral genomes by real time PCP has
been become routine. Conventionally, a standard curve is generated
using a dilotion series of cloned genomic segment of the target virus
as template, which is time consuming, and costly [6].

Recently, oligonucleotide representing the target gene has been
used as template to generate a standard curve, as reported in this study
and [SOYTS 15216-1:2013 that describe a method for quantification
of levels of HAV from test samples of foodstuffs or food surfaces.

Our ET-PCR quantification methods were not compared with
ISOYTS 15216-1:2013. However, the real-time PCR to hepatitis A,
described here, have been used since 2007 to detect and quantify
HAV from water, food, saliva, cell culture, serum, liver and stool
samples with plasmid standard curve [10-15]. The results showed that
the standard curve can be replaced for a synthetic curve.

The synthetics biology can overcome the biological limitations
of plasmid curve. We could demonstrate that oligo DNA could be
used as template of standard curve due to its similar results with the
plasmid DNA curves (gold standard). Oligo DNAs standard curves
could be a helpful alternative or laboratories that do not have enough
space and financial conditions for molecular coning. Due to thess
characteristics, they could be a very nseful tool on viral diagnosis.
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Evidence of Hepatitis A Virus Person-to-Person
Transmission in Household Outbreaks
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Abstract

The peson-to-person transmission of the hepatitis A virus primarly occurs in enclosed spaces, particulady in the presence
of inadequate hygiene conditions and a high proportion of susceptible individuals. Thus, intimate family contact stands out
as a risk factor for HAV infection dissemination. The present study aimed to evaluate the ccoumence of household HAV
transmission. Blood samples werne collected from patients with hepatitis A (index cases) and their family members (contacts)
that were referred to an ambulatory cane clinic specializing in viral hepatitis. A total of 97 samples were collected from 30
families with a confirmed hepatitis A case (index case). Serological and molecular technigues for the diagnosis of hepatitis A
were conducted on all sarmples. HAV infection (anti-HAV IgM + and/or HAV RNA +) was detected in 34.3% (23/67) of the
contacts; 343% (23/67) of the contacts were immune to HAY, and 31.4% (21/67) were susceptible. In the household
contacts, HAV immunity was significantly associated with older age; susceptibility to infection and HAV infection wene
associated with younger age. Household outbreaks were detected in 16/30 families studied. Co-circulation of subgenotypes
14 and IB was found in the household outbreaks, and peson-to-person transmission was evidenced in six of the household
outbreaks, with 100% homaology between the index case and contact strains. The results demonstrated the relevance of
HAV household transmission, reaffimning the need for hepatitis A vaccine administration in susceptible contacts and
effective infection control procedures to prevent the extension of household outbreaks.
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Introduction 1-VT); three of the genotypes (I-01) are asodated with human
infections, and three (IV-VI} are associated with simian infectiomns
[6]. Al the human genotypes (I-III) are divided into two
subgenotypes (A and B}, which exhibit a nudeotide variation of
approximately 7.5% [9). Recenty, a new subgenotype IC has
been proposed [10].

HAV transmission generally occurs through the fecal-oral route
by ingestion of contaminated food, water, or through person-to-
persan contact. Person-to-person transmission is facilitated by
dose indoor contact where inadequate hygiene practices and a
high proportion of susceptible individuak may exist. In recent
years, many studies of indoor hepatitis A outbreaks have been
published globally, but these studies are limited to outhreak
imvestigations in daycare centers, nurseries, or schook [11,12,13].
Daycare centers and schook play an important role in the
transmission network of HAVY becawse of the tendency of children
less than & years of age to develop asymptomatic infection and
spread the disease among susceptible contacts [14]. However, our
literature review identified few published reports investigating
HAV tranamission in the howehold environment, a favorahle
location for the exposure of susceptible individuals to infected

Hepatitia A is an inflammatory liver disease that annually affects
approximately 1.4 million individuals worldwide [1]. The disease
b transmitted primarily via the fecal-oral route, and its incidence
rate is swongly correlated with socioeconomic conditions and
access o safe drinking water [2.3]. Brazil currently has an
intermediate incidence rate of hepatitis A, affecting approximately
7,000 people per year [4], the decline in the country’s hepatits A
incidence has been atiributed to recent improvements in sanitation
and environmental planning. As a result of the decreased
incidence, the number of susceptible adolescents and adulis has
increased, leading to a higher risk of outbreaks in these age groups
where the disease tends to he symptomatic [5,6]. Although
hepatitis A has great impact on the Brazilian health, does not exist
yet a program of routine chiklhood vaccination in the country.

The hepatitis A virus (HAV) 8 a Hepatovirus member of the
Picornauindae family and has a postive single-stranded RNA
genome approximately 7.5 kb in length [7]. HAV has a single
antigenic serotype that provides lifelong immunity after natral
infection and follow the use of an inactivated vaccine. Despite the
lack of antigenic variability, there are six viral genotypes of HAV

PLOS OME | wwwplosonesorg 1 July 2014 | Volume 9 | lssue T | 102925
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ndividuals [13,16,17). Withn the domiciliary environment, the
virus can spread through intimate contact between famjh_.-'
membiers as seen for several pathogens [18,19]. This siudy aimed
to investigate the ocourrence of the HAV tranamision in the
household environment.

Materials and Methods

Ethics Statement

This study was approved by the FIOCRUZ Erhics Committee
mumber: 135.261). All the subjects participating in the study or the
responsible parent ol the under the age subjects signed a comsent
form  after  bei ng provided all the necessary and sufficient
information to make an informed decision,

Study population and sample collection

The study was conducted in the Viral Hepatitis Ambulatory of
the Oswaldo Cruz Imtitute/Oswaldo Cne Foundation (FIO-
CRUZ), Rio de Janeiro, Brazil, from November 2012 to0 April
2015, Patients who tested positive for anti-HAV Ighd were invited
to participate. Blood samples were collected from hepatitis A
patients (index cases) and their family members (household
contacts). Five millilites of total bood from each ndividual was
obtained by venipuncture, collected o sterile tube, and
centrifiged. The serum was separated and stored at — 2070,

Demographics, clinical, and lboratory data collection

For the epidemiologic evaluation, the following variables were
obtained from the medical records of the index cases and their
househaold contacts: age, sex, relationship betwemn index cases and
houschaold contacts, presence or absence of symptoms, alanine
aminotranderase (ALT), and aspartate aminotranserase (AST)
serurm levels,

Household outbreak definition

For this study, a household outbreak was defined as the
occurrence of two or more cases of hepatiis A in a single
domiciliary environment. Thus, the presence of IgM ant-HAV
and/or HAV RNA detected in the index case and in at least one of
houwsehold contacts was characterized as a household outhreak.

Serological tests for household samples

The serum samples for all household contacts were analyzed for
spedfic anthodies againag HAV (IgM and total and-HAVY) using
an emzyme linked immunosorbent test (ETI-IGME PLUS and
ETT-AB-HAVE PLUS, DiaSorin, laly). The resulis were
recorded as positve or negative according to the standard
procedures recommended by the manufaciurer.

Detection of HAV RNA in serum samples

Regardless of the serological test resuls, qualitative PCR and
realktime PCR were performed on all the collected serum samples.
The viral RNA was extracted from 140 pl. of serum using the
QlAmp Viral BENA Kit (Qiagen, Valencia, Spain). Reverse
transcription was performed at 55°C for 1Th usng 10 pl of
RNA, random primers (Invitrogen, Rodolle, MDD, USA), and
SuperSeript I reverse wamscriptase (Invitrogen). The VPL/2A
region was amplified usng a nested PCR as desoribed elsewhere
[11]. The PCR products were loaded anto a 1.5% agarcse gel and
siained with ethidivm bromide to wvisualize the bands of an
expected length of 247 bp, HAV RNA was quantified from 5 mlL
of IMNA using the TagMan Real-time PCR assay (Applied
Biosystems, Foster City, CA, USA). A specific smthetic ultramer

PLOS ONE | www plosone org
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5" TTOGTGAGAGCCCTG GAAGAAAGAAGACGTATCAG-
AAAGCGTGAAAAATGAGTATGOGT GATTTAAGAACC-
CTGAACCTGCAGCTGATAY) was used for the standard
curve comtruction, and specific primers for the 5° HAV non-
coding region and a single-labeled 5° FAM probe were used as
described previousy [20].

Sequencing and phylogenetic analysis

Amplicons were purified usng the r,')_l,o.qm«k el extraction kit
(Qiagen, Valencia, Spain) according o the mamfacurers
recommendations,  The nudeotide squencing  reaction  was
performed in both directions for HAY BENA positive samples
with a Big Dye Terminator kit (Applied Biosyatemns, Foster City,
CA, USA) and an auomatic DNA sequencer (ABI Prism 3730,
Applied Bicsystems). The sequences obtained were edited using
the Bioedit program and deposited in Genbank with acces
numbers between KF357524 and KF357561. The phylogenetic
tree was constructed using the maximum-likeihood method and
the Tamul'a—ﬁi—]m'znw:n‘r with gamma digribution incorporating
imvarighle sites (T92 +G+1) in the MEGA software package with
2000 replicates. The calculation of the nudeatide ident ity between
the isolates from the ndex cases and their household contacts was
also performed using the MEGA software package.

Statistical Analysis

The data are expresed as frequencies, means + standard
deviations (51, or medians and ranges (if quantitative variahles
were not normally disributed). In the bivariate analysis, we uaed the
Chisquare (3%} test for independence with Yate's continuity
correction to compan proportions and nonparametric (hMann-
Whitmey [ test] statistics to compare mediars. For continuos
varighles with normal disributions (Kolmogorov-Smirmov test),
hommcedasticity was tested by the Levene's test, and the unpaired
Student's f-test was used to compare the meams. The kappa (k)
statistic was used to calculate the rate of agreement between the
resulis of the nested PCR and reab-time PCE. Based on the sirength
of the agreement, the k value was interpreted as follows htp://
www.aciencedirect.comy/science S articles pi/ S02644 10X 1201 1942-
hibDOED: <20%: poor; 21-40%: fair; 41-60%: moderate; 61-80%:
good, and BI-100%: very good. A two-tailed § value<<0.05 was
considered statistically significant. Statistical analysis was performed
sing MedCalC for Windows, version 8 100 (MedCale Software,
Mariakerke, Belgium).

Results

Demagraphic, clinical, and laboratory data

A total of 97 patiens from 30 famiies were incloded; 44 (45 4 %)
of the patients were male, and 53 (54.6%) were female. This
population comsisted of 30 index cases and 67 howehold contacts,
ranging from 1-4 howsehaold contacts per index case, Frequencies
ol 1, 2, 3, and 4 howehold contacts per index case were observed
in 8 (26.7%), 10 (3535%), 9 (300%), and 3 (10,0%)} cases
respectively. Approximately 48.4% 47/97) of the subjects were
symptomatc or reported symptoms consistent with acute hepatitis,
such as fever, nawsea, vomiting, jaundice, and dark urine. Among
the index cases, 43.5% (13730} of the subjects were male, and
26.7% (17/30) were female, with a median age of 14.0 years [4—
430 years; all patients had symptoms consistent with acute
hepatitis. The median ALT and AST vales of index cases were
1860 U/L (160 w 1,550.0 U/L) and 1150 U/L {100 to
18000 UL, respectively. Among all the housechold contacts
included in this study, 46.3% (31/67) of the subjects were male,
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and 535 7% (36/67) were fernale; the median age was 27.0 years
(10 to 67 .0 years), and 25 4% (17 /67) were sympiomatic (Table 1).

Serological status of the household contacts

Hepatitis A cases were confrmed n 25.4% (17/67) of the
househald contacts after testing positive for Ighl ant-HAV . In the
household contacts, 67.2% (45/67) were pasitive for total ant-
HAV antibodies, and 328% (22/67) were negative. Among the
houschold contacts infected by HAV, 14 had symptoms, and three
were asymplomatic,

Detection of HAY RMA in serum samples

All samples included in this study (n=%97) were tested by
qualitative nested PCR and quantitative real-time PCR. HAV

RNA was detected by qualitative PCR in 40.2% (39/97) of
samples and by real-time PCR in 484% 47/97). The rate of

agreement (Kappa mdex) between the qualitative PCR and real
time PCR results was 79.5%, indicating good agreement hetween
these methads,

Analyzing only the index cases (n=130), HAY RNA was
detected in B0.0% (24/30) and 93.3% 2830} of the serum
samples by qualitative-PCR and real-time PCR, respectively. The
median viral load of the index case samples was 10* copies/ml
(1-10% copies/ml). Amang the household contacts (n=67),
HAV RNA was detected in 22.4% (15/67) of the serum samples
b neated PCR. Of the fifteen samples testing positive by nested
PCR, 12 were IgM anti-HAV-positive, two were pasitive for total
anti- HAV antibodies, and one was negative for iotal ant-HAY
antibodies,

HAV ENA was detected in 19 howsehald contacts (28, 4%) by
reaktime PCR. The median viral load of the howsehaold contact
samples was 10° copies/ml (10°-10° copies/m]). Fourteen house-
hold samples had HAV RNA simulaneosly detected by nested
PCR and real-ime PCR, whereas five samples had HAY RNA
detected only by real-time PCR. OF these five samples, three
showed reactivity for total anttHAV antibodies, and two were
reactive for only Ighd anci HAV. One sample from a householkd
contact that tested positive by nested PCR tested negative by real
time PCR.,

Using maolecular biology tools (nested PCR and real-time PCR),
it was posible to detect HAY RNA in 20 howehold contacts, The
mimber of indected household contacts detected by maolecular

PLOS OME | wwawplosoneorg

Table 1. Demographic, dinic and laboratory data,
Data index case [n=30] Housshold contacts (n=67] Population (n=87]
Gender, o (%)-

Mals 13 (433) 31 4463 44 454

Female 17 {567) 36 {517) 53 {548
Age fysarsk

Median jrangs) 140 (40-420) 270 (1.0-67.0) 17.0{1.0-67.0
ALT (UL):

Madisn jrangs) 186.0 [160-1 5300) 230 {40-12800) 37.0 f4.0-1,880.0)
ASTUA)

Madisn jrange) 115.0 {10.0-1 800.0) 350 (15.0-1,540.0) 40 {10.0-18000).
Clinic, i (%)

Sympimatic 30 (100.0) 17 254) 47 484

Asymptomatic 000 50 (748 501514
i 10137 1/ joumalpaons 01 02925 1001

biclogy was dightly higher than that found by seralogy (17
household contacts infected),

Detection of household outbreaks and analysis of factors
associated with HAV infection

To determine the number of the houschald outhreaks of
hepatitis A in this study, the serology and maolecular biology results
were analyzed together; not all individuals reactive for Ighd ant-
HAV had HAV ENA deteaed, and not all individuals with HAV
RNA detected in the serum sample were reactive for Igh anti-
HAV. Altogether, sixteen houschold owthreaks were detected,
imvoling 16 index cases and 23 household contacts, (hl'n]'-a.rcd
with analyzing the results separately, the combined analysis of the

serology and molecular biology resultz gave a higher number of

household contacts affected by HAY.

