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RESUMO

As infec¢des por HIV e HCV configuram graves problemas de saude publica no Brasil.
Variantes genéticas do hospedeiro ja foram associadas a diferengas na suscetibilidade a ambas
as infecgdes e progressao a AIDS, assim como a coinfec¢dao por estes virus. Os TLRs (do
inglés, Toll-Like Receptors) sao importantes componentes da resposta imune inata e agem
reconhecendo PAMPs ¢ DAMPs. O TLR9, codificado pelo gene sindnimo localizado no
cromossomo 3, estd presente na por¢ao interior de endossomos, e reconhece moléculas de
DNA nao metilado. Esse receptor pode participar da resposta a infec¢do pelo HIV
reconhecendo o DNA formado a partir da atividade da enzima transcriptase reversa sobre o
RNA viral. Além disso, a interacao da proteina viral gp120 com células dendriticas inibe
respostas inatas mediadas a partir do TLRY, sugerindo um papel desse receptor na resposta
contra 0 HIV. Uma variante do gene TLRY, o polimorfismo de nucleotideo tinico 2848 G/A
(rs352140), ¢ alvo de estudos de associagdo com a infec¢do por HIV, e seu papel ainda nao foi
claramente elucidado na infec¢ao pelo HCV. Da mesma forma, hd uma controvérsia a respeito
deste SNP na coinfec¢do por HIV/HCV. Dito isso, o presente trabalho tem como objetivo
avaliar as frequéncias da variante 2848 G/A (TLR9) em individuos HCV®', HIV® e
coinfectados, provenientes da regido Sul do Brasil, estratificando-os em diferentes grupos
étnicos. Foram genotipados um total de 1182 individuos, divididos nos grupos: controle (n =
409); HCV' (n = 376); HIV' (n = 296); HCV'/HIV" (n = 101). As sequéncias de interesse
foram amplificadas por Rea¢do em Cadeia da Polimerase (PCR) convencional, utilizando um
par de iniciadores especifico para a regido analisada. Os amplicons gerados por PCR foram
submetidos a digestdo enzimatica com endonuclease (Bsk12361). A verificacao dos genotipos
foi realizada em gel de agarose 3% com brometo de etideo sob luz UV. Foram calculadas as
frequéncias genotipicas e alélicas do polimorfismo. Os grupos estudados foram comparados
para verificar a existéncia de influéncia da variante na susceptibilidade a infec¢do pelo HIV,
pelo HCV e coinfecg¢ao por HIV/HCV. Foi utilizado o teste de qui-quadrado de Pearson para
comparacdo dos dados, e valores de p menores que 0,05 foram definidos como
estatisticamente significativos. O estudo foi aprovado pelos comités de ética da Universidade
Federal do Rio Grande do Sul (UFRGS), Hospital de Clinicas de Porto Alegre e Universidade
Luterana do Brasil (ULBRA). Todos os participantes da pesquisa assinaram um termo de
consentimento desenvolvido de acordo com a Resolu¢ao No. 466 do Ministério da Saude. A
partir dos resultados do trabalho, observamos que ndo h4d uma diferenca estatisticamente
significativa entre os grupos (p>0,05 em todas as comparacdes). Dessa forma, o estudo sugere
que a variante 2848 G/A nao influencia as infec¢des por HCV e HIV e a coinfec¢ao por
ambos os virus na populacao do Sul do Brasil.

Palavras-chave: Receptor Toll-Like 9. HIV. HCV. Polimorfismo. Coinfeccao.



ABSTRACT

HIV and HCV infections constitute important public health problems in Brazil. Host genetic
variants have already been associated with differences in susceptibility to both infections and
progression to AIDS, as well as coinfection by both viruses. TLRs (Toll-like Receptors) are
important components of the innate immune response and act recognizing PAMPs and
DAMPs. TLR9, formed from the synonymous gene located on chromosome 3, is present in
the inner portion of endosomes, and recognizes molecules of unmethylated DNA. This
receptor may participate in the response to HIV infection by recognizing the DNA formed
from the activity of the reverse transcriptase enzyme on viral RNA. In addition, the
interaction of the gp120 viral protein with dendritic cells inhibits innate responses mediated
by TLRY, suggesting a role for that receptor in the response to HIV. A variant of the 7LR9
gene, the 2848 G/A single nucleotide polymorphism (rs352140), is targeted in association
studies with HIV infection, and its role has not yet been clearly elucidated in HCV infection.
Likewise, there is controversy regarding this SNP in HIV/HCV coinfection. The aim of this
study was to evaluate the frequencies of the 2848 G/A variant (TLR9) in HCV', HIV' and
coinfected individuals from the southern region of Brazil, stratifying them in different ethnic
groups. A total of 1182 individuals were genotyped, divided into groups: control (n = 409);
HCV® (n = 376); HIV" (n = 296); HCV'/ HIV' (n = 101). The sequences of interest were
amplified by conventional Polymerase Chain Reaction (PCR) using a pair of specific primers
for the analyzed variant. With the amplicons generated by PCR, the samples were cleaved
using specific restriction enzyme (Bsh1236I). Genotype verification was performed on 3%
agarose gel with ethidium bromide under UV light. The genotypic and allelic frequencies of
the polymorphism were calculated. The groups studied were compared to verify the influence
of the variant on susceptibility to HIV infection, HCV and HCV/HIV coinfection. Pearson's
chi-square test was used for comparison of the data, and p-values lower than 0.05 were
defined as statistically significant. The study was approved by the ethics committees of the
Universidade Federal do Rio Grande do Sul (UFRGS), Hospital de Clinicas de Porto Alegre
and Universidade Luterana do Brasil (ULBRA). All study participants signed a consent form
developed according to Resolution No. 466 of Ministério da Satide. From the results of the
study, we observed that there is no statistically significant difference between the groups (p>
0.05 in all cases). Thus, the study suggests that the 2848 G/A variant does not influence HCV
and HIV infections and coinfection by both viruses in the southern Brazilian population.

Keywords: Toll-Like Receptor 9. HIV. HCV. Polymorphism. Coinfection.
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1 INTRODUCAO

1.1 VIRUS DA IMUNODEFICIENCIA HUMANA (HIV)

O Virus da Imunodeficiéncia Humana, mais conhecido pela sigla HIV (do inglés
Human Immunodeficiency Virus), ¢ extensamente investigado desde o inicio da década de
1980, época em que o mundo comecava a se preocupar com uma epidemia de AIDS (do
inglés Acquired Immunodeficiency Syndrome). Classicamente, tal sindrome ¢ caracterizada
por uma grande debilitagdao do sistema imune, levando ao aparecimento de diversas patologias
secundarias, como infec¢des por patogenos oportunistas e alguns tipos de neoplasias
(GOTTLIEB et al., 1981; BRODER; GALLO, 1984). Em seguida serdo discutidos marcos
histéricos relacionados a pandemia de HIV/AIDS, caracteristicas bioldgicas do virus e

aspectos epidemiologicos e clinicos da AIDS.

1.1.1 Historia do HIV e AIDS

Nos repositorios digitais de artigos cientificos, sdo encontrados registros de pacientes
com AIDS desde 1981, época em que a causa da sindrome ainda era desconhecida. Os
primeiros casos foram notificados pelo Centers for Disease Control and Prevention (CDC),
que relataram cinco individuos que apresentavam pneumonia por Pneumocystis carinii
(atualmente referido como Pneumocystis jirovecii), patdbgeno que classicamente acomete
apenas individuos imunodeprimidos. Os cinco pacientes eram homossexuais e foram
diagnosticados com candidiase oral e infec¢do por citomegalovirus, doencas oportunistas
comuns, levando a conclusdo de que os cinco apresentavam algum tipo de imunossupressao
(CDC, 1981). A partir desse relatorio, outros casos comecaram a ser notificados pelas
agéncias de saude, demarcando o inicio das pesquisas epidemiologicas.

