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Resumo

A hepatite B é uma doenca viral infectocontagiosa mundialmente disseminada. E
caracterizada por ser uma inflamacao hepatica que possui risco de cronicidade em 10
a 20% dos casos ocorridos em adultos. Atualmente, acredita-se que aproximadamente
240 milhdes de pessoas estejam cronicamente infectadas. A prevaléncia da doenca
varia em todo o mundo. Embora o Brasil seja considerado um pais de endemicidade
baixa, existem regides onde a prevaléncia da doenca € acentuadamente superior a
média nacional, como a regido Amazodnica, e a regido oeste catarinense. A
imunopatogénese da infeccdo por sua vez, € influenciada tanto por fatores
relacionados ao virus da hepatite B (HBV), como genotipo, carga viral e mutacdes
genéticas, quanto a caracteristicas do hospedeiro infectado, como idade, sexo e
polimorfismos genéticos. O presente trabalho buscou determinar fatores virais e do
hospedeiro que estejam influenciando no curso natural da hepatite B, através da
analise do perfil molecular viral e de polimorfismos de base Unica (SNPs) de genes de
citocinas de pacientes infectados, estabelecendo possiveis marcadores moleculares
de progressédo da doenca. Neste estudo, foram coletadas 363 amostras de individuos
infectados com HBV em Chapecd, SC. Em relacdo aos fatores virais analisados,
encontramos uma baixa propor¢cdo de individuos (15,3%, 31/202) com carga viral
acima de 2000UI/mL e uma frequéncia de 5,6% (9/161) de hepatite oculta. A
genotipagem viral foi realizada em 91 amostras e destas, 88 (97%) apresentaram
HBV/D e 3 (3%) HBV/A, contrastando com a realidade de outras regides brasileira,
onde ha um predominio de HBV/A (64,3-44,7%), seguidos de HBV/D (47,6-16,6%) e
HBV/F (29,2-7,7%). A analise de subtipos virais revelou uma alta frequéncia do subtipo
ayw2. Para justificar a frequéncia elevada de HBV/D subtipo ayw 2 na regido sul, foi
realizada uma busca pela origem genealégica e geografica dos pacientes infectados e
uma andlise filogenética foi executada. Os resultados mostraram que o HBV/D
encontrado no sul do Brasil é filogeneticamente muito proximo ao HBV/D3 amplamente
disseminado na Italia, assim como para o subtipo ayw2, e sua alta frequéncia teria
poderia ser justificada pelo processo de imigracéo italiana ocorrido durante o final no
século XIX e inicio do século XX. Entre os fatores do hospedeiro, foi realizada uma
anélise comparativa entre pacientes cronicamente infectados e com infecc¢ao resolvida,
avaliando variaveis epidemiolégicas e genéticas. A analise epidemiolégica mostrou que
sexo masculino, via de transmisséo sexual e baixo nivel educacional estao associados
a cronicidade da doenca. Os gendtipos dos SNPs foram analisados através de
regressao logistica e os resultados mostraram que o alelo A (gendtipos AA e GA) do
SNP -308 do fator de necrose tumoral-a (TNF-a) estd associado a cronicidade da
hepatite B em individuos do sul do Brasil e pode ser considerado um potencial
marcador molecular de progressao a cronicidade da hepatite B nesta populacéo.
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Abstract

Hepatitis B is a viral infectious disease spread worldwide. It is a liver inflammation
with a chronicity risk about 10 to 20% of adulthood cases. Currently, approximately
240 million people are chronically infected. The disease prevalence varies
worldwide. Although Brazil is considered a low endemic country, there are regions
where the prevalence is markedly higher than the national average, such as the
Amazon region (Northern Brazil) and the west region of Santa Catarina, in southern
Brazil. The immunopathogenesis of infection is influenced by factors relating to
hepatitis B virus (HBV), such as genotype, gene mutations and viral load, and by
characteristics of the infected host, such as age, sex and genetic polymorphisms.
This study aimed to determine viral and host factors that are influencing on the
natural course of the hepatitis B, through the viral molecular profile analysis and
single nucleotide polymorphisms (SNPs) genotyping of cytokines genes from
patients infected in an attempt to suggest molecular markers of disease progression.
In this study, were collected 363 samples from individuals infected with HBV in
Chapecé, SC. Regarding viral factors analyzed, we found a low proportion of
individuals (15.3%, 31/202) with viral load above 2000 IU/mL and a frequency of
5.6% (9/161) of occult hepatitis infection (OBI). Viral genotyping was performed on
91 samples. Of these, 88 (97%) had HBV/D and three (3%) had HBV/A, in contrast
with the reality of other Brazilian regions where there is a predominance of HBV/A
(64.3 to 44.7%), followed by HBV/D (47.6 to 16.6%) and HBV/F (29.2 to 7.7%). The
viral subtypes analysis has revealed a high frequency of subtype ayw2. To justify
the high frequency of HBV/D and subtype ayw? in the Brazilian southern region, a
search for genealogical and geographical origin of the patients was performed and
a phylogenetic analysis was conducted. The results showed that HBV/D in southern
Brazil is phylogenetically close to HBV/D3 widespread in Italy as well as the ayw2
subtype and its high frequency would could be justified by the Italian immigration
process occurred during late nineteenth and early twentieth century. Among the host
factors, were conducted a comparative analysis of chronically infected patients and
HBV resolved subjects, evaluating epidemiological and genetic variables.
Epidemiological analysis showed that male sex, vertical transmission and low
educational level have an association with chronic disease. The genotypes of the
SNPs were analyzed by logistic regression and the results showed that the A allele
(AA and GA genotypes) of tumor necrosis factor-a (TNF-a) -308 SNP is associated
with chronic hepatitis B in individuals of southern Brazil and can be considered a
potential molecular marker of progression to chronic hepatitis B in this population.
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1 INTRODUCAO

A hepatite B é uma doenca infectocontagiosa causada pelo virus da hepatite
B (HBV) e que representa um grande problema de saude publica, visto a ampla
distribuicdo geogréfica, os altos indices de prevaléncia na populacdo mundial e seu
potencial patogénico no desenvolvimento de cirrose e hepatocarcinoma. Estima-se
em todo mundo que existam 240 milhdes de pessoas cronicamente infectadas e
gue cerca de 780 mil pessoas morram, a cada ano, das consequéncias da doenca
(WHO, 2015). A maioria dos infectados se recupera, porém 5 a 10% séo incapazes

de eliminar o virus, tornando-se portadores crénicos (LIANG, 2009).

A incidéncia mundial de casos agudos de hepatite B tem decrescido nos
altimos anos. Essa reducdo pode ser atribuida & aplicacdo de uma vacina segura
e efetiva, realizada ja na infancia e em popula¢gbes de alto risco (WHO, 2009).
Entretanto, o controle global da doenca permanece desafiador, uma vez que casos
de resisténcia a drogas terapéuticas vém sendo descritos e que 0 numero de
pessoas que tem infeccdo cronica pelo HBV permanece alto (GHANY & DOO,

2009; LAVANCHY, 2012).

Embora ainda controverso, tem se discutido quais os fatores do hospedeiro,
bem como quais os fatores virais podem estar envolvidos na histéria natural da
hepatite B, influenciando no desfecho clinico da infec¢cdo (GODKIN et al., 2005;

THIO et al., 1999; JIANG et al., 2003).
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1.1 DADOS EPIDEMIOLOGICOS

Mundialmente a hepatite B tem uma distribuicdo heterogénea, sendo
identificadas regides de alta (>7%), média (2-7%) ou baixa endemicidade (<2%) do
HBV. Altos indices da doenca sdo observados no leste Asiatico, Africa
Subsaariana, na Regido Amazoénica e partes do Leste Europeu. O Oriente Médio e
india s&o consideradas regifes de endemicidade intermediaria. Ja a regidio oeste
da Europa e a América do Norte apresentam baixa prevaléncia da doenca,

conforme descrito na figura 1 (WHO, 2015).

Prevaléncia da Hepatite B

B Alta:>8%

- Intermediaria Alta: 5%-7%
Intermediaria Baixa: 2%-4%
Baixa: <2%
Sem dados disponiveis

Figura 1: Mapa Mundial da Prevaléncia da Hepatite B Crbnica em adultos, em 2012 (Fonte:
adaptado de CDC, CDC Health Information for International Travel -Yellow Book, 2014).

O Brasil é considerado um pais com baixa endemicidade, com taxa do
antigeno de superficie do virus da hepatite B (HBsAg) média de 0,63% e do

anticorpo contra proteina do core do virus da hepatite B (anti-HBc) de 11,52% na
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faixa etaria de 20 a 69 anos (tabela 1) (BRASIL, 2012). No Brasil, segundo dado do
Ministério da Saude, o numero de casos confirmados de hepatite B tem se mantido
estavel, atingindo a taxa de 6,5 casos por 100.000 habitantes em 2005 e 6,9 por
100.000 habitantes em 2010. No periodo de 1999 a 2011, foram notificados pelo
Sistema de Informacdo de Agravos de Notificacdo (SINAN), 120.343 casos de
Hepatite B. Entre o periodo de 2000 a 2011, foram registrados, no Sistema de
Informacao de Mortalidade (SIM), 9.659 o6bitos relacionados a doenca, sendo 5.521
como causa basica e 4.138 como causa associada, a maioria dos quais nas regides

Sudeste (47,3%) e Sul (20,4%) (BRASIL, 2012).

Embora a regido sul do Brasil seja considerada de baixa endemicidade,
existem cidades com prevaléncia aumentada da doenca, como na cidade de Caxias
do Sul (regido serrana do Rio Grande do Sul), Chapecoé (na regido oeste de Santa
Catarina) e Foz do Iguacu, Francisco Beltrdo e Cascavel (nha regido sudoeste do
Parand), chegando a possuirem um indice 2 a 10 vezes maior que a média da

regidao (NOVA, 2010, BERTOLINI et al., 2012; MENEGOL et al., 2013).

Tabela 1: Prevaléncia dos marcadores sorolégicos para hepatite B no Brasil, por
regido, na faixa etaria de 20-69 anos

Regiao Brasileira HBsAg (%) Anti-HBc (%)
Norte 0,92 14,7
Nordeste 0,53 11,7
Sudeste 0,40 7,9
Sul 0,55 11,3
Centro-oeste 0,76 12,7

Adaptado de BRASIL, 2012
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1.2 A CIDADE DE CHAPECO E A HEPATITE B

A cidade de Chapecd fica localizada na regido oeste do estado de Santa
Catarina, no sul do Brasil (latitude: 27° 5" 47”; longitude: 52° 37" 6”). Atualmente,
possui 202.009 habitantes e uma area de 626,057 km? (IBEGE, 2015). No final do
século XIX e inicio do século XX, a regido inicialmente habitada por indigenas da
etnia Kaigang, comecou a ser colonizada por europeus de origem italiana e alema,

culminando com sua funda¢édo no ano de 1917 (CEOM, 2004).

Em relacdo a composicdo étnica da populagédo chapecoense, observa-se um
elevado numero de euro-descendentes, evidenciado pelo udltimo Censo
Demogréfico, realizado pelo IBGE (2010). Segundo o documento, a cidade possui
uma composicdo étnica de 76,68% de brancos, seguido de 19,24% de pardos,
2,69% de negros, 0,79% de indigenas e 0,60% de amarelos, contrastando,
portanto, com os indices gerais do Brasil, em que brancos e pardos sao a maioria,
com indices préximos (somam 47,73% e 43,13%, respectivamente), seguidos de
negros, com 7,61%, amarelos com 1,09% e indigenas, representando 0,43% da

populacao brasileira.

A regido oeste de Santa Catariana e em especial a cidade de Chapeco,
possui um indice aumentado de portadores de HBV em relacéo a outras regides do
estado (figura 1). ROSINI et al. (2003) realizaram um perfil comparativo da
soroprevaléncia de HBsAg e anti-HBc no periodo de 1999 a 2001 no estado de
Santa Catarina em doadores de sangue e seus resultados demonstraram que a

cidade de Chapeco6 apresentou um indice médio de soroprevalécia do HBsAg de
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2,12%, aproximadamente 2,5 vezes o indicie médio encontrado no estado (0,82%).
Da mesma forma, para o marcador de exposicdo ao virus (anti-HBc), a
soroprevaléncia média no periodo foi de 19,95%, aproximadamente 2,8 vezes
maior do que a média estadual (7,09%). Nos ultimos anos, com a implementacao
de politicas de imunizacdo contra a hepatite B, a prevaléncia da doenca tem
diminuido, porém continua superior a média nacional e da regiao sul do Brasil. No
periodo de 2007 a 2015, foram notificados ao SINAN, 1005 novos casos da doenca
na cidade, aproximadamente 10% de todos os casos notificados no estado no

mesmo periodo (SINAN, 2015).

Incid&ncia/100.000hab. virus B
[ atéo,00

[ 0,00-42500

25,00 - 100,00
100,00 - 175,00
175,00 --| 300,00
300,00 --| 460,45

(]

Canoinhas

Blumenau
tajai

Florianépolis

Xanxeré

. Concérdia
o
AL

Videira

Rio do Sul

Tubaréio

Figura 2: Mapa do Estado de Santa Catarina com a incidéncia de HBV por municipio de notificacado
no SINAN, em 2011. Circulado em vermelho, a regido oeste catarinense, com maior
incidéncia/prevaléncia de casos de Hepatite B no estado (Fonte: adaptado de Dive-PEHV/SC,
2011).
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1.3 O VIRUS DA HEPATITE B, SUBTIPOS E GENOTIPOS

O Virus da Hepatite B (HBV) pertence ao género Orthohepadnavirus, familia
Hepadnaviridae. O DNA é circular, apresentando fitas parcialmente duplas e
compostas por 3200 nucleotideos, constituidos por quatro genes, conhecidos como
C (Core e pré-Core), S (Antigeno de Superficie), P (Polimerase) e X (que codifica
a proteina HBx (HBxP), provavelmente associada a regulacdo da replicacéo e do
estabelecimento da infeccdo por HBV). O gene C € composto pelas regides “core”
e “pré-core”, que codificam respectivamente, os antigenos HBcAg e HBeAg. O gene
S, composto pelas regides pré-S1, pré-S2 e S, codifica trés formas do antigeno de
superficie (HBsAg) que variam em tamanho, denominados “Large”, “Middle” e
“Small”, respectivamente (VYAS & YEN, 1999; KEW, 2011, BALMASOVA et al.,

2014)

Variac6es dos aminoacidos 120 a 168 na composi¢ao do “small” HBsAg
classificam o HBV em nove diferentes subtipos (adrq+ adrg-, ayr, aywl, ayw2,
ayw3, ayw4, adw2 and adw4), baseado em seus determinantes soroldgicos e
antigenicidade. A presenca de uma lisina (Lys ou K) ou uma arginina (Arg ou R) na
posicdo 122 confere a especificidade d/y. Similarmente, na posicdo 160, os
residuos de lisina ou arginina conferem especificidade w/r. Determinantes
adicionais sdo deduzidos a partir de residuos na posi¢ao 127, onde prolina (Pro ou
P), treonina (Thr ou T) ou leucina (Leu ou L) conferem especificidade wl/w2, w3 e
w4 respectivamente e nas posi¢coes 134, 143, 159, 161 e 168, onde fenilalanina
(Phe ou F) ou tirosina (Tyr ou Y), na posi¢cao 134; treonina ou serina (Ser ou S) na

posicdo 143; alanina (Ala ou A) ou glicina (Gly ou G) na posicao 159; tirosina ou
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fenilalanina na posicdo 161 e uma valina (Val ou V) ou alanina na posicao 168,
diferenciam os subdeterminantes wl e w2 (NORDER et al., 1992; SCHAEFER,

2005, THOMAS et al., 2014).

Variacbes nas sequéncias de DNA de isolados de HBV possibilitam a
classificagcdo em 10 diferentes gendtipos de A até J. As divergéncias de sequéncia
ocorrem no genoma completo, de forma que variacdes acima de 7,5% no genoma
total caracterizam diferentes genotipos (HUY et al., 2008, RONCATO et al., 2008,

TATEMATSU et al., 2009).

Os gendtipos de HBV tem distribuicdo geografica mundial distinta, sendo
algumas regides do planeta mais prevalentes para certos genétipos do que outras.
Os genotipos mais amplamente disseminados sdo o A e o D (encontrados nos
continentes europeu, americano e africano). Os gendétipos B e C sdo encontrados
no leste e sudeste asiaticos; o gendtipo E no oeste africano; o gendtipo F é
disseminado entre indigenas americanos; o genétipo G é encontrado na Europa e
no continente norte americano; o genétipo H € encontrado na América Central. Por
fim, os gendtipos | e J até 0 momento s&o restritos a Asia, onde foram encontrados
isolados virais no Vietnd e Japdao, respectivamente (SUGAUCHI et al., 2001,
ARAUZ-RUIZ et al., 2002, DEVESA & PUYOL, 2007, HUY et al., 2008, CAO, 2009,
TATEMATSU et al., 2009, ABDOU CHEKARAOU et al., 2010, TRAN et al., 2010,
KAO, 2011, MULYANTO et al., 2011, THEDJA et al., 2011; MULYANTO et al.,

2012, SUNBUL, 2014).