In the bivariate analysis, age and aminotransferase level were
assnciated with hepatitis A status (infected ve. non-infected, among
the howsehaold contacts (Table 2).

Molecular characterization of HAV isolates and
imvestigation of HAV household transmission

All 39 HAV soltes obtained belonged to the genotype I; 36
belonged to subgenotype A and three to subgenotype IB
(Figure 1), The strains from different household outhreaks showed
a mucleotide dmilarity ranging from B7.4-100%. The sequencing
analysis from the index cases and their howsehaold contacts was
obtained for 10 families; in six families, the circulating straims
within the household environment had a high mickotide identity
(100%), suggesting that the straing infecting the index case and the
corresponding howehold contact were the same (Table 5).

Discussion

Hepatitis A is an endemic disease in developing countries that
primarily affects children and is tranamitted through the fecal-oral
route. The probahility of fecaloral ransmision increases with
extended and close personal contact between infected and
susceptible ndividuals, The prolonged shedding of HAV before

and after the onset of sympioms, in association with the ladk of

good hygienic practioes and the sharing of ohjects in the
domiciliary environment, may contribute to a more suitable
scenario for person-teeperson. HAV transmission, as previously
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reported  for  several  diseases with  fecaloral  trarsmision
[18,19,21]. Although person-to-person franamission is common
in hepatitis A, lew studies have evidenced this mode of
tranamission [16,1 7). In this study, index cases and contacts were
investigated to detect possible hepatitis A household outhreaks.
(linical and serological nvestigations were conducied among the
household contacts of the index cases. Seventeen houschokd
contacts were Ighiant: HAV-pasitive, 22 were susceptive to HAV,
and 28 exhibited immunity to HAV. Despite having found whaole
families with positive serology for HAV infection, these data are
not sufficient to confrm the household transmision of HAV in
these outhreaks. For this reason, we performed the detection,
quantification, and sequencing of HAY RENA to establish the
epidemiological relationships between the Bolates, HAV BENA was
detected by nested PCR in 40 2% (39,597 of the samples, and real
time PCR was able 1o detect HAY ENA in 48.4% (47/97) of the
samples. Reaktime PCR had a higher sensitivity than nested PCR
[20,22], and thus, samples with a low viral load were negative by
nested PCR.

HAW BEMA was also imvestigated in the howsehaold contacts that
were aronegative or had previous immunity to hepatite A; one
anti- HAV-negative and five IgG anti-HAV-paitive household
contacts had HAV RNA detected in their serum samples. These
fndings demaonstrate the importance of molecular biology
techniques for the early diagnosis of HAV infection during the
viral incubation phase and for the detection of the virus lor longer
periods than are commaonly deseribed [23524]. With HAV RNA
detection, the mimber of infected household contacts inereased
from 17 1o 23, and the number of howsehold outhreaks detected
abo increased from 13 o 16,

In this study, a significant difference between the mean age of

the contacts with and without hepatitia A was observed. Younger
houschald contacts had a higher frequency of HAV infection,
corroborating recent studies showing an increase in the age at

which HAV infection occurs [4,25 26). However, the presence of

previous imrmunity was asodated with older (=20 years of age)
househaold contacts; this finding was in accordance with many
epidemiological studies reporting a strong asociation between age

PLOS OME | www.plosoneorg

Table 2. Analysis of factors related to HAV infection among household contacts (n=67).
Hepatitis A
Presence (n= 2] Absence (n= 44) B value
Age fyesrsk
Mean = 50 1742144 HE5xia2 <0, 00017
Gander, n (%
ale 13 {54.5) 18 @09 03376
Fesmale 10 {45.5) 26 {59.1)
ALT {U):
M clian jrangs) E80{11.0=1,8400) 2200 (40-8710) [iXiin}]
AST {UL):
Median jrange) 440 {220-1540.0) 330 (150-540) 00038
Kins hip-index case, n {3k
Fathedather 10 {43.5) 22 {500 07803
Siitdings T E0 10227
Other* 6241 12273
:Gmnd'.:rrh::. unde, sister-in-law, bayfdend and athers
Infected wersis noninfected usceptible and immune individuals] S0 standard devistion.
diai 10137 1joumalpone 0102 925 10402

and anti-HAV prevalence [5.26,27,28). Phylogenetic analysis of
HAV izolates obtained from household outhreaks revealed a co-
dreulation of the subgenotypes 1A and IB. Several studies have
reported the cordreulation of subgenotypes 1A and 1B in Brazi
[11,12,29]. In 10 families, it was possible to sequence HAV RNA
from the index cases and their household contacts When a
smilarity nucleotide matrix was performed, 100% homology
between the index case and contact strains was observed in six of
the families, suggesting that person-lo-person FANSMESION may

Figure 1. Phylogenetic analysis of 39 HAV isolates based on
168 nucleotides of VP1/2A (posidon 3024-3191), constructed
by the method of Maximum Likelihood. The value of bootsrap
was calculated from 2,000 replicates. Strains marked by symibols refer to
families who had isolates with high nudeotide identity.

doi10.1371 fjoumalpones0l 02825, 001
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have occurred. However, in three families, the ndex cases and
their hmsehaold contacts were infected by different subgenotypes
af HAW, suggeating different sources of infection. Wu etal., 2014
showed through ulira-deep pyrosequences (UDPS) of HAV 5%
untranslated region (5°UTR) that mnor nudeotide substitutions of
this region can occur in HAW strains derived from a single source
outhreak, and that these nucleotide substitutions were different
fram these of the sporadic case, So, UDPS analysie might be a new
analytical toal for the source of hepatitis A outhreaks [30]. Person-
torperson trarsmision is the predominant mode of HAV spread
when there is prolonged and intimate contact between susceptible
individuals and those with HAV infection. One of the main risk
factors for acquiring this infection is family life [31], especially for
children without proper hygienic habits. In the six families in
which person-to-person transmission was suggested, four presented
children as index cases (4-7 years), reinforcing that the persorn-io-
person transmission might have occurred.

Although the person-to-person tranamision of HAV has been
described for indoor environments, there is no current work in
Brazil using nucleotide similarity between the strains o provide
wvidence for such ranamission in the household emdironment.
Person-to-pemon tranamission has been suggested by maolecular
epidemiclogy studies of howsehold outhreaks cavsed by other
fecal-oral tramemision agents, such as rotavirus and enterovims

References

1. Wardd Healdh Organizaton. (2013) heps'fwwwwhoint/mediacentres
fcsheets B2 8 /en findex hend Acesed 05 may 2015

2 Jacohsen KH, Eoopman [8 (2004) Declining hepatits A seroprevabmoe: a
ghahal review and analyss Epidemial Indact 1 32061 10051022

i Jacohssn KH, mem]ﬁf“m.‘.ﬂ'he effects of socineconomic development
wiorbdwide hepatits A vins seroprevalence patierna Int | F[.darml&’l(i_]ﬁ.'l’.'l
AR

4+ Brasil Minsterio da Sadde (2012) Seoearia de Vigilincia em Sadde.
Agresenagia do dia Mundial da hea comra 2 hepatiie Hepaties viraks no
Brasil. Deparamenta de TET, Ak ¢ Hepatites Virai,

5 Wiral CL, Soato FJ, Gagpar AM (2008) Changing epidemialogy of hepatiss A in
Brazl: reaseessding immamizaton policy. | Viral Hepa 15 Suppl 2 22-25.

6. Jacohsen KH, Wiersma ST (2010) Hepatitis A vine serogrevalence by age and
warld region, 1990 and 2005 Vaocine 28: 66556657,

7. Feimstone 3M, Kapildan AZ, Pureli RH (1973) Hepatids Ac dewaion by
immane decron mamosopy of & vinaslike antigen associated with acite linesa.
Science 1HX41 1671026 1028

A Lul, Ching KZ,de Paula V& Nakano T, Siegl G, eval. (2004) Charsaerization
afthe complae genamic sequence of genotype IT hepatits A vines (CF35/Bane
imlase] | Gen Virol 85: 20432952

9. Robenson BEH, Averhaff F, Cromeamn TL, Han X, Ehopraen B a zl.l,‘?.'ﬂﬂ]
Genetic relatadness of ]|-.'|unus. A vins Bolates duning a commamin-wide
avuthreak T Med Viral £2: 144-150_

10, Blanco Ferndndez M, Tomres O, Riviello-Lépez G, Poma HE, Rajd VE, eral
(2002) Analysis of the circulation of hepatitis A vine in Argening since vadane
imtrodaation. ChinMiorobiallnfect 18 ES48-551

11. De Pauk V3, Bapiista M'[ I.a.mqle E Niel C Gaspar AM (2002)
Characierizato s A bhgenciypes LA and IB in Rio
de Jansra, Brazil ] Med Viral 66 22-27.

12, Amado LA, Villar LM, de Paola VS Finto MA, Gaspar AM (2011) Exposare 1o
maliple subgenotypes of hepatts A vines during an oudweak wing masxched
seram and saliva specimens. ] Med Viral 83: 768-775

15 McFafdand N, Diryden M, Ramsay M, Tedder RS, Mga SI, Team WHO
(2011) An cunbreak of hepatitis A afeding a nursery school and a primarny
school Epidemial Infea 13903356 545

14 Naiman OV, Armarong GI, Han XH, Wiliams I, Bell BP, &1 al (3005)
Hepatitis 2 molecular epedemiclogy in the United States, 1996-1997: sourees of
infecgon and implications of vaccination policy. | Infea Dis 191 9579635,

15 Saan T (1980 Ssquentially.occuving ransmesion of hepatits A in a famiy.
Tahoka | Exp Med 1554587588

16 Viaar JO, Surdina TY, Suldmenova 87, Favorow MO, Bell BP, eral. (2004)
Person-in-peron trammmision of hepatifis A wviros i oan wrhan ares of
impemedi ae endemicity: implications for vaccination srategies. Am | Epidemiol
1655 L2210

17. Kumbang [, Ejide 8 Tedder RS, Ngai 31.(3012) Outhweak of hepatitic A in an
extended family after impomation by non<dmmune ravelles. Epidemiod Infea
T4k 1815 1820

PLOS ONE | www.plosone.org

Traremission of Hepatitis A Virus

71; these studies have reported a nucleotide identity of over 99%
amang strains dreulating in sympromatic famiy members [18,52]

Indoor hepatits A outhreaks represent a public health problem,
requiring the investigation of the etiology and rapid action
measures o conirol the infection. The resulis of this sudy
demorstrate the relevance of HAV tranamission in the household
emvirorment and support the need for the implementation of the
hepatitis A vaccine not only in children but ako in susceptible
household contacts as a means of preventing the spread of the
disease and reducing the disease impact on swsceptible indviduak
in contact with nfected peraoms.

Adcnowledgments

We would hke to thank the stafl of Ambulatério de H-I'.]'.ﬂ.titﬂi Virads and
FhDD. Adikon Almeida for his help n conducting the statstical anabyse.

Author Contributions

Comceived and designed the experments: LRL AJA RST BH LLLX V5P,
Performed the experiments: LRI RST. Analyzed the data AJA BH.
Comtributed reagents /materink/anahs s tools: LILX VSP, Contributed to
the writing of the mamsoipt LRL AJA RST VSP. Permizsion to collect
bicksgical smples: LILX.

18, Hamaguchi T, Fajisawa H, Sakai K Oldno 5, Koresali N, eval (2008 Acae
encephalits camed by mrafamiial wansmision of enerodne 71 in adul
Emesg Infect This 14 828850

19, Roma E Pamayiowon J, Pachoula J, Kafma ¥, Consungnidou O, 20 al (2009
Intrafamiial spread of Helicobacter pylon infection in Gresce
J ClinGiasroenienad 43 T11-715.

3. De Paula V3, Diniz-Mendes I, Villar IM, Luz SL, Siha LA o al (2007)
Hepatis A viras in svicnmentd water samples fom dhe Amason Basin.
Waer Res 4 10611 169-1176.

21. Homani SE, Aggarwal B, Naik SR, Srvasta 5 Naik 5 (2005) A serological

audy of mrafamibial spread fom patens with sporadic hepatits E wne

inferion. | Viral Hepar 10 46449

Cron-Manioli M, Cristina [, Romera H, Pae:-Beronf B, Casmne T, & al

(2002 Modecular avoluton of hepatits A vine: 2 new clasi ficagion based on the

complae VP prosein. | Viral 76: 9516-9525

25 Cren-Mamiohi M, Monpocha 8, Micand E Aleman MH, Billaodel 3, & al
(2002) Crantfcaton and duration of siraemia doring hepatits A infecton as
desermined by realtime RT-PCR. | Viral Hepar & 101106

M. De Panla Taborastory disgnesis of Hepatitis A (3012)Fovore Virology.
AN ZTE 461 472,

25 Kurkeda & Pebodv R, Kafsios G, Andrews N, Barhara C, et al (2013
Comparative hepatitis A sercepidaminlogy in 10 Eoropean commis. Epidemiol
Trdect 14012)-2172-2181.