Foi no ano seguinte que a hipdtese de que a AIDS poderia ser causada por um
retrovirus comegou a surgir, depois que fora constatado que outros retrovirus poderiam causar
imunodeficiéncias — como o FeLV, causador de leucemia em felinos (BRODER; GALLO,
1984; HARDY JUNIOR et al., 1976). Um ano depois, em 1983, a hipdtese foi endossada por
evidéncias empiricas mostrando a presenca de anticorpos contra peptideos do envelope —
descritos inicialmente como peptideos membranares de células infectadas — do HTLV-I em
uma amostra de pacientes com AIDS. Além disso, um retrovirus ndo identificado foi isolado
de um paciente com sintomatologia coerente com AIDS (BRODER; GALLO, 1984; ESSEX
et al., 1983; BARRE-SINOUSSI et al., 1983).
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Nos primeiros anos de investigacdo, o virus foi chamado por diferentes nomes — LAV,
IDAVI, IDAVI2 e HTLV-III — e finalmente, alocado em uma familia diferente da que se
encaixa hoje: a do HTLV (Human T-cell Leukemia/Lymphoma Virus). Isso se deu por uma
série de semelhangas entre as particulas virais de membros deste grupo, tais como: (1) possuir
capacidade de infectar células CD4"; (2) apresentar enzimas transcriptase reversa
semelhantes; (3) conter antigenos com reatividade cruzada; (4) possuir proteinas de capsideo
viral de tamanhos similares; (5) exibir homologia entre as sequéncias de nucleotideos; e, por
fim, (6) apresentar uma sequéncia pX na extremidade 3’ dos genomas. (BRODER; GALLO,
1984; POPOVIC et al., 1984; GALLO et al., 1984). No entanto, determinadas caracteristicas
da AIDS ndo poderiam ser explicadas por uma infec¢do por um HTLV. Enquanto que esses
virus possuem baixa replicacdo nas células, o mesmo ndo era observado nos pacientes
imunodeprimidos (MIYOSHI et al., 1981). Além disso, os HTLV causam um aumento no
numero de linfocitos — caracteristica classica de uma neoplasia do sangue, ao passo que havia
uma queda brusca na contagem de linfocitos T CD4" em pacientes com AIDS (POIESZ et al.,
1980; SUGAMURA; HINUMA, 1993). Portanto, o virus ndo se adequava aos padrdes
estabelecidos para os HTLV, e foi em 1986 que o Comité Internacional sobre Taxonomia de
Virus atribuiu o nome de HIV ao causador da AIDS (COFFIN et al., 1986).

Com o estabelecimento do HIV como o agente etioldgico, as pesquisas com o virus
foram intensificadas em todo o mundo, a fim de descobrir uma possivel cura para a doenca.
Mesmo com todo o direcionamento dado, porém, ainda ndo foi encontrada uma cura, mas
houve muito avango. O tratamento para pacientes HIV" se tornou bastante avangado e eficaz
em atingir niveis indetectdveis de carga viral em boa parte dos individuos. No Brasil, os
farmacos sio amplamente distribuidos pelo Sistema Unico de Satde (SUS) a partir do
diagnostico positivo para a infeccdo. Com o imenso progresso, hoje a infec¢do pelo HIV ja
pode ser considerada uma doenca cronica, visto que episodios agudos de doenga sdo

incomuns e a progressao para a AIDS pode ser bastante retardada e até evitada.

1.1.2 Biologia do HIV e da Infec¢ao

O HIV ¢ um Lentivirus, pertencente a familia Retroviridae e ordem Ortervirales.

Assim como os outros membros da familia, ¢ um virus envelopado de cerca de 100 nm de
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diametro, com capsideo viral conico, como pode ser visualizado na figura 1, tendo RNA como
seu material genético e genoma apresentando um tamanho de cerca de 10 kb (LEVY, 2010).
Existem duas espécies de HIV: HIV-1 e HIV-2. O HIV-1 ¢ o responsavel pela pandemia
verificada atualmente, enquanto que o HIV-2 é encontrado majoritariamente na Africa e
parece ser menos transmissivel e virulento (ROYLE et al., 2014; MARLINK et al., 1994). Por
esse motivo, trataremos aqui apenas do HIV-1.

Hé uma heterogeneidade de caracteristicas genéticas das cepas encontradas de HIV,
decorrentes da replicacdo sujeita a erro mediada pela enzima transcriptase reversa (COFFIN,
1995). Caracteristicamente, um retrovirus possui trés genes com fungdes essenciais: gag, pol e
env. O gene gag ¢ responsavel por codificar as proteinas do capsideo viral - p16 (MA), p24
(CA), p9 (NC); a enzima transcriptase reversa ¢ derivada do gene pol; e o gene env codifica as
glicoproteinas do envelope viral - gp120 e gp41. (BRODER; GALLO, 1984; GALLO, 1984;
KRAUSSLICH et al., 1993; MERVIS et al., 1988). As proteinas virais sdo derivadas de uma
unica poliproteina, a Gag p55, que ¢ clivada pela protease viral (GOMEZ; HOPE, 2005).
Algumas das principais proteinas produzidas a partir da protease sdo a transcriptase reversa,
responsavel pela producao da fita de cDNA a partir do RNA viral, ¢ a integrase, capaz de
integrar o provirus ao genoma do hospedeiro (COFFIN, 1992).

Na infec¢do pelo HIV verifica-se uma grande deplegdo de células CD4", dentre as
quais destaca-se o linfocito T, elemento essencial para o inicio da grande maioria das
respostas imunes antigeno-especificas (GOTTLIEB et al., 1981; BRODER; GALLO, 1984;
MONTAGNIER, L. et al., 1984; DALGLEISH et al., 1984). Isso acontece porque a molécula
CD4 ¢ o principal receptor em que a particula viral se liga para realizar a penetra¢do, por meio
da proteina de superficie viral gp120 (KLATZMANN et al., 1984; RYU et al., 1990). Apos
essa ligacdo, a proteina gp120 ¢ deslocada, deixando livre a proteina viral gp41, que realiza
uma ligagdo necessaria com um correceptor celular — sendo os correceptores mais importantes
0 CCRS5 (C-C Chemokine Receptor 5) e 0 CXCR4 (C-X-C Chemokine Receptor 4). A partir
dessas interagdes, ocorre finalmente a fusao virus-célula (MOORE et al., 1990;. BERSON et
al., 1996; ALKHATIB, 2009).
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Capsid core

Figura 1. Estrutura simplificada do virion (adaptado de CAMPBELL, 2015).

Com a fusdo, o envelope viral € clivado, e o contetido interno da particula ¢ deslocado
para o citoplasma da célula infectada. Assim, a transcriptase reversa entra em acao,
produzindo fitas de cDNA virais, que posteriormente serao deslocadas para o nucleo e entdao
serdo inseridas no genoma hospedeiro, etapa mediada pela integrase viral. O virus se integra
ao genoma do hospedeiro na forma de DNA — sendo chamado de provirus. Flanqueando o
provirus existem sequéncias repetitivas terminais longas que possibilitam o inicio da
transcricdo viral (BRODER; GALLO, 1984). A partir dessa etapa, se torna possivel a geragao
de fitas de mRNA virais e consequentemente a produ¢do das poliproteinas virais. Entdo, a
partir desse ponto, sdo geradas novas particulas virais, que podem sofrer brotamento e
posteriormente infectar novas células, ou até mesmo serem transferidas para outras células por
contato direto (LEHMANN-CHE; SAIB, 2004; SATO et al., 1992). A figura 2 retrata as
etapas de entrada e replicagdo viral do HIV (RAMBAUT et al., 2004).
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Figura 2. Ciclo de replicagdao do HIV (RAMBAUT et al., 2004).

1.1.3 Transmissao do HIV

Diversos sdo os meios de transmissdo do HIV. Destacam-se o sexo vaginal, anal
ou oral sem preservativo, o uso de seringas compartilhadas; uso de instrumentos
perfurocortantes nao esterilizados; a transmissdo vertical da mae infectada para o filho
durante a gestagdo, o parto ou na amamentagdao. Ainda, hd casos documentados de
infeccdo por transfusdo sanguinea, salientando-se que atualmente o risco dessa via de

transmissdo € minimizado devido a rigorosa investigacdo de patdgenos por parte dos

bancos de sangue (MINISTERIO DA SAUDE, 2017a).

1.1.4 Dados Epidemiologicos

De acordo com o Ministério da Saude, de 2007 a 2017 foram registrados 194.217
casos de infec¢ao pelo HIV no Brasil, sendo 131.969 casos em homens e 62.198 em
mulheres. Dentre o grupo de infectados, a faixa etaria de 20 a 34 anos se destaca com o maior

nimero de casos de infec¢do. A taxa de infecgdo pelo HIV tem aumentando a cada ano. No
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entanto, a taxa de individuos diagnosticados com AIDS diminui. Isso se deve ao resultado da
efetividade da terapia antirretroviral (ARV) e pelas politicas de saude publica adotadas no
Brasil. Desde 2013, recomenda-se que todos os individuos diagnosticados com HIV iniciem
ARV imediatamente (MINISTERIO DA SAUDE, 2017b). A partir desse periodo até 2015,
foi observada uma reduc¢do de 7,2% na taxa de 6bitos causados pela AIDS no Brasil. Mesmo
assim, ainda ndo existe uma cura efetiva para a doenga, e esforgos cientificos ainda sdo
extremamente necessarios para que as taxas de ocorréncia da AIDS diminuam. Importante
ressaltar que Porto Alegre ¢ a capital brasileira com maior taxa de detecgao da AIDS, segundo

dados de 2016 (figura 3) (MINISTERIO DA SAUDE, 2017b).