Além da classificacdo em genotipos, estudos de filogenia e filogeografia

baseados em sequéncias de genoma completo do HBV tem proporcionado
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classificar o virus ndo somente em genoétipos, mas também em subgendtipos.
Estudos deste tipo proporcionam um melhor entendimento sobre as dinamicas
populacionais que determinam a distribuicdo geogréafica do virus (MELLO et al,.
2013; YOUSIF e KRAMVIS, 2013, LAGO et al.,, 2014). Os subgenétipos séo
designados por numeracao arabia e constituim-se de subgrupos de genétipos que
obedecem dois critérios em patrticular: divergéncia de 4 a 7,5% do genoma total e
possuieram uma alta proximidade filogenética. Até o momento foram descritos mais
de 40 subgenotipos diferentes, sendo que os gendtipos C e D 0s que possuem o

maior numero de subgendtipos documentados (POURKARIM et al., 2014).

O Brasil também possui uma distribuicdo de gendtipos desigual, com
prevaléncia do genotipo A (subgendtipos Al e A2), D e F (subgendtipos F1, F2 e
F4). Os Gendtipos A e F sdo prevalentes nas regides Norte e Nordeste, gendtipo A
na regido Sudeste e Centro Oeste e 0 gendtipo D na regido Sul (MELLO et al., 2007
e 2013, BECKER et al., 2010; BERTOLINI et al., 2012; COMPRI et al., 2012, LAGO

et al., 2014).

1.4 DIAGNOSTICO DA HEPATITE B

O diagnéstico laboratorial da hepatite B € realizado através da utilizacédo de
testes soroldgicos (ou imunoldgicos) e de testes moleculares, que determinam a

presenca do virus, bem como a carga viral e seu genotipo.

A metodologia de diagnéstico sorolégico mais utiizada € o
enzimaimunoensaio (ELISA) por ser uma técnica rapida, de custo baixo e com altos
niveis de especificidade e sensibilidade. A pesquisa de marcadores de sorologia

possui significado muito importante no diagnostico e prognéstico da doenca
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hepatica causada pela infeccdo pelo HBV. O diagnostico soroldgico se da,
principalmente, por meio da pesquisa de antigenos e anticorpos contra o HBV no
organismo do hospedeiro. Os marcadores frequentemente pesquisados para
hepatite B sdo os antigenos: HBsAg e HBeAg e os anticorpos anti-HBc 1gG e IgM,
anti-HBe e anti-HBs (DENY & ZOULIM, 2010). Na Ultima década, desenvolveu-se
um teste rapido para a triagem diagnostica de hepatite B. Este teste baseia-se na
metodologia de imunocromatografia e contém, em sua matriz solida, anticorpos

conta o0 HBsAg circulante do sangue testado (BRASIL, 2011).

Na hepatite B, o antigeno HBsAg indica infec¢éo ativa, enquanto o antigeno
HBeAg € o marcador de transmissibilidade da infec¢do. Pacientes que possuem
esses dois marcadores em niveis elevados tendem a um prognaostico desfavoravel,
enguanto que o surgimento de anticorpos contra os antigenos HBsAg e HBeAg,
favorecem a soroconverséao e recuperacao da infeccao. O anticorpo anti-HBc indica
contato com o virus, que pode ser recente, apontado pela presenca de anticorpos
do tipo IgM ou prévio, quando estéo presente somente anticorpos do tipo IgG. Além
disso, a presenca do marcador anti-HBs indica a condi¢ao de imunidade e pode ser
dada pela vacinacdo, sem apresentar contato com o virus, quando no individuo

nenhum outro marcador esta presente (BRASIL, 2009; BONINO et al., 2010).

O teste que determina 0 numero de cépias virais circulantes é conhecido
como carga viral ou teste molecular quantitativo. A determinagéo da carga viral tem
importancia prognoéstico-terapéutica, uma vez que é utilizada como ferramenta para

0 monitoramento da resposta ao tratamento (SCOTT & GRETCH, 2007).

Deve-se levar em consideracao que pacientes HBeAg negativos, com baixa

replicacdo viral, ou com niveis flutuantes de HBV-DNA, podem ser diagnosticados
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erroneamente como portadores inativos e, portanto, devem ser acompanhados
com medi¢cdes consecutivas, pelo menos duas vezes ao ano, antes de serem

classificados como verdadeiramente inativos (STRAUSS et al., 2009).

A quantificacdo do HBV-DNA vem se tornando uma ferramenta importante
no manejo dos pacientes com hepatite crénica B, uma vez que o risco de carcinoma
hepatocelular comeca a crescer significativamente a partir de 10.000 cépias/mL
(2.000 UI) (TSIANG et al., 1999). Além disso, a quantificacdo do HBV-DNA é a
melhor forma de monitoramento do tratamento com antivirais. Evidéncias clinicas
sugerem que a supressao maxima e rapida da replicacao viral durante o tratamento
seja fator importante para a soroconversado do HBeAg, como também na prevencéo
do desenvolvimento de resisténcia aos antivirais (YUEN et al., 2001). GALLEGO et
al (2008), demonstraram que a taxa de resisténcia a lamivudina foi
significativamente menor nos pacientes com HBV-DNA inferior a 103 cépias/mL
(13%) do que naqueles que permaneceram com viremia superior a 103 cépias/mL

(62%) no sexto més de tratamento.

Existem varios ensaios disponiveis para quantificar a carga viral do HBV, os
quais, de acordo com as informacdes dos fabricantes, apresentam caracteristicas
baseadas no método de amplificacdo do DNA viral (RAPTI et al., 2007). A técnica
de amplificacdo de sinais (branched-DNA, bDNA) baseia-se na deteccdo do
produto da amplificag&o por quimiluminescéncia, sendo os limites de linearidade de
2 x 10%a 1 x 108 copias/mL. A amplificacdo de alvos especificos por reacdo em
cadeia da polimerase (PCR), cujo método de deteccéo do produto amplificado € o
ensaio imunoenzimatico (EIA), apresenta limites de linearidade de 2 x 102a 1 x 10°

copias/mL. Ja a amplificacdo de alvos especificos por PCR em tempo real, cujo
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meétodo de deteccao do produto da amplificacdo é a fluorescéncia, apresenta limites

de linearidade de 1,7x 10%a 6,4 x 108 copias/mL (CHEVALIEZ et al., 2012).

A tecnologia da PCR em tempo real trouxe possibilidades consideraveis ao
meétodo tradicional de PCR. Dessa forma, acrescentou-se ao ja sensivel método de
PCR, maior praticidade, menor tempo para obtencédo do resultado e diminuicdo da

possibilidade de contaminacéo cruzada.

1.5 IMUNOPATOGENESE DA INFECCAO PELO HBV

A transmissao do HBV se da pelo contato sanguineo e de fluidos corporeos
contaminados, através das vias parenteral e pericutanea. As transmissdes sexual
e vertical também sao frequentes, principalmente em regides altamente endémicas,
onde o controle e a prevencao da disseminacao da doenca possuem falhas, como
a baixa adesdo aos programas de imunizacdo e de combate a doencas

sexualmente transmissiveis (WHO, 2009).

O desfecho clinico da hepatite B (resolugcdo da infeccdo, hepatite fulminante,
cronicidade com evolucédo ou néo, para cirrose e hepatocarcinoma) depende de
fatores relacionados ao virus, como a carga viral e genoétipo, e também de fatores
relacionados ao hospedeiro, como idade, rota de transmissdo e resposta
imunologica (YE et al., 2010; EL-SERAG, 2012). A resposta imune inata e
adaptativa atuam para a eliminacao da infeccao viral, através da ativacdo de
monaocitos, macrofagos, neutrofilos, células de Kupffer, linfocitos e células
apresentadoras de antigenos (APCs) (como as células dendriticas) (THOMAS et

al., 2014).
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Apos a infeccdo aguda, que tem duragao aproximada de 40 a 180 dias, o virus
tende a ser eliminado espontaneamente em cerca de 80 a 90% dos casos de
adultos infectados. Porém, o risco de infeccéo cronica aumenta em recém-nascidos
e criangas, podendo chegar a 90% (REHERMANN & NASCIMBENI, 2005). Em
pacientes que conseguiram eliminar o virus (infeccdo resolvida), observa-se um
aumento inicial dos niveis de transaminases, bem como o0 surgimento de
marcadores de infeccdo HBV-DNA, HBsAg, HBeAg e anti HBc IgM seguido do
aparecimento de anti-HBs e anti-HBe, do surgimento do anticorpo anti-HBc IgG e
a normalidade dos niveis das transaminases (figura 2a), e da diminuicdo da carga
viral a niveis indetectaveis. Em pacientes crénicos ap0s o periodo inicial de
incubacéo, os niveis de HBV-DNA e HBsAg permanecem altos, sem a producéo de
anti-HBS, os niveis de HBeAg podem diminuir com o surgimento de anti-HBe ou
nao e os niveis de transaminases sofrem periodos de oscilacao (figura 2b) (CHANG

& LEWIN, 2007).

Na hepatite B aguda, “a clearance” do DNA viral € mediada por citocinas
produzidas por células do sistema imune inato e adaptativo, como interferons (IFN-
y € INF-a/B) e fator de necrose tumoral-a (TNF-a). A hepatite clinica esta associada
a producéao de células T inflamatérias especificas e ndo especificas contra o HBV.
Particulas virais processadas pelas células APCs sdo capazes de induzir células T
citotoxicas (CD8+) e T auxiliares (CD4+), do tipo Th1 (pré-inflamatorias) e Th2 (anti-
inflamatorias). Enquanto as células Thl CD4+ estéo relacionadas a eliminacéo do
virus, com sua integracdo direta as células T CD8+ através da producdo de
citocinas proé-inflamatérias, as células Th2 CD4+ atuam na apresentacdo de

antigenos as células B, para a consequente producado de anticorpos. O aumento da
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atividade citotoxica mediado por células T CD8+ coincide com o0 aumento dos niveis
de transaminases e previne, por consequéncia, a infeccdo de novos hepatdécitos.
Em seguida, ha o declinio da carga viral e dos niveis de ALT (alanina
aminotrasferase) com consequente surgimento de anticorpos especificos (CHANG

& LEWIN, 2007)
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Figura 3: Fases da infec¢do pelo HBV. a) infeccdo aguda pelo HBV: Apés o periodo inicial de
incubacéo, ha uma fase de combate ativo a infec¢éo (através de resposta imune inata) seguida de
recuperacao e resolucdo da doenca, com o surgimento de anticorpos especificos (resposta imune
adaptativa). b) Infeccéo Crénica pelo HBV: Apés o periodo de incubacéo inicial, hd uma fase de
imunotoleréncia (ou tolerdncia imune), que permite a persisténcia do virus no organismo. As
respostas imune inatas e adaptativas sdo fracas, incapazes de eliminar por completo o virus. Pode
haver formacgédo de anticorpos, suficientes para manter os niveis de HBV-DNA baixos por um periodo
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prolongado (aproximadamente 20 anos). Apds este periodo, os niveis de carga viral tendem a subir,
elevando os riscos de complicacdes hepaticas (Fonte: adaptado de CHANG & LEWIN, 2007).

O processo de cronicidade é convencionalmente dividido em quatro fases
distintas e subsequentes: imunotolerancia, “clearance” imune, estado de portador
inativo e fase de reativacdo. Na fase de imunotolerancia ao virus (caracterizada
pela presenca de HBeAg sérica, altos niveis de carga viral, niveis normais de ALT
e inflamacdo hepatica minima), particulas de HBsAg combinadas com HBeAg
induzem a proliferacéo de células T regulatérias (CD25+ CD4+ ou T reg) e células
Th2, responsaveis pela inibicdo da producdo de células T efetoras e por
consequéncia, a reducdo do dano hepdtico. A fase de “clearance” imune é
caracterizada pela soroconversdao do HBeAg a anti-HBe. H4 uma supressao da
replicacdo e reducdo da carga viral da corrente sanguinea, consequéncia da
diminuicdo da resposta Th2 e ativacdo da resposta Thl no figado. A secrecéo de
citocinas media o dano hepatico, com o aumento da atividade inflamatéria, dos
niveis de ALT e de fibrose. A soroconversao coincide com a remissao do processo
inflamatorio e a maioria dos pacientes permanece neste estado inativo por longos
periodos, permanecendo com o marcador HBeAg negativo, carga viral indetectavel
e atividade enzimatica hepatica normal. O ultimo estagio da infeccdo, a fase de
reativacao viral, ocorre em uma propor¢ao de 20 a 30% dos portadores crénicos,
onde se pressupfe que a auséncia de HBeAg resultaria em uma diminuicdo da
resposta Th2 especifica e subsequentemente no aumento da inflamacao hepéatica
mediada por células Thl. Este processo de reativacao viral aumenta o risco para a
descompensacdo da funcdo hepatica e dano com evolugcdo para cirrose e

hepatocarcinoma (BERTOLETTI et al., 2010, BALMASOVA et al., 2014).
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1.6 POLIMORFISMOS DE BASE UNICA (SNP’s) EM GENES DE

CITOCINAS HUMANAS

Citocinas sao proteinas sinalizadoras secretadas por células humanas do
sistema imune ou nao que, entre outras funcdes, regulam a resposta inflamatoria
desencadeada apdés uma infeccdo. Neste contexto, o papel das citocinas, bem
como da resposta imune celular na patogénese e erradicacdo do HBV em pacientes
crbnicos tem sido investigada (WANG et al.,, 2011). O nivel de imunidade dos
hospedeiros correlaciona-se com relevantes polimorfismos genéticos,
especialmente com polimorfismos de base Unica (SNP- do inglés “Single Nucleotide
Polymorphism”) presentes na regido promotora de genes que codificam essas
proteinas, provavelmente determinando tanto a susceptibilidade a doenca, quanto

o desfecho clinico da infeccdo (GAO et al., 2009).

Tem-se descrito que citocinas de resposta Thl, incluindo, a interleucina 2
(IL-2), interferon-y (IFN- y) e o fator de necrose tumoral-a (TNF-a) estdo envolvidos
principalmente na imunidade mediada por células e possuem um papel crucial na
protecdo contra patdgenos intracelulares. Ja as citocinas de resposta Th2, como a
interleucina 4 (IL-4), interleucina 5 (IL-5) e a interleucina 10 (IL-10), regulam, na
maioria das vezes, a resposta imune humoral. Embora seus efeitos sejam benéficos
contra patdgenos extracelulares, quando superestimuladas, também podem estar
associadas com doencas progressivas desencadeadas por patdégenos

intracelulares (CHEONG et al., 2006).
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1.6.1 SNPs EM CITOCINAS Th1l

A resposta proé-inflamatéria desencadeada apos a infeccdo por HBV
depende, em grande parte, da liberacdo de citocinas responsaveis pela ativacao
das células efetoras do sistema imune (THURSZ et al., 2011). Entre as principais
citocinas proé-inflamatodrias responsaveis por este fenémeno, destacam-se o fator

de necrose tumoral a (TNF-a), a interleucina 2 (IL-2) e a interleucina 6 (IL-6).

O TNF-a é um importante fator estimulatério do sistema imune. Sua fungao
consiste no estimulo de secrecédo de outras citocinas, aumento da expressao de
moléculas de adesdo bem como ativacéo de neutrdfilos. E produzido por uma gama
de células, como macréfagos, mondcitos, neutrélifos, linfécitos T e células natural

killer (NK) (XIA et al., 2011).

Estudos tem mostrado associacao entre SNPs na regido promotora deste
gene com o desfecho clinico da infec¢do pelo HBV. Em uma metanalise, ZHENG
et al. (2012) avaliaram o SNP no promotor do gene TNF-a-238 (rs361525), em
diversas popula¢des mundiais e seus resultados indicam que o alelo A (gendtipos
GA+AA), para a populacdo européia, esta associado com um maior risco de
cronicidade para hepatite B em comparacdo a individuos com cura espontanea
apos a infeccdo. Este mesmo estudo mostrou que na populacdo Asiatica este
polimorfismo n&o parece estar associado ao risco de cronicidade de hepatite B. XIA
et al. (2011) avaliaram, também por metandlise, os polimorfismos TNF-a (-1031,-
863,-857,-308 e -238) em pacientes com hepatite B cronica versus pacientes com
cura espontanea e seus resultados indicam: 1) uma associacdo positiva entre o
genotipo GG do TNF-a -238 e a cura espontanea em europeus, 2) que a presenca

do genotipos GG/GG+GA na posicao -308 do TNF-a (rs1800629) aumentaria o
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risco de persisténcia da infec¢éo por HBV e 3) que o gendtipo CC do SNP TNF-a -

863 estaria associado a “clearance” viral.

A IL-2 € uma potente citocina de resposta do tipo Thl que possui efeito
imunorregulatério na estimulacao de proliferacdo e ativacao de linfécitos T, B e
células NK. GAO et al. (2009) avaliaram a presenca do polimorfismo IL-2 -330
(rs2069762) e demonstraram que o genotipo TT foi fortemente associado com o
aumento do risco para cronicidade em chineses portadores do HBV, HCV e co-
infectados HBV/HCV. Uma possivel explicacdo para essa associacdo consiste na
analise de experimentos que mostraram que pacientes com o genétipo TT possuem
baixa producao de interleucina-2 e como consequéncia sao incapazes de erradicar

0 virus, tornando-se persistentemente infectados.

A IL-6 é uma citocina com multiplas fun¢des, essencial na regulacao da
resposta imune (PARK et al., 2003), estando relacionada ao crescimento e
diferenciacéo das células B e T, a regeneracao do figado e a protecao contra o
dano hepético (NATTERMANN et al., 2007). Segundo FISHMAN et al. (1998), o
polimorfismo na regido promotora -174 (rs1800795) C/G da IL-6 est4 associado
com diferencas na producédo de IL-6: os individuos genétipos GG e GC possuem
uma grande producdo de IL-6, contrastando com individuos genétipo CC,

classificados como baixos produtores de IL-6.