2. Vimal CL, Yashida CF, Lemes ER, Teixeira G5, Gaspar AM (1998) Age
fpecilic pravalence of antdhodies to hepatiss A in chil dren and adalescens fram
Rin de Jameiro, Brasid, 1978 and 1995 Relaionship of prevalence to
environmenid factors Meml e swaldo Croe 95)13:1-5.

27. ¥imenes BA Pereira IM, Marelli OM, Merchin-Hamann E Siein AT, ei al
(2000 Methodalogy of & matiomwide cres-ectonal survey of prevalmce and
epideminlogical patterme of hepatite A, B and C infaction in Brazi CadSaade
Fuhlica 26 1695 1704

28 WVimal CL, Ospina FL, Animeos 5, Mebgago G, Croz O, e1al. (2012) Deckining
prevalence of hepatites A wiros antibodies among children from bow
mansconomic grous reinforcs e need for the implemenmtion of hepatt
A vaccnation in Brazil Mem Inst Oswaldo Cruz 107 652658,

2. Villar IM, Maraiz IM, Akie R, Ml MM, Caldo IA, & al (200§
Cocinoalation of genonpes 1A and TB of hepatite A viros in Montheast Bragil
Biraz | Med Biol Res 39758 75-881.

31 Wa 8 Nakemow 8, Kanda T, Jiang X, Nakamara M, 21 al (201 4) Uhira-deep
squencing analysis of the hepatitis A viras 5antranslated region amaong caes
of the smme outeeak from a single source. Int ] Med Sa 1116064,

51, Workd Headh Organizagson2000|Hepams A vaccines. WilyEpidemiolRec
THER 3A-44

%2 Barerpes I, Primrose Gladuone B, TvorizsGomara M, Gray ], Brosn TVW,
e al (2008 Evidence of intrafamifial traremision of rtasdne in a hinh aohort
in South India. | Med Viood & 1858 1865,

B

July 2014 | Volume 9 | lssue 7 | 2102925

60

Tourinho, RS



Estudo Comparativo Do Polimorfismo Genético... Tourinho, RS

ARTIGO 4 - The effect of host /INFL3 polymorphism on hepatitis A clinical
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ABSTRACT. Virus-specific characteristics may be responsible for diseases
outcomes, but currently host genetic characteristics have been associated with
virologic response and treatment. In this setting, INFL3 gene, have examined the
relationship between SNPs and disease course in hepatitis infected patients.
However, whether INFL3 polymorphism influences the most severe hepatitis A
cases is still unknown. So, this study aimed to compare the genetic profile of
INFL3 SNPs to different hepatitis A outcomes. It was enrolled into the study 122
patients: 101 acute and 21 acute liver failure. INFL3 polymorphism profiles were
compared to different risk factors and only clinical outcomes were statistically
associated (p<0.05). A statistic significant difference was observed among alleles
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and genotypes frequencies for INFL3 rs8099917 between acute and ALF cases,
regardless of viral genotype. Higher frequency of INFL3 TT genotype of rs8099917
SNP was observed in acute HAV patients (72%), implying that /INFL3 plays a role
in viral control. Conversely, higher frequency of G allele of rs8099917 SNP was
detected in patients with severe HAV outcome (52.4%); suggesting that INFL3
plays a role predicting disease progression. Understanding how host factor
influences the immune response to viral infection provides opportunities to control
these diseases and for the development of effective therapeutics, which justifies
the study of this locus.

1- BACKGROUND

Hepatitis A virus (HAV) infection is the most common cause of acute
hepatitis worldwide, causing 1.5 million new cases per year [1, 2].

Hepatitis A infection is a dynamic state of the interactions between viruses
and host immune response, and the natural course varies greatly among different
individuals, while some patients had frequent hepatitis flares with more rapid
progression of liver disease, others have a relative benign prognosis [3,4,5,6].

Despite advances in therapy and vaccine development, viral hepatitis
infections still account for morbidity and mortality worldwide. Virus-specific
characteristics such as viral load and genotype may be responsible for the disease
outcome, but through these years host genetic characteristics have been
associated with virologic response and disease outcome [7]. Several risk factors
have been investigated with the aim of identifying patients who may be
predisposed to a worse outcome. In this setting, gene-wide association studies, as
INFL3 region, have examined the relationship between SNPs and disease course

in patients with hepatitis infection. The variation on hepatitis A clinical outcomes
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highlights the importance of identification of a mechanism underlying the
progression of these viruses exposure for prevention against HAV-fatal liver
disease [7].

The impact of genetic variation near the interferon A-3 (/IFNL3) gene, for
response in HCV infected patients, was shown recently. Shortly after the discovery
of the interferon A-3, it was reported that these IFNs can inhibit HCV and HBV
replication [8,9]. INFL3 plays an important role for the initiation and regulation of
immune responses against HCV [11,12] and, therefore, does also can affect HAV
infection, as observed for HCV?.

INFL3 production is regulated at the genetic level, and the analysis of this
cytokine gene polymorphisms and how they relate to HAV susceptibility and
severity may help in our understanding of disease aetiopathogenesis [13] and
outcome [14]. This study is a pioneer in the Brazilian population since, to date, no
data on the association between IFNL3 genotypes and HAV infected patients was
published in the literature. In addition, fulminant hepatitis cases have not been

studied as the immunogenetic INFL3 SNPs level.

2 - STUDY DESIGN
2.1 Studied Population

The studied population was composed by mixed-ethnic individuals routinely
monitored by the Viral Hepatitis Ambulatory from Oswaldo Cruz Institute, between
August 2011 and January 2013. Healthy control samples were obtained from

Hebert de Souza Blood Bank patients, at Rio de Janeiro State University (UERJ).
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Acute Liver Failure (ALF) samples were collected between 2004 and 2014 from
patients with hepatic failure underwent liver transplantation at Rio de Janeiro.

We evaluated 122 patients with different clinical patterns of disease,
including 101 acute and 21 ALF HAV cases. All subjects enrolled in this study were
native Brazilians and lived in the same geographical area, at Rio de Janeiro. The
healthy controls were previously screening for HIV, Syphilis, hepatotropic viruses
(hepatitis A, B, C, D and E), Chagas disease and HTLV I/ll. They were included in
the study to demonstrate the INFL3 polymorphism frequency in the health
population. Acute patients were characterized by a self-limited hepatitis observed
in a 6 months follow up. Acute hepatitis A cases were considered by the presence
of anti-HAVIgM (+). The study also included cases of ALF who developed clinical
and laboratorial signals of liver failure (INR> 1.0, encephalopathy, flapping)
between 7 days and 12 weeks after the onset of jaundice [4]. To exclude other host
risk confounders involved in hepatitis A development, all patients selected were (1)
free of other hepatic virus co-infection (2) or HIV co-infection, (3) hepatitis A

vaccination, (4) not born in Brazil.

2.2 Samples collection and testing

Peripheral blood samples were obtained from all patients for serological and
virological tests.

All serum specimens were stored at -20°C before testing. Viral hepatitis
antibodies and antigens were assayed using ELISA commercially available kits, as

manufacturer’s instructions (ETI- HAV-IgMKPLUS, DiaSorin, EUA; VikiaHBsAg,
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Biomerieux, Franca; Anti-HBc, anti-HBclgM, Biokit, Spain; anti-HCV, DiaSorin,
ltalian; anti-HEV BioKit, Spain).

Viral genetic material was purified from serum samples using the QlIAamp®
RNA viral purification/QlIAamp® (QIAgen, CA, USA), according to the
manufacturer's instructions. HAV genotypes were determinate by sequencing the

nested PCR products for VP1/2A region according to de Paula et al., (2001) [15] .

2.3 INFL3 Genotyping

INFL3 polymorphism was accessed using buffy coat, extracted from
peripheral blood collected in EDTA vacutainer tubes (BD, Franklin Lakes, USA).
Genomic DNA isolated was accessed using GFX Genomic blood DNA purification
kit (Amersham Biosciences, NJ, USA), as manufacturer’s instructions.

Three INFL3 SNPs (rs12979860, rs12980275 and rs8099917) were chosen
according to previous reports [7,10,17,18]. SNPs genotyping was performed using
allelic discrimination assays from Applied Biosystems according to the
manufacturer’s instructions. Genotyping for rs8099917 was performed using
predesigned assays (ID C_11710096_10) [19]. The genotypes of rs12979860 and
rs12980275 SNPs were tested using ABI TagMan SNP genotyping assays. Before
performing the PCR reactions, DNA was added with allelic discrimination assay
mix and TagMan Universal PCR mastermix to MicroAmp optical 96-Well reaction
plates (Applied Biosystems). Briefly, PCR primers and two allelic-specific probes
were used to detect a specific SNP target. Real-Time PCR reactions were
performed using the ABI Prism 7300HT (Applied Biosystems). After preheating for

10 min. at 95°C, 40 cycles of 15 seconds at 95°C and one minute at 60°C followed.
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Data were analyzed using the ABIPRISM SDS software v.2.2.1 (Applied

Biosystems).

2.4 Statistical Analyses

Data were expressed as the mean + SD or median (range) and n (%), as
appropriate. Allelic and genotypic frequencies were calculated and compared to
different risk factors - hepatitis type, group, clinical outcome, viral genotypes- using
Epi-Info version 3.5.1 (CDC/OMS 1996 - http://www.cdc.gov/epiinfo/). In order to
test Hardy-Weinberg equilibrium, observed and expected frequencies of various
genotypes were compared by using Arlequin
(http://cmpg.unibe.ch/software/arlequin3). The chi-square test with Yates’
correction was used to compare allele and genotype frequencies among groups.
Fisher exact test were used when appropriated. The odds ratio (OR) was
calculated to indicate the associated risk and presented with 95% confidence
intervals (Cl). A p value<0.05 on a two-tailed test was considered statistically

significant.

3 -RESULTS
3.1 Patients non-genetic data

The sociodemographic characteristics showed that the subjects enrolled into
the study were 53.3% (n=65) male and 46.7% (n=57) female. The mean age of the
subjects were similar between groups: 20 £ 10.9 years old (median, 18) for acute

and 22.6 +14.6 (median, 21) for ALF. Genotype analysis showed that all HAV
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infected subjects presented genotype |. INFL3 SNPs had no association to viral

genotypes (p=0.086) when data between groups were compared.

3.2 Host INFL3 genotypes and its association with hepatitis clinical outcomes

No departure from the Hardy-Weinberg distribution was observed for each
genotype (p>0.05) in control subjects and in patients with hepatitis A infection.
Genotyping of rs12979860, rs12980275, and rs8099917 in the acute and ALF
groups were successfully performed, except for one sample from an acute patient.

Statistic results showed that only clinical outcome were significant associated
with INFL3 SNP rs8099917 p=0.043. The distribution of IL-28B gene genotypes
and alleles are shown in Table 1.

Irrespective of group, rs8099917 TT genotype was the most frequently
identified in more than 67.0% of patients followed by rs12980275 AG and
rs12979860 CC (44.3%); whereas, rs8099917 GG was the less frequently one
(0.02%). rs8099917 GG genotype was observed in only two subjects of the acute
group and it was not observed in any patient with ALF outcome.

Comparing acute and ALF subjects, it could be observed that only the
frequency of rs8099917 genotypes were different among these groups (p=0.04).
The frequency of rs8099917 TT genotype was significant higher in acute than in
ALF patients (72.7%/47.6%, 72/10), while for rs8099917 TG an inverse proportion
occurred (25.3%/52.4%, 25/11). Allelic frequency of this SNP demonstrated that
rs8099917 G allele was presented almost three times more in ALF subjects than in

acute ones.
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4 - DISCUSSION

Many efforts have been made to optimize treatment of severe hepatitis A cases
through patient preselecting based on outcome predictors, but the use of both
host- and virus-related as isolate variables that predict immune response have not
proved to be clinically useful [20]. The polymorphisms near the INFL3 gene, which
encodes for IFN-A3 and may be implicated in the modulation of innate immune
response, were found to be significantly associated with treatment-related
resolution of chronic viral hepatitis C [21]. Scientists from Europe and America add
INFL3 genotyping into the guideline for HCV diagnosis and treatment [21], but little
is known about the importance of these INFL3 polymorphisms for HAV infected
patients, mainly in ALF patients. Until the present time, no study associated INFL3
polymorphism and HAV outcomes. What is difficult to prove is the wide individual
variability of outcomes in the natural history of these diseases, for which genetic
factors are likely to play a role [22,23].

Optimization of therapeutic algorithms, based on an accurate patient
preselecting by response predictors, might help in overcoming fail treatment and
avoiding the death cases caused by ALF. INFL3 genetic preselecting patient factor,
as shown by Lampertico et al. (2013) [20], has major advantages over classical
constitutional or virus-related outcomes predictors, since may vary during the
natural course of hepatitis, imposing a close patient monitoring to detect the
appropriate timing of intervention.

In our study, to determinate the potential influence of the INFL3
polymorphism on HAV infection outcomes in a natural history setting, we

genotyped three polymorphisms (rs12979860, rs12980275, and rs8099917) in two
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groups comprising subjects who spontaneously cleared HAV infection (acute) and
who presented ALF induced by HAV.

Compared to some previous studies [24,25], our results demonstrated that
INFL3 polymorphisms are significantly associated with HAV outcomes. Higher
frequency of INFL3 rs8099917 polymorphism variant alleles was detected in
patients with severe hepatitis A outcomes, implying that /INFL3 plays a role in
disease progression. Conversely, higher frequency of INFL3 rs8099917 TT
genotype was observed in acute hepatitis A patients, suggesting that INFL3 plays
a role in viral control.

Fathy and collegues reported that patients with TT genotype showed
significantly higher sustained virologic response (SVR) rate than minor allele
(TG/GG) carriers (74% vs. 26%, P=0.004). Logistic regression analysis revealed
that TT carriers had 2.8 higher chance for SVR achievement than G allele carriers
TG/GG (OR=2.8, 95% CI=1.4-5.6, P=0.004), as similar observed in our study.
Although the mechanism by which INFL3 influences the response to hepatitis A
viral infection has not been elucidated in our study, it is likely that the relationship is
not specific to HCV infection.