Taxa de deteccho (X300 mil hab.)
g 2
[=] o

%@imH‘Ih“liii:iihhhl’i“.’“

RR RS AM SC AP Rl PA MT MA MS PE RO ES SE PR SP DF AL RN CE GO Pl TO MG BA PB AC

= UF = Capital

Figura 3. Taxa de detec¢do de AIDS (/100 mil hab.) segundo UF e capital de residéncia.
Brasil no primeiro semestre de 2016 (adaptado do MINISTERIO DA SAUDE, 2017b).

1.1.5 Aspectos Clinicos da AIDS

Individuos recém infectados pelo HIV podem apresentar sintomas clinicos leves, como
febre, dores de cabeca, dores musculares e erupcdes eritematosas ndo pruriginosas. Esses
sinais e sintomas inespecificos podem levar a um diagndstico errdbneo, como o de uma
simples gripe (COOPER et al.,, 1985). No entanto, alguns pacientes podem exibir
sintomatologia mais complexa, como candidiase oral, tlceras esofagicas e vaginais, encefalite

e pneumonia (RABENECK et al., 1990; ROUTY et al., 2000). Essa ¢ a chamada fase de
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infeccdo aguda, e em alguns pacientes pode até mesmo apresentar-se assintomatica (LEVY,
2010).

Apo6s a fase de infec¢do aguda, inicia-se uma fase de laténcia clinica, também
conhecida como janela imunoldgica, em que os exames laboratoriais tendem a normalidade,
dificultando o diagnéstico. A medida que a infecgio progride sem tratamento, alguns achados
se tornam mais comuns, como linfadenopatia, contagem de células CD4" diminuida e
diagnostico de algumas patologias associadas a imunodepressao. A partir do momento em que
infeccdes oportunistas e neoplasias sdo observadas com frequéncia, o individuo ¢
diagnosticado com AIDS (MINISTERIO DA SAUDE, 2018).

O diagnostico laboratorial da infecgao pelo HIV ¢ baseado em imunoensaio. Em casos
de suspeita de infec¢do recente (aguda) ou resultados inconclusivos, ¢ utilizado teste
molecular baseado em detec¢do do RNA viral. Além destes, testes complementares como
western blot e imunoblotting podem ser utilizados. Durante a janela imunologica esses testes
podem apresentar resultados negativos, sendo necessario, portanto, repetir os testes em casos
de suspeita. A partir do diagndstico da infeccdo pelo HIV, deve-se iniciar ART
(MINISTERIO DA SAUDE, 2018a).

Atualmente no Brasil, trés sdo os farmacos utilizados para tratamento em individuos
adultos: a lamivudina (3TC), um inibidor de transcriptase reversa; o tenofovir (TDF), outro
inibidor da transcriptase reversa; e o dolutegravir (DTG), um inibidor da integrase viral. Em
criangas e adolescentes, recomenda-se o uso da lamivudina conjugada a zidovudina (AZT).
Além disso, atualmente sdo disponibilizadas duas terapias de profilaxia: a de pré-exposicao
(PrEP) e de pos-exposicao (PEP). A PrEP ¢ composta por um comprimido que conjuga
tenofovir e entricitabina (FTC) — o conhecido Truvada, e ¢ indicada quando existe risco a
infeccdo pelo HIV, normalmente sendo limitada a alguns grupos populacionais — como
homossexuais e outros homens que fazem sexo com homens, pessoas trans e profissionais do
sexo. Importante ressaltar que o risco aumentado nao se da apenas por comportamento de
risco, mas também por serem alvos de preconceito e estigma, o que contribui fortemente para
a vulnerabilidade a infec¢do. O uso da PrEP de forma adequada tem efetividade quase total na
protecdo contra a infeccdo pelo HIV (FONNER et al., 2016).

Ja a PEP pode ser utilizada quando o individuo foi exposto ao HIV de forma acidental
ou ndo. A PEP é comumente usada em casos de violéncia sexual, acidentes de trabalho
envolvendo objetos perfurocortantes ou amostras bioldgicas, e em casos de relagdes sexuais

sem uso de preservativo ou com rompimento do mesmo. O esquema farmacoldgico da PEP ¢
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o mesmo da ARV utilizada em individuos ja diagnosticados (TDF+3TC+DTG)
(MINISTERIO DA SAUDE, 2018).

1.2 VIRUS DA HEPATITE C (HCV)

A infecgdo pelo HCV configura um grave problema de satde publica no Brasil, sendo
uma das maiores causas de doenca hepatica cronica, assim como de cirrose e carcinoma
hepatocelular (LINGALA; GHANY, 2015; FAN et al., 2017). A seguir, serdo explorados a
descoberta do virus, sua biologia e direcionamento da infecgdo, suas vias de transmissao,

além de aspectos epidemioldgicos e clinicos.

1.2.1 Historia do HCV

A compreensdo da historia do virus da hepatite C comeca a partir de 1975, quando
cientistas perceberam que a maioria das infec¢des transmitidas por transfusdo sanguinea na
época ndo poderiam ser causadas pelos ja identificados Virus da Hepatite A (HAV) e Virus da
Hepatite B (HBV). Inicialmente, a infec¢do foi chamada de Hepatite Nao-A e Nao-B
(NANBH, Non-A, Non-B Hepatitis), € pouco se sabia sobre o agente causador desta infecgao.
Os primeiros estudos mais robustos foram realizados a partir da inoculagdo de material de
pacientes com NANBH em chipanzés, a fim de acompanhar todas as etapas do processo
infeccioso. Mesmo utilizando modelo animal, os resultados foram confusos, e os
pesquisadores responsaveis sugeriram que o virus responsavel poderia ser um novo subtipo de
HBV ou at¢é mesmo varios patdgenos diferentes nao identificados (ALTER et al., 1978;
HOLLINGER et al., 1978; HOUGHTON, 2009).

O HCV foi identificado pela primeira vez em 1989. Diversos foram os métodos
empregados no caminho — houve tentativas de isolamento por cultivo celular, modelos
animais e testes moleculares, mas todos sem sucesso. Foi com a construgdao de uma biblioteca
de cDNA viral derivada de material infectado, a fim de aumentar as concentracdes de
antigenos virais, que se tornou possivel a identificagdo do patdgeno, que foi entdo
denominado Virus da Hepatite C. A figura 4 ilustra o processo de identificagdo do virus
(HOUGHTON, 2009; CHOO et al., 1989). A partir da determinagao do agente etioldgico, se

tornou possivel a geracdo de testes eficazes para a deteccdo do patdogeno em amostras
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bioldgicas — principalmente em bolsas de sangue para transfusdo — e as ferramentas

diagnosticas foram se tornando cada vez mais robustas. Em 1990 surgiu o primeiro teste
soroldgico a ser utilizado nos bancos de sangue, o qual foi responsavel por uma queda brusca
nas taxas de infec¢do por transfusao sanguinea (HOUGHTON, 2009).

Como consequéncia da identificacdo do HCV, o tratamento para os pacientes
infectados também pdde ser desenvolvido e serd explorado adiante. Atualmente, a hepatite C ¢
uma doenga curavel, e esforgos cientificos sdo realizados no mundo todo para que seja
produzida uma vacina eficaz contra a infec¢do, como ja existe para o HBV. Apesar disso, o
HCV ainda ¢ um patégeno que afeta cerca de 3% da populacdo mundial, mostrando a

importancia de estudos sobre o assunto (WORLD HEALTH ORGANIZATION, 2018).
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Figura 4. Esquema metodologico responsavel pela identificagdo do HCV (HOUGHTON, 2009)
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1.2.2 Biologia do HCV e da Infeccio

O HCV pertence ao género Hepacivirus e familia Flaviviridae (ROBERTSON et al.,
1998). Possui RNA fita simples senso positiva [(+)ssRNA] como seu material genético, e tem
um tamanho de cerca de 9,6 kb (CHOO et al., 1989). Sdo encontrados sete gendtipos virais
diferentes — HCV-1, HCV-2, HCV-3, HCV-4, HCV-5, HCV-6 ¢ HCV-7, sendo os seis
primeiros mais importantes (o HCV-7 foi identificado recentemente em individuos na Africa
Central). Além disso, ja foram identificados 67 subtipos do HCV (ELLWANGER et al.,
2017).