Recentemente, estudos vém testando a associacao deste polimorfismo com
desfecho clinico de infec¢bes. BARRET et al. (2003) demonstraram que o genoétipo
CC esta relacionado ao “clearance” viral em pacientes inrlandeses com cura

espontanea para Hepatite C. NATTERMANN et al. (2007) encontraram associacao
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entre 0 genotipo GG e a resposta ao tratamento com interferon e ribavirina em
pacientes alemdes com Hepatite C. J& para RIBEIRO et al. (2007), que testaram
um namero baixo de pacientes brasileiros portadores do HBV, nao foi possivel
encontrar associacdo deste polimorfismo em pacientes crénicos versus curados
espontaneamente. Da mesma forma, o estudo de PARK et al. (2003), ndo
conseguiu mostrar associacdo do polimorfismo com a progressao a carcinoma por

Hepatite B em pacientes coreanos.

1.6.2 SNPs EM CITOCINAS Th2

Em contraste com os efeitos das citocinas pro-inflamatorias, as interleucinas
de resposta do tipo Th2, atuam como inibidores dos mecanismos efetores da
resposta Thl e na inducéo de células B, para a ativacao da producéo de anticorpos.
Entre os principais efetores de resposta Th2 estdo a interleucina 10 (IL-10) e a

interleucina 4 (IL-4).

A IL-10 tem a funcdo de inibicAo da ativacdo antigénica especifica,
proliferacéo e producédo de citocinas de células Thl pela reducéo da capacidade de
apresentacdo de antigeno pelos mondcitos/macréfagos, associado com a
diminuicdo da expressdo de moléculas do HLA de classe Il. Em células B, a
interleucina-10 estimula a proliferacéo, a secre¢ao de imunoglobulina e a converséo
de anticorpos IgM a I1gG. A IL-10 também regula a diminuicdo da sintese de
citocinas préinflamatdrias, bem como superestimula a sintese do antagonista do
receptor de IL-1 (IL-1R). KARIM et al. (2007) quantificaram os niveis desta
interleucina e demonstraram um aumento dos niveis em pacientes cronicos de
Hepatite B. Os resultados obtidos neste estudo, também foram corroborados com

os resultados obtidos por ARABABADI et al. (2010), em que os niveis de IL10 de
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pacientes com infec¢do oculta também foram maiores do que os niveis de IL-10
encontrados em pacientes que conseguiram resolver a infeccdo sem interferéncia

medicamentosa.

Estudos tém correlacionado o SNP IL-10 -1082 (rs1800896) com a
persisténcia da infec¢do HBV. Enquanto GAO et al. (2009) encontraram diferengas
significativas entre os genaotipos (AA para o aumento de risco e AG para a reducao
de risco de cronicidade), para WANG et al. (2011) esta associagcao néo foi
significativa. Com o intuito de investigar tais discrepancias em termos de resultados,
ZHANG et al. (2011) realizaram uma metanalise em uma coorte chinesa e
comprovaram que o alelo A esta associado, naquela populacéo, com a reducéo do

risco de infeccao persistente por HBV.

O SNP [L-10-592 (rs1800872), também tem sido associado as hepatites
virais. CHEONG et al. (2006) relacionaram o alelo A com a persisténcia viral e 0
alelo C ao “clearance” viral em pacientes coreanos portadores de HBV. Em
contraste, para WANG et al. (2012), em pacientes chineses portadores de HBV, o

“clearance” viral est4 associada ao genotipo AA.

A IL-4, por sua vez, é uma potente citocina que esta relacionada com a
ativacao de células B e producao de IgE, a diferenciacao de células imaturas (ThO)
em células Th2, bem como na diminuicdo da resposta inflamatdria mediada por

células Thl.

Estudos realizados nos ultimos anos indicam que polimorfismos no gene da
IL-4 podem estar relacionados com a resposta a vacina da Hepatite B e na

susceptibilidade a infeccdo por HBV (WANG et al., 2012). Para GAO et al. (2009),
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o alelo C (genotipos CC+CT) do polimorfismo -589 (rs2243250) esta relacionado a
niveis anormais da enzima alanina-aminotrasferase (ALT) em pacientes chineses
infectados por HBV e pelo virus da hepatite C (HCV). Ja CUl et al. (2013), avaliaram
por metanalise, a resposta a vacina da Hepatite B em pacientes asiaticos e
caucasianos e encontraram associacao entre o alelo T e altos niveis de producao

de anticorpos.

1.6.3 SNPs EM CITOCINAS Th17

Esta subclasse de células T, as células Th17, tem atividade pro-inflamatoria,
e estdo associadas a iniciacado e manutenc¢ao do processo imune. Induzem diversos
fatores pro-inflamatérios, como citocinas, metaloproteinas e quimiocinas
acarretando um recrutamento intenso de neutréfilos e consequentemente,
inflamacéo no tecido afetado (KORN et al., 2009; LI et al.,, 2014; VALVERDE-

VILLEGAS et al., 2015)

A principal citocina produzida pelas células Thl7 é a interleucina 17A (IL-
17A). Estudos tem relacionado o aumento da produgcéo desta citocina com a
persisténcia viral e por consequéncia, a infec¢cdo crénica e também ao dano
hepatico grave (ZHANG et al., 2010 e WANG et al., 2011, SUN et al., 2012), porém
existem poucas informagdes a respeito dos principais polimorfismos presentes no
gene da IL17A: IL17A-692 (rs8193036) e IL-17A-197 (rs2275913), com o desfecho
clinico das Hepatites B e C. NAN et al. (2013), em seu estudo conduzido com
pacientes chineses portadores do HCV, mostraram que os niveis de IL-17A estéo
associados com a infeccdo cronica, porem os SNPs avaliados ndo foram

associados. J& para LI et al. (2012), os genétipos GG e AG do rs2275913 (e o
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aumento dos niveis de IL-17A) estdo associados com o0 hepatocarcinoma causado

pela infeccdo com o HBV em pacientes chineses.

Neste contexto, polimorfismos genéticos de base unica (SNP’s) em regides
criticas para a transcricdo/traducdo de citocinas podem levar a uma producao
alterada dessas moléculas efetoras, influenciando em seu papel na resposta

inflamatoria desencadeada durante o processo infeccioso.

Embora este seja um assunto estudado mundialmente, em especial em
paises do continente Asiatico, pouco se sabe sobre associa¢cfes de polimorfismos
em genes relacionados a resposta imune na populacéo brasileira, e em especial na
populacdo do sul do pais, evidenciando a importancia de estudos dessa natureza

nesta populagéo.
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2 OBJETIVOS
2.1 GERAL:
O presente trabalho teve como objetivo geral analisar os fatores virais e do
hospedeiro que possam estar relacionados ao desfecho clinico de individuos

infectados por HBV na cidade de Chapecé, SC, buscando estabelecer possiveis

marcadores moleculares de progressao da Hepatite B nesta populacao.

2.2 ESPECIFICOS:

- Verificar o perfil epidemioldgico de individuos infectados por HBV arrolados ao

estudo (pacientes cronicos e com infecc¢éo resolvida);

- Quantificar a carga viral do HBV em pacientes infectados;

- Realizar a genotipagem do HBV presente em pacientes cronicos de Hepatite B;

- Realizar a genotipagem dos SNPs humanos TNFa -308 G/A (rs1800629), TNFa -
238 G/A rs361525), IL2 -330 G/T (rs2069762), I1L4 -589 C/T (rs2243250), IL6 -174
G/C (rs1800795), IL10 -592 C/A (rs1800872), IL10 -1082 A/G (rs1800896), IL17A -
692 T/C (rs8193036) e IL17A-197 G/A (rs2275913) em pacientes crbnicos e

individuos com infeccao por HBV resolvida;

- Analisar a associacdo dos SNPs estudados com o desfecho clinico da infeccéo

pelo HBV;

- Estabelecer possiveis marcadores moleculares de progressao da Hepatite B.
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3 RESULTADOS: CAPITULO 1

Hepatitis B Virus Genotype D Isolates Circulating in Chapeco, Southern Brazil,

Originate from lItaly
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Abstract

Hepatitis B virus genotype A1 (HBV/A1), of African origin, is the most prevalent genotype in
Brazil, while HBV/F predominates in the other South American countries. However, HBV/D
is the most common in the three states of southern Brazil, where ‘islands’ of elevated preva-
lence, as Chapeco and other cities, have been described. In this study, 202 HBV chronic
carriers attending in 2013 the viral hepatitis ambulatory of Chapeco, were investigated. In
comparison with previous studies performed in the same ambulatory, a rapid aging of the
HBYV infected population was observed (mean age of the newly diagnosed patients increas-
ingfrom 29.9 + 10.3 years in 1996 to 44 .4 + 13.3 years in 2013), probably due to a singular
vaccination schedule at Chapecd that included not only children but also adolescents. Phy-
logenetic and BLAST analyses (S region) classified 91 HBV isolates into genotypes A (n =
3)and D (n =88). The majority of HBV/D isolates were closely related to D3 sequences. To
understand the reasons for the absence or near absence of genotypes A and F, and how
HBV/D was introduced in the south of Brazil, HBV/D infected patients were inquired about
their genealogical and geographical origins. Forty-three (52%) patients have their four
grandparents of ltalian origin, vs. seven (8%) who have their four grandparents of Brazilian
origin. At all, 65 out of 83 (78%) patients had at least one grandparent originating from lItaly.
Taking into consideration the fact that Italy is one of the few countries where subgenotype
D3 is predominant, the results strongly suggested that HBV/D was introduced in Brazil
through Italian immigration which culminated between 1870 and 1920.

PLOS ONE | DOI:10.1371/journal.pone.0135816 August 14, 2015
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Introduction

Despite the availability of a prophylactic vaccine for more than 20 years, hepatitis B remains
one of the major public health problems worldwide. More than 240 million people are chroni-
cally infected with hepatitis B virus (HBV) and more than 780,000 die every year due to the
acute or chronic consequences of hepatitis B [1]. HBV prevalence, measured by the presence of
hepatitis B surface antigen (HBs Ag) in the serum, varies from < 1% to > 10% depending on
the country.

In Brazil, endemicity is low, and public immunization programs have been implemented
since the early 1990s. The estimated HBsAg prevalence among people aged 20 to 69 years var-
ies from 0.40% to 0.92% in the capitals of the 26 states [2]. However, some areas show preva-
lence rates markedly higher than the average, not only in the Amazon region, but also in some
southern counties, as Chapeco [3,4] and Caixas do Sul [5].

HBYV isolates have been classified into eight genotypes (A to H), based on a genomic
sequence divergence > 7.5% over the entire DNA genome [6]. Additionally, genotypes I [7]
and ] [8] have been proposed. The most cosmopolitan genotypes are A and D. Genotypes B
and C are found in East and Southeast Asia, genotype E in West Africa, and genotype F is
spread among indigenous Americans [9]. Within genotype D, at least seven subgenotypes have
been described. HBV/D1 is the most prevalent subgenotype in Greece, Turkey and North
Africa, D2 in northeastern Europe (Russia, Belarus, Estonia) and Albania, and D3 in Italy and
Serbia. The other subgenotypes circulate mainly outside Europe and the Americas [10,11].
Chronic patients infected with HBV/A show a favorable response to alfa-interferon more fre-
quently than those infected with HBV/D (reviewed in [12]).

In South America, genotype A is predominant in Brazil [13], which is the only Portuguese
speaking country, while genotype F has been shown to be the most prevalent in the other,
Spanish speaking countries [14]. However, genotype D is widespread in southern Brazil. Recent
studies have suggested that (i) the majority of HBV/A isolates circulating in Brazil (subgeno-
type Al) originated from the slaves removed from Southeast Africa at the middle of the 19th
century [15], and (ii) HBV genotypes from European origin explained the elevated endemicity
found in some southern Brazil areas [16].

In this study, 91 HBV isolates from chronic patients living in Chapecé (southern Brazil)
were genotyped. Eighty-eight (97%) belonged to genotype D. In an attempt to understand the
reasons of the absence or near absence of genotypes A and F in this population, and how HBV/
D was introduced in the south of Brazil, the question of the genealogical and geographical ori-
gins of the patients was addressed, and a phylogenetic analysis was performed.

Materials and Methods
Ethics Statement

All subjects, who knew to be or have been infected with HBV, gave their written consent to par-
ticipate to the study, and answered questions about age, ethnicity, health status, occupation,
lifestyle including drug use and sexual behaviour, blood transfusion, surgery, hemodialysis,
presence of HBV carriers in the family, and others allowing to evaluate risk factors for HBV
infection. This study was approved by the Ethics in Research Committee of Fundagao Estadual
de Produgio e Pesquisa em Saude (national registration number CAAE
20225713.5.0000.5320). Consent forms and questionnaires were kept separately in a laboratory
located in a State other than that where patients lived. The names of the patients could not be
linked to any study data collected.

PLOS ONE | DOI:10.1371/journal.pone.0135816 August 14, 2015 2/14
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Subjects

Blood samples were collected in 2013 from 202 adults attending the viral hepatitis ambulatory
of the Department of Health of Chapec6 County, State of Santa Catarina, southern Brazil. All
of them were HBsAg positive patients, diagnosed as HBV chronic carriers between 1991 and
2013. Four (2%) and two (1%) of them were anti-HIV and HCV RNA positive, respectively.
Information about HBV serological status and treatment of the patients, as well as date of noti-
fication of the disease, was collected in medical records. Additionally, 161 HBsAg negative,
anti-hepatitis B core (anti-HBc) positive individuals were recruited among (i) those who had
been taken care in the past in the ambulatory, (ii) family members of the above-described
chronic carriers, and (iii) health care workers of community health centers of Chapecé County.

Viral DNA extraction

Viral DNA extraction was performed from 200 pL of plasma by using the HiYield Viral Nucleic
Acid Extraction kit (RBC Bioscience, Taipei, Taiwan) according to the manufacturer's instruc-
tions, with the following modifications: 0.5 mg/mL of proteinase K was added to the lysis
buffer, and lysis was performed for 15 min at 60°C. DNA was recovered in 50 pL of DNase/
RNase-free water and stored at—20°C.

Calculation of viral load, nucleotide sequencing, subtyping and
genotyping

HBV DNA detection and quantification was performed by TagMan real-time polymerase
chain reaction (PCR). After alignment of HBV sequences available in the GenBank database by
using Clustal X (Conway Institute, Dublin, Ireland), BioEdit (Abbott Company, Carlsbad, CA)
and PrimerExpress (Applied Biosystems, Foster City, CA) softwares, a consensus sequence was
obtained which was used to design forward (5-TTGTCCTGGYTATCGYTGGATGTG-3’)
and reverse (5-GATGAGGCATAGCAGCAGGATG-3") PCR primers and fluorescent probe
(6-FAM-TGCGGCGTTTTATCAT-MGB-NFQ). The PCR product was a 72-base-pair (bp)
fragment of the surface antigen gene. PCR assay was performed on an ABI 7500 platform
(Applied Biosystems) in a 30 pL reaction containing 9 puL of DNA template, TagMan universal
master mix (Applied Biosystems), 300 nM of each primer and 250 nM of probe. Samples with
known viral load were used as controls. Samples and controls were tested in triplicate. The

test was linear from 1.0 log IU/mL to 8.0 log IU/mL, and the reaction efficiency was 98.3%.

HBYV DNAS of the real-time PCR positive samples were then amplified by using a conven-
tional PCR assay described previously [17], which generated a 485-bp fragment located in the
S region of the genome. Amplicons were purified with PureLink PCR Purification Kit (Life
Technologies, Carlsbad, CA). Nucleotide sequencing was done in both directions with BigDye
Terminator v3.1 Cycle Sequencing Kit, and sequencing reactions were analyzed on a 3130x]
Genetic Analyzer (Applied Biosystems).

Deduced amino acid sequences were used to predict the subtypes of the HBV isolates by
determination of the residues present at positions 122, 127, 134 and 160 of the S protein, as
described previously [18].

Genotypes of the HBV isolates were first determined by using the BLAST algorithm (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) which calculates the percent identities between a given
query nucleic acid sequence and a database of sequences of known genotypes. Moreover, the
high-quality portion (358 bp) of the sequences were aligned with those of 231 genotype D iso-
lates, i.e. all those which were completely sequenced (3,182 bp) and whose subgenotype was
informed in Genbank. Reference strains belonging to the other genotypes were included in the
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alignment. This was performed by using Clustal-X from MEGA software version 6 [19]. Maxi-
mum likelihood method was used to construct a phylogenetic tree.

Genealogical origins of the patients

All but one patient were born in Brazil, and the one remaining was Haitian. However, it was
noticed that many patients had not Portuguese-sounding surnames, as it is usual in Brazil, due
to Portuguese colonization. It was therefore decided to conduct a genealogical research using
the surnames of the HBV infected patients to determine their ancestry. This was conducted in
four, freely accessible dababases containing a very large number of family names, in order to
determine the geographical origin of the surnames of the patients. In all four databases, the
search queries were the own family names of the patients. Only exact matches were considered,
excluding close matches and alternative spellings. However, the object of the search varied
from one database to another. Database MyHeritage (www.myheritage.com), whose purpose is

to reconstruct the history of the families, was queried for the most common among the birth
countries of the persons carrying the same last names as those of patients. As most non-indige-
nous Brazilians are descendant of Europeans, only European countries were considered. Simi-
larly, the database of the Statue of Liberty-Ellis Island Foundation (www.libertyellisfoundation.
org), which identifies passengers of the ships that brought immigrants to The United States,
was screened for the most common last residence/birth country of the people carrying the sur-
names of the patients. The presence of those family names was also investigated in the database

of the Ferrara Cidadania Italiana company (www.ferraracidadaniaitaliana.com.br), which
includes names of Italians who immigrated in Brazil. Finally the Cognomix database (www.
cognomix.it), which shows the geographical distribution of surnames within Italy, was used to
determine the regions of Italy where each surname is more disseminated.