This is the first Brazilian study to focus on the INFL3 polymorphism to
hepatitis A infection outcome. Thus, these results complement the data already
published in the literature since reports the INFL3 polymorphism profile in a mixed-
ethic population and do not focus on a specific community with homogenous ethnic
groups. This is also the first study to report the association between IFNL3
genotypes and ALF patients that tried to fetch an immunogenetic explanation for

those patients who develop abruptly acute fulminant outcome.Therewith, It was
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observed evidences of INFL3 SNPs influence on hepatitis A outcomes.
Understanding how the host factor influences the immune response to viral
infection provides new future opportunities to control these diseases and for the

development of effective therapeutics, which justifies the study of this locus.
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Table 1 —The distribution of rs12979860, rs12980275 and rs8099917 INFL3 alleles and genotypes
in patients with different clinical outcomes of hepatitis A.

Acute*vs. ALF Healty controls
Polymorphism X2 P OR (95% Cl) _—
n=100 (%) n=21(%) n=189 (%)

INFL3 rs12979860

(genotype) 0.824 0.662
cC 46 (46.0) 8(38.1) 64 (33.9)
CcT 37 (37.0) 10 (47.6) 95 (50.3)
TT 17 (17.0) 3(14.3) 30 (15.9)

INFL3 rs12979860

(allele)
c 83 (83.0) 18 (85.7) 0.985 0.526  1.228 (0.304-7.216) 223 (59.0)
T 54 (54.0) 13(61.9) 0.673 0.339 1.384 (0.480-4.203)

INFL3 rs12980275

(genotype) 0.171 0.917
AA 43 (43.0) 8(38.1) 67 (35.4)
AG 44 (44.0) 10 (47.6) 96 (50.8)
GG 13 (13.0) 3(14.3) 26 (13.8)

INFL3 rs12980275

(allele)
A 87 (87.0) 18 (85.7) 0.844 0.554  0.896 (0.213-5.406) 230 (60.8)
G 57 (57.0) 13(61.9) 0.864 0435 1.225 (0.425-3.729)

INFL3 rs8099917

(genotype)* 6.272 0.043
TT 72 (72.7) 10 (47.6) 131 (69.3)
TG 25 (25.3) 11 (52.4) 53 (28.1)
GG 2(2.0) 0(0.0) 5 (2.6)

INFL3 rs8099917

(allele)
T 97 (98.0) 21 (100.0) 0.778 0.679 b 315 (83.3)
G 27 (27.3) 11 (52.4) 0.046 0.025 2.933 (0.994-8.619)

*a sample was not typed.

** Undefined.
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ABSTRACT. Upon hepatitis A virus (HAV) infection, most cases develop mild or
asymptomatic disease. However, some patients can progress to a serious, life-
threatening disease characterized by rapid deterioration of the liver, hepatic
encephalopathy, and coagulopathy known as acute liver failure (ALF). HAV
infection features a dynamic interplay of viral and host factors that in conjunction
are responsible for a wide range of disease outcomes. Rare hepatitis A clinical
presentations have been associated with host-specific factors. Thus, molecular
identification of predisposing alleles for HAV severe disease is important for patient
management. Here, twenty eight human nucleotide variations, including single
nucleotide polymorphisms (SNP) and insertions, associated with HAV infection
were characterized in a cohort of ALF and classical HAV cases. No single
polymorphism was shared by ALF cases. Data mining analysis suggested that
eight SNPs were found to be in statistically significant association with clinical
outcome of hepatitis A. These eight significant SNPs were: TGFbetal rs1800469;
ABCB1 rs1045642; IL10 rs1800871 (IL10b); and TNF-alpha rs1799964 and
rs1800630 (TNF-alpha a and b). Understanding how host factor influences the
immune response to viral infection provides opportunities to control these diseases
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and for the development of effective therapeutics, which justifies the study of this
genes

Keywords: Acute liver failure; hepatitis a; nucleotide polymorphism.

1. BACKGROUND

Hepatitis A virus (HAV) infection is the commonest cause of acute hepatitis
worldwide, representing an important public health problem. It is estimated that 1.5
million cases of HAV infection occur every year [1,2]. The natural course of
infection greatly varies among individuals, and while most patients are presented
with a relatively benign disease [3] 2, some can progress to an unusual, severe
liver disease and death®”.[4-8]. Acute liver failure (ALF) is characterized by rapid
deterioration of the liver, hepatic encephalopathy, coagulopathy and death.
Approximately, 0.5-1% of acute HAV infections result in ALF [9,10] 2 HAV
infection features a dynamic interplay of viral and host factors that in conjunction
determine disease outcome. Nevertheless, the molecular mechanisms responsible
for the wide range of HAV-related disease presentation are not completely
understood [11] 1.

Predisposition to unfavorable disease outcome has been studied in HAV
acute infected patients. Several studies suggest that host genetic factors may play
an important role in clinical presentation of HAV infection. Indeed, development of
ALF upon HAYV infection among member of the same family supports the role of
host factors [12,13]. Certain alleles in the CYP2E1 gene are more frequent in HAV
cases, and have been associated with an increased risk of liver disease [14] 1.

Moreover, ALF cases exhibit higher frequencies of genetic polymorphisms in
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positions -1031C and -863A in the tumor necrosis factor alpha (TNF-alpha)
promoter region [15] 12. Other genetic susceptibility factors predisposing to severe
forms of HAV-induced hepatitis have been reported in HAV-induced ALF in
children. The study identified a 6-amino-acid insertion in the virus cellular receptor,
TIM1/HAVCR1, associated with severe liver disease [16] & Genome-Wide
Association Study (GWAS) analyzing the relationship between infection, disease
progression and patient's background under different scenarios linked
polymorphisms in ABCB1, TGFB1, and XRCC1 genes with susceptibility to HAV
infection in Mexican Americans [17] . Recently, whole human genome
sequencing of unrelated HAV-associated ALF cases identified several candidate
alleles. Polymorphisms in MST1R, DNAH12, GPC1, NCR3LG1, NFATC4, RELN,
STXBP1, TTC40 genes, all important genes in hepatic physiology, were associated
with ALF [18] 2.

Variations on hepatitis A clinical outcomes highlight the importance of
identifying the underlying mechanisms of viral pathogenesis and disease
progression as well as, establishing the host genetic factors that could contribute to
ALF predisposition. Analysis of genetic mutations, such as single nucleotide
variations - SNVs and INDELS, in key genes and examination of their relationship
to HAV-induced ALF will further our understanding of disease pathogenesis. Here,
all twenty eight human nucleotide variations reported in the literature, including
single nucleotide polymorphisms (SNP) and insertions, associated with HAV

infection were characterized in a cohort of ALF and classical HAV cases.

2. STUDY DESIGN
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Patients and controls

The coohort included individuals routinely monitored by the Viral Hepatitis
Ambulatory from Oswaldo Cruz Institute, between August 2011 and January 2013.
Ethical permission for collecting and testing samples was provided by the Oswaldo
Cruz Foundation Ethical Committee (222/03) which complied with standards of the
Helsinki Declaration and current ethical guidelines. A written informed consent was
obtained from each participant for genetic material usage before enrollment in the
study. A total of 64 samples were analyzed in this study, 27 ALF cases (12 non-
viral, 11 HAV ALF and 4 HBV ALF) and 37 classical HAV cases. Blood samples
from 27 ALF cases, according to O'Grady et al, 1993 [19] criteria'®, who
underwent liver transplantation were collected between 2004 and 2010. Briefly,
whole blood from each individual was obtained by venipuncture, centrifuged and
serum aliquots were stored at —70°C until use. Viral hepatitis antibodies were
assayed using commercially available ELISA kits, following the manufacturer’s
instructions. Acute viral hepatitis patients were characterized by self-limited
hepatitis during a 6 months follow up. HAV cases were identified by the presence

of anti-HAV IgM antibodies (ETI- HAV-IgMKPLUS, DiaSorin, USA).

Viral genotyping

Viral genomes were purified from serum samples using the MagNA Pure LC
system. HAV RNA was submitted to One-Step RT-PCR (QIAGEN, Valencia, CA,
USA) using primers for the HAV VP1/2A junction (Table 1). PCR products were
used as templates for Nested-PCR using internal primers (Quanta BioSciences).

PCR amplification was conducted in a LightCycler 480 (Roche) and melting curve
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analysis was performed to identify positive samples. Sequencing (both DNA
strands) was carried out with the corresponding internal primers. Sequence contigs
were assembled SegMan Pro software (DNASTAR inc). Viral genotypes were infer
by neighbor-joining phylogenetic analysis using MEGA v5 software package [20] 2

with 1000 bootstraps replicates.

DNA extraction and host polymorphism genotyping

Genomic DNA was extracted from whole blood using an automated system
(MagNA Pure LC system; Roche Applied Science, Indianapolis, IN, USA) and the
Total Nucleic Acid Isolation kit® (Roche), according to the manufacturer's
instructions. Polymorphisms at selected positions were amplified by polymerase
chain reaction (PCR), using their respective primers sets (Table 1). Sequencing
was carried out in an automated 3100 genetic analyzer (Applied BioSystems,
Foster City, CA) using Dye Terminator (Applied Biosystems) following the
manufacturer’s instructions. Chromatograms were analyzed using SegMan Pro
software (DNASTAR inc., Madison, WI, USA) and genotypes were determined by
the characteristic nucleotide peak. Double peaks were interpreted as heterozygote

and single peaks as homozygote genotypes.

Data mining Analysis

The data mining algorithms was applied to extract association rules
between variations of the DNA sequence and disease outcome, i.e. ALF. For the
process of generating association rules, we used a tool [21] & previously

developed by our group. In this tool, the algorithm AprioriMR was chosen for data
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mining due to its higher stability when applied to multiple attributes. The analysis
contained 64 records and 40 attributes, three related to the disease ("Outcome”,
"Etiology" and "Fulminant cases") and 28 related to genetic polymorphisms. The
effectiveness of the tool was verified through experimental tests and parameters
set at 40%. After data standardization, the base contained 96 attributes, of which
84 were related to the SNPs. Association rules were generated using 6 attributes
at a time: Outcome: State patient; Etiology: Hepatitis Type; Fulminant cases:
Disease Severity; SNP: genotypes; SNP_esq: allele_1; and SNP_dir: allele_2. The
generated rules were subjected to a filter, where redundant or irrelevant results to
the initial goal were removed through the use of inclusive or restrictive templates,
in which inclusive templates represent the desired result, i.e., the general format of
rules to be generated. Finally, information from the association was obtained as
support values (frequency of simultaneous occurrence) and confidence, which

informs the frequency of survivals on the occurrence.

3. RESULTS AND DISCUSSION
Socio-demographic and epidemiological data

The baseline clinical and biochemical characteristics of the cases and
healthy controls in the study groups were summarized in Table 3. It was
investigated the distribution all polymorphisms current described in the literature
that seem to e associated with ALF outcome. It was examined 27 patients with
viral and non-viral ALF and 37 controls in a cross-sectional case-control study.
The 27 ALF patients had severe liver insufficiency and underwent to liver

transplantation. Viral ALF A (HAV infection) were diagnosed by serology, without
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other apparent causes for ALF. Samples included in this study were tested by
qualitative PCR for HAV VP1/2A junction. Genotype analysis showed that all

hepatitis A patients were infected by genotype IA.

Host-genetic data

Eight SNPs were found to be in statistically significant association with
clinical outcome of hepatitis A (Table 3). These eight significant SNPs were:
TGFbetal rs1800469; ABCB1 rs1045642; IL10 rs1800871 (IL10b); and TNF-alpha
rs1799964 and rs1800630 (TNF-alpha a and b).

Data mining analysis showed, for the TGFbetal rs1800469 polymorphism,
9.4% of all patients presented together the T/T genotype and acute liver failure
outcome. Of all patients, who presented T/T genotype for TGFbetal rs1800469
polymorphism, 85.7% were referred to transplant due to ALF outcome. C/T and
C/C genotypes were more prone to auto-limited hepatitis, 64.3% of individuals with
C/T genotype and 46.4% with C/C genotypes presented acute outcome. TGFbetat
is a multifunctional cytokine that regulates proliferation and differentiation of a wide
variety of cell types. It plays a crucial role in the pathogenesis of liver injury during
acute hepatitis A infection. As observed by Zhang and colleagues (2012),
individuals carrying the functional T allele of TGFbeta1 rs1800469 are more prone
to have been infected with HAV. The TT genotype of TGFB1 rs1800469 (C-509T),
located at nucleotide -509 in the TGFbetal promoter, is associated with higher
plasma levels of TGFB1 with C-509T responsible for 8.2% of additive genetic
variance (Grainger et al., 1999). The T allele of C-509T alters TGFbetat

transcription activity by influencing affinity of transcription factor Yin Yang 1 for its
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promoter (Silverman et al., 2004). Excessive release of TGFbetal in serum during
acute hepatitis A infection can markedly inhibit antigen-specific T cell activation
and proliferation as well as humoral response (Li et al., 2006). This may explain
why carriers of the TGFbetal rs1800469 TT genotype are more prone to ALF
outcome.

For ABCB1 rs1045642 SNP, TT genotype was predominantly observed in
acute cases, 63.6% respectively. This fact could be explained because ABCB1
gene is involved in multidrug resistance and antiapoptosis. Up-regulated
expression of ABCB1 in human hepatocytes and bile ductules in viral hepatitis may
offer protection against the accumulation of toxic bile constituents and render these
cells resistant to oxidative stress. Individuals with one or two copies of T allele
seems to be less prone to HAV infection, suggesting that ABCB1 rs1045642 may
affect the individual’s susceptibility to HAV infection via the protective effect of
ABCB!1 in liver during viral hepatitis (Zhang et al., 2012).