Assim como no HIV, seu transcrito gera uma unica poliproteina viral, que ¢ clivada

por proteases virais e por peptidases da célula hospedeira. Os dez produtos proteicos gerados

sdo tanto estruturais — como as proteinas do capsideo viral — como ndo estruturais

(LINDENBACH; RICE, 2005; FAN et al., 2017). As caracteristicas bioldgicas gerais do
HCYV estao esquematizadas na figura 5 (ELLWANGER et al., 2017).
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Figura 5. Caracteristicas biologicas do HCV (ELLWANGER et al., 2017).

O HCYV penetra nas células hospedeiras por meio de endocitose mediada por receptor.
Diversas moléculas ja foram identificadas como receptores ou co-receptores para o HCV,
sendo estes divididos em receptores de ligagdo e de pos-ligacio (BLANCHARD et al., 2006).

Os receptores de ligagdo mais importantes do envelope viral sdo a apolipoproteina E (apoE) e
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a fosfatidilserina (PS), que se ligam a proteoglicanos de heparan sulfato e a proteina TIM-1 na
superficie de hepatodcitos. Ja os co-receptores de pds-ligagdo mais relevantes incluem as
proteinas CD81, claudina-1, ocludina, SCARB-1 e LDLR, que interagem com as
glicoproteinas E1 e E2 do envelope viral (FAN et al., 2017).

O processo infeccioso do HCV pode ocorrer de duas formas: por brotamento de
particulas virais e penetracdo em outras células ou por transmissdo direta para células
vizinhas. O primeiro modo ¢ o principal, enquanto que o segundo parece ser o responsavel
pela infecg¢do persistente, por ser um meio de escapar do sistema imune do hospedeiro (FAN
et al.,, 2017). Se tratando de resposta imunologica, moléculas do sistema imune inato
expressas pelos hepatdcitos se tornam a primeira linha de defesa contra o virus, e sdo
indispensaveis para o controle da resposta imune e da patogenia do HCV (Figura 6). Ainda
assim, o virus consegue evadir o sistema imune eficientemente, podendo levar a um quadro de
hepatite cronica (HORNER; GALE, 2013).

Antigenos do HCV sao reconhecidos por receptores especificos do sistema imune inato,
como os Toll-Like Receptors (TLRs), que reconhecem padrdoes moleculares associados a
patogenos (PAMPs, Pathogen Associated Molecular Patterns), levando a producdo de
moléculas pro-inflamatorias que agem no recrutamento da resposta adaptativa e limitam a
replicacdo e a propagagao viral (HORNER; GALE, 2013). Mais de um TLR foi associado a
resposta contra 0 HCV, como o TLR3, o TLR7 e o TLRY. Foi visto que cé¢lulas dendriticas
plasmocitéides produzem grandes quantidades de interferon I a partir do reconhecimento de

antigenos virais pelos trés TLRs citados (TAKAHASHI et al., 2010).
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Figura 6. Ilustrac@o esquematica da resposta imune inata ao HCV. Em destaque, o reconhecimento da molécula

de dsRNA viral por um TLR — TLR3 (adaptado de HORNER; GALE, 2013).

1.2.3 Epidemiologia do HCV

A infeccdo pelo HCV atinge cerca de 71 milhdes de pessoas no mundo, sendo
responsavel pelo obito de aproximadamente 400 mil individuos por ano (WORLD HEALTH
ORGANIZATION, 2018). No Brasil, at¢ 2016 foram notificadas em torno de 1.032.000
pessoas sororreagentes para HCV, sendo que 657.000 desses casos sdo virémicos e
necessitam de tratamento. Desde 1996, a notificacdo da infec¢do pelo HCV ¢ compulsoria,
dada a importancia desta doenga em nivel populacional. Dentre os gendtipos do virus, o
HCV-1 ¢ o de maior importancia no Brasil, seguido pelo HCV-3, que ¢ mais detectado na

regido Sul (MINISTERIO DA SAUDE, 2018b).

1.2.4 Aspectos Clinicos da Hepatite C

Na maioria dos casos, individuos recém infectados pelo HCV nao apresentam

sintomas perceptiveis. Em cerca de 20% dos pacientes, hd a presenga de sintomas de hepatite
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aguda, como ictericia, nausea e dor abdominal. Ao longo do tempo, ¢ possivel uma resolucao
espontanea da infeccdo — de 15 a 45% dos casos — e o restante apresenta uma progressao para

hepatite cronica, podendo evoluir para casos de cirrose e carcinoma hepatocelular (HCC). A
hepatite cronica ¢ diagnosticada quando se detecta RNA viral mesmo seis meses apds inicio
da hepatite aguda, e acomete até¢ 85% dos individuos com sintomas agudos. A resolucao
espontanea em casos de hepatite C cronica ¢ rara (LINGALA; GHANY, 2015).

Na maioria dos individuos, ¢ possivel realizar o diagnostico utilizando ferramentas
moleculares (deteccdo de RNA viral) duas semanas apds a infec¢do, enquanto que um
imunoensaio ¢ capaz de detectar anticorpos anti-HCV apenas doze semanas ap6s a infecgao.
Testes bioquimicos também se tornam interessantes nesse contexto, ja que se pode observar
niveis elevados da enzima alanina aminotransferase (ALT) nos pacientes em cerca de oito
semanas poés-infecgdo (LINGALA; GHANY, 2015). No Brasil, ¢ recomendado que o
diagnostico seja realizado por pelo menos dois testes, o0 molecular ¢ o imunoensaio. Além
disso, recomenda-se a genotipagem do virus para uma escolha adequada do tratamento a ser
realizado (MINISTERIO DA SAUDE, 2018b).

O tratamento de primeira linha para a hepatite C foi durante muitos anos o interferon-
alfa (IFN-a) peguilado conjugado a ribavirina (RBV), um fairmaco que atua inibindo a sintese
proteica viral (MEDSCAPE, 2018). Entretanto, o tratamento com IFN se mostrou bastante
desagradéavel para os pacientes em razao dos efeitos adversos, € ndo era muito eficaz para
alguns gendtipos do virus (HORNER; GALE, 2013). Em 2015, porém, foi implementado no
Brasil o tratamento com antivirais de agdo direta (DAA, Direct Acting Antivirals), sendo estes

disponibilizados pelo SUS. Para o direcionamento correto dos farmacos a serem utilizados, ¢
necessaria a avaliacdo do estado da doenca — se ha fibrose avancada ou cirrose — visto que

esses achados patologicos influenciam na eficacia dos medicamentos (MINISTERIO DA
SAUDE, 2018b).

Os farmacos disponibilizados pelo SUS para o tratamento da hepatite C cronica sao:
(1) daclatasvir (DCV), um inibidor do complexo de replicagdo viral; (2) simeprevir (SIM),
inibidor da protease viral; (3) associacao de ombitasvir (3D), um inibidor da replicagao viral,
desabuvir, um inibidor da polimerase, veruprevir, inibidor da protease viral e ritonavir, um
potencializador farmacolédgico; (4) associacdo de ledipasvir (LED), um inibidor do complexo
de replicagdo viral e sofosbuvir (SOF), um inibidor da polimerase; (5) associagdo de elbasvir
(EBR) um inibidor do complexo de replicagdo viral e grazoprevir (GZR), inibidor da protease

viral (MINISTERIO DA SAUDE, 2018b).
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Em casos de pacientes que ja apresentam um quadro de cirrose, ¢ recomendado o uso
da ribavirina em associagao ao DAA utilizado. Esse esquema também pode ser utilizado em
individuos com baixa resposta ao tratamento de primeira linha. Em pacientes gestantes, todo e
qualquer tratamento contra a hepatite C deve ser interrompido, visto que a ribavirina possui
propriedades teratogénicas e os DAA ndo possuem estudos suficientes nesse grupo para

garantir seguranga (MINISTERIO DA SAUDE, 2018b).

1.3 COINFECCAO POR HIV/HCV

A infec¢ao concomitante pelo HIV e o HCV pode facilitar a progressao a AIDS e
agravar doengas cronicas hepdticas, como cirrose e carcinoma hepatocelular (PIROTH et al.,
1998; HERNANDEZ; SHERMAN, 2011). Por apresentarem vias de transmissdo bastante
similares, ndo ¢ incomum observar ambas as infec¢des em individuos com comportamentos
de risco — como o uso de drogas injetaveis (WIESSING et al., 2011). Além disso, parece
haver uma relacao entre a presenga de infeccao por HIV-1 e manifestacdes extra-hepaticas em
pacientes HCV" (RADKOWSKI et al., 2002).