In addition, all patients were asked about the places of birth of their parents and grandpar-
ents as well as the countries of origin of the families of their four grandparents.

Statistical analysis

Categorical variables of epidemiological features were compared using Pearson’s y” test or
Fisher’s exact test, as appropriate. Continuous variables were compared using ANOVA. P val-
ues < 0.05 were considered statistically significant. Data were analysed using SPSS 20.0 soft-
ware (IBM, Armonk, NY).

Results
Characteristics of the patients

Table 1 shows the demographic, epidemiological and serological characteristics of 202 HBV
chronically infected patients attending in 2013 the viral hepatitis ambulatory of Chapeco,
southern Brazil. Data were compared with those of similar, although smaller, groups of patients
of the same ambulatory notified in 1996 and 2006, respectively, whose data have been pub-
lished previously [20]. The male:female ratio was almost identical (54.5-56.0% of males) in
the three groups. An aging of the chronically HBV infected population over the years was
observed: while about two-thirds of the patients were 20-39 years old in 1996 and 2006,
more than 60% were aged 40 to 59 years in 2013. Of note, the mean age at notification (new-
comers) increased significanly, from 29.9 years in 1996 to 34.9 in 2006 and 44.4 in 2011-2013
(p < 0.01). Patients were primarily (87.6%) whites, without significant variation of the pro-
portion over time. Vertical transmission was the major risk factor identified, with 24.8% of
patients whose mother and/or siblings were HBV carriers, followed by sexual and parenteral
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Table 1. Demographic, epidemiological and serological characteristics of HBV chronically infected patients accompanied in Chapeco, southern

Brazil (1996, 2006 and 2013).

Feature 2013 (this work) 2006 [20] 1996 [20] p value
Number of patients 202 66 84
Males 110 (54.5%) 36 (54.5%) 47 (56.0%) NS
Age range, years <0.01
18-19 1 (0.5%) 4 (6.1%) 13 (15.5%)
20-39 55 (27.2%) 42 (63.6%) 59 (70.2%)
40-59 124 (61.4%) 18 (27.3%) 11 (13.1%)
=60 22 (10.9%) 2 (3.0%) 1(1.2%)
Age at notification (newcomers only) 44.4+133° 349+11.9 29.9+10.3 <0.01
Ethnicity NS
Whites 177 (87.6%) 63 (95.5%) 77 (91.7%)
Blacks or mulattos 25 (12.4%) 3 (4.5%) 6 (7.1%)
Risk factor -
Vertical 50 (24.8%) n.a. n.a.
Parenteral 36 (17.8%) n.a. n.a.
Sexual 22 (10.9%) n.a. n.a.
Unknown 94 (46.5%) -
Serological markers
HBeAg 17 (8.4%) 8 (12.1%) 2 (2.4%) NS
Anti-HBe 170 (84.1%) n.a n.a
Anti-HBs 0 n.a. n.a.

NS, not significant; n.a. not available

2 Based on the 64 patients notified between 2011 and 2013.

doi=10.1371/journal pone.0135816.t001

transmission. Hepatitis B ‘e’ antigen (HBeAg) marker was detected in a small proportion
(8.4%) of the patients, as it was the case for the groups studied in 1996 and 2006 (Table 1).

Viral load and occult infection

DNAs extracted from all 363 samples of this study, including 161 anti-HBc positive, HBsAg
negative samples, were submitted to real time PCR. On a total of 202 HBsAg positive samples,
120 (59.4%) gave positive results, with a proportion slightly higher in the group of untreated
patients (63.2%) than among those under treatment (51.5%) (Table 2). No significant differ-
ence of mean viral load was noted between the two groups (3.0 vs. 3.1 log IU/mL). As expected,

Table 2. HBV DNA detection and viral load in HBsAg positive and negative subjects.

HBsAg positive

HBV DNA detection Under treatment (n = 66) Not treated (n = 136) Anti-HBc positive, HBsAg negative (n = 161)

Real-time PCR positive samples 34 (51.5%) 86 (63.2%) 9 (5.6%)
Viral load of positive samples

< 100 IU/mL 11 14 2
100-2000 1U/mL 13 51 7

> 2000 IU/mL 10 21 0
Mean + SD (log 1U/mL) 31+17 30+13 21403

doi:10.1371/journal pone.0135816.1002
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a strong positive correlation (p = 0.0015) was observed between detection of HBV DNA and

HBe antigenaemia (not shown). Interestingly, nine out of the 161 anti-HBc positive, HBsAg

negative samples gave PCR positive results, that suggested the occurrence of occult infection,
although at low (5.6%) frequency and viral load (mean 2.1 log IU/mL).

Genotypes and subtypes distribution

Direct sequencing of the S region, and subsequent subtyping and genotyping, were achieved
for 91 HBsAg positive samples. Table 3 summarizes the results. Three (3%) and 88 (97%) sam-
ples belonged to genotypes A and D, respectively. Within genotype A, the two isolates derived
from patients born in Brazil were classified as adw2, while the third one, from the only patient
born out of Brazil (Haiti), was aywl. Within genotype D, 60, 21 and 5 HBV isolates were sub-
typed as ayw2, ayw3 and ayw4, respectively. Two additional ayw samples could not be fully
subtyped, due to the presence of an Ala residue at position 127 of the small § protein in place
of the usual residues Pro for subdeterminant w1/2, Thr for w3, or Leu for w4. Moreover, one of
these two ayw samples showed base ambiguities at several genome positions, suggesting a
mixed infection with two HBV/D isolates.

A phylogenetic tree is shown in Fig 1, that was constructed with the 91 sequences deter-
mined in this study along with 30 sequences available in GenBank and representative of the dif-
ferent HBV genotypes and HBV/D subgenotypes. Although it was judged preferable to restrict
the classification of the isolates from Chapecoé to the genotype-, not subgenotype level, because
partial sequencing of the HBV genome may not be appropriate to ascertain the subgenotype
[21,22], it could be observed that a majority (60/91) of them were closely related to isolates
characterized as D3 after sequencing of their complete genomes. A good correlation could be
observed between genotype D2 and subtype ayw3 (blue filled circles) on one hand, and
between genotype D3 and subtype ayw2 (red) on the other hand.

Origin of the patient family names

Genotypes HBV/A and HBV/F have been described as predominant in Brazil [13,23] and the
other South American countries [14], respectively. While seeking the reason why genotypes A
and F were absent or almost absent in the group under study (97% of HBV/D), it was noticed
that many patients had not Portuguese-sounding family names, as it is generally the case in
Brazil, due to Portuguese colonization. In an attempt to unveil the origin of HBV/D, it was

Table 3. Distribution of HBV genotypes and serological subtypes among HBV chronically infected
patients.

Genotype Subtype n Birth country
A All 3
adw2 2 Brazil
aywi 1 Haiti
D All 88
ayw2 60 Brazil
ayw3 21 Brazil
ayw4 5 Brazil
ayw? 2 Brazil
Total 91

2 not fully subtyped due to the presence of an alanine residue at position 127 of the small S protein

doi:10.1371/journal.pone.0135816.1003
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Fig 1. Phylogenetic analysis based on HBV small S nucleotide sequences. The phylogenetic tree,
performed by using the maximum likelihood method, incomporates 30 isolates which sequences are available
in GenBank along with the 91 isolates from this study represented by filled circles. The following color-code
indicates serotypes: green, adw2; dark blue, ayw7; red, ayw?2; light blue, ayw3; purple, ayw4; brown, ayw. The
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GenBank accession numbers not indicated on the figure are: Genotype B, D00329; C, AB112066; D4,
KF192838, KF192840 and KF192841; D5, GQ205378, GQ205379 and GQ205389; D7, FJ904430,
FJ904444 and FJ904447; E, X75664; F, X69798; G, AB056513; H, AY090454.

doi:10.1371/journal.pone.0135816.9001

then decided to search for the geographical origins of the surnames of all the 88 HBV/D
infected patients. This search was performed in four online, freely accessible databases, each of
them created with a different purpose (Table 4). By retrieving data from the two largest data-
bases, MyHeritage (family history; 1.7 x 10° profiles) and Statue of Liberty-Ellis Island Founda-
tion (immigrants in the USA; 5.1 x 107 ship passenger records), Italy was found to be the most
common country of birth (or last residence) of the persons carrying the surnames of the
patients (43/88 [49%)] and 36/73 [49%] cases, respectively). Moreover, the surnames of 34
(39%) patients were found among the records of Ttalian immigrants in Brazil, compiled in the
Ferrara Cidadania Italiana database. From the Cognomix database, it was infered that Veneto
was the region of Italy where the surnames of the patients were the most disseminated, in
agreement with historical records of Italian immigration in Brazil [24].

Genealogical origins of the patients

A survey was then conducted directly with the 88 HBV/D infected patients who were asked
about the places of birth of their parents and grandparents as well as the countries of origin of
the families of their four grandparents. These questions were answered by 87 (all but one)
patients. However, four of them did not know the origin of any of their grandparents. Table 5
shows the results obtained from the remaining 83 patients. Interestingly, 43 (52%) patients
declared that their four grandparents were of Italian origin, vs. only seven (8%) who had their
four grandparents originated from Brazil. At all, 65 out of 83 (78%) patients had at least one
grandparent originating from Italy, compared with 29 (35%), 11 (13%), six (7%) and two (2%)
from Brazil, Germany, Portugal and Poland, respectively. Finally, three (4%) patients declared
that one of their grandparents was indigenous.

Table 4. Geographical origins of the surnames of 88 HBV/D infected patients living in Chapecd, southern Brazil, traced from four free databases.

Database Results
Name Countries Number of Research tool No. (%) of patients Searched item Countries/
(search for) records surnames present regions of ltaly
in the database
MyHeritage All Family history 1.7 x 10° ‘Supersearch’ 88 (100%) Most common birth ltaly, 43
profiles country® Portugal, 11
Others, 34
Statue of Liberty- All Immigrantsin 5.1 x 10 ship ‘Passenger 73 (83%) Most common last ltaly, 36
Ellis Island the USA passengers search’ residence/ birth Portugal, 18
Foundation country® Cthers, 19
Ferrara ltaly ltalian 35x10° ‘Search your 34 (39%) - -
Cidadania immigrants in records surname’
ltaliana Brazil
Cognomix ltaly ltalian 1.1 x 10* ‘Maps of Italian 48 (54%) Geographical Veneto, 17
sumames surnames surnames’ distribution of the Lombardy, 6
sumames in taly® Others, 5
In all searches, only exact matches were considered, excluding close matches and altemate spellings.
2 Only European countries were considered.
® Only surnames carried by more than one hundred people were considered.
doi:10.1371/journal pone.0135816.t004
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Table 5. Countries of origin of the families of the grandparents of HBV/D infected patients living in

Chapeco, southern Brazil.

Origins of the families

ltaly (4)

ltaly (3), Brazil (1)

ltaly (3), Germany (1)

ltaly (3), Poland (1)

ltaly (2), Brazil (2)

ltaly (2), Portugal (2)

ltaly (2), unknown (2)

ltaly (2), Germany (1), indigenous (1)
ltaly (2), Brazil (1), unknown (1)

ltaly (1), Brazil (3)

ltaly (1), Portugal (3)

ltaly (1), Brazil (2), Germany (1)

ltaly (1), Brazil (2), unknown (1)

ltaly (1), Brazil (1), unknown (2)

ltaly (1), Brazil (1), Germany (1), Portugal (1)
Italy (1), Brazil (1), Germany (1), unknown (1)
ltaly (1), unknown (3)

Brazil (4)

Brazil (3), Portugal (1)

Brazil (3), unknown (1)

Brazil (2), Germany (2)

Brazil (2), unknown (2)

Brazil (2), Germany (1), Portugal (1)
Brazil (2), Germany (1), indigenous (1)
Brazil (2), Germany (1), unknown (1)
Brazil (1), Poland (3)

Brazil (1), Germany (1), indigenous (1), unknown (1)

Germany (4)
Total

.n_n.n_u.n_nm_n.n_n-qm.n_u.n_n.nm.n_n.nm.nm.n_nma::

[oe]
(%]

Patients were asked about the countries of origin of their four grandparents families. All four may originate

from the same country or not. Brazil, Brazilian non-indigenous families.

doi:10.1371/journal pone.0135816.t005

Discussion

The city of Chapecd, founded in 1917, is located in the western part of the State of Santa Cata-
rina, a region of southern Brazil colonized by Italian, German and other European immigrants.

In Chapeco, the prevalence of HBsAg and anti-HBc has been reported to be 2- to 10-fold

higher than in other cities of the State [4]. In this study, demographic data of HBV chronic car-
riers, accompanied in 2013 at the hepatitis ambulatory of Chapecd, were compared with those
obtained in the same ambulatory in 1996 and 2006 [20]. While neither the male:female ratio

nor the distribution by ethnic groups varied significantly, a very fast increase was observed

with respect to the mean age at which patients were directed to the ambulatory and notified of
their disease, from 29.9 years in 1996, 34.9 in 2006 and 44.4 in 2011-2013. This rapid increase
likely resulted from the hepatitis B compulsory vaccination campaign initiated in 1994 in Cha-
pecd, which targeted not only babies but also children and adolescents of school age [25], thus
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reducing considerably the proportion of HBV infected young adults (< 35 years old) in the last
two decades.

Alow percentage (15.3%) of HBV carriers, whether under treatment or not, showed a viral
load > 2000 IU/mL, consistent with the low proportion (8.4%) of HBeAg positive patients.
Otherwise, 9/161 (5.6%) anti-HBc positive, HBsAg negative subjects (serological pattern typi-
cal of past infection) tested positive for HBV DNA by real time PCR, suggesting the occurrence
of occult B infection [26]. The HBV DNA positivity rate in this group was higher than that
(3.3%) found among candidate blood donors from the same geographic region whose blood
was rejected due to anti-HBc reactivity [17], although the difference was not statistically signifi-
cant (p > 0.05).

HBYV isolates have been classified in at least eight genotypes (A-H) and nine main serologi-
cal subtypes (adw2, adw4, aywl, ayw2, ayw3, aywd, ayr, adrq” and adrq ) [9,18]. HBV geno-
type A has been shown to be more sensitive to interferon treatment than HBV/D [27,28], and
interferon has been suggested as first-line therapy in all genotype A patients [12]. Genotyping
of HBV isolates may thus be a valuable tool to support therapeutic decisions, particularly in
countries or regions where both genotypes A and D circulate, and where interferons are con-
sidered as a treatment option, as it is the case in Brazil. On a total of 91 HBV isolates genotyped
in this study, 88 (97%) were from genotype D. Such a high percentage of genotype D is unusual
in South America, where HBV/A (in Brazil) and HBV/F (in the other countries) are the most
prevalent [13,14,23]. This peculiar condition should constitute a strong evidence to guide the
treatment decisions to be taken by the health authorities for patients of Chapecé and surround-
ing region.

Genotype D includes mainly ayw2 and ayw3 isolates, which are predominant in Italy and
other Mediterranean countries. Here, 81/88 HBV/D isolates were predicted to be ayw2 and
ayw3, likely related to isolates circulating in Italy (see below). The ‘w’ sub-determinant could
not be defined for two ayw isolates. Both showed the atypical substitution Alal27 in the small §
protein, previously found in a Russian isolate [29]. Moreover, one of them was associated with
another HBV/D isolate (mixed infection). The remaining five HBV/D isolates were ayw4.
Worldwide, most ayw4 isolates belong to genotype E. To our knowledge, the D/ayw4 isolates
characterized in this study are the first reported so far in South America. However, D/ayw4 iso-
lates have already been described in North Africa [30] and the Middle East [31]. In Brazil,
about eleven million people (5-6% of population) are descendents from Lebanese, Syrian and
other Arab immigrants who arrived in the 19" and 20" centuries. Whether D/ayw4 isolates
were introduced in Brazil through Arab immigration deserves further investigation.

HBYV genetic variability has been useful in epidemiological and transmission studies, tracing
human migrations [9,15]. In South America, where genotypes A and F predominate, the three
states of southern Brazil, namely Parand, Rio Grande do Sul and Santa Catarina, seem to be an
exception. Indeed, high (67-100%) proportions of genotype D have been reported in different
cities of these states [14,32-35]. A recent report has proposed that HBV/AL1 strains, predomi-
nant in Brazil, have been brought by the slaves removed from Southeast Africa at the middle of
the 19th century [15]. Complementarily, the present study intended to investigate how HBV/D
was introduced in southern Brazil. In the late nineteenth and early twentieth centuries, large
numbers of European immigrants arrived in southern Brazil. The existence of ‘islands’ of
enhanced HBsAg prevalence (1.5-3% vs. 0.5% countrywide), such as Chapecoé [4]. and Caxias
do Sul [5], in a region recently colonized by European immigrants, as well as the fact that geno-
type D is one of the most prevalent in Europe [36-39], may suggest that HBV/D was imported
into South America through that immigration. At this respect, Bertolini and collaborators [40]
have mentioned an elevated HBV prevalence among Brazilian women of Italian and German
descent, and suggested that the high prevalence of HBV/D in the south of Brazil was due to the
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intense migration of settlers from European countries [16]. However, this hypothesis has not
been well documented so far.