Approximately 50% of the observed interindividual variability in IL-10
production can be explained by genetic factors (Reuss et al, 2002). The
polymorphisms in the promoter region of the IL-10 gene on chromosome 1 (1931)
determined the variability in IL-10 production (Eskdale et al., 1998). The proximal
promoter contains three common single nucleotide polymorphisms (SNPs) at
positions 1082 (rs1800896, A/G), 819 (rs1800871, T/C), and 592 (rs1800872, A/C)
bp from the transcription start site. As IL-10 expression levels seem to be important
for the pathophysiology of ALF, naturally occurring sequence variations in the IL-10
gene promoter may impact liver damage and potentially disease progression of

ALF. It was reported that serum IL-10 levels were higher in individuals with ALF
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than in those with hepatitis or healthy controls (Yumoto et al, 2002), and a
significant rise in IL-10 secretion was seen in monocytes from patients with ALF
(Antoniades et a., 2007). There is a biphasic response to IL-10 secretion, where an
early rise is paralleled by release of pro-inflammatory mediators (Osuchowski et
al., 2006), the second peak in IL-10 occurs in the later stages of endotoxaemia,
leading induce monocyte deactivation (van Dissel et al., 1998). During the
pathophysiological progression of ALF, monocyte deactivation is associated with
the exacerbation of liver inflammation and poor outcome (Antoniades et al., 2005).

Regarding IL-10 polymorphisms, only IL-10 rs1800872 (“IL-10c”) showed
significant association in data mining analysis of the present study. The AA
genotype for IL-10 rs1800872 polymorphism was observed in 61.5% of acute
cases; and AC genotype in 59.1% of the ALF patients. This association is similar
to Yan and colleagues (2009) findings in their HBV-related acute liver failure study.
Their results showed the A-592C polymorphism is a nuclear protein binding site,
and the disease susceptible of -592C allele had a higher transcription activity
compared with -592A allele. -592C allele was associated with higher luciferase
reporter gene activity and IL-10 protein production, and the high circulating levels
of IL-10 was suggested as a marker of ALF with viral and nonviral aetiology.

Data mining analysis showed, for all subjects who presented TC genotype
for the TNF-alpha rs1799964 (TNF-alpha a, T-1031C) polymorphisms, 58.3%
presented ALF outcome compared to 34.6% of acute cases. On the other hand, for
all subjects who presented CA genotype for the TNF-alpha rs1800630 (TNF-alpha
b, C-863A) polymorphism, 55.6% presented ALF outcome compared to 33.3%of

acute cases. Tumor necrosis factor (TNF) is an inflammatory cytokine that may be
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associated with massive hepatic necrosis. In a mouse model of fulminant hepatitis,
TNF played an important role in mediating the death of hepatocytes, and anti-TNF
antibody inhibited injury (Trautwein et al., 1998). There are variations in the
production rates of cytokines among individuals. Some of the individual differences
in cytokine production may be related to polymorphisms in the cytokine genes
themselves, or in genes that regulate cytokine gene transcription. Higuchi and
colleagues (1998), reported that in vitro stimulated mononuclear cells from
Japanese individuals with -1031C and -863A alleles produced higher
concentrations of TNF-a than such cells from individuals who had the -1031T and -
863C alleles. In the present study, ALF patients had higher frequencies of positions
-1031C and -863A in the TNF-a promoter region. It seems likely that positions -
1031C and -863A in the TNF-a promoter region are important for TNF production

and the prognosis of TNF-related disease.

4. CONCLUSION

Thus, it was observed that specific polymorphisms of the TGF-betat,
ABCB1; IL10, and TNF-alpha genes can influence the clinical outcomes of
hepatitis A. Understanding how host factors influence the immune response to viral
infection offers new opportunities to control hepatitis A and for the development of

effective therapies, which justifies the study of these genes.
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Table 1- Viral and host genome primers sequences used in the present study.

Target Gene Chromossome Inicial genome Final genome Foward primer Reverse primer
position position
Viral Genome
VP1/2AHAVPCR 2822 3277 GACAGATTCTACATTTGGATTGGT CCATTTCAAGAGTCCACACACT
VP1/2AHAV Nested 2847 3234 CTATTCAGATTGCAAATTACAAT AACTTCATTATTTCATGCTCCT
Human Genome

TGFBetal 19 41354241 41354541  GGTCGCAGGGTGTTGAGTGACAG AGGGTCTGTCAACATGGGGGC

XRCC1 19 43553272 43553572 CTTGCGGGACCTTAGAAGGTGACA CCCCTCTACCCTCAGACCCACG

ABCB1 (MDR1) 7 87509179 87509479  GAATGTTCAGTGGCTCCGAGCAC CCCAGGCTGTTTATTTGAAGAGAGACTTAC
TIM1 (HAVCR1) 5 157052415 157052715 TCCAACCGTCACGACTGTTCGA GTTGTCGTTGAAACAGTCATTGTCGTC
CYP2EL 10 133534890 133535190  CCTATTGGGCTCAAGCGATCCTC GGCCAGGAAGGTCTCGAACTCC

TTC40 10 134739938 134740238 AGCACCCTCAAGCCTGGGACA AAACTGTTTATATCTGCAGGATCCTGGG
RELN 7 103234629 103234929 CATCATGCTATTGTGCTTAACTTGCCTT GCCTTCCAAGTATGCCAAGTTGTCA
NCR3LG1 1 17390293 17390593 AGCAGCAGTTGTGTGGTTTCTCTGG CACAGGGCTGAACTTTGCTTTGG

STXBPL 9 130422193 130422493 CACAGTCCGTCCACTCTCTCATCAGT CCTGCCTTAGTTTTGGCTCAGCC

GPCla 2 241404368 241404668  CAGCCACCTCTCACACCCCCT AGCTCTGGCTCCGTGTCTTCACTC

GPClb 2 241404912 241405212 CGGGTGAGCACCTGCGGA CATCGAAGCTGCGCAGCTGG

GPClc 2 241405532 241405832 TATAGGCATGCGCCATCACGC TTCATTATATCAGAACAAGGATCTCTGAGGAAAG
DNAH12a 3 57391441 57391741 GGCTTCATAATCATATGAGCCAATTCCT GCATAATGTTCAGCACCAGAGACTGATAA
DNAH12b 3 57457095 57457395 CTAATTTGTCTTCCTGTTTTCACACCTCC GAGAACTGGGGATTTGGGAGATCC
MST1Ra 3 49924622 49924922 AGGAACAAGGTGGAGGGCCACT GTGCAGCTGCCAGCAACCTACAT
MST1Rb 3 49933311 49933611  TAGGCCCTCTGCCCGTGTTTC GCAGTATATTGGGCTGGGCGC

NFATC4 14 24838751 24839051  GAGTGAGCAAGATTGAGCATAAACAGCTAC — GGCCTGTTGGACTTTTTATGATCTGG
HLA-DOAL 6 32636445 32636745  TGAGCACTTGAGAAGAACTTACCCAGC GGAATTTTTCCCTGAGTTGATTTCCC
ESR1a 6 151807792 151808092  TCTGAGCCTTCTGCCCTGCG TTGCTGCTGTCCAGGTACACC

ESR1b 6 151842050 151842350  TCCAGGGTTATGTGGCAATGACG TTATTTCAGAACCATTAGAGACCAATGCTC
IL-10a 1 206773402 206773702 AGCAACACTCCTCGCCGCAA GGGGTGGAAGAAGTTGAAATAACAAGG
IL-10b 1 206773139 206773439 TTTCATTCTATGTGCTGGAGATGGTGTAC ATATGCTAGTCAGGTAGTGCTCACCATGAC
IL-10¢ 1 206772912 206773212 GGTGGGGGACAGCTGAAGAGGT CAAGTAAAAATGAGGGGGTGGGCTA
TNF-alpha(a) 6 31574381 31574681  GGATAAGGGCTCAGAGAGCTTCAGG CCCCAGAGGTCTCCTGTAACCCAT
TNF-alpha(b) 6 31574549 31574849 TAGCGGCTCTGAGGAATGGGTTAC CTTCTTAAACGTCCCCTGTATTCCATACC
miR-164a 5 160485261 160485561  CAGGCCTGGACTGCAAGGAGG TGAGACTCTGCCTTCTGTCTCCAGTCT
TLR3 4 186082770 186083070  CAATTTCATTAAGGCCCAGGTCAAGTAC TGCCTCACTCCCCAAGATTGATG
TANK 2 61138465 61138765  GAAGTAACTAGACATTGCTCTAGGTCCCCA  CACTCACCCACTCCCATCTCTTCAC
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Table 2— Host genetic polymorphisms associated to Acute liver Failure outcome included in the present study.

Gene Chr Location rs Number Population Associated allele Association Reference
. . Increased risk of HAV infection, It plays a crucial role in the pathogenesis of liver injury during acute
TGFBetal 19 41354391 rs1800469  Mexican Americans T hepatitis Ainfection. Zhangetal., 2012.
. . Increased risk of HAV infection, it is a major DNA repair gene involved in efficient repairs of single-strand
XRCC1 19 43553422 rs1799782  Mexican Americans T DNAbreaks and base excision to correct DNAdamage caused by oxidative stress and inflammation. Zhangetal,, 2012.
Decreased risk of HAV infection, Up-regulated expression of ABCB in human hepatocytes and bile ductules
ABCBL 7 87509329 rs1045642 Mexican Americans T in viral hepatitis may offer protection against the accumulation of toxic bile constituents and render these cells  zhangetal., 2012.
(MDR1) resistant to oxidative stress.
Susceptibility to severe hepatitis A virus infection, TiM-1 protein containing the 157insMTTTVP insertion
TIM1 5 157052565 = Argentinean insMTTTVP polymorphism bound HAV more efficiently. Tim-1 has been found to be an important T cell costimulatory i et al 2011
(HAVCR1) molecule that regulates the activation ofand the induction oftolerance in Tcells. N
CYP2E1 10 133535040 rs6413432 Indian AT Prognostic marker for assessing the predisposition of patients to liver disease. Deka etal., 2010
TT7C40 10 134740088  rs118132336 Aslanﬁavllit:;e and /A Prognostic marker for HAV acute liver Failure. Longetal, 2014
RELN 7 103234779 : Asia n\,-avl/ir:]l;e and T/c Prognostic marker for HAV acute liver Failure. Longetal,, 2014
NCR3LGL 1 17390443 1578608838 Aslanﬁavllit:;e and oA Prognostic marker for HAV acute liver Failure. Longetal, 2014
STXBP1 9 130422343 : Asia n\,-avl/ir:]l;e and o Prognostic marker for HAV acute liver Failure. Longetal, 2014
GpCl 2 241404518 } Asia n\,-avl/ir:]l;e and o Prognostic marker for HAV acute liver Failure. Longetal, 2014
GpCl 2 241405062 } Aslanﬁavllit:;e and 6/A Prognostic marker for HAV acute liver Failure. Longetal, 2014
GpCl 2 241405682 } Asianﬁavllit:]i;e and e Prognostic marker for HAV acute liver Failure. Longetal, 2014
DNAH12 3 57391591 } Aslanﬁavllit:;e and 1/ Prognostic marker for HAV acute liver Failure. Longetal, 2014
DNAH12 3 57457245 } Asia n\,-avl/ir:]l;e and o Prognostic marker for HAV acute liver Failure. Longetal, 2014
MSTIR 3 149924772 : Asia n\,-avl/ir:]l;e and 6/A Prognostic marker for HAV acute liver Failure. Longetal, 2014
MSTIR 3 149933461 : Asia n\,-avl/ir:]l;e and or Prognostic marker for HAV acute liver Failure. Longetal, 2014
NFATCA 1 24838901 : Aslanﬁavllit:;e and A/AGGGGGTGCT Prognostic marker for HAV acute liver Failure. Longetal, 2014
HLA-DQAL 6 32636595 rs9272346 Chinese G/A May confer a protective effect against Acute Liver Failure in women Yuetal., 2014
ESR1 6 151807942 1$2077647 Chinese T/c [c.30; c453-397M] haplotype may be arisk factor for genetic susceptibility to HBV-related ALF vanetal, 2012
. [c.30; c453-397(] haplotype may be arisk factor for genetic susceptibility to HBV-related ALF
ESR1 6 151842200 rs2234693 Chinese /T Yanetal, 2012
Variant were significantly higher in HBV-related ALF patients than in blood donors and
I1-10 gene 1 206773552  rs1800896 Chinese NG asymptomatic HBV carriers Yanetal, 2009
rs3021097/ . Variant were significantly higher in HBV-related ALF patients than in blood donors and
1L-10 gene 1 206773289 1s1800871 Chinese /T asymptomatic HBV carriers Yanetal., 2009
. Variant were significantly higher in HBV-related ALF patients than in blood donors and
1L-10 gene 1 206773062 rs1800872 Chinese A/C asymptomatic HBV carriers Yanetal., 2009
. The allelic frequencies of positions -1031C and -863A in the ALF patients were significantly )
TNF-alpha 6 31574531 rs1799964 Chinese T higher compared to findings in control subjects Tsuchiya etal., 2004
. The allelic frequencies of positions -1031C and -863A in the ALF patients were significantly )
TNF-alpha 6 31574699  rs1800630 Chinese AlC higher compared to findings in control subjects Tsuchiya etal., 2005
miR-164a 5 160485411 rs2910164 Chinese (v]<] The GG genotype is reversely associated to Acute-on-chronic liver failure Jangetel., 2013
TLR3 4 186082920 rs3775291 T Risk factor for the development of Acute-on-chronic liver failure Rongetal., 2013
TANK 2 61138615 rs3820998 Chinese G/T G>Tvariant is a protective factor in the development of Acute-on-chronic liver failure Songetal., 2012

Chr-Chromossome
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Table 3 — Social, clinical, virological data and host polymorphism genotyping of the study population.