Alguns dados se mostram bastante interessantes em relacdo a influéncia de uma
infeccdo sobre a outra. Temos como exemplo o fato de que individuos expostos a
glicoproteina viral gpl120 do HIV apresentam replicagio do HCV aumentada e niveis
elevados de TGF-Bl — um mediador importante para a fibrogénese (LIN; WEINBERG;
CHUNG, 2013). Em modelo de cultura celular, foram encontrados niveis de apoptose maiores
em cultivos inoculados com ambos os virus em comparagdo a cultivos monoinfectados por
HCV ou HIV (JANG et al., 2011). Além disso, varias interagdes entre moléculas do HCV e
proteinas do HIV ja& foram relatadas, reafirmando a interferéncia de uma infeccdo sobre a

outra (ELLWANGER et al., 2017).

1.4 RECEPTORES DO TIPO TOLL (TLRs)

Os TLRs (do inglés, Toll-Like Receptors) sdo importantes componentes da resposta
imune inata e agem principalmente reconhecendo padrdes moleculares associados a
patogenos (PAMPs, Pathogen Associated Molecular Patterns) (LIEN; INGALLS, 2002). A
partir do estimulo desses receptores, cascatas de sinalizagdo complexas sdao ativadas,

resultando na producdo de moléculas pro-inflamatérias. Em humanos, ja foram descritos 10
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diferentes TLRs, sendo alguns deles expressos na superficie celular e outros em membranas

endossomais (KAWAI; AKIRA, 2010).

1.4.1 Historia dos TLRs

Os Receptores do tipo Toll foram identificados pela primeira vez na década de 1990
(MEDZHITOV; PRESTON-HURLBURT; JANEWAY, 1997; ROCK et al., 1998). Essas
moléculas comecaram a ser investigadas devido a similaridade com os receptores Toll de
Drosophila, que sdo importantes mediadores da embriogénese nesses animais. Além disso,
pesquisadores verificaram que os receptores Toll também possuiam alguma fungdao de
resposta imune nos insetos, visto que a ativacdo desses estimula a producdo de peptideos
antifungicos. Com essa descoberta, o pesquisador responsavel, Jules Hoffmann, foi
reconhecido como um dos cientistas pioneiros nos estudos sobre imunidade inata, sendo um
dos contemplados do Prémio Nobel de Fisiologia ou Medicina de 2011 (LEMAITRE et al.,
1996; ANDERSON, 2000).

Com a descoberta de genes homoélogos aos genes Toll de Drosophila em mamiferos,
entdo denominados TLRs, extensas pesquisas foram realizadas a fim de elucidar os papéis de
cada um, principalmente em humanos e murinos, ¢ devido a esses estudos, muitos outros
receptores de padroes associados a patdgenos foram identificados, como os do tipo NOD e
RIG (KAWAI; AKIRA, 2010). Em 1998, outro pesquisador destacado fez uma descoberta
interessante: ao investigar que receptores poderiam ter o lipopolissacarideo (LPS),
componente principal de membranas externas bacterianas, como ligantes, Bruce Beutler e seu
grupo identificaram o gene TLR4, ao verificarem que camundongos com respostas defectivas
a estimulos com LPS possuiam mutacdes nesse gene. A partir da descoberta de um TLR em
mamiferos e da sua importante fun¢do no reconhecimento de antigenos microbianos, Bruce
Beutler também foi um dos ganhadores do Nobel de Fisiologia ou Medicina de 2011

(POLTORAK, 1998).

1.4.2 Biologia dos TLRs

Os TLRs sdao importantes moléculas da imunidade inata, j& que fazem o
reconhecimento de PAMPs e de antigenos relacionados a dano (DAMPs). E a partir dessa

primeira resposta que diversos mecanismos imunoldgicos mais robustos podem ser ativados,
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incluindo a estimulacdo da resposta imune adaptativa (AKIRA; TAKEDA; KAISHO, 2001).
Esses receptores sao proteinas transmembranares que sdo ancoradas na superficie celular ou
em membranas endossomais — sendo que os TLRs determinados sao especificos para um dos
dois locais (ANDERSON, 2000).

Os TLRs sdo expressos por uma ampla variedade de células — desde células classicas
do sistema imune até adipocitos e miocitos (AKIRA; TAKEDA; KAISHO, 2001). A estrutura
dos TLRs ¢ dividida em trés porcdes: a externa, rica em leucinas e responsavel pelo
reconhecimento dos PAMPs e DAMPs; a transmembranar, que ancora os receptores em seus
sitios; e a citosodlica, também chamada de dominio TIR (7oll-interleukin 1 (IL-1) receptor),
por sua similaridade com o receptor de interleucina-1 (IL-1R), responsavel pela transducao da
sinalizagdo celular (KAWAI; AKIRA, 2010).

Dez TLRs j4 foram identificados na espécie humana (TLR1 — TLR10), tendo cada um
deles uma especificidade no reconhecimento de antigenos e na localizagdo celular. Varios sao
os possiveis ligantes dos TLRs, como lipideos, proteinas e at¢ mesmo acidos nucleicos. Os
sitios de ancoramento de cada TLR influenciam também o reconhecimento de antigenos
especificos, sendo que os TLRs endossomais reconhecem principalmente acidos nucleicos e
os de superficie celular reconhecem moléculas maiores. Além disso, os diferentes TLRs
podem desencadear cascatas de sinalizagao diferentes, possuindo dominios TIR relacionados
a moléculas adaptadoras distintas (KAWAI; AKIRA, 2010). A figura 7 retrata os sitios de
ancoramento dos TLRs em humanos e seus principais ligantes (ONEILL; GOLENBOCK;
BOWIE, 2013).

A partir do conhecimento de que diferentes TLRs reconhecem diferentes moléculas
em diferentes compartimentos celulares, percebe-se que estes receptores respondem
usualmente a microrganismos especificos, em momentos do processo infeccioso distintos,
além de determinados processos inflamatoérios gerados por necrose. Por exemplo, em uma
infeccdo por uma bactéria gram-negativa, ¢ possivel o reconhecimento de LPS da membrana
externa pelo TLR4 antes da penetracao do patdgeno na célula hospedeira. Apos a entrada da
bactéria na célula ou fagocitose da mesma, € possivel o reconhecimento da molécula de DNA
bacteriano pelo TLR9 em compartimentos endossomais (AKIRA; UEMATSU; TAKEUCHI,
2006). Dessa forma, o conjunto dos TLRs pode ser considerado uma ferramenta robusta de
reconhecimento de patdgenos.

Outra questdo a ser abordada ¢ a dispersao dos genes TLRs pelo genoma. No

cromossomo 4, se localizam os genes TLRI, TLR2, TLR3 e TLR6; o TLR4 ¢ encontrado no
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cromossomo 9; o 7LR5 no cromossomo 1; TLR7 ¢ TLRS no cromossomo X; e o TLRY ¢
localizado no cromossomo 3 (AKIRA; TAKEDA; KAISHO, 2001). Diversos polimorfismos
desses genes ja foram descritos. Além disso, ja foram verificadas muitas associagdes entre tais
polimorfismos e diferengas nas respostas imunes a patégenos e doengas inflamatorias. Um

papel mais extenso do gene TLR9 e seus polimorfismos serd mais discutido a seguir.
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Figura 7. TLRs e seus sitios de ancoramento, bem como seus ligantes e vias de sinalizagdo (ONEILL;

GOLENBOCK; BOWIE, 2013).

1.4.3 O Gene TLRY e o polimorfismo 2848 G/A

A proteina TLR9, formada a partir do gene sindnimo localizado no cromossomo 3,
esta presente na por¢ado interior de endossomos e reconhece moléculas de DNA nao metilado

e DNA bacteriano (AKIRA; TAKEDA; KAISHO, 2001; HEMMI et al., 2000). O
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reconhecimento de antigenos pelo TLR9 ativa uma cascata de sinalizacdo celular que culmina
na produgdo de citocinas pré-inflamatorias, além de ter um papel importante na inducao da
resposta celular do tipo Thl e na proliferacio de células B (KUMAGAI; TAKEUCHI;
AKIRA, 2008).

Sabe-se que diversos virus também possuem a capacidade de gerar respostas imunes a
partir da ativacdo do TLR9. Com a ligagao desses antigenos virais, a produgdo de interferon
do tipo I (IFN) ¢ estimulada em células dendriticas plasmocitdéides (pDCs) que expressam
TLR9 (KRUG, 2004). Essa estimulagdo ¢ mediada por fatores de transcrigdo como o fator
nuclear kB (NF-kB) e a proteina ativadora-1 (AP-1) (KUMAGAI, TAKEUCHI; AKIRA,
2008). A figura 8 ilustra as redes de sinalizacdo estimuladas a partir da interagdao do ligante

com o TLRO.
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Figura 8. Vias de sinaliza¢do estimuladas a partir da interag@o entre os possiveis ligantes (a direita)
com o TLR9 (KUMAGAI; TAKEUCHI; AKIRA, 2008).