In this study, a search for the geographical origins of the surnames of 88 HBV/D infected
patients living in Chapec6, southern Brazil, was performed in an attempt to unveil the origin of
genotype D in Brazil. The use of online family names databases to search for the geographic
origin of viruses is a novelty. In practice, these tools do require neither a large amount of per-
sonal information (only patient family names are necessary) nor purchasing of any package,
since access is free. Taken into consideration the lack of consensus on the HBV evolutionary
rate that makes it difficult to reconstruct the timescale of the HBV origin [11], the method used
in this study of searching for the geographical origins of the virus through human migrations
may constitute a valuable complement to phylogeny and phylogeography studies.

Data obtained by screening of two large databases (MyHeritage and Statue of Liberty-Ellis
Island Foundation) showed that Italy was by far the most common country of birth (or last res-
idence) of the persons having the same surnames as the patients (approximately 50% of the
cases) (Table 4). Moreover, the surnames of 34 (39%) patients were found among the records
of Italian immigrants in Brazil in the Ferrara Cidadania Italiana company database. Notewor-
thy, this number was probably underestimated because (i) only 350,000 of the 1.4 million Ital-
ian people who immigrated in Brazil between 1870 and 1920 [41,42] have been registered in
that database and (ii) many surname transcription mistakes were made both at the entrance of
immigrants and at the time of birth registration of their descendants. Veneto and Lombardy, in
this order, were the regions of Italy where the surnames of the patients appeared to be most dis-
seminated, consistent with historical records of Italian immigration in southern Brazil [24].
Furthermore, when asked about the geographical origins of their grandparents, 52% of the
HBV/D infected patients answered that their four grandparents had an Italian origin, and 78%

had at least one grandparent originating from Italy.

HBYV subgenotype D3 has been reported as the most prevalent in Italy [38,43], one of the
few countries where this happens. Although partial sequencing of the viral genome may not be
appropriate to ascertain HBV subgenotypes, it is interesting to note that the majority (60/91)
of HBV isolates from Chapecd were closely related to D3 isolates. Thus, the data set collected
in this study strongly suggested that a large proportion of the HBV/D isolates circulating in
southern Brazil were introduced through the Italian immigration, which culminated between
1870 and 1920. However, as there have been a lot exchanges between Brazil and Europe, it can-
not be excluded that some HBV/D isolates were introduced from other countries.

The prevalence and distribution of the different HBV genotypes in Brazil are largely the
result of settlement. The fact that genotype F is widespread in the indigenous populations of
South America attests to its presence in pre-Columbian times. Logically, the other genotypes
should have been brought by the successive waves of colonization (or deportation in the case of
the slaves). So, HBV/A1 would have been introduced from Southeastern Africa by illegal slave
trafficking in the mid-nineteenth century [15], and HBV/D entered in southern Brazil through
Italian immigration in the late nineteenth and early twentieth centuries (this study). Assuming
that (i) the prevalence of HBsAg carriers was around 3% in the Italian general population in
the pre-vaccination era [44], and (ii) half of the 1.4 million Italians who emigrated to Brazil
between 1870 and 1920 settled in the three states of southern Brazil, the number of HBV
infected Italian people who arrived in Southern Brazil can be estimated to 21,000, i.e. 1.5-2% of

thelocal population at the time. The fact that the immigrant population concentrated in some
counties could explain the persistence, until now, of ‘islands’ of elevated prevalence.

Three D3 sequences (accession numbers IN688678, KJ647351 and KJ647349), closely
related to Brazilian sequences (Fig 1), were from Argentinian isolates. Italians were by far the
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most numerous immigrants in Argentina during the 19™ and 20" centuries. It is therefore
possible that a number of HBV/D isolates circulating in Argentina are also of Italian origin.

Barros and collaborators [45] recently reported proportions of 67% and 28% of genotypes
Al and D, respectively, among chronically HBV infected patients living in the State of Mara-
nhio, Northeastern Brazil. Among HBV/D isolates, subgenotype D4 was predominant. The
authors suggested that this subgenotype has been introduced in Maranhao by means of the
slave trade during the late 18" century. Further studies are needed to confirm the assumption
that the HBV/D isolates circulating in Brazil came from two different continents (Europe and
Africa).
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ABSTRACT

A number of studies have demonstrated associations between cytokine gene
polymorphisms and outcome of hepatitis B virus (HBV) infection. However, no
general consensus has been reached, possibly due to differences between ethnic
groups. In this study, 345 individuals living in southern Brazil, including 196
chronic HBV carriers and 149 subjects who had spontaneously recovered from
acute infection, were enrolled to evaluate the influence of cytokine gene
polymorphisms on the outcome of HBV infection. Most participants were of
European descent. Genotyping of IL2 -330 G/T, I1L4 -589 C/T, IL6 -174 G/C, IL10
-592 C/A, IL10 -1082 A/G, IL17A -197 G/A, IL17A -692 T/C, TNF-a -238 G/A and
TNF-a -308 G/A single nucleotide polymorphisms was performed by using the
minisequencing (single base extension) method. By univariate analysis, notable
differences of genotype frequencies between the two groups of subjects were
observed for IL6 -174 G/C (rs1800795), IL10 -592 C/A (rs1800872) and TNF-a -
308 G/A (rs1800629) polymorphisms, with P values < 0.1. By multivariable
analysis, a statistically significant association was found between genotypic
profile AA+GA in TNF-a -308 and hepatitis B chronicity (OR, 1.82; 95% CI, 1.01-
3.27; P =0.046). In southern Brazil, the carriers of the -308A allele in the TNF-a
gene promoter have a moderately higher risk of becoming chronic patients in

case of HBV infection.

KEY WORDS: chronicity; clinical outcome; HBV; immune response; SNP
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INTRODUCTION

Hepatitis B is a worldwide spread disease, with an estimated 240 million
people chronically infected. HBV vertical transmission, or infection during the first
year of life, results in persistent infection in 80-90% of cases. In contrast, < 5% of
otherwise healthy persons who are infected as adults will develop chronic
hepatitis [WHO, 2015]. Individuals persistently infected with HBV can develop
liver cirrhosis and hepatocellular carcinoma (HCC), with mean incidence rates of
800 and 300 per 100,000 persons-years, respectively [Lee et al., 2013]. This
diversity, in both the rate of virus clearance and the outcome of the disease in
persistently infected individuals, cannot be fully explained by differences in viral
or environmental factors. Thus, differences in host genetic factors may affect the
natural history of hepatitis B [Thio et al., 2003; Chang, 2010].

A disequilibrium in the immunoregulatory response mediated by CD4(+) and
CD8(+) T cells, by either decreasing the pro-inflammatory (Th1l) response or
increasing the anti-inflammatory (Th2) activity, may lead to viral persistence, with
a serious risk of chronic liver failure [Bertoletti and Naoumov, 2003]. The role of
cytokines and cellular immune response in both pathogenesis and viral clearance
has been investigated in HBV infected patients [Bertoletti and Gehring, 2006;
Bertoletti et al., 2010]. While the production of pro-inflammatory cytokines, such
as tumor necrosis factor-alpha (TNF-a), interleukin (IL) 2 and IL6, typically
increases during the acute phase of HBV infection, facilitating viral clearance,
anti-inflammatory cytokines, such as IL4 and IL10, act as inhibitors of the main

effector mechanisms of Thl response and contribute for chronicity [Wang et al.,
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2004; Gao et al., 2009]. Furthermore, the increase of Thl7 response (pro-
inflammatory response in liver tissue), typically mediated by IL17A, has been
associated with the development of HCC in hepatitis B patients [Wu et al., 2010;
Zhang et al., 2010; Sun et al., 2012; Xue-Song et al., 2012].

It has been shown that levels of immunity depend on single nucleotide
polymorphisms (SNPs) in the promoter regions of cytokine genes. By modulating
gene expression, these SNPs may influence the susceptibility to hepatitis B and
its clinical outcome. Thus, a number of reports have described statistically
significant associations between determined SNPs and outcome of HBV infection
[Cheong et al., 2006; Singh et al., 2007; Gao et al., 2009; Macedo et al., 2010;
Wang et al., 2012; Hejr et al., 2013]. Otherwise, as notable discrepancies have
been observed from one country to another, ethnicity has been suggested to play
an important role in HBV infection outcome [Xia et al., 2011; Zhang et al., 2011;
Zheng et al., 2012].

In this study, the influence of IL2 -330 G/T (rs2069762), IL4 -589 C/T
(rs2243250), IL6 -174 G/C (rs1800795), IL10 -592 C/A (rs1800872), IL10 -1082
A/G (rs1800896), IL17A-197 G/A (rs2275913), IL17A -692 T/C (rs8193036),
TNF-a -238 G/A (rs361525) and TNF-a -308 G/A (rs1800629) SNPs in the
outcome of HBV infection was investigated in a group of patients living in

southern Brazil, most of whom were European descendants.
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MATERIALS AND METHODS

Patients and Controls

Blood samples were collected from 345 adults living in Chapecd, state of
Santa Catarina, southern Brazil, who were divided into two groups: Group 1
consisted of 196 HBV chronically infected patients attending a viral hepatitis
ambulatory [Gusatti et al., 2015] while group 2 comprised 149 subjects who
resolved spontaneously HBV infection (anti-HBc positive, HBsAg and HBV DNA
negative individuals). Patients infected with HIV or HCV were excluded from this
study.

All participants knew to be or have been infected with HBV, gave their written
consent to participate to the study, and answered questions about demographic
and epidemiological features [Gusatti et al., 2015]. Participants were classified as
whites, blacks and mulattos by self-identification. Information about HBV
serological status and biochemical data were collected in medical records.

This study was approved by the Ethics in Research Committee of Fundacao
Estadual de Producéo e Pesquisa em Saude (national registration number CAAE

20225713.5.0000.5320).

DNA Extraction

Human DNA was extracted from 200 pL of buffy coat using the NucleoSpin

Blood kit (Macherey-Nagel, Diren, Germany) according to the manufacturer's
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instructions. The extracted DNA was recovered in 100 pL of elution buffer (5mM

Tris/HCI, pH 8.5) and stored at -20°C for further analysis.

SNP Genotyping

Genotyping of the IL2 -330 G/T (rs2069762), IL4 -589 C/T (rs2243250), IL6 -
174 G/C (rs1800795), IL10 -592 C/A (rs1800872), IL10 -1082 A/G (rs1800896),
IL17A -197 G/A (rs2275913), IL17A -692 T/C (rs8193036), TNF-a -238 G/A
(rs361525) and TNF-a -308 G/A (rs1800629) SNPs was performed by using the
minisequencing (single base extension) method with the ABI PRISM SNaPshot
Multiplex kit (Applied Biosystems, Foster City, CA). The conditions of the
multiplex amplification reaction and the set of oligonucleotide primers used will
be described elsewhere [Medeiros et al., in preparation]. Reaction products were
electrophoresed on ABI PRISM 3130 xlI Genetic Analyzer. Genotypes were

identified with GeneMapper software version 5.0 (Applied Biosystems).

Statistical Analysis

Categorical variables of epidemiological features were compared using
Pearson’s x? test or Fisher’s exact test, depending on the case. The quantitative
variables were compared using T-test, when applicable. A multicollinearity
analysis was performed to detect any correlation between predictor variables.
Genotype and allele frequencies were determined by direct counting. Hardy—
Weinberg equilibrium was tested for each locus using Markov chain as

implemented in Arlequin software version 3.5 [Excoffier and Lischer, 2010].
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Dominant and recessive genetic models were assumed based on previous
studies of phenotype effects [Nakayama et al., 2000; Barrett et al., 2003;
Christensen et al., 2006; Tayebi and Mohamadkhani, 2012; Li et al., 2014].
Haplotype frequencies were estimated using the MLOCUS computer program
[Long et al., 1995]. Linkage disequilibrium D’ was calculated with Haploview
software version 4.2 [Barrett et al., 2005], using a cut-off value of 0.8 for positive
linkage disequilibrium. Statistical associations between SNPs and outcome of
HBV infection were sought by logistic regression models, using the SPSS 20.0
software (IBM, Armonk, NY). P values < 0.05 were considered statistically

significant.
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RESULTS

Characteristics of the Patients With Chronic and Resolved HBV Infection

Table | shows demographic, epidemiological and clinical features of the 345
individuals recruited for this study, divided into 196 chronically HBV infected
patients and 149 subjects with resolved infection. In both groups, 85-88% were
whites (Euro-descendants). However, the proportions of males and cases of
vertical transmission were significantly higher among chronic carriers, who
showed a mean educational level lower than that observed in the group of
subjects with resolved infection. As a multicollinearity analysis (not shown)
detected a correlation between educational level and sex (P < 0.05), the variables
gender and mode of transmission, but not educational level, were included for

adjustment in univariate and multivariate analyses.

Associations Between Cytokine Gene Polymorphisms and Outcome of

HBV Infection

Nine SNPs, located in the promoters of six cytokine genes (IL2, IL4, IL6, IL10,
IL17A and TNF-a), were studied. In all cases, the distribution of the genotypes
was in accordance with the Hardy-Weinberg equilibrium (data not shown). The
frequencies of genotypes and alleles are supplied as supplemental material.
Table Il summarizes the frequencies of the genotypic profiles of the nine SNPs
under study and comparison between patients with chronic HBV infection and

those who had spontaneously recovered from acute infection. By univariate
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analysis, notable differences of frequencies between the two groups of subjects
were observed for three SNPs, namely IL6 -174 G/C (rs1800795), IL10 -592 C/A
(rs1800872) and TNF-a -308 G/A (rs1800629), with P values < 0.1. Multivariable
analysis was thus performed for these three SNPs. However, a unique
statistically significant association (P = 0.046, OR = 1.82, 95%CI 1.01-3.27) was
confirmed, between genotypic profile TNF-a -308 AA+GA and HBV chronic
infection.

Linkage disequilibrium values were calculated for the three pairs of close
polymorphisms IL10 -592 C/A (rs1800872) and -1082 A/G (rs1800896), IL17A -
197 G/A (rs2275913) and -692 C/T (rs8193036), and TNF-a -238 G/A (rs361525)
and -308 G/A (rs1800629). Results demonstrated that only TNF-a -238 and -308
polymorphisms were in linkage disequilibrium (D ’= -1). The haplotype formed by
the two polymorphisms in the TNF-a gene was then evaluated, but no statistically
significant association with chronic HBV infection or viral clearance was found

(Table III).
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DISCUSSION

HBYV infection can result in a diversity of clinical outcomes, from transient liver
disease followed by virus clearance to persistence of the infection leading to
chronicity and liver failure. The outcome of infection is thought to depend on viral,
environmental and host genetic factors. Due to the key role of cytokine
expression levels in the immunoregulatory response against HBV infection, a
number of SNPs located in IL2, IL4, IL6, IL10, IL12B, IL16, IL17, IL18, IL21,
IL23R, IFNy and TNF-a genes have been investigated in order to evaluate their
importance on the balance between host immunity and viral survival strategies
[Wang et al., 2004; Gao et al., 2009; Wang et al., 2012; Lu et al., 2014; Romani
et al., 2014; Tuncbilek, 2014; Xiang et al., 2014; Zhang et al., 2014; Ferreira et
al., 2015; Ren et al., 2015; Sghaier et al., 2015; Wu et al., 2015; Yao et al., 2015].

In this context, the host genetic characteristics associated with ethnicity
should be taken into consideration because they may lead to conflicting results
when comparing the effects of cytokine gene polymorphisms in populations from
different regions of the world [Xia et al., 2011; Tayebi and Mohamadkhani, 2012].
As most studies have been conducted in Asia, it is noteworthy that their
conclusions are not necessarily valid for any country, especially those of the
Western hemisphere.

The Brazilian people are the result of an intense admixture of European and
African descendants, with a limited influence of the native Amerindians. Whites
and mulattoes represent about 48% and 43% of the population, respectively
[IBGE, 2010]. In the three southern Brazilian States (Parana, Santa Catarina and

Rio Grande do Sul), however, the proportion of whites is much higher. In
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Chapecé, where this work was done, white people are descendant of the
European settlers who immigrated in southern Brazil in the late 19th and early
20th centuries, mainly from Italy, Germany and Poland. Thus, a large majority
(85-88%) of the participants of this study were whites, due to their European
descent.

Another relevant characteristic of the present study was its uniformity in terms
of viral genotype. Indeed, it has been previously shown that > 95% of the HBV
isolates circulating in Chapecoé belonged to the same genotype (D) [Gusatti et al.,
2015]. This was a great advantage compared to other studies in which the HBV
genotypes involved were not determined or where the patients were infected with
different genotypes, which introduced a supplementary variable and might
difficult the interpretation of the results.

This study focused on nine SNPs, located in the promoters of six cytokine
(IL2, L4, IL6, IL10, IL17A and TNF-a) genes. Genotype frequencies were
compared between 196 chronic HBV carriers and 149 subjects who had
spontaneously recovered from acute infection. As the male:female ratio and the
proportion of patients infected by vertical transmission were higher in the first
group, regression analysis was adjusted according to gender and mode of HBV
transmission.