Social, Clinical and Virological data

Host polymorphism genotyping

Viral

BCB1

Identificaiton  Age  Gender ~ HE*  Outcome  ALT AST  INR**  Etiology  Outcome o (L TGFBetal XRCCL (nny,  TTCA0  RELN NCR3LGI STXBP1 GPClb GPClc DNAHIZa DNAM1Zb MSTIRa MSTIRb  NFATC4 HLA-DQAI ESRla  ESR1b  IL-10b  IL-10c ﬂ,;x;ﬂ) ﬂ,;q;b ) MiR-164a TIR3  TANK
FHN-1 22 F 2 SURVIVAL 381 567 33 Non-viral ALF ND cc cc cc TA T cc cc GG cc T cc GG cc No GG cT TC AC cT AC cc

FHN-2 20 F 2 SURVIVAL 314 562 2,1 Non-viral ALF ND cc cc cc T T cc cc GG cc T cc GG cc No GG TC cc TC AC cc AC GG

FHN-3 6 v 4 SURVIVAL 292 3575 7,8 Non-viral ALF ND cc cc cc T T cc cc GG cc T cc GG cc No AA TC cT TC AC cT AC cG cT GG
FHN-4 52 F 3 DEATH 283 410 68 Non-viral ALF ND cc cc T T cc cc T cc GG cc No GG T cc TC AC T cc cG

FHN-5 20 F 2 DEATH 122 412 182  Non-viral ALF ND cc cr T T cA cc GG cc T cc GG cc No GG TC cT T AA T cc cG cc GG
FHN-6 a8 F 4 DEATH 572 3038 1,7 Non-viral ALF ND cc cr T T cc cc GG cc T cc GG cc No GG cc T T AA cT AC cG

FHN-7 F ND ND ND ND ND Non-viral ALF ND cc cc cc T T cc cc GG cc T cc GG cc No AA TC cT cc cc T cc cc

FHN-8 11 F 1 SURVIVAL 1842 1662 3,5 Non-viral ALF ND cc cc T T T cc cc GG cc T cc GG cc No GG cT cc cc T cc cG

FHN-9 27 F 4 DEATH 2667 5888 a8 Non-viral ALF ND cc cr AA T cc cc GG cc T cc GG cc No AA cT cc T AC GG cc
FHN-10 9 F 2 DEATH 1806 1490 8,8 Non-viral ALF ND ™ cc cr T T cA cc GG cc T cc GG cc No GG T T TC AC cT cc cG

FHN-11 14 F 3 DEATH 1393 1773 ND Non-viral ALF ND cc cc T T cc cc GG cc ™ cc GG cc No GG TC cT cc cT cc GG T GG
FHN-12 32 F 4 DEATH 1033 642 6 Non-viral ALF ND T cc cc T T cc cc GG cc T cc GG cc No GG TC cr TC AC cT AC GG

FHB-1 26 v 4 DEATH 810 458 3,5  hepatitis B ALF AL cc cr TA T cc cc GG cc T cc GG cc No GG cc cc cc cc cT cc cG cT GG
FHB-2 31 F 2 SURVIVAL 314 562 21 hepatitis B ALF AL cc cc T T cc cc GG cc T cc GG cc No GG cc TC AC cT cc cG

FHB-3 a5 v 3 SURVIVAL 700 530 7,5  hepatitis B ALF AL T cc cr T T cc cc GG cc T cc GG cc No GG T cT TC AC cT AC cG cT GT
FHB-4 64 v 4 DEATH 775 1003 14,6  hepatitis B ALF D3 cc cc T T cc cc GG cc T cc GG cc No GG T cT cc cc cT AC GG

FHA-1 ND ND ND ND ND  hepatitis A ALF 1A cc T AA T cc cc GG cc cc GG cc No GG cT cc cc T

FHA-2 47 v 4 DEATH 1709 2638 1,5  hepatitis A ALF 1A cc cr cc T T cc cc GG cc T cc GG No GG TC cT TC AC cT AC GG

FHA-3 7 v 2 DEATH 1562 5611 2,5  hepatitis A ALF 1A cc T cc cc GG cc T cc GG cc No AA T cT T AC T cc GG
FHA-4 1 F 2 DEATH 668 171 6,3 hepatitis A ALF 1A T cc cc No

FHA-5 3 F 4 SURVIVAL 326 331 6,7  hepatitis A ALF 1A cc cc cr AA T cc cc GG cc T cc GG cc No AA TC T cc cc T cc GG GT
FHA-6 17 v 2 SURVIVAL 200 120 1,7 hepatitis A ALF 1A T cc T T cc cc cc T cc GG No GG T T AA T cc cG

FHA-7 14 v 4 DEATH 877 1790 43 hepatitis A ALF 1A cc cc T T cc cc GG No cc cT cc cc cT cc T

FHA-8 14 M 4 DEATH 313 330 86  hepatitis A ALF 1A cc cc cr T T cc cc GG cc cc GG No GG T T TC AC T cc GG

FHA-9 10 v 2 SURVIVAL 305 52 1,5  hepatitis A ALF 1A T cc cr T cc cc GG cc T cc GG cc No AA T T TC AA cT cc GG T
FHA-10 28 F a DEATH 16 93 2,2 hepatitis A ALF 1A v cc v s v cc cc GG cc cc GG No AA TC cT TC AC ™ AC GG

FHA-11 14 v 2 SURVIVAL 357 346 1,5  hepatitis A ALF 1A cc cr T T cc cc GG cc T cc GG cc No GG TC T TC AC cT cc cG cT

Pat-1 53 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc cc GG cc T cc GG No AA TC cT cc cc T cc cc

Pat-2 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T cc cc GG cc T cc GG No GG TC cT TC AC cT cc cG cc GT
Pat-3 82 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc T T T cc cc GG cc T cc GG No GG TC cc cc cc T cc GG

Pat-4 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT T T T cc cc GG cc T GG No AA T cT TC AC T cc GG cc GT
Pat-5 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc T T cc cc GG cc T cc GG No GG T cc cc T cc cG

Pat-6 38 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc T T T cc cc GG cc T cc cc No cT AC cc cc GG
Pat-7 9 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc cc GG cc T cc GG cc No TC cT TC AC cT AC GG

Pat-8 15 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cT T T cc cc GG cc T cc GG cc No cc TC AC T cc GG GG
Pat-9 19 M o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc GG cc T cc GG cc No cc cc cc T cc GG

Pat-10 25 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cc T T cc cc GG cc T cc GG cc No GG TC T T AA cT AC cG T GG
Pat-11 30 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cr T T cc GG cc T cc GG cc No GG T TC AC cT AC cc

Pat-12 34 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc T cr T T GG cc T cc cc No TC GG T

Pat-13 66 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T cc cc GG cc T cc cc No AA T T cc cc T cc cc

Pat-14 30 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc cc GG cc T cc GG No AA TC cT cc cc T cc cG T GT
Pat-15 24 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T cc GG cc T cc GG cc No T cT T AA T cc cG

Pat-16 13 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cr T T cc cc GG cc T cc cc No GG cc cT GG T GT
Pat-17 21 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc T T T T cc cc GG cc T cc GG cc No AA T T cT cc cc

Pat-18 24 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc T T T cc cc GG cc T cc GG cc No AA T cc cc GG T GG
Pat-19 27 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cr T T cc cc GG cc T cc GG cc No GG TC T T AA T cc cG

Pat-20 18 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc T T T cA cc GG cc T cc GG cc No GG T T T AA T GG
Pat-21 31 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc cc GG cc T cc GG cc No TC cT AC T

Pat-22 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cc T T cc GG cc T cc GG cc No AA TC cc T AC

Pat-23 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T AA cc GG cc T cc GG cc No GG cc cT cc cc cT cc GG

Pat-24 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cr AA T cc cc GG cc T cc GG cc No T cc TC AA T cc cc cT GT
Pat-25 67 F o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cr T T cc cc GG cc T cc GG cc No GG T T cc cc T cc GG

Pat-26 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cc T T AA cc GG cc T cc GG cc No GG TC cc TC AA T AC cG cT GG
Pat-27 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cr T T cc cc GG cc T cc GG cc No GG T cT TC cT cc GG

Pat-28 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T cc cc GG cc cc GG No GG cc cc cc cc cT cc cG T GT
Pat-29 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cc T T cA cc GG cc T cc GG cc No GG cc cc TC AA T cc GG

Pat-30 25 v o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc T AA T cA cc GG cc T cc GG cc No cT TC AC cT AC GG cT GT
Pat-31 o SURVIVAL  ND ND ND  hepatitis A Acute 1A T cc T T T cc cc GG cc T cc GG cc No cc cT TC AC cT cc GG

Pat-32 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cr T T cc cc GG cc T cc GG cc No cc cc cc cc cT AC cc cc GG
Pat-33 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cT cc cc T T cc cc GG cc T cc GG cc No GG TC cc cc T cc GG

Pat-34 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cr AA T cc cc GG cc cc GG No T cc TC T GG cT GG
Pat-35 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cc cc cc T T cc GG cc cc GG No GG cc AA AC cG

Pat-36 o SURVIVAL  ND ND ND  hepatitis A Acute 1A cr cc T T cc cc GG cc cc GG No GG cc

Pat-37 0 SURVIVAL __ ND ND ND _hepatitis A Acute 1A cc cc cr T T cc GG cc cc GG No AA TC AA T cc

HE -Hepatic Encephalopaty Score (O'Grady etal., 1989)
INR- International normalized Ratio

ND- Not determinated

No No Insertion
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5 - DISCUSSAO

No Brasil, a infeccéo pelo HAV é responséavel pela maioria das notificacoes
de hepatite viral. Mudancas nos padrdes epidemiologicos tém sido descrito em
diversas regides devido a melhorias no saneamento e condi¢coes
socioeconbmicas, assim como em diversos paises em desenvolvimento. Com
isso, houve um aumento no numero de individuos suscetiveis e,
consequentemente, na ocorréncia de surtos em faixas etarias mais avancadas, o
que é preocupante, pois a doenca tende a ser mais grave em idades mais
elevadas (Vitral et al., 2012; 2008).

A questado da implementacédo de um programa nacional de vacinagao contra
a hepatite A no Brasil foi amplamente discutida, tendo em conta a dificuldade de
estabelecer um projeto unificado em uma area de dimensdes continentais e
macro-regides com perfil epidemioldgico distinto da doenga. Concomitantemente a
essa ampla discussao, o presente estudo teve inicio em 2011, quando a vacina

ainda ndo tinha sido incluida no calendario nacional de imunizagao infantil.

Nesses ultimos anos, muitos fatores de risco tém sido avaliados com o
objetivo de identificar pacientes que podem ter uma predisposi¢cdo a um desfecho
mais grave da hepatite A. Os estudos epidemiologicos de surtos e casos
esporadicos sao importantes para investigar a disseminacdo do virus e
estabelecer diferentes fatores virais e socioambientais associados ao curso da
infecgdo pelo HAV. No entanto, estudos de caso-controle, de genes candidatos e
de associacOes alélicas tem sido realizados para investigar fatores genéticos do
hospedeiro e o curso da doenga.

Neste panorama, com o objetivo de compreender a patogénese do HAV e
verificar fatores de predisposicdo a severidade da hepatite A, fatores virais e do
hospedeiro foram avaliados no presente estudo, entao dividido em duas partes:1)
Estudar a disseminacdo do HAV em estudos transversais de prevaléncia e de
transmissao horizontal - composicdo da populagdo amostral para estudo
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epigenético; 2) Investigar os fatores moleculares e imunogenéticos do hospedeiro

responsaveis pela diversidade na gravidade da hepatite A.

A primeira investigacdo epidemioldgica foi realizada em areas de dificil
acesso do Pantanal Sul matogrossense entre casos esporadicos de hepatite A
(Artigo 1). Este estudo foi conduzido em 2010, quando politicas publicas de
vacinagdo contra hepatite A estavam sendo avaliadas no Brasil. Para a
determinacdo e controle de politicas nacionais de vacinacdo, os resultados de
estudos epidemioldégicos e de custo-beneficio devem ser cuidadosamente
considerados e o impacto sobre a saude publica deve ser avaliado (Sartori et al.,
2012; FitzSimons et al., 2010,). Desta forma, é necessario um maior conhecimento
sobre a circulacao e a infeccao pelo HAV nao apenas durante surtos epidémicos,
mas também entre os casos esporadicos, em todos seus aspectos,
epidemiologicos, soroldgicos, moleculares e genéticos, para que medidas efetivas
de controle sejam adotadas.

Para fins de controle epidemioldgico, a utilizacdo de amostras de fluido oral
€ de grande importancia porque, conforme demonstrado por diferentes autores
(Amado et al., 2006; Chohan et al., 2001; Ochnio et al., 1997; Mcintyre et al.,1996;
Parry et al., 1993) este tipo de amostra tem muitas vantagens clinicas e parece ser
suficientemente precisa para ser usado em tais situacdes. No entanto, muitos
destes estudos propuseram a utilizagcdo de fluido oral como uma ferramenta

alternativa para amostras de sangue.

Para determinar a eficiéncia das amostras de fluido oral e sua aplicabilidade
na pesquisa de campo como um substituto ao soro, a primeira investigacao da
infecgdo pelo HAV em comunidades de dificil acesso foi realizado no Pantanal Sul
matogrossense. Usando amostras coletadas de diferentes individuos pertencentes
a essas comunidades, observou-se uma semelhanca entre a prevaléncia HAV em
amostras de fluido oral coletadas com ChemBio® (79,01%) e a soroprevaléncia
(81,25%) do HAV. A concordancia entre os resultados de fluido oral e o "padrao-
ouro" (soro) foi de 97,32% (sensibilidade = 97,24% e especificidade = 97,67%).
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Uma maior prevaléncia de anticorpos anti-HAV (81,25%) foi encontrada em
comparacao com o0 observado na populacdo geral (55,7%) das regides Sul e
Sudeste do Brasil. No entanto, esta taxa foi menor do que a taxa encontrada nas
regides Norte (92,8%) e semelhante a taxa obtida na regido Nordeste do Brasil
(76,5%) (Clemens et al., 2000). Embora alguns estudos tenham demonstrado que
populacdes urbanas tém menores taxas de infeccao pelo HAV do que as
populacdes rurais (Barzaga, 2000; Tufenkeji, 2000; Arankalle e Chadha, 2003),
neste estudo, as comunidades mais perto de centros urbanos tiveram uma maior
taxa de exposi¢cdo ao HAV do que a observada entre os individuos das areas
rurais (91,65% e 84,38% vs 71,67% e 77,78%, respectivamente). Da mesma
forma, Almeida e colaboradores (2006) encontraram uma prevaléncia HAV maior
nas areas urbanas (87,4%) em comparacao com areas de assentamentos rurais
de Cavunge (79,7%), uma regidao semi-arida do Estado da Bahia no Nordeste do

Brasil.