Esse receptor pode participar da resposta a infec¢ao pelo HIV reconhecendo o DNA
formado a partir da atividade da enzima transcriptase reversa (RT) sobre o RNA viral

(MOGENSEN et al., 2010). Além disso, a interagdo da proteina viral gp120 com células
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dendriticas inibe respostas inatas mediadas a partir do TLR9, sugerindo um papel desse
receptor na resposta contra o HIV (MARTINELLI et al., 2007). Dois SNPs do gene TLRY,
2848 G/A (rs352140) e +1174G/A (rs352139), ja foram relacionados a uma progressao
acelerada a AIDS (BOCHUD et al., 2007).

O papel do SNP 2848 G/A na infec¢do pelo HIV ainda ¢ alvo de discussdo. Essa
variante consiste em uma troca de uma guanina (alelo selvagem) por uma adenina na posi¢ao
2848 (éxon 2) do gene, sendo um polimorfismo sindénimo. Apesar da correlacdo ja
mencionada, em estudo recente considerando efeitos desse polimorfismo na susceptibilidade a
infeccdo por HIV, nenhum resultado estatisticamente significativo foi detectado
(VALVERDE-VILLEGAS et al., 2017). Nesse mesmo estudo, foi verificada uma associacao
entre o polimorfismo e susceptibilidade a coinfeccao por HCV/HIV. No entanto, o impacto da
variante 2848 G/A sobre a infeccdo pelo HIV e HCV ainda é pouco compreendido. Portanto,
mais estudos sdo necessarios para o melhor entendimento do papel da variante na infec¢ao
pelo HIV e coinfec¢ao por HIV/HCV.

Especificamente na infec¢ao pelo HCV, a influéncia de polimorfismos do TLR9 ainda
¢ escassamente entendida. Sabe-se que apenas DNA se liga ao receptor, sendo que o HCV
possui RNA como seu material genético, de forma que o reconhecimento e ativacdo de
resposta se torna confuso. No entanto, efeitos antivirais ja foram observados a partir da
ativagdo de TLR9 em individuos HCV"™ (BROERING et al., 2008). Além disso, niveis
elevados do receptor foram identificados nesses pacientes em comparagdo a um grupo
controle (HU; WANG; WANG, 2011). Desse modo, imagina-se que o TLR9 tenha alguma
participacdo na resposta imune ao HCV, mas sua fun¢do especifica ainda ¢ desconhecida e

deve ser explorada (BROERING et al., 2008).
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2 JUSTIFICATIVA

O polimorfismo 2848 G/A (rs352140) do gene TLRY ja foi investigado em diversos
contextos. No entanto, seu papel nas infec¢cdes pelo HIV, HCV e individuos coinfectados
ainda € controverso, justificando a realizagdo de estudos adicionais abordando o impacto desta
variante sobre essas infecgdes. Dada a relevancia social e epidemiologica das infecgdes pelo
HIV e HCV no Brasil e no mundo, o estudo de variantes genéticas que possam influenciar a

suscetibilidade a essas infec¢des e a progressao das mesmas ¢ bastante pertinente.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Este trabalho tem como objetivo avaliar a influéncia do polimorfismo 2848 G/A do
gene TLRY nas infecgdes por HCV, HIV e na coinfecgao por HCV/HIV em uma amostra da
populacdo do sul do Brasil.

3.2 OBJETIVOS ESPECIFICOS

1) Genotipar o polimorfismo 2848 G/A em amostras do material genético de
individuos HCV", HIV" ¢ HCV'/HIV', descrevendo as frequéncias alélicas e genotipicas da
variante nos grupos avaliados.

2) Investigar a influéncia da variante genética estudada sobre a suscetibilidade a
infeccdo pelo HCV, HIV e coinfec¢ao HCV/HIV.

3) Avaliar o impacto do polimorfismo sobre as doengas relacionadas a infec¢ao pelo

HCYV e coinfec¢ao HIV/HCV.
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Abstract

Host immunologic and genetic factors have crucial roles in susceptibility to infections and
their outcomes. In this context, Toll-like receptors and their polymorphisms are being targeted
in a variety of studies. The 2848 G/A variant of TLR9 gene is a synonymous polymorphism
associated with an increased expression of TLR9. This variant has been explored in diverse
situations, such as viral infections. In HIV", HCV" and HCV*/HIV" individuals, its role is still
controversial. Therefore, the aim of the present study was to investigate the 2848 G/A
polymorphism in individuals affected by those infections. A total of 1182 individuals from
southern Brazil were genotyped (Control group = 409; HCV* = 376; HIV* = 296; HCV*/HIV"*
= 101). The genotypic and allelic frequencies were very similar among the groups, showing
no statistical significant difference between them (p>0.05 in all comparisons). Stratification of
individuals by ethnicity did not modify such result. In conclusion, we did not find an
influence of the 2848 G/A variant on the susceptibility to HIV infection, HCV infection or co-

infection by both viruses in our sample.

Keywords: Hepatitis C virus, Human immunodeficiency virus, HCV/HIV co-infection,

TLRY, rs352140, Immunogenetics.
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1. Introduction

The Toll-Like Receptor 9 (TLR9) is an essential molecule of the innate immune
system, being responsible for the recognition of unmethylated CpG DNA and triggering of
inflammatory response (Hemmi et al., 2000). This receptor is expressed by a variety of cells,
primarily immune cells, like dendritic and B-cells, but also by hepatocytes, Kupfter cells, and
hepatic stellate cells (Hemmi et al., 2000; Akira, 2001; Meli, 2014). Some polymorphisms of
the TLRY gene have been identified and associated to several clinical outcomes, including in
viral infections (Broering et al., 2008; Said et al., 2014; Lai et al., 2013; Mozer-Lisewska et
al., 2010). The 2848 G/A variant (rs352140) is a synonymous single nucleotide
polymorphisms (SNP) located in the exon 2 of the gene, characterized by the presence of A
instead of the wild-type G nucleotide. Although this SNP does not have a direct impact on the
protein structure, it has been related to another polymorphism in the promoter region, the -
1237 C/T variant (rs5743836), showing modest linkage disequilibrium, especially in
Europeans (Roszak et al., 2012; Valverde-Villegas et al., 2017). This promoter variation
causes an increased binding of NFxB transcription factor and consequently an increased
expression of TLR9 (Hamann et al., 2016; Ng MTH et al., 2010).

Since host genetic factors strongly influence the clinical outcome and susceptibility to
infections the investigation of genetic polymorphisms in the context of viral infections is quite
relevant (Ellwanger et al., 2017). The 2848 G/A variant has already been explored in HCV™,
HIV*" and HCV/HIV" individuals, but its role is still controversial in these three contexts. In
a previous study by our group, Valverde-Villegas et al. (2017) have observed an association
of this polymorphism with susceptibility to HCV/HIV co-infection in African descendants,
leading to a discussion about the impacts of the ethnic background on viral infections.
Regarding the association between the 2848 G/A variant and HIV infection, controversial
results exist in the literature, some showing lack of association and some detecting influences
on the clinical course of HIV infection (Said et al., 2014; Valverde-Villegas et al., 2017;
Soriano-Sarabia et al., 2008). In HCV-infected individuals, little progress has been made in
the investigation of the 2848 G/A TLR9Y polymorphism. Taking into consideration this
scenario, the present study aims to investigate the allelic and genotypic frequencies of 2848
G/A variant in HCV', HIV" and HCV/HIV" Brazillian individuals and in a control group,

and then evaluate the influence of this variant in the susceptibility to such infections.
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2. Methods

Samples and ethical aspects

All participants of this study donated blood samples for DNA extraction on a
voluntary basis. Samples were collected in the city of Porto Alegre (South of Brazil). In Table
1 we summarized the four groups evaluated in this study, totalizing 1182 Brazillian
individuals. The control group is composed of healthy blood donors (tested negative for HIV
and HCV). This study was approved by the Ethics Committees of UFRGS, ULBRA, and
Hospital de Clinicas de Porto Alegre, Brazil. All participants signed an informed consent

following the Resolution No. 466 from Ministério da Saude (Brasil, 2012).