TNF-a, produced by a variety of cells such as macrophages, monocytes,
neutrophils, T-lymphocytes and natural killer cells, is an important stimulatory
factor, promoting the secretion of other cytokines and the expression of adhesion
molecules on endothelial cells. A positive correlation was found between TNF-a
-308 polymorphism and chronic infection: carriers of AA and GA genotypes were

1.8 times more likely to become hepatitis B chronic patients than the others (OR,
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1.82; 95% CI, 1.01-3.27; P = 0.046). This finding was in agreement with those
recently found in Brazil [Ferreira et al., 2015] and North Africa (Tunisia) [Sghaier
et al., 2015] where the carriers of the minor allele —308A showed an increased
risk of developing chronic hepatitis B. Moreover, two other Brazilian studies
[Conde et al., 2013; Teixeira et al., 2013] demonstrated that the -308A allele
enhanced the risk of disease severity (progression to cirrhosis and HCC).
However, the data obtained here were in opposition to those reported with
Asian/Mongoloid populations where the presence of the -308A allele was
associated with spontaneous viral clearance [Zheng et al., 2010; Xia et al., 2011;
Tayebi and Mohamadkhani, 2012; Xu et al., 2013]. Meanwhile, studies from
Germany [Hohler et al., 1998] and Italy [Niro et al., 2005] reported the absence
of notable influence of the TNF-a -308 polymorphism. Such discrepancies, which
remain largely unexplained, underscore the importance of taking into
consideration the ethnic background of the populations under study in the
analysis of the effects of cytokine gene polymorphisms on the outcome of HBV
infection.

IL10 inhibits the synthesis of pro-inflammatory cytokines such as IFN-y, IL2,
IL3, TNF-a and GM-CSF. In this study, the genotypic profile AA+CA at position -
592 in the promoter of the IL10 gene was found to be more frequent in the
clearance group than among the chronic hepatitis B patients. This seemed to
corroborate previous studies performed in China showing an increased frequency
of the AA genotype in subjects with viral clearance [Wang et al., 2012] and an
association of the GG genotype to chronicity [Xiang et al., 2014]. However, the
difference of genotype frequencies observed here was not statistically significant,

and divergent findings have also been reported [Cheong et al., 2006; Sofian et
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al., 2013]. The real influence of the IL10 -592 C/A polymorphism on the outcome
of HBV infection has to be confirmed.

In a similar manner, the increased frequency of the IL6 -174 CC genotype in
the clearance group noted in this study remains doubtful, since the results did not
reach statistical significance, pointing out the need for further studies with larger
cohorts.

As only small differences of genotype frequencies were observed between
chronic patients and the clearance group for the six other polymorphisms under
study (IL2 -330 G/T, IL4 -589 C/T, IL10 -1082 A/G, IL17A -197 G/A, IL17A -692
T/C and TNF-a -238 G/A), it is unlikely that those polymorphisms have any
influence on the outcome of HBV infection, at least in populations from southern
Brazil.

In conclusion, nine SNPs, located in the promoters of six cytokine genes,
were tested in this study. Although reasonable differences were noted in the
frequencies of genotypes between chronic hepatitis B patients and those with
resolved infection, the level of statistical significance was only reached in the case
of the TNF-a -308 SNP, for which genetic profile AA+GA was more frequent in
the group of chronic patients. Ethnicity is thought to play an important role in the
immunoregulatory response against HBV infection. As most studies published
until now reported data collected from Asian populations, more investigations in
the European, African and American continents are required to apprehend the
true influence, if any, of these polymorphisms on the outcome of HBV infection in

these populations.



- 68 -

ACKNOWLEDGEMENTS

The authors acknowledge the staff of the Viral Hepatitis Division of the
Municipal Health Department of Chapecé for recruitment of patients and
collection of blood samples, as well as the patients who kindly agreed to
participate of this study. We also thank Dr. Marilene H. Vainstein for helpful
scientific contributions. This work was supported by the research funding
agencies CAPES, FAPERGS, FEPPS and CNPq, the Brazilian Ministry of Health,
and the Post-Graduate Program in Cellular and Molecular Biology of the Federal
University of Rio Grande do Sul (Grant numbers PPSUS-FAPERGS/MS/CNPg/
SESRS 1257-2551/13-8, PADCT-FEPPS 001817-2069/14-1 and PNPDS 1959/

2009).



-69 -

REFERENCES

Barrett JC, Fry B, Maller J, Daly MJ. 2005. Haploview: analysis and visualization
of LD and haplotype maps. Bioinformatics 21:263—-265.

Barrett S, Collins M, Kenny C, Ryan E, Keane CO, Crowe J. 2003.
Polymorphisms in tumour necrosis factor-a, transforming growth factor-p3,
interleukin-10, interleukin-6, interferon-y, and outcome of hepatitis C virus
infection. J Med Virol 71:212-218.

Bertoletti A, Gehring AJ. 2006. The immune response during hepatitis B virus
infection. J Gen Virol 87:1439-1449.

Bertoletti A, Maini MK, Ferrari C. 2010. The host-pathogen interaction during HBV
infection: immunological controversies. Antivir Ther 15 Suppl 3:15-24.

Bertoletti A, Naoumov NV. 2003. Translation of immunological knowledge into
better treatments of chronic hepatitis B. J Hepatol 39:115-124.

Chang KM. 2010. Hepatitis B immunology for clinicians. Clin Liver Dis 14:409—
424.

Cheong JY, Cho SW, Hwang IL, Yoon SK, Lee JH, Park CS, Lee JE, Hahm KB,
Kim JH. 2006. Association between chronic hepatitis B virus infection and
interleukin-10, tumor necrosis factor-a gene promoter polymorphisms. J
Gastroenterol Hepatol 21:1163-1169.

Christensen U, Haagerup A, Binderup HG, Vestbo J, Kruse TA, Bagrglum AD.
2006. Family based association analysis of the IL2 and IL15 genes in allergic
disorders. Eur J Hum Genet 14:227-235.

Conde SR, Feitosa RN, Freitas FB, Hermes RB, Demachki S, Aratjo MT, Soares
MC, Ishak R, Vallinoto AC. 2013. Association of cytokine gene
polymorphisms and serum concentrations with the outcome of chronic
hepatitis B. Cytokine 61:940-944.

Excoffier L, Lischer HE. 2010. Arlequin suite ver 3.5: a new series of programs to
perform population genetics analyses under Linux and Windows. Mol Ecol
Resour 10:564-567.

Ferreira SC, Chacha SG, Souza FF, Teixeira AC, de Carvalho Santana R,
Deghaide NH, Rodrigues S, Marano LA, Mendes-Junior CT, Zucoloto S,
Donadi EA, Martinelli AL. 2015. IL-18, TNF, and IFN-y alleles and genotypes
are associated with susceptibility to chronic hepatitis B infection and severity
of liver injury. J Med Virol 87:1689-1696.

Gao QJ, Liu DW, Zhang SY, Jia M, Wang LM, Wu LH, Wang SY, Tong LX. 2009.
Polymorphisms of some cytokines and chronic hepatitis B and C virus
infection. World J Gastroenterol 15:5610-5619.



-70 -

Gusatti CS, Costi C, Halon ML, Grandi T, Medeiros AF, Silva CM, Gomes SA,
Silva MS, Niel C, Rossetti ML. 2015. Hepatitis B virus genotype D isolates
circulating in Chapecd6, southern Brazil, originate from Italy. PLoS One
10:e0135816.

Hejr S, Karimi MH, Yaghobi R, Kamali-Sarvestani E, Geramizadeh B, Roozbeh
J. 2013. Association of IL-17, IL-21, and IL-23R gene polymorphisms with
HBYV infection in kidney transplant patients. Viral Immunol 26:201-206.

Hohler T, Kruger A, Gerken G, Schneider PM, Meyer zum Bischenefelde KH,
Rittner C. 1998. A tumor necrosis factor-alpha (TNF-a) promoter
polymorphism is associated with chronic hepatitis B infection. Clin Exp
Immunol 111:579-582.

IBGE (Brazilian Institute of Geography and Statistics). Populacao residente, por
cor ou raga, segundo o0 sexo e 0s grupos de idade — Brasil. 2010. Available
from:
http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas
da_populacao/tabelas pdf/tab3.pdf Accessed on September 18, 2015

Lee MH, Yang HI, Liu J, Batrla-Utermann R, Jen CL, lloeje UH, Lu SN, You
SL,Wang LY, Chen CJ; R.E.V.E.A.L.-HBV Study Group. 2013. Prediction
models of long-term cirrhosis and hepatocellular carcinoma risk in chronic
hepatitis B patients: risk scores integrating host and virus profiles. Hepatology
58:546-554.

Li N, Zhu Q, Li Z, Han Q, Zhang G, Chen J, Lv Y, Xing F, Chen Y, Zeng X, Liu Z.
2014. IL17A gene polymorphisms, serum IL-17A and IgE levels, and
hepatocellular carcinoma risk in patients with chronic hepatitis B virus
infection. Mol Carcinog 53:447-457.

Long JC, Williams RC, Urbanek M. 1995. An E-M algorithm and testing strategy
for multiple-locus haplotypes. Am J Hum Genet 56:799-810.

Lu Y, Peng J, Wang C, Zhu Y, Wang F, Sun Z. 2014. IL-6 promoter functional
polymorphism -572C/G affects spontaneous clearance of hepatitis B virus
infection. Clin Lab 60:1903-1907.

Macedo LC, Isolani AP, Visentainer JE, Moliterno RA. 2010. Association of
cytokine genetic polymorphisms with the humoral immune response to
recombinant vaccine against HBV in infants. J Med Virol 82:929-933.

Nakayama EE, Hoshino Y, Xin X, Liu H, Goto M, Watanabe N, Taguchi H, Hitani
A, Kawana-Tachikawa A, Fukushima M, Yamada K, Sugiura W, Oka SlI,
Ajisawa A, Sato H, Takebe Y, Nakamura T, Nagai Y, Iwamoto A, Shioda T.
2000. Polymorphism in the interleukin-4 promoter affects acquisition of
human immunodeficiency virus type 1 syncytium-inducing phenotype. J Virol
74:5452-5459.

Niro GA, Fontana R, Gioffreda D, Valvano MR, Lacobellis A, Facciorusso D,
Andriulli A. 2005. Tumor necrosis factor gene polymorphisms and clearance
or progression of hepatitis B virus infection. Liver Int 25:1175-1181.


http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_populacao/tabelas_pdf/tab3.pdf
http://www.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_populacao/tabelas_pdf/tab3.pdf

-71 -

Ren H, Zhang TT, Hu WL. 2015. A -819 C/T polymorphism in the interleukin-10
promoter is associated with persistent HBV infection, but -1082 A/G and -
592A/C polymorphisms are not: a meta-analysis. Arch Virol 160:747—-756.

Romani S, Hosseini SM, Mohebbi SR, Kazemian S, Derakhshani S, Khanyaghma
M, Azimzadeh P, Sharifian A, Zali MR. 2014. Interleukin-16 gene
polymorphisms are considerable host genetic factors for patients'
susceptibility to chronic hepatitis B infection. Hepat Res Treat 2014: 790753.

Sghaier I, Zidi S, Mouelhi L, Dabbech R, Ghazouani E, Brochot E, Stayoussef M,
Yacoubi-Loueslati B. 2015. The relationship between TNF alpha gene
polymorphisms (-238/-308), TNF RIl VNTR (p75) and outcomes of hepatitis
B virus infection in Tunisian population. Gene 568: 140-145.

Singh R, Kaul R, Kaul A, Khan K. 2007. A comparative review of HLA
associations with hepatitis B and C viral infections across global populations.
World J Gastroenterol 13:1770-1787.

Sofian M, Kalantar E, Aghakhani A, Hosseini S, Banifazl M, Eslamifar A,
Jourabchi A, Farazi AA, Ramezani A. 2013. No correlation between
interleukin-10 gene promoter polymorphisms and hepatitis B virus infection
outcome. Hepat Mon 13:e8803.

Sun HQ, Zhang JY, Zhang H, Zou ZS, Wang FS, Jia JH. 2012. Increased Th17
cells contribute to disease progression in patients with HBV-associated liver
cirrhosis. J Viral Hepat 19:396-403.

Tayebi S, Mohamadkhani A. 2012. The TNF-a -308 promoter gene polymorphism
and chronic HBV infection. Hepat Res Treat 2012:493219.

Teixeira AC, Mendes CT Jr, Marano LA, Deghaide NH, Secaf M, Elias J Jr,
MugliaV, Donadi EA, Martinelli AL. 2013. Alleles and genotypes of
polymorphisms of IL-18, TNF-a and IFN-y are associated with a higher risk
and severity of hepatocellular carcinoma (HCC) in Brazil. Hum Immunol
74:1024-1029.

Thio CL, Thomas DL, Karacki P, Gao X, Marti D, Kaslow RA, Goedert JJ,
Hilgartner M, Strathdee SA, Duggal P, O'Brien SJ, Astemborski J, Carrington
M. 2003. Comprehensive analysis of class | and class Il HLA antigens and
chronic hepatitis B virus infection. J Virol 77:12083-12087.

Tuncbilek S. 2014. Relationship between cytokine gene polymorphisms and
chronic hepatitis B virus infection. World J Gastroenterol 20:6226—-6235.

Wang C, Tang J, Song W, Lobashevsky E, Wilson CM, Kaslow RA. 2004. HLA
and cytokine gene polymorphisms are independently associated with
responses to hepatitis B vaccination. Hepatology 39:978-988.

Wang C, Zhang X, Zhu B, Hu D, Wu J, Yu R, Zhao W. 2012. Relationships
between tumour necrosis factor-qa, interleukin-12B and interleukin-10 gene
polymorphisms and hepatitis B in Chinese Han haemodialysis patients.
Nephrology 17:167-174.



-72 -

WHO. Hepatitis B. Fact sheet No 204. Updated 2015. Available from:
http://www.who.int/mediacentre/factsheets/fs204/en/ Accessed on
September 2, 2015.

Wu JF, Hsu HY, Chiu YC, Chen HL, Ni YH, Chang MH. 2015. The effects of
cytokines on spontaneous hepatitis B surface antigen seroconversion in
chronic hepatitis B virus infection. J Immunol 194:690—-696.

Wu W, Li J, Chen F, Zhu H, Peng G, Chen Z. 2010. Circulating Th17 cells
frequency is associated with the disease progression in HBV infected
patients. J Gastroenterol Hepatol 25:750-757.

Xia Q, Zhou L, Liu D, Chen Z, Chen F. 2011. Relationship between TNF-<alpha>
gene promoter polymorphisms and outcomes of hepatitis B virus infections:
A meta-analysis. PLoS One 6:€19606.]

Xiang Y, Huang SF, Xia JR, Ye DQ, Chen P, Yang SS, Sun S, Lai XF, Zhang LP.
2014. Association of the IFNAR1-17470 and IL-10-592 cytokine variants with
susceptibility to chronic hepatitis B viral infections in a Chinese population.
Genet Mol Res 13:9187-9195.

Xu J, Zhang S, Zhang Z, Fu L, Zheng Q, Wang J, Lu S, Du J. 2013. TNF-alpha
promoter region polymorphisms affect HBV virus clearance in southern
Chinese. Clin Chim Acta 425: 90-92.

Xue-Song L, Cheng-Zhong L, Ying Z, Mo-Bin W. 2012. Changes of Treg and
Th17 cells balance in the development of acute and chronic hepatitis B virus
infection. BMC Gastroenterol 12:43.

Yao JY, Chao K, Li MR, Wu YQ, Zhong BH. 2015. Interleukin-21 gene
polymorphisms and chronic hepatitis B infection in a Chinese population.
World J Gastroenterol 21:4232-42309.

Zhang TC, Pan FM, Zhang LZ, Gao YF, Zhang ZH, Gao J, Ge R, Mei Y, Shen
BB, Duan ZH, Li X. 2011. A meta-analysis of the relation of polymorphism at
sites -1082 and -592 of the IL-10 gene promoter with susceptibility and
clearance to persistent hepatitis B virus infection in the Chinese population.
Infection 39:21-27.

Zhang TC, Zhao YQ, Hu GL, Liu XQ, Huang XK. 2014. The relationship between
tumour necrosis factor-a gene polymorphism and susceptibility and
clearance of the persistent hepatitis B virus infection in a Chinese population:
a meta-analysis. Clin Microbiol Infect 20:227-234.

Zhang JY, Zhang Z, Lin F, Zou ZS, Xu RN, Jin L, Fu JL, Shi F, Shi M, Wang HF,
Wang FS. 2010. Interleukin-17-producing CD4* T cells increase with severity
of liver damage in patients with chronic hepatitis B. Hepatology 51:81-91.

Zheng MH, Qiu LX, Xin YN, Pan HF, Shi KQ, Chen YP. 2010. Tumor necrosis
factor-a-308A allele may have a protective effect for chronic hepatitis B virus
infection in Mongoloid populations. Int J Infect Dis 14: e580—-e585.


http://www.who.int/mediacentre/factsheets/fs204/en/

-73-

Zheng MH, Xiao DD, Lin XF, Wu SJ, Peng MM, Yu XY, Liu WY, Li LF, Shi KQ,
Fan YC, Chen YP. 2012. The tumour necrosis factor-a-238A allele increases
the risk of chronic HBV infection in European populations. J Viral Hepat
19:ell1-e17.