Neste estudo, apesar da positividade de anticorpos anti-HAV nao ter sido
significativamente associada com fonte de agua, os habitantes destas zonas rurais
nao tém instalacées adequadas para o saneamento e usam a agua do rio para
consumo, bem como para a sua higiene pessoal. As comunidades urbanas estao
localizadas perto a industria hoteleira e fazendas, onde as precarias condi¢des de
saneamento persistem, ou ndo existem projetos de saneamento ambiental. Além
das instalacdes de saneamento e condigdes de higiene, as casas dos moradores
estavam localizadas proximas uns as outras, e a alta densidade populacional em
comunidades urbanas de baixa renda pode contribuir para a propagacado do HAV

pessoa-a-pessoa.

A soroprevaléncia de anticorpos anti-HAV foi significativamente associada
com a idade. A estratificacdo por idade revelou que, embora a prevaléncia global
tenha sido de 81,25%, apenas 50% das criancas de 0-10 anos estdo imunes a
infeccdo. Esta taxa € mais elevada do que a observada por De Alencar Ximenes e
colaboradores (2008) nas capitais das regides Nordeste e Centro-Oeste do Brasil,

32% e 34%, respectivamente. No entanto, € menor do que em individuos menores
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de 10 anos na regido amazobnica (60%) (Braga et al., 2009). Os dados destes

estudos demonstram uma baixa prevaléncia nessa faixa etaria nessas regioes.

Apesar das condicGes propicias para transmissdao do HAV, nao foi
identificado nenhum surto epidémico nesta populagdo durante o estudo. No
entanto, em casos de surtos, é de extrema importancia a utilizacdo de técnicas
rapidas e sensiveis para deteccao dos casos assintomaticos ou no inicio da
infeccdo. Dentro deste contexto, o método de PCR em tempo real, padronizado
em nosso laboratério, foi otimizado utilizando oligonucleotideos sintéticos como
curva padrao para detectar, quantificar e acompanhar a infeccdo precoce pelo
HAV (Artigo 2).

Dois grandes desafios da andlise viral incluem a falta de informagéo
adequada sobre a infectividade e a dificuldade de se cultivar estes virus in vitro.
Essas dificuldades incitaram o desenvolvimento de novas abordagens para
deteccao rapida, sensivel e especifica desses virus.

A deteccao viral por PCR em tempo real fornece informag6es suficientes
sobre varias etapas no processo de infeccao a nivel molecular, o que é valioso
para a prevencdo e controle de infecgdes virais (ISO/TS 15216-1, 2013). A
quantificacéo absoluta de genomas virais por PCR em tempo real tem se tornado
uma rotina. Convencionalmente, na detecgcédo absoluta por PCR em tempo real, a
carga viral € medida como numero de cépias por célula ou por RNA/DNA total
seguindo a transformacao dos dados por meio de uma curva padrdo. Tal curva
padrao € gerada utilizando diluicdes seriadas de um segmento genémico clonado
de um determinado virus como molde, o que é demorado e dispendioso (Bowers e
Dhar et al., 2011).

Recentemente, oligonucleotideos que representam um gene alvo tém sido
utilizados como molde para gerar uma curva padrdo, como relatado no nosso
segundo estudo e no ISO/TS 15.216-1:2013, que descreve um método para a
quantificacdo do HAV a partir de amostras teste de géneros alimenticios ou da

superficie de alimentos. A vantagem do uso de oligodeoxirribonucleotideos é que
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eles podem ser sintetizados de forma personalizada, o que requer apenas a

informacao da sequéncia de nucleotidos.

O método de quantificacdo por RT-PCR do presente estudo nao foi
comparado com a norma ISO/TS 15216-1: 2013. No entanto, o teste de PCR em
tempo real descrito aqui tem sido utilizado desde 2007 para detectar e quantificar
o HAV em amostras de agua, alimentos, saliva, cultura de células, soro, figado e
fezes utilizando plasmideo como curva padrdao (Amado et al., 2011; de Paula et
al., 2010; Amado et al., 2010 de Paula et al., 2009; Villar et al., 2007).

Os resultados mostraram que a curva padrdo produzida a partir de
plasmideos pode ser substituida por oligodeoxirribonucleotideos sintéticos. Foi
possivel demonstrar que o oligonucleotideo em questdo pode ser usado como
molde para a curva padrao devido aos resultados semelhantes entre as curvas de
DNA e plasmidial (padrao-ouro). Os oligonucleotideos de DNA como curva padrédo
poderiam ser uma alternativa util a laboratorios que ndo tém espacgo suficiente e

condicoes financeiras para a clonagem molecular.

Estudo anterior, publicado por de Paula e colaboradores em 2007, mostrou
que ambos os métodos, de nested-PCR (convencional) e de RT- PCR
(quantitativo), séo eficientes para detec¢cdo do HAV. Contudo, o PCR em tempo
real apresenta algumas vantagens como rapidez e maior sensibilidade. Uma vez
que o PCR em tempo real otimizado para a regiao 5' NC do HAV possui inumeras
vantagens sobre o PCR convencional (de Paula et al., 2007), tal ferramenta foi
utilizada no nosso terceiro estudo (Artigo 3).

Tal trabalho foi realizado em casos de surtos intradomiciliares em areas
urbanas da cidade do Rio de Janeiro. Como relatado, a hepatite A é uma doenca
endémica em diversos paises em desenvolvimento que afeta principalmente
criangas e é transmitida por via fecal-oral. A probabilidade de transmissao fecal-
oral aumenta com contato pessoal prolongado entre individuos infectados e
suscetiveis. A prolongada excrecao do HAV antes e apds o inicio dos sintomas,

em associacdo com a falta de boas praticas de higiene e o compartilhamento de
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objetos no ambiente domiciliar, contribuem para um cenario de transmissao
pessoa-a-pessoa, como reportado para varias doencas de transmissao fecal-oral
(Roma et al., 2009; Hamaguch et al., 2008; de Paula et al., 2007). Embora a
transmissao pessoa-a-pessoa seja comum na hepatite A, poucos estudos tém
evidenciado este modo de transmissao (Kumbang et al., 2012; Victor et al., 2006).
Neste estudo, os casos indices e os contactantes foram investigados para detectar

possiveis surtos domésticos de hepatite A.

As investigagdes clinicas e sorolégicas foram realizadas entre os contatos
intradomiciliares dos casos indices. Dezessete contatos domiciliares foram
positivos para IgM anti-HAV, 22 eram susceptiveis ao HAV, e 28 apresentaram
imunidade para HAV. Apesar de ter encontrado familias inteiras com sorologia
positiva para infeccao pelo HAV, estes dados néo sao suficientes para confirmar a
transmissdo familiar do virus nestes focos. Por esta raz&o, foi realizada a
deteccao, quantificacdo e sequenciamento do RNA do HAV para estabelecer as
relagdes epidemioldgicas entre os isolados. O HAV RNA foi detectado por Nested-
PCR em 40,2% (39/97) das amostras, e por PCR em tempo real em 48,4% (47/97)
das amostras. O PCR em tempo real tem uma sensibilidade superior ao nested-
PCR (de Paula et al., 2007; Somani et al., 2003; Costa-Mattioli et al., 2002), e, por
tal razdo, as amostras com uma baixa carga viral foram negativas por Nested-
PCR.

Devido a otimizacdo do PCR em tempo real, o HAV RNA também foi
investigado nos contatos domiciliares que eram soronegativos ou tinham
imunidade prévia para hepatite A; um contactante anti-HAV negativo e cinco anti-
HAV IgG positivos tiveram o HAV RNA detectado em suas amostras de soro.
Estes resultados demonstram a importancia das técnicas de biologia molecular
para o diagnoéstico precoce de infeccdo pelo HAV, durante a fase de incubagéo
viral e para a deteccao do virus por periodos mais longos do que sdo normalmente
descritos (de Paula, 2012; Kurkela et al., 2012). Com a detecgdo do HAV RNA, o
nuamero de contatos domiciliares infectados aumentou de 17 para 23, e 0 numero

de focos domésticos detectados também aumentou de 13 para 16.
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Neste estudo, uma diferenca significativa entre a média de idade dos
contatos com e sem hepatite A foi observado. Os contactantes domiciliares mais
novos apresentaram maior frequéncia de infecgdo pelo HAV, corroborando com
estudos recentes que mostram um aumento na idade em que a infeccéo pelo HAV
ocorre (Ministério da Saude, 2012; Ximenes et al., 2010; Vitral et al., 1998). No
entanto, a presenca de imunidade passada foi associada com contactantes
domiciliares mais velhos (20 anos de idade); esse achado estd de acordo com
muitos estudos epidemiolégicos que relatam uma forte associacao entre idade e
prevaléncia de anti-HAV (Vitral et al.,, 2012; Ximenes et al.,, 2010; Vitral et al.,
2008; Vitral et al., 1998).

A analise filogenética dos isolados de HAV, obtidos de surtos domésticos,
revelou uma co-circulacéo dos subgenotipos IA e IB. Varios estudos tém relatado
a co-circulagédo de subgenotipos IA e IB no Brasil (Amado et al., 2011; Villar et al.,
2006; de Paula et al., 2002). Em 10 familias, foi possivel sequenciar o HAV RNA a
partir dos casos-indice e seus contactantes domiciliares. Quando uma matriz de
similaridade de nucleétidos foi realizada, 100% de homologia entre as cepas dos
casos indice e dos contactantes foi observada em seis das 16 familias, sugerindo
que a transmissao pesso-a-pessoa pode ter ocorrido. No entanto, em trés familias,
0s casos indice e seus contactantes domiciliares foram infectados por diferentes
subgendtipos de HAV, sugerindo diferentes fontes de infeccdo. Wu e
colaboradores, em 2014 demonstraram, através do pirosequenciamento de alta-
eficiéncia (UDPSs) da regido 5 nao codificante do HAV, que pequenas
substituicdes nucleédtidicas desta regido podem ocorrer em cepas do HAV
derivadas de uma unica fonte de um surto, e que estas substituicdes nucleotidicas
foram diferentes dos casos esporadicos. Assim, a andlise de UDPS pode ser uma
nova ferramenta analitica para o estudo da origem dos surtos de hepatite A.

A transmissao pessoa-a-pessoa € o modo predominante de propagacéao do
HAV quando o contato entre individuos suscetiveis e infectados é intimo e
prolongado. Um dos principais fatores de risco para adquirir a infeccdo é a vida
familiar (31), especialmente para as criangas sem habitos de higiene adequados.

100



Estudo Comparativo Do Polimorfismo Genético... Tourinho, RS

Nas seis familias em que a transmissao pessoa-a-pessoa foi sugerida, quatro
apresentaram criangcas como casos-indice (4-7 anos), reforcando que a
transmissao pessoa-a-pessoa pode ter ocorrido. Embora a transmissao pessoa-a-
pessoa do HAV seja descrita para ambientes internos, ndo ha estudos em curso
no Brasil usando a similaridade de nucleotideos entre cepas para fornecer
evidéncias dessa transmissdo no ambiente doméstico. A transmissdo pessoa-a-
pessoa tem sido sugerida por estudos de epidemiologia molecular de surtos
domésticos causados por outros agentes de transmissdo fecal-oral, como
rotavirus e enterovirus 71; estes estudos tém relatado uma identidade
nucleotidica de mais de 99% entre as cepas circulantes em membros sintomaticos

de uma mesma familia (Hamaguchi et al., 2008; Banerjee et al., 2008).

Surtos intradomiciliares de hepatite A representam um problema de saude
publica, exigindo a investigacdo da etiologia e medidas de acédo rapidas para
controlar a infecgdo. Os resultados deste estudo demonstram a relevancia da
transmissdo do HAV no ambiente doméstico e apoiam a necessidade da
implementag&o da vacina contra hepatite A, ndo s6 em criangas, mas também em
contactantes domiciliares suscetiveis, como meio de evitar a propagacao da
doenca e reduzir a impacto da mesma sobre os individuos suscetiveis em contato

com pessoas infectadas.

A hepatite A, assim como as hepatites virais como um todo, se encontra num
estado dinamico de interacdes entre o virus e a resposta imune do hospedeiro. O
curso natural dessas infeccbes varia muito entre diferentes individuos de uma
mesma familia, por exemplo. Enquanto alguns pacientes apresentam extensao no
quadro clinico com progressao mais rapida da doenca hepética, outros tém um
prognéstico relativamente benigno (Lee et al, 2013). Durante os ultimos anos, o
Laboratério de Desenvolvimento Tecnolégico em Virologia do Instituto Oswaldo
Cruz tem estudado o genoma do HAV entre casos esporadicos e surtos
epidémicos de hepatite A. No entanto, sabe-se que o curso clinico de uma
infeccdo ndo sé varia de acordo com fatores virais, mas, como também, com

fatores do hospedeiro, principalmente, os genéticos (Artigos 4 e 5) (Vaughan et
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al., 2014). Assim, iniciamos uma nova linha de pesquisa visando estudar os
fatores do hospedeiro.

Em colaboracdo com o Laboratério de  Criopreservacdo e
histocompatibilidade da Universidade Estadual do Rio de Janeiro, foi possivel
investigar a influéncia dos polimorfismos no gene INFL3 nos diferentes desfechos
clinicos da hepatite A (Artigo 4). Neste estudo, foi utilizado um total de 122
amostras das quais 101 eram provenientes de casos esporadicos de hepatite A e
21 casos de ALF.