Genotyping

DNA samples were amplified following a PCR-RFLP protocol using the restriction
endonuclease Bshi2361 (BstUI) as described by Cheng et al. (2007). The amplicons were
visualized in 3% agarose gel under UV light. Negative and positive controls were included in

all reactions.

Statistical analysis

We verified the Hardy-Weinberg equilibrium in all groups using the chi-square test
(x%). The allelic and genotypic frequencies were compared between groups through the
Pearson’s chi-square test, considering Yates’s correction in 2x2 tables. Once the groups were
not homogenous regarding the ethnic background, we stratified the individuals by ethnicity
(Caucasians or Non-Caucasians, based on skin-color and self-declaration) and then repeated
the analyses. A p-value <0.05 was set as statistically significant. When appropriate, p-values
were adjusted for multiple comparisons by Benjamini-Hochberg step-up False discovery rate

(FDR). The analyzes were performed with the aid of WINPEPI (Abramson, 2011).

3. Results

The genotypic and allelic frequencies are shown in Table 2. All groups were in Hardy-

Weinberg equilibrium (p>0.05 in all analyzes). All groups were homogenous regarding both
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genotype and allele frequencies. No comparison between groups resulted in a statistically
significant difference (p>0.05, Table 3).

Table 4 shows the allele and genotype frequencies of individuals stratified by
ethnicity. In Caucasian individuals, the allele and genotype frequencies remained very similar
between the groups. Considering the Non-Caucasian sample, the HIV'/HCV" group presented
a slightly higher frequency of the A allele. Following these analyzes, we made comparisons
between all groups (Table 5). However, no statistically significant result was observed after p-

values were adjusted for multiple comparisons (p>0.05).

4. Discussion

The present study evaluated the distribution of the 2848 G/A variant in HIV', HCV"
and HIV'/HCV" individuals, comparing the frequencies between these groups and a non-
infected control group. No effect of the polymorphism was observed in susceptibility or
protection to the infections. As mentioned before, AA genotype was already associated with
susceptibility to HCV/HIV co-infection in African descendants (Valverde-Villegas et al.,
2017), however our study does not corroborated this finding.

When investigating the role of TLR9 and its variants in HIV e HCV infections, some
findings should be highlighted. An antiviral effect against HCV infection by TLR9 activation
was already proposed, although the mechanism linked to this activation is not well understood
(Fischer et al., 2017). Also, reduced spontaneous clearance of HCV infection was associated
with the -1237 C/T variant of TLRY, which is in low linkage disequilibrium with the 2848
G/A variant in African descendants, and presents a modest linkage disequilibrium with this
same polymorphism in European descendants (Valverde-Villegas et al., 2017; Fischer et al.,
2017). It has been suggested that C allele of the -1237 C/T variant is associated to increased
IL-6 production and B-cell proliferation, which may be correlated to enhanced liver fibrosis
(Fischer et al., 2017; Carvalho et al., 2011).

As briefly described before, the impact of 2848 G/A variant on HIV infection is an
open question. A higher frequency of the G allele of the 2848 G/A variant was found in rapid
progressors when compared to other HIV' individuals (Bochud et al., 2007). Some studies
have analyzed viral load and CD4" cell counts in HIV* patients and compared to the variant
frequencies, but the results are conflicting (Said et al., 2014; Valverde-Villegas et al., 2017;
Soriano-Sarabia et al., 2008). In this study, we did not find an influence of 2848 G/A variant
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on the susceptibility to HIV infection, but studies evaluating the role of this polymorphism on

the progression of HIV infection are still needed.

5. Conclusion

Our study aimed to verify a potential association between the 2848 G/A variant and
susceptibility or protection to HIV and HCV infections, as well as HIV/HCV co-infection. No
statistically significant result was found, suggesting that this polymorphism does not directly
influence those infections in the population from South of Brazil. Stratification of individuals

according to ethnicity did not modify the results.
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Table 1. Demographic data of the individuals included in this study.
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Demographic data Control group | HCV+ group HIV+ group HCV+/HIV+ p-value*
n=409 n=376 n=296 group
n=101
Sex, n (%)
Female 185 (45.2) 183 (48.7) 143 (48.3) 38 (37.8) p>0.05°
Male 224 (54.8) 193 (51.3) 153 (51.7) 63 (62.2)
Ethnicity ?, n (%)
Caucasians 307 (75.1) 257 (68.4) 186 (62.8) 40 (39.6) p<0.05°
Non-Caucasians 102 (24.9) 119 (31.6) 110 (37.2) 61 (60.4)

n, sample number. SD, standard deviation. * Based-on color-skin self-declaration. YAll groups, compared to

control group. *Pearson's Chi-square with Yates’s correction.

Table 2. Distribution of the TLR9 genotypes/alleles.

TLRY genotypes/alleles Control group HCV+ group HIV+ group HCV+/HIV+
(n=409) (n=376) (n=296) group (n=101)

GG, n (genotypic freq.) 116 (0.28) 87 (0.23) 79 (0.27) 26 (0.26)

GA, n (genotypic freq.) 198 (0.48) 194 (0.52) 150 (0.5) 49 (0.48)

AA, n (genotypic freq.) 95 (0.23) 95 (0.25) 67 (0.23) 26 (0.26)

G, n (allelic freq.) 314 (0.525) 281 (0.49) 229 (0.52) 75 (0.5)

A, n (allelic freq.) 293 (0.47) 289 (0.51) 217 (0.48) 75 (0.5)

n, sample number. GG, wild homozygote genotype. GA, heterozygote genotype. AA, variant homozygote

genotype.

Allelic frequencies = (2x n individuals GG/AA)+(n individuals GA)/(2x n total individuals).

Table 3. Comparisons of genotype and allele frequencies (detailed in Table 2) between groups.

Comparision Considering Chi-square* Dp-value
Genotypes 2.801 0.246
HCV+ group versus Control group Alloles 0.601 0438
Genotypes 0.378 0.828
HIV+ group versus Control group Alloles 0.004 0951
Genotypes 0.416 0.812
+ +
HCV+/HIV+ group versus Control group Alleles 0.083 0773
Genotypes 0.383 0.826
+ + +
HCV+/HIV+ group versus HCV+ group Alleles 0.004 0.951
Genotypes 0.406 0.816
+ + +
HCV+/HIV+ group versus HIV+ group Alleles 0.036 0.849
*Pearson’s Chi-square.
Table 4. Distribution of the TLR9 genotypes/alleles (stratified by ethnicity).
TLRY genotypes/alleles | Control group | HCV+ group | HIV+ group | HCV+/HIV+
group
Caucasians Sample size n=307 n=257 n=186 n=40
GG, n (genotypic freq.) 74 (0.24) 53 (0.21) 41 (0.22) 13 (0.325)
GA, n (genotypic freq.) 151 (0.49) 133 (0.52) 92 (0.5) 15 (0.375)
AA, n (genotypic freq.) 82 (0.27) 71(0.27) 53 (0.28) 12 (0.3)
G, n (allelic freq.) 225 (0.49) 186 (0.46) 133 (0.47) 28 (0.51)
A, n (allelic freq.) 233 (0.51) 204 (0.54) 145 (0.53) 27 (0.49)
Non-Caucasians | Sample size n=102 n=119 n=110 n=61
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GG, n (genotypic freq.) | 42 (0.41) 34 (0.29) 38 (0.34) 13 (0.21)
GA, n (genotypic freq.) | 47 (0.46) 61 (0.51) 58 (0.53) 34 (0.56)
AA, n (genotypic freq.) | 13 (0.13) 24 (0.20) 14 (0.13) 14 (0.23)
G, n (allelic freq.) 89 (0.64) 95 (0.54) 96 (0.61) 47 (0.49)
A, n (allelic freq.) 60 (0.36) 85 (0.46) 72 (0.39) 48 (0.51)

n, sample number. GG, wild homozygote genotype. GA, heterozygote genotype. AA, variant homozygote

genotype.

Allelic frequencies = (2x n individuals GG/AA)+(n individuals GA)/(2x n total individuals).

Table 5. Comparisons of genotype and allele frequencies (detailed in Table 4) between groups
(stratified by ethnicity).

Ethnicity Comparision Considering | Chi- p-value | Adjusted
square p-value*
Caucasians HCV+ group versus Control group Genotypes 0.979 0.613 0.681
Alleles 0.121 0.728 -
HIV+ group versus Control group Genotypes 0.347 0.841 0.841
Alleles 0.069 0.793 -
HCV+/HIV+ group versus Control Genotypes 2.147 0.342 0.570
group Alleles 0.011 0.915 -
HCV+/HIV+ group versus HCV+ Genotypes 3.678 0.159 0.398
group Alleles 0.092 0.762 -
HCV+/HIV+ group versus HIV+ Genotypes 2.528 0.283 0.566
group Alleles 0.072 0.788 -
Non- HCV+ group versus Control group Genotypes 4.647 0.098 0.398
Caucasians Alleles 1.330 0.249 -
HIV+ group versus Control group Genotypes 1.089 0.580 0.681
Alleles 0.124 0.724 -
HCV+/HIV+ group versus Control Genotypes 7.581 0.023 0.230
group Alleles 2.076 0.150 -
HCV+/HIV+ group versus HCV+ Genotypes 1.115 0.573 0.681
group Alleles 0.156 0.693 -
HCV+/HIV+ group versus HIV+ Genotypes 3.794 0.150 0.398
group Alleles 1.146 0.284 -

*Benjamini-Hochberg step-up False discovery rate (by genotypes).
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5 CONCLUSAO E PERSPECTIVAS

O presente trabalho investigou a variante 2848 G/A do gene 7LR9 em individuos
HCV', HIV' ¢ HCV'/HIV". Caracteristicas interessantes de ambas as infec¢des foram
revisadas, assim como o contexto de coinfec¢do. Além disso, aspectos importantes dos TLRs
foram retomados, dando uma atencao especial ao TLR9. Ao investigar experimentalmente o
papel do polimorfismo nas infecgdes por HIV e HCV e na coinfec¢do na amostra do sul do
Brasil, as seguintes conclusdes e perspectivas podem ser apontadas:

a) A variante 2848 G/A nao mostrou influéncia na susceptibilidade as infecgdes;

b) Nossos resultados nao foram modificados quando as caracteristicas étnicas da
populacao estudada foram consideradas nas analises;

c) Através da discussdo dos nossos resultados com base na literatura disponivel, sugere-
se que a ativacdo do TLRY parece levar a uma resposta imune importante contra a
infeccao pelo HIV;

d) Para um melhor entendimento do papel da variante 2848 G/A nos desfechos clinicos e
resposta a farmacos em individuos HCV*, HIV" ¢ HCV'/HIV*, mais estudos sdo
necessarios.

Dessa forma, o estudo realizado se mostra importante para a construcdo do
conhecimento acerca da influéncia de variantes genéticas em infecdes virais. Como
perspectivas para além do trabalho atual, pretende-se desenvolver analises semelhantes em
outros polimorfismos genéticos de TLRs, além de estender as analises considerando
haploétipos, desfechos clinicos e outros.
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develop as three separate fields of research. This artificial compartmentalisation is of concern due
to our growing appreciation of the strong coevolutionary interactions among hosts, pathogens and
vectors.

Infection, Genetics and Evolution and its companion congress MEEGID (for Molecular Epidemiology
and Evolutionary Genetics of Infectious Diseases) are the main forum acting for the cross-
fertilization between evolutionary science and biomedical research on infectious diseases.

Infection, Genetics and Evolution is the only journal that welcomes articles dealing with the
genetics and evolutionary biology of hosts, pathogens and vectors, and coevolution processes
among them in relation to infection and disease manifestation. All infectious models enter the
scope of the journal, including pathogens of humans, animals and plants, either parasites,
fungi, bacteria, viruses or prions. The journal welcomes articles dealing with genetics, population
genetics, genomics, postgenomics, gene expression, evolutionary biology, population dynamics,
mathematical modeling and bioinformatics. We also provide many author benefits, such as free
PDFs, a liberal copyright policy, special discounts on Elsevier publications and much more. Please click
here for more information on our author services .
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Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center
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GUIDE FOR AUTHORS

INTRODUCTION

Infectious diseases constitute one of the main challenges to medical science in the coming century. The
impressive development of molecular megatechnologies and of bioinformatics have greatly increased
our knowledge of the evolution, transmission and pathogenicity of infectious diseases. Research has
shown that host susceptibility to many infectious diseases has a genetic basis. Furthermore, much
is now known on the molecular epidemiology, evolution and virulence of pathogenic agents, as well
as their resistance to drugs, vaccines, and antibiotics. Equally, research on the genetics of disease
vectors has greatly improved our understanding of their systematics, has increased our capacity to
identify target populations for control or intervention, and has provided detailed information on the
mechanisms of insecticide resistance.

However, the genetics and evolutionary biology of hosts, pathogens and vectors have tended to
develop as three separate fields of research. This artificial compartmentalisation is of concern due
to our growing appreciation of the strong coevolutionary interactions among hosts, pathogens and
vectors.

Infection, Genetics and Evolution and its companion congress MEEGID (for Molecular Epidemiology
and Evolutionary Genetics of Infectious Diseases) are the main forum acting for the cross-fertilization
between evolutionary science and biomedical research on infectious diseases.

Infection, Genetics and Evolution publishes the following types of papers :

* 1. Research papers, that deal with original results that have not been published before.

2. Short communications, which show preliminary results of interest. It is not necessary to follow the
standard article structure recommended for research papers. Recommended length is 1,200 words
at most.

3. Discussions, which are articles discussing works previously published in the journal.

4. Opinions/position papers, which give an opiniated view of the author on a particular theme and
may present new challenging concepts.

5. Letters to the Editor, which are articles shortly discussing works previously published in the
journal. It is not necessary to follow the standard article structure recommended for research papers.
Recommended length is 1,200 words at most.

6. Review Articles, which are state-of-the-art examination of a given topic. Review articles are either
invited by the editor-in-chief or spontaneously submitted.

7. Technical notes, which is technological information of interest to the readership of thejournal.

8. Meeting Reports, which report on meeting and congresses in the topics of interest to the readership
of IGE.

9. Book Reviews, on books whose topics are of interest to the readership of IGE.

10. Special issue submissions. They can be any of the types listed above, upon invitation by the guest
editor. Spontaneous submissions in the framework of a special issue are also accepted, provided that
they fit the scope of the SI.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

AUTHOR INFORMATION PACK 27 Nov 2018 www.elsevier.com/locate/meegid 53


http://www.elsevier.com/locate/meegid

54

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see '"Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman’' and 'flight attendant' instead of 'stewardess').

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
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for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

¢ No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.

Gold open access

e Articles are freely available to both subscribers and the wider public with permitted reuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor orreputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 2900, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of 4 potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.
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Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be humbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all hames are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. It should not be more than 300 words. The abstract should
state briefly the purpose of the research, the principal results and major conclusions. An abstract
is often presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at their first
mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/infection-genetics-and-evolution

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp.281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

AUTHOR INFORMATION PACK 27 Nov 2018 www.elsevier.com/locate/meegid 61


http://www.elsevier.com/locate/meegid
http://www.cancerresearchuk.org/
http://www.issn.org/services/online-services/access-to-the-ltwa/
http://www.sciencedirect.com/
https://www.elsevier.com/artworkinstructions

62

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

Infection, Genetics and Evolution is now partnered with Data in Brief! You have the option of converting
any or all parts of your raw research data into one or more data articles that host and describe your
data.

Data in Brief articles can be submitted as an additional file directly alongside your original research
manuscript by using this template. If your research article is accepted by Infection, Genetics and
Evolution, your data article will automatically be transferred over to Data in Brief, where it will be
independently reviewed, indexed, given a DOI and made publicly available online upon publication.
An open access fee of 500 USD will be payable upon acceptance and publication of your data article
in Data in Brief.

AUTHOR INFORMATION PACK 27 Nov 2018 www.elsevier.com/locate/meegid 62



http://www.elsevier.com/locate/meegid
https://www.elsevier.com/authors/author-services/data-visualization
https://www.elsevier.com/authors/journal-authors/research-data
https://www.elsevier.com/databaselinking
https://www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
https://www.elsevier.com/books-and-journals/enrichments/mendeley-data-for-journals
https://www.journals.elsevier.com/data-in-brief
https://www.elsevier.com/dib-template

63

Full details can be found on the Data in Brief homepage.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in the
e-mail so that authors can download the files themselves. Elsevier now provides authors with PDF
proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or higher)
available free from http://www.adobe.com/products/acrobat/readstep2.html. Instructions on how to
annotate PDF files will accompany the proofs (also given online). The exact system requirements are
given at the Adobe site: http://www.adobe.com/products/acrobat/acrrsystemreqgs.html#70win.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and return by fax, or scan the pages
and e-mail, or by post. Please use this proof only for checking the typesetting, editing, completeness
and correctness of the text, tables and figures. Significant changes to the article as accepted for
publication will only be considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately. Therefore, it is important to ensure
that all of your corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility. Note that Elsevier may proceed with the publication of your article if no response is
received. It is the responsibility of the authors to ensure that the proof contains no errors and is sent