-74 -

TABLE I. Demographic, Epidemiological, Serological, Molecular and Biochemical
Features of Patients With Chronic and Resolved HBV Infection

Chronic HBV  Resolved HBV

Feature infection infection P value
n =196 n=149

Male gender 107 (54.6%) 42 (28.2%) <0.001

Age, M + SD (years) 458 +11.9 46.2 £ 10.7 NS

Age range

< 30 years 20 (10.2%) 7 (4.4%) NS

30-39 years 34 (17.3%) 41 (27.2%)

40-49 years 62 (31.6%) 42 (28.2%)

> 50 years 80 (40.8%) 59 (39.6%)

Ethnic groups

Whites 171 (87.2%) 128 (85.9%) NS

Blacks and mulattos 25 (12.8%) 21 (14.1%)

Mode of transmission

Vertical 50 (25.5%) 22 (14.8%) 0.005

Parenteral 30 (15.3%) 21 (14.1%)

Sexual 19 (9.7%) 32 (21.5%)

Unknown 97 (49.4%) 74 (49.7%)

Educational Level

< 9years 91 (46.4%) 52 (34.9%) 0.04

9-11 years 62 (31.6%) 66 (44.3%)

> 11 years 43 (21.9%) 31 (20.8%)

Hepatitis B familiar history 54 (27.5%) 31 (20.8%) NS

Serological, molecular and biochemical

data

HBeAg 16 (8.1%) - -

anti-HBe 165 (84.1%) 3 (2.0%) -

anti-HBs - 113 (75.8%) -

HBV DNA, M + SD (log IU/mL) 3.0+1.3 - -

ALT, M = SD (IU/L) 58.3+66.2 - -

AST, M = SD (IU/L) 46.8 + 58.8 - -

Total bilirubin, M = SD (mg/dL) 1.0+0.6 - -

NS: Not significant



TABLE Il. Frequencies of the Genotypic Profiles of Nine Cytokine SNPs in Patients With Chronic vs. Resolved HBV Infection

. Chronic Resolved A ; i iab
. ) . ; Univariate analysis Multivariate analysis
SNP Model Genot.yp|c Phenotype? infection infection y y
profile (n=196)  (n=149)
P value OR 95% ClI Pvalue OR 95% ClI
IL2 -330 G/T dominant GG +GT high 109 (55.6%) 73 (49.0%) >0.1 129 0.82-202 - - -
TT 87 (44.4%) 76 (51.0%)
IL4 -589 CIT recessive TT low 8 (4.1%) 7 (4.7%) >0.1 0.98 0.33-2091 - - -
cC+CT 187 (95.9%) 142 (95.3%)
IL6 -174 GIC recessive CcC low 18 (9.2%) 22 (14.8%) 0.099 0.55 0.27-1.12 0.074 0.52 0.24-1.07
GG + GC 178 (90.8%) 127 (85.2%)
IL10 -592 C/A dominant AA + CA low 96 (49.7%) 84 (57.1%) 0.077 0.66 0.42 -1.05 0.063 0.64 0.40-1.02
cc 97 (50.3%) 63 (42.9%)
-1082 A/IG dominant GG + GA high 120 (61.2%) 90 (60.4%) >0.1 1.06 067-1.70 - - -
AA 76 (38.8%) 59 (39.6%)
IL17A -197 G/A dominant GG + GA high 179 (91.3%) 139 (93.3%) >0.1 075 0.31-1.80 - - -
AA 17 (8.7%) 10 (6.7%)
-692 T/C dominant CT+TT high 178 (90.8%) 142 (95.3%) >0.1 0.48 0.18-1.24 - - -
cC 17 (8.7%) 7 (4.7%)
TNF-a -238 G/A dominant AA + GA high 22 (11.2%) 22 (14.8%) >0.1 0.73 0.37-1.44 - - -
GG 173 (88.3%) 127 (85.2%)
-308 G/A dominant AA + GA high 49 (25.1%) 24 (16.1%) 0.027 1.92 1.07 -3.44 0.046 1.82 1.01-3.27
GG 146 (74.9%) 125 (83.9%)

3Increased (high) or decreased (low) cytokine synthesis. "The logistic regression was adjusted for sex and mode of HBV transmission (see text).
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TABLE IIl. Haplotype Frequencies and Multivariate Analysis of TNF-a Genetic Variant in Patients With Chronic

and Resolved HBV Infection

Multivariate analysis?

Haplotype TNF-a Chronic HBV Resolved HBV
(rs361525, rs1800629) infection (n=195) infection (n=149) P value OR 95% Cl
GG 129 (66.2%) 104 (69.8%) Reference - -
GA 44 (22.6%) 23 (15.4%) 0.071 1.75 0.95—-3.20
AG 22 (11.3%) 22 (14.8%) 0.576 0.82 0.41—1.64
AA 0 (0%) 0 (0%) - - -

aLogistic regression adjusted for sex and mode of transmission
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25 Supplemental material. Genotypes and alleles frequencies

Genotype / Chronic HBV infection Resolved HBYV infection

Gene SNP dbSNP ID il n = 196) (< 149)
IL2 -330 GIT 1s2069762 GG 29 (14.8%) 15 (10.1%)
GT 80 (40.8%) 58 (38.9%)
T 87 (44.4%) 76 (51.0%)
G 138 (35.2%) 88 (29.5%)
T 254 (64.8%) 210 (70.5%)
IL4 -589 C/T 12243250 cc 141 (72.3%) 96 (64.4%)
cT 46 (23.6%) 46 (30.9%)
™ 8 (4.1%) 7 (4.7%)
C 328 (84.1%) 238 (79.9%)
T 62 (15.9%) 60 (20.1%)
IL6 -174 GIC rs1800795 GG 101 (51.5%) 71 (47.7%)
GC 77 (39.3%) 56 (37.7%)
cc 18 (9.2%) 22 (14.8%)
G 279 (71.2 %) 198 (66.4%)
C 113 (28.8%) 100 (33.6%)
IL10 -592 CIA rs1800872 AA 23 (11.9%) 23 (15.6%)
AC 73 (37.8%) 61 (41.5%)
cc 97 (50.3%) 63 (42.9%)
A 119 (30.8%) 107 (36.4%)
C 267 (69.2%) 187 (63.6%)
-1082G/A  rs1800896 GG 17 (8.7%) 22 (14.8%)
GA 103 (52.6%) 68 (45.6%)
AA 76 (38.8%) 59 (39.6%)
G 137 (34.9%) 112 (37.6%)
A 255 (65.1%) 186 (62.4%)
IL17A -197 GIA 12275913 GG 120 (61.2%) 86 (57.7%)
GA 59 (30.1%) 53 (35.6%)
AA 17 (8.7%) 10 (6.7%)
G 299 (76.3%) 225 (75.5%)
A 93 (23.7%) 73 (24.5%)
-692 T/C rs8193036 cc 17 (8.7%) 7 (4.7%)
cT 71 (36.4%) 55 (36.9%)
™ 107 (54.9%) 87 (58.4%)
C 105 (26.9%) 69 (23.3%)
T 285 (73.1%) 229 (76.8%)
TNFa -238 GIA rs361525 GG 173 (88.7%) 127 (85.2%)
GA 21 (10.8%) 21 (14.1%)
AA 1 (0.5%) 1 (0.7%)
G 367 (94.1%) 275 (92.3%)
A 23 (5.9%) 23 (7.7%)
-308 G/A rs1800629 GG 146 (74.9%) 125 (83.9%)
GA 42 (21.5%) 23 (15.4%)
AA 7 (3.6%) 1 (0.7%)
G 334 (85.6%) 273 (91.6%)
A 56 (14.4%) 25 (8.4%)

26

27
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5 DISCUSSAO GERAL E PERSPECTIVAS

A hepatite B € uma doenca viral infectocontagiosa mundialmente
disseminada. Acredita-se que aproximadamente 240 milhdes de pessoas
estejam cronicamente infectadas atualmente (WHO, 2015). O desfecho clinico
da infeccédo por sua vez é influenciado tanto por fatores relacionados ao virus
(carga viral, genoétipo, mutacbes, evasao de resposta imune), quanto a
caracteristicas do hospedeiro infectado. A idade, sexo, estado nutricional, bem
como o tipo de transmissdo sdo ditos fatores de risco para a progressao a
cronicidade, pois influenciam diretamente na resposta imune do hospedeiro

(CHANG & LEWIN 2007; CROAGH et al., 2015).

Neste estudo primeiramente abordou-se as variaveis pertinentes ao virus,
com a determinacdo do gendtipo e dos niveis de carga viral (capitulo 1) que
possam justificar a atual situacdo epidemiolégica da populagdo estudada. No
segundo capitulo, foram analisados potenciais polimorfismos genéticos atuantes
no desfecho clinico de infectados pelo virus da hepatite B, na tentativa de
determinar possiveis marcadores moleculares da infeccdo na populacao

estudada.

No primeiro capitulo da tese, foi realizada uma comparacao entre o perfil
epidemioldgico da populacéo infectada da cidade de Chapecé ao longo de um
periodo de 17 anos (1996 a 2013). Foi observado um aumento na média da idade
dos pacientes notificados ao longo do periodo analisado (29.9 anos em 1996,

34.9 em 2006 e 44.4 em 2011-2013), justificado em grande parte pela politica
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de prevencdo instituida no municipio, que buscou conscientizar a populacao
sobre a transmissao da doenca e vacinar, além de recém-nascidos, criangas e
adolescentes em idade escolar na tentativa de diminuir o nimero de infectados

nesta faixa etaria (SCARAVELI, 2009).

Fatores virais como a carga viral e 0 genoétipo podem predispor risco a
gravidade da hepatite crénica. H4 um risco aumentado de doenca hepatica grave
em individuos com altas cargas virais (EL-SERAG, 2012). Neste estudo,
determinou-se a carga viral em individuos infectados pelo HBV e se encontrou
uma baixa proporc¢ao (15,3%, 31/202) de pacientes com carga viral acima de
2000 Ul/mL, concordando com o a baixa porcentagem de positividade de HBeAg
(8,4%, 17/202). Estes resultados indicaram que nesta populacdo, uma pequena
proporcao de infectados possui risco aumentado de complicacées hepaticas.
Pacientes cronicamente infectados em fase de imunotoleranica sé&o
caracterizados por apresentarem soropositividade HBeAg e por possuirem alta
taxa replicativa do virus, evidenciada por altos niveis de HBV-DNA na corrente
sanguinea (BERTOLETTI et al.,, 2010). O risco para o desenvolvimento de
cirrose e hepatocarcinoma aumenta em pacientes que se encontram nesta fase,
uma vez que nestes casos, ha um intenso recrutamento de células inflamatorias
no figado, o que intensifica o dano hepético, por consequéncia (BALMASOVA et

al., 2014).

Neste estudo também foi possivel verificar que 5,6% (9/161) dos
individuos anti-HBc positivos e HBsAg negativos apresentaram carga viral
detectavel, indicando uma baixa proporcédo de infecgdo oculta na populagéo.
Este resultado foi semelhante a propor¢ao de 3,3% (5/150) de infecc&o oculta

encontradas em estudo realizado com doadores de sangue no municipio de
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Porto Alegre, Rio Grande do Sul, Brasil (SILVA et al., 2005). As taxas de infeccao
oculta aumentam em populacbes onde a prevaléncia da hepatite B € alta
(SAMAL et al., 2012). No presente estudo, a média carga viral encontrada nestes
individuos foi de 2,1 + 0,3 log Ul/mL, similar aos resultados encontrados por
MORESCO et al. (2014), que avaliaram a presenca da hepatite B oculta na
regido Amazonica, outra regido brasileira considerada de alta prevaléncia para
hepatite B. Embora a média da carga viral encontrada nestes individuos esteja
abaixo do limite atual para inicio de tratamento (3,3 log Ul/mL), estes pacientes
devem ser monitorados, uma vez que podem progredir para a doencga ativa e por
sua condicao, sdo considerados potenciais transmissores do virus (RAIMONDO

et al., 2010; SQUADRITO et al., 2014).

Os gendtipos do HBV estédo associados a gravidade da infeccéo e também
a resposta terapéutica a determinados medicamentos. Neste estudo, houve um
predominio de pacientes com o gendtipo D (97%, 88/91) e apenas trés pacientes
infectados com o gendtipo A (3%, 3/91). O gendtipo D esta fortemente associado
a inflamacéo histopatologica e com uma alta sorocorversao de HBeAg, fatores
gue podem favorecer a resolucdo espontanea da infeccdo. Por outro lado, este
genadtipo também € associado a altas taxas de mutacdo pré-core e também a
uma baixa taxa de resposta terapéutica a interferon-a, fatores associados a um

prognostico desfavoravel (COOKSLEY, 2011; CROAGH et al., 2015).

Os gendtipos do HBV possuem uma distribuicdo geografica heterogénea.
Acredita-se que esta distribuicdo geogréfica distinta se deva aos movimentos
migratorios ocorridos entre as populagées mundiais (KRAMVIS, 2014, LAGO et
al., 2014; BISSINGER et al., 2015). No Brasil, estudos mostram que o0s genotipos

do HBV predominantes sdo o A, D e F (MELLO et al., 2007; BECKER et al.,



-81 -

2010). LAGO et al. (2014) discutiram a origem do gendtipo Al e suas analises
mostraram que este gendtipo provavelmente foi introduzido no pais através do
trafico negreiro ocorrido no pais durante a segunda metade do século XIX. O
genotipo F, por sua vez, € originario do continente Sul-Americano, uma vez que
€ amplamente encontrado em indigenas desta regido (MELLO et al., 2013). Em
relacdo ao genotipo D, existem evidéncias da sua origem européia, porém
estudos publicados até 0 momento ndo conseguiram comprovar essa hipotese

(BERTOLINI et al., 2012, MELLO et al., 2014)

A genotipagem e analise de subtipo mostraram uma alta prevaléncia do
HBV/D sorotipo (subtipo) ayw2. No mundo, este gendétipo/subtipo é muito
frequente na regido mediterranea da Europa, em especial na Italia (DAL MOLIN
et al., 2006, DETERDING et al., 2008, SAGNELI et al., 2014). Na tentativa de
comprovar a origem dos isolados de HBV/D presentes na regido de estudo, foi
realizada uma pesquisa para determinar a ascendéncia dos portadores crénicos
do estudo através da busca pela origem de seus sobrenomes em bancos de
dados disponiveis na internet e também da origem geografica da familia (pais e
avos). Os resultados obtidos indicam que o predominio do HBV/D na regiéo sul
do Brasil teria origem no processo de imigracdo de europeus italianos ocorrido
durante o final do século XIX a inicio do século XX (TRENTO, 1989, BERTOLINI
et al., 2012). De fato, a regido sul do Brasil possui uma miscigenacao
diferenciada em relacéo ao restante do pais, estudos de ancestralidade genética
mostram uma elevada proporgéao de descendentes europeus (71-79%), seguido
de afrodescendentes (11-14%) e indigenas (8-13%) (PENA et al., 2011; MANTA

et al., 2013).
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O segundo capitulo desta tese abordou os aspectos genéticos humanos
que podem influenciar no desfecho clinico da infecgdo. Para minimizar possiveis
vieses, foram retirados desta analise, aqueles individuos que apresentaram co-
infeccdo HIV e/ou HCV e os individuos que apresentaram infec¢do oculta. Por
isso, os grupos de individuos foram reduzidos a 196 pacientes cronicamente

infectados e em 149 individuos com infecgéo resolvida.

A etnia também tem sido um importante fator a ser considerado em
estudos que avaliam variaveis genéticas em associacdo ao desfecho clinico da
Hepatite B. Polimorfismos de base Unica (SNPs) em genes de citocinas podem
influenciar no tipo de resposta inflamatéria desencadeada apds a infeccéo e
tendem a ser influenciados por fatores genéticos relacionados a ancestralidade
da populacdo em estudo (ZHENG et al., 2012). Por esse motivo, os resultados
deste trabalho sdo mais assemelhados com aqueles realizados em populacdes

de origem européia do que em outras populacdes.

Inicialmente foi realizada uma andlise comparativa entre os dois grupos
de pacientes analisados. Por esta analise foi possivel notar diferencas
estatisticas em relacédo ao sexo, transmissao e nivel educacional. A prevaléncia
aumentada de homens entre os portadores crénicos é corroborada por Chavéz
et al. (2003), que realizaram um panorama da hepatite B no Brasil e encontraram
uma frequéncia aumentada de casos de hepatite B entre homens em Santa
Catarina. A frequéncia aumentada de mulheres no grupo de individuos com
infeccdo resolvida é justificada pela forma como estes individuos foram
selecionados, uma vez que uma grande proporc¢ao (38, 9% 58/149) foi recrutada
entre funcionarios de unidades béasicas de saude do municipio de Chapecé, que

sdo em sua maioria mulheres. Embora exista este viés de selecdo, estudos
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epidemioldgicos indicam uma maior proporcdo de homens entre os portadores

cronicos de hepatite B (CARRILHO et al., 2004; NOORI et al., 2013).

As vias de transmissdo também foram estatisticamente diferentes entre
0s grupos analisados. Enquanto foi observado uma frequéncia aumentada de
transmissao vertical entre os portadores cronicos, a transmisséao sexual foi mais
frequente entre os individuos com infeccdo resolvida. De fato, a transmisséo
vertical € um potencial fator de risco para a cronificacdo, devido a imaturidade
do sistema imune de crian¢as recém-nascidas, o que aumenta a probabilidade
do virus permanecer no organismo humano (BALMASOVA et al., 2014). Da
mesma forma, infecgdes resultantes das vias de transmisséo sexual e parenteral
tendem a ser resolvidas espontaneamente, uma vez que em sua maioria,
acontecem durante a fase adulta, em que o sistema imune € capaz de produzir
uma resposta inflamatéria adequada para resolucéo da infeccdo (REHERMANN

& NASCIMBENI, 2005).

O nivel educacional por sua vez, influencia indiretamente tanto na
cronicidade, quanto na gravidade da doenca. Neste estudo, observou-se um
baixo nivel educacional no grupo dos pacientes cronicos. A falta de informacao
sobre a doenca (sintomas, rotas de transmissao e prevencdo), atribuida como
consequéncia de um baixo nivel educacional, leva a um retardamento do
diagnostico e baixa adesdo aos programas de prevencao, como vacinacao
compulsoria, campanhas de uso de preservativos em relagfes sexuais, uso de
materiais esterilizados em manicures e em procedimentos cirargicos e por fim o

monitoramento dos doentes (FERREIRA et al., 2009; BRASIL, 2012)
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A analise de multicolinearidade foi utilizada para determinar as variaveis
de ajustamento da regressao linear que avaliou a associacdo de SNPs com o
desfecho clinico da hepatite B. Por essa analise, sexo e transmissdo foram
considerados como fatores que influenciam diretamente no desfecho,

juntamente com os perfis genéticos dos polimorfismos estudados.