Muitos esforcos estdo sendo feitos para otimizar o tratamento dos casos
graves de hepatite virais por meio da pré-selecao de pacientes. No entanto, o uso
isolado de variaveis virais que predizem a resposta imune nao tem provado ser
clinicamente util (Afdhal et al.,, 2011). A otimizacdo de algoritmos terapéuticos,
com base numa pré-selecdo de pacientes, pode ajudar a superar falhas no
tratamento e evitar os casos de morte causadas pela ALF. A utilizacao de fatores
genéticos na pré-selecao de pacientes, como demonstrado por Lampertico et al.,
(2013), tem grandes vantagens sobre os classicos fatores virais preditores dos
desfechos clinicos, ja que este pode variar durante o curso natural da hepatite. Tal
pré-selecdo genética possibilitaria um monitoramento mais intimo do paciente e a

deteccdo do momento mais adequado para intervencao.

Os polimorfismos préximos ao gene INFL3, que codifica para o IFN-A3 e
pode estar implicado na modulacdo da resposta imune inata, foram
significativamente associados com a resolucdo no tratamento da hepatite C
cronica (McMahon, 2009). Cientistas europeus e americanos adicionaram a
genotipagem do INFL3 para a orientagdo do diagnoéstico e do tratamento
(McMahon, 2009) da hepatite C, mas pouco se sabe sobre a importancia desses
polimorfismos para pacientes infectados com HAV, principalmente em pacientes
com faléncia hepatica fulminante (Martin-Carbonero et al., 2012; Martin et al.,
2010).
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Em nosso quarto estudo, para determinar a possivel influéncia do INFL3
sobre os diferentes desfechos clinicos da hepatite A, trés SNPs (rs12979860,
rs12980275 e rs8099917) préximos a este gene foram genotipados em dois
grupos que compreenderam individuos com resolugdo espontanea da infecgéo

pelo HAV (aguda) e que apresentaram ALF induzida por este mesmo virus.

Em comparacao com alguns estudos prévios (Honda et al., 2010; Ge et al.,
2009), nossos resultados demonstraram que determinado polimorfismo no gene
INFL3 estd significativamente associado com os desfechos clinicos da hepatite A.
A frequéncia mais elevada do alelo variante G no polimorfismo rs8099917 do gene
INFL3 foi detectada em pacientes com desfechos graves da hepatite A, o que
pode indicar o INFL3 desempenha um papel na progressdo da doenca. Por outro
lado, a maior frequéncia do gendtipo rs8099917 TT no gene INFL3 foi observada
em pacientes com hepatite A aguda, o que sugere que o INFL3 pode

desempenhar um papel no controle viral.

Fathy e colaboradores (2015) relataram que pacientes com genoétipo
rs8099917 TT apresentaram taxa significativamente mais elevada de resposta
viroldgica sustentada (RVS) do que aqueles portadores do alelo minoritario TG/
GG (74% vs. 26%, P = 0,004). A analise de regressao logistica revelou que os
portadores do gendtipo TT para tal SNP tiveram 2,8 vezes mais chance de obter a
SVR do que portadores do alelo G (TG / GG, OR = 2,8; IC95% = 1,4-5,6, P =
0,004), como observado similarmente em nosso estudo.

Este é o primeiro estudo brasileiro a associar o polimorfismo no gene INFL3
e os diferentes desfechos clinicos da hepatite A. Assim, estes resultados
complementam os dados j& publicados na literatura uma vez que relatam o perfil
de polimorfismo INFL3 em uma populacdo etnicamente mista e ndo se concentra
em uma comunidade especifica com grupos étnicos mais homogéneos. Este
também € o primeiro estudo a relatar a associacdo entre gendtipos de IFNL3 e
pacientes com ALF que tenta buscar uma explicacdo imunogenética para aqueles
pacientes que desenvolvem abruptamente tal desfecho clinico.
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Recentemente, o sequenciamento completo do genoma humano de casos
relacionados e nao relacionados a infeccdo pelo HAV identificou varios alelos
candidatos associados com o desfecho mais grave da doenca. Polimorfismos nos
genes MST1R, DNAH12, GPC1, NCR3LG1, NFATC4, RELN, STXBP1, TTC40,
IL-10, TLR3, TANK, miR-146a, ESR1, HLA-DQA1, todos genes importantes na

fisiologia hepatica, foram associados a ALF.

Por tal razdo, em parceria com o Centro de Controle e Prevencdo de
Doencas dos EUA, buscamos ampliar nosso estudo genético do hospedeiro em
pacientes com hepatite A. Neste estudo, todos as vinte e oito variacoes
nucleotidicas para o genoma humano relatadas na literatura, incluindo
polimorfismos de nucleétidos unico (SNP) e insercbes, associadas com a ALF
foram caracterizadas em uma coorte com casos classicos (n=37) e fulminantes
(n=27) induzidos pelo HAV (Artigo 5). Oito SNPs foram associados
estatisticamente (p<0.05) aos deferentes desfechos clinicos da hepatite A. Estes
foram: TGFbetal rs1800469; ABCB1 rs1045642; IL10 rs1800871 (IL10b); and
TNF-alpha rs1799964 and rs1800630 (TNF-alpha a and b).

Os resultados obtidos foram analisados por “data mining” (mineracdo dos
dados), processo que tem como objetivo reconhecer padrdes e regras implicitas
que descrevem o comportamento de um banco de dados, identificar as
correlagdes entre seus diferentes atributos (Han e Kamber, 2006; Kantardzic,
2011)

A andlise de “data mining” demonstrou que, para o polimorfismo rs1800469
do gene TGF-betal, de todos os pacientes que apresentaram o gendtipo TT,
85.7% foram encaminhados para transplante devido a ALF induzida pelo HAV. Ja
os demais gendtipos foram associados a hepatite auto-limitada uma vez que,
64.3% dos individuos com gendtipo CT e 46.4% com gendtipo CC apresentaram
hepatite A aguda. TGFbetal é uma citocina multifuncional que regula a
proliferacdo e diferenciagdo de uma ampla variedade de tipos de células. Ele
desempenha um papel crucial na patogénese da lesdo hepatica durante a hepatite
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A aguda. Como observado por Zhang e seus colaboradores (2012), individuos
portadores do alelo funcional T no polimorfismo rs1800469 do gene TGFbetal sédo
mais propensos a infecgdo pelo HAV. O gendétipo de TT rs1800469 TGFb1 (C-
509T), localizado no nucleotideo -509 no promotor do gene, estad associado com
niveis plasmaticos mais elevados de TGFB1, sendo a variante C-509T
responsavel por 8.2% da variacao genética (Grainger et al., 1999). O alelo variante
T altera a atividade de transcricdo do TGFbetal por influéncia na afinidade do
fator de transcricdo Yin Yang 1 pelo seu promotor (Silverman et al., 2004). A
liberacdo excessiva de TGFbetal no soro durante a infeccdo da hepatite A pode
inibir significativamente proliferacao e a ativacao antigénio-especifica de células T,
bem como a resposta humoral (Li et al., 2006). Isso pode explicar por que os
portadores do gendtipo TT rs1800469 TGFbetal sdo mais propensos a ALF.

Para o polimorfismo rs1045642 no gene ABCB1, o gendtipo TT foi
predominantemente observado em casos agudos, 63.6%, respectivamente. Este
fato pode ser explicado porque o gene ABCB1 esta envolvido na resisténcia a
multiplas drogas e antiapoptose. A supraregulacdo de ABCB1 em hepatdcitos
humanos e ductulos biliares na hepatite viral pode oferecer prote¢cdo contra o
acumulo de componentes biliares téxicos e tornar essas células resistentes ao
estresse oxidativo. Individuos com uma ou duas copias do alelo T parecem ser
menos propensos a infeccao pelo HAV, sugerindo que rs1045642 ABCB1 pode
afetar a susceptibilidade do individuo a este virus através do efeito protetor de
ABCB1 no figado durante a hepatite viral (Zhang et al., 2012).

Aproximadamente 50% da variabilidade interindividual observada na
producdo da IL-10 pode ser explicada por fatores genéticos (Reuss et al., 2002).
Os polimorfismos na regido promotora do gene codificador da IL-10 no
cromossomo 1 (1g31) determinam a variabilidade na producdao desta citocina
(Eskdale et al., 1998). O promotor proximal contém trés polimorfismos de um Unico
nucleotideo mais comuns, nas posicoes -1082 (rs1800896, A/G), -819 (rs1800871,
T/C), e -592 (rs1800872, A/C) a partir do local de inicio da transcricdo. Os niveis
de expressao da IL-10 parecem ser importantes para a fisiopatologia da ALF, uma
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vez que variagdes da sequéncia no promotor podem ter um impacto danoso no
figado e na progressdo da ALF. Niveis séricos mais altos de IL-10 foram
encontrados em individuos com ALF do que naqueles com hepatite auto-limitada
ou em controles saudaveis (Yumoto et al., 2002), e um aumento significativo nos
niveis de secregdo desta citocina foi observado em mondcitos de pacientes com
ALF (Antoniades et a., 2007). Ha uma resposta bifasica a selecdo de IL-10, em
que um aumento inicial € acompanhado pela liberacdo de mediadores pré-
inflamatérios (Osuchowski et al., 2006), o segundo pico de IL-10 ocorre nas fases
posteriores da endotoxemia, induzindo a desativagdo de mondcitos (van Dissel et
al., 1998). Durante a progressao fisiopatolégica da ALF, a desativacdo de
mondcitos esta associada com a exacerbacao da inflamacéao no figado e o0 mau
prognostico (Antoniades et al., 2005).

Em relagdo aos polimorfismos no gene IL-10, apenas o SNP rs1800872
("IL-10c") revelou associacao significativa na analise de “data mining”. O gendtipo
AA para o polimorfismo IL-10 rs1800872 foi observado em 61.5% dos casos
agudos; e o gendétipo AC em 59.1% dos pacientes com ALF. Esta associagao é
similar aos achados de Yan e colaboradores (2009) em seu estudo sobre faléncia
hepatica aguda relacionada ao HBV. Os resultados mostraram que o sitio A-592C
€ um local de ligacdo de proteinas nucleares, e o alelo -592C tem uma atividade
de transcricdo mais elevada em comparacado com o alelo -592A. O alelo -592C foi
associado com a atividade mais elevada do gene repérter de luciferase e a
circulacdo de altos niveis de IL-10 foi sugerida como um marcador para ALF de

etiologia viral e ndo viral.

A andlise de “data mining” demonstrou que, para todos os individuos que
apresentaram gendtipo TC no polimorfismo rs1799964 do gene TNF-alfa (TNF-alfa
A, T-1031C), 58,3% apresentaram o desfecho de ALF em comparag¢ao com 34,6%
dos casos agudos. Por outro lado, em todos os individuos que apresentavam
genotipo CA para o polimorfismo rs1800630 do gene TNF-alfa (TNF-alfa-B, C-
863A), 55,6% apresentaram o desfecho de ALF em comparagdo com 33,3% de

casos agudos. O fator de necrose tumoral (TNF) é uma citocina inflamatéria que
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pode ser associada com a necrose hepatica macica. Em ratos de laboratério com
hepatite fulminante pode-se observar que o TNF desempenhou um papel
importante na mediacdo da morte dos hepatécitos, e anticorpo anti-TNF inibiu a
lesdo (Trautwein et al., 1998). Ha variacdes nas taxas de producao de citocinas
entre individuos. Higuchi e colaboradores (1998) relataram que células
mononucleares de individuos japoneses estimuladas in vitro com alelos -1031C e -
863A produziram concentracdes mais elevadas de TNF-a do que tais células a
partir de individuos portadores dos alelos -1031T e -863C. Em nosso estudo, os
pacientes com ALF tinham freqiéncias mais elevadas dos alelos -1031C e -863A
na regiao promotora do TNF-a. Parece provavel que as posi¢des -1031C e -863A
sao importantes para a producao de TNF e o prognéstico de doencgas relacionadas
com o TNF.

Com isso, observou-se que ndo sé fatores virais sdo importantes mas,
também, que polimorfismos especificos nos genes INFL3, TGF-betal, ABCB1;
IL10, e TNF-alpha influenciam no desfechos clinicos da hepatite A. Entender como
fatores do hospedeiro influenciam a resposta imune a infeccéo viral oferece novas
oportunidades para controlar a hepatite A e para o desenvolvimento de terapias
eficazes, o que justifica o estudo destes genes.

107



Estudo Comparativo Do Polimorfismo Genético... Tourinho, RS

6 — CONCLUSOES

e A prevaléncia em populacdes sem condi¢cdes sanitarias do Pantanal Sul
Matogrossensse corrobora com os dados da literatura que relatam o
deslocamento da infec¢do para idades mais avancadas aumentando o
namero de criangas suscetiveis. Apesar das condigdes propicias para
transmissdao do HAV, néao foi identificado nenhum surto epidémico nesta

populacao durante o estudo.

e Os oligodeoxirribonucleotideos sintéticos para constituicdo de curvas
padrées podem ser uma alternativa util a laboratérios que nédo tém espaco
suficiente para a clonagem molecular. Devido a estas caracteristicas, estes

poderiam ser de suma importancia no diagnéstico viral.

e Os resultados deste estudo demonstram a relevancia da transmissao do
HAV no ambiente intradomiciliar e apoiam a necessidade da
implementagdo da vacina contra hepatite A, ndo s6 em criangas, mas
também em contactantes domiciliares suscetiveis, como meio de evitar a
propagacao da doenga e reduzir a impacto da mesma sobre os individuos

suscetiveis em contato com pessoas infectadas.

e A frequéncia mais elevada do alelo variante no polimorfismo rs8099917 do
gene INFL3 foi detectada em pacientes com desfechos graves da hepatite
A, o que sugere que o INFL3 desempenha um papel na progressao da
doenca. Por outro lado, a maior frequéncia do gendtipo rs8099917 TT no
gene INFL3 foi observada em pacientes com hepatite A aguda, o que
sugere que o INFL3 pode desempenhar um papel no controle viral.

e Polimorfismos especificos nos genes: TGF-beta1, portadores do gendtipo
TT rs1800469 TGFbetal sdo mais propensos a ALF; ABCB1; alelo T
(rs1045642) tem efeito protetor no figado; IL10 (rs1800872) e TNF-alpha
(rs1799964), sugeridos como marcadores de prognostico da ALF, foram
associados com os diferentes desfechos clinicos da hepatite A.
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