O TNF-a é um potente estimulador da resposta pré-inflamatéria. Neste
estudo, o alelo A (gendtipos AA+ GA) do SNP TNF-a -308 foi associado
positivamente com a hepatite B crénica (OR, 1,818; 95% CI, 1,009-3,273;
P=0,046). De modo geral, esse resultado estd em concordancia com estudos
gue avaliam pacientes etnicamente semelhantes. COSTA et al. (2015),
encontraram associacdo positiva entre o alelo A (e o gendtipo AA) e a
cronicidade da hepatite B, bem como a severidade da doenca (fibrose e atividade
necroinflamatoria severas) em pacientes brasileiros paulistas. O alelo A também
foi associado a infeccdo crénica em tunisianos, assim como o genétipo GG com
a diminuicao do risco de cronicidade em tunisianos e turcos (BASTURK et al.,
2008, SGHAIER et al., 2015). O alelo A tem sido associado a superexpressao
do TNF-a e por consequéncia, a um aumento da atividade proé-inflamatéria,
justificando desse modo, a maior severidade da doenca em pacientes
cronicamente infectados (BARRET et al., 2003, CONDE et al., 2013, HU et al.,
2014). Em contrapartida, outros estudos conduzidos em popula¢fes asiaticas
tendem a mostrar uma associacdo do alelo A (gendétipos AA+AG) e a resolucao
da doenca (KIM et al., 2003, XIA et al., 2011, XU, et al., 2013, LIU et al, 2014),
reforcando dessa maneira, a importancia de fatores étnicos na avaliagdo de

polimorfismos genéticos com o desfecho clinico da hepatite B.
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Os demais polimorfismos estudados, TNF-a -238 G/A (rs361525), IL 2 -
330 G/T (rs2069762), IL 4 -589 C/T (rs2243250), IL 6 -174 G/C (rs1800795), IL
10 -592 C/A (rs1800872), IL 10 -1082 A/G (rs1800896), IL 17A -692 T/C
(rs8193036) e IL 17A -197 G/A (rs2275913), ndo apresentaram associacao
estatistica com os desfechos clinicos avaliados, apenas foi possivel observar
uma frequéncia aumentada dos polimorfismos alélicos nos grupos de estudo. No
entanto, a falta de associacao estatistica ndo descarta possiveis influéncias
destes SNPs com a cronicidade ou resolucdo da hepatite B, uma vez que
existem evidéncias ja publicadas destas correlacfes (BARRET et al., 2003, XIA
et al., 2011, WANG et al., 2012, ZHENG et al., 2012, LI et al., 2014, SAXENA et

al., 2014, TALAAT et al., 2014).

Neste estudo foram abordados potenciais fatores virais e do hospedeiro
que atuam no desfecho clinico da infeccdo por hepatite B. Os resultados
indicaram que o SNP TNF-a -308 A/G pode ser considerado um potencial
marcador molecular para a cronicidade da hepatite B na populacédo de infectados
estudada. No entanto, estes resultados, juntamente com os resultados de
estudos ja publicados, mostraram gque essa associa¢ao varia dependendo do
grupo étnico em estudo. De fato, a regido Sul do Brasil é distinta etnicamente do

restante do pais e nossos resultados refletem esta realidade.

Para que seja possivel avaliar a sociedade brasileira em sua totalidade
em relacdo a hepatite B, é importante ampliar essas analises aos outros grupos
étnicos como indigenas e afrodescendentes para que se possa entender o real
efeito destes SNPs na resposta imune dos sujeitos infectados. Além disso, ainda

como perspectiva, tem-se o intuito de avaliar os alelos HLA e miRNAs no
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desfecho clinico e desse modo, ampliar o conhecimento a respeito da

epidemiologia e histéria natural desta doencga em pacientes brasileiros.
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7 Apéndice

Tabela 1: Oligonucleotideos iniciadores e sonda utilizado para amplificacéo de fragmentos do HBV

Técni lisad Tamanho do Referanci
écnica Iniciador/Sonda (5'-3') Gene analisado fragmento gerado eferéncia
F: TTGTCCTGGYTATCGYTGGATGTG
PCR em tempo
Real R: GATGAGGCATAGCAGCAGGATG Gene S 72 pb Este trabalho
ea
S: 6-FAM-TGCGGCGTTTTATCAT-MGB-NFQ
Sequenciamento F: GTCTAGACTCGTGGTGGACTTCTCTC’ _
Gene S 485pb Silva et al, 2005

do HBV R: AAGCCANACARTGGGGGAAAGC
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Tabela 2: Painel de oligonucleotideos iniciadores utilizados para a genotipagem de SNPs humanos por extensao de base Gnica (SNE)
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Amplicon Amplicon
Polimorfismo Alelos Iniciadores Multiplex (5’-3’) multiplex Iniciadores SNE (5’-3’) SNE
TNFa-308 GIA INNER’AGGAAACAGACCACAGACCTGGTCCCCAA 62 ob
(rs1800629) AAGAAATGGAGGCAATAGGTTTTGAGGGGCATG P
;ﬁgAchCTTgGCgéTATCCAT&GCTA;% c 230 pb INNER' AAAAGAAATGGAGGCAATAGGTTTTGAGGG
TNFa-238 (rs GIA GCATGGGGACGGGGTTCAGCCTCCAGGGTCCTAC 105 pb
361525) ACACAAATCAGTCAGTGGCCCAGAAGACCCCCCT P
CGGAATC
IL 2-330 L’CCATTCTGAAACAGGAAACCA INNERTTATTCTTTTCATCTGTTTACTCTTGCTCTTG
GIT 301 pb TCCACCACAATATGCTATTCACATGTTCAGTGTAGT 72 pb
(rs2069762) R’AAACCCCCAAAGACTGACTG TTA
IL 4-589 T/C L’ACCCAAACTAGGCCTCACCT 174 ob INNER'GATACGACCTGTCCTTCTCAAAACACCTAA 47 ob
(rs2243250) R’ACAGGTGGCATCTTGGAAAC P ACTTGGGAGAACATTGT P
IL 6-174 L’'TCGTGCATGACTTCAGCTTT INNER'AAAGAAAGTAAAGGAAGAGTGGTTCTGCTT
(rs1800795) CIG , 328 pb CTTAGCGCTAGCCTCAATGACGACCTAAGCTGCAC 88 pb
R'GCCTCAGACATCTCCAGTCC TTTTCCCCCTAGTTGTGTCTTGC
IL 10-592 AIC L'GGGGTCATGGTGAGCACTAC 244 pb INNER’AAATCCAAGACAACACTACTAAGGCTTCTTT 55 pb
(rs1800872) R’CAAGCAGCCCTTCCATTTTA GGGA
IL 10-1082 AJG L'TTCCCCAGGTAGAGCAACAC 190 pb INNER’ATCCTAATGAAATCGGGGTAAAGGAGCCTG 37 ob
(rs1800896) R’ATGGAGGCTGGATAGGAGGT P GAACACATCCTGTGACCCCGCCTGT P
IL 17A-692 L’GCCAAGGAATCTGTGAGGAA INNER'GCATAGCAGCTCTGCTCAGCTTCTAACAAG
(rs2275913) AIG , 328 pb TAAGAATGAAAAGAGGACATGGTCTTTAGGAACAT 97 pb
R'TTCAGGGGTGACACCATTTT GAATTTCTGCCCTTCCCATTTTCCTTCAGAAG
IL 17A-197 o L'CCTTCTCTCTTTCCCCCATC 158 pb INNER'CATCACTCTCTACTCCCCCCTGCCCCCCTT 40 pb
(rs8193036) R'TGCATGCTACCAAGCAACTT TTCTCCATCT

Adaptado de Medeiros et al, 2015.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Vocé estd sendo convidado a participar de uma pesquisa de cunho
académico vinculada a FEPPS/CDCT, intitulada: Hepatite B: Caracterizacao
Genética e Analise dos Genes Envolvidos na Resposta Imune, que tem
como objetivo principal & andlise da prevaléncia de genotipos, quantificacéo e
analise dos polimorfismos nos genes HLA em individuos infectados pelo virus da
Hepatite B no Rio Grande do Sul. O tema escolhido se justifica pela importancia
de ampliar o conhecimento acerca dessa doenca. O trabalho estd sob
responsabilidade da pesquisadora Marcia Susana Nunes Silva e sob a
supervisao do Dr. Dimas Alexandre Kliemann. Para alcancar os objetivos do
estudo sera realizada uma entrevista individual, com duracédo aproximada de 10
minutos, na qual vocé ira responder a um questionario padronizado. Os dados
obtidos serdo utilizados somente para este estudo, sendo 0s mesmos
armazenados pela pesquisadora principal durante cinco anos e apos totalmente

destruidos (conforme preconiza a Resolucdo 196/96). Procedimentos: Apls a

entrevista, sera realizada uma coleta de 10 mL de sangue através de puncao

venosa com agulha estéril para analises. Riscos e Desconfortos: Os riscos e

desconfortos causados serdo aqueles associados aos procedimentos da coleta
de sangue. A quantidade de sangue coletada é pequena e, por isso, dificilmente
causara algum mal-estar geral, no entanto, podera haver dor no local da coleta
e, eventualmente, um pequeno hematoma. Beneficios: Embora este trabalho
nao possa gerar nenhum beneficio imediato aos participantes, este estudo

podera trazer varios beneficios em longo prazo, podendo assim, auxiliar em
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novas diretrizes do tratamento e acompanhamento futuro dos pacientes que
vivem com hepatite B. Este estudo ndo fornecera nenhum auxilio financeiro aos
participantes. Alternativa Se o paciente escolher ndo participar, ndo havera
nenhuma diferenga, quanto ao acompanhamento médico. Custos: N&o sera
cobrado algum pagamento pela participacdo no estudo. Duvidas: Alguma davida
referente ao estudo podera ser esclarecida pelas pesquisadoras Méarcia Susana
Nunes Silva ou Cintia Costi no telefone 3352-0336 ou pelo responsavel do
projeto no HNSC, Dr. Dimas Kliemann pelo fone 3357-2126. Duvidas quanto a
questdes éticas, podera entrar em contato com o Daniel Demetrio Faustino da
Silva, pelo fone 51 3357-2407, Coordenador-geral do Comité de Etica em

Pesquisa do GHC. Confidencialidade: Todas as informacdes e os resultados

advindos dos procedimentos realizados serdo considerados confidenciais e
serdo conhecidos somente da equipe envolvida. Todos os questionarios e
materiais coletados serédo identificados através de um cédigo criado na entrada
do estudo. Este codigo serd a unica identificacdo no banco de dados, sendo
utilizado para analise dos dados e divulgacdo dos mesmos no meio cientifico.

Participacdo voluntaria: Se houver desisténcia em algum momento do estudo,

nenhuma diferenca quanto ao acompanhamento e tratamento sera observado.

Significado de sua assinatura: A sua assinatura abaixo significa que vocé

entendeu as informacdes que lhe foram fornecidas sobre este estudo e sobre
este termo de consentimento. Vocé receberd cépia deste termo de
consentimento. No final do termo devem constar as assinaturas: do voluntario,

do entrevistador e do coordenador do estudo.

Nome completo:

Cidade onde mora:




NuUmero do telefone: Data:

Assinatura do entrevistado:
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/ /

Nome da Pessoa que obteve o consentimento (entrevistador):

Assinatura da pesquisadora:

NUmero

de Controle:

Assinatura do coordenador do estudo

Em caso de analfabetismo:

Este formulario foi lido para

(nome do paciente) em [/ |/ pelo

(nome do pesquisador), enquanto eu estava presente.
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Questionario

1. Identificacéo:

2. Data de Nascimento: / /

3.  Sexo: ( ) Masculino () Feminino

4.  Municipio de Residéncia:

5. Estado Civil: ( ) Solteiro ( ) Casado ( ) Acompanhado

6. Etnia (autodeclaracéo): ( ) Branco ( ) N&o-branco

7. Profisséo: Em atividade: ( ) Sim ( ) Néo
8. Escolaridade:

9. Gestante: ( )Sim ( ) Nao

10. Fumo: ( ) Sim ( ) Nao

11. Com qual frequéncia ingere bebida alcodlica?

( )raramente ( ) 1vezporsemana ( ) 3vezes por semana
() Superior a 4 vezes por semana
12. Usodedrogas:( )Sim ( )N&o Se sim,qual?

13. Marcadores sorolégicos para HBV reagentes:

( YJHBsAg ( )HBeAg ( )anti-HBctotal ( )anti-HBs ( ) anti-HBe
() anti HBc IgM
14. Apresentou algum marcador soroldgico para HBV por mais de 6 meses.

( )Sim ( ) N&o. Se sim, qual o marcador?
15. Possivel forma de transmissao:

() Sexual ( ) Hemodialise ( ) UDI ( ) Transfusédo sanguinea
() Transplante ( ) Transmissao vertical (Materno fetal)

() Acidente com pérfuro-cortantes () Outro. Qual?
16. Comorbidades e Co-infeccgbes:

( ) Diabetes ( ) Cardiopatia ( ) Renal Crénico ( )HIV ( ) Hepatite C
17. ( )HTLV () Tuberculose ( ) Outras DST, qual?

18. Marcador positivo para Hepatite C: ( ) anti-HCV () PCR

19. Viajou para o exterior: ( ) Sim ( ) Nao

20. Continentes:

( ) Africa ( )Europa ( )Asia ( )Américado Sul ( ) América do Norte
21. Tem alguma doenca crbnica ou histérico familiar deste tipo de doenga? Se sim,

qual?

22. Tem alguma doenga auto-imune ou histérico familiar? Se sim, qual?
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DADOS DO PARECER

Numero do Parecer: 671.721
Data da Relatoria: 14/05/2014

Apresentacgao do Projeto:

Estudo transversal a ser realizado no periodo de julho de 2011 a agosto de 2015. Os pacientes participantes
do estudo seré@o provenientes do

Ambulatorio de Hepatites do Servico de Infectologia do Hospital Nossa Senhora da Conceicédo de Porto
Alegre, pertencente ac Grupo Hospitalar

Conceicao (GHC). As informacfes necessarias ao projeto serdo obtidas através da aplicacdo de um
guestionario padronizado, anélise de

prontuarios e exames laboratoriais. Dois grupos serdo objeto do presente estudo: Grupo 1, individuos com
Hepatite B cronica e Grupo 2, individuos

que eliminaram o virus.

Objetivo da Pesquisa:

2. OBJETIVOS

2.1.0BJETIVO GERAL

O presente projeto de pesquisa tem como objetivo analisar geneticamente o

virus da hepatite B e os polimorfismos presentes nos genes HLA-A, HLA-B e HLA-
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DRB1 em individuos infectados.

2.2 OBJETIVOS ESPECIFICOS

- Testar diferentes técnicas de extracdo de DNA do virus da hepatite B (HBV).

- Investigar os gendtipos do HBV.

- Padronizar a técnica de quantificacéo do HBV.

- Comparar as frequéncias dos alelos HLA de classe | e |l (A, B e DRB1*) entre

portadores crénicos do HBV e individuos que eliminaram o HBV.

- Avaliar a associacao entre os haplotipos formados entre os polimorfismos dos

genes HLA de classe | e Il com a ocorréncia € a gravidade da hepatite B.

- Auxiliar na implantac&o da técnica de carga viral para HBV em uma instituicdo de Saude Publica

Avaliacao dos Riscos e Beneficios:

Riscos:

Os riscos e desconfortos causados serdo aqueles associados aos procedimentos da coleta de sangue. A
quantidade de sangue coletada é pequena

e, por isso, dificilmente causara algum mal-estar geral, no entanto, podera haver dor no local da coleta e,
eventualmente,um pequeno hematoma.

Beneficios:

Os beneficios estdo relacionados aos resultados obtidos a longo prazo, como o levantamento
epidemiolégico dos dados de genotipagem do virus da Hepatite B, da carga viral e susceptibilidade a
persisténcia (cronicidade) do virus no organismo humano,auxiliando no manejo clinico do tratamento e
acompanhamento futuro dos pacientes que vivem com hepatite B.

Comentarios e Consideragoes sobre a Pesquisa:

Este projeto de pesquisa ja foi submetido as avaliacdes dos comités de ética em pesquisa do Grupo
Hospitalar Conceigcdo e da FEPPS(Fundacéo Estadual de Producdo e Pesquisa em Salide) sendo aprovado
pelos mesmos antes da Plataforma Brasil em 2011. O pesquisador anexou adendo,em 2014, para incluséo
de novos genes(inclusdo de analises genética de citocinas de resposta inflamatéria)a serem analisados sem
acarretar atraso no cronograma inicialmente previsto.

Consideragoes sobre os Termos de apresentagao obrigatoria:
todos os termos e documentacdes,referente ao projeto inicial foram apresentados,inclusive novo
cronograma para execucdo das analises referente ao adendo.
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Recomendacgoes:

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Aprovado

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

N&o

Consideragoes Finais a critério do CEP:

Projeto aprovado sem restricdes ou recomendacdes.

PORTO ALEGRE, 03 de Junho de 2014

Assinado por:
Regis Domix Leal

(Coordenador)
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Bairro: Jardim Boténico CEP: 90.510-000
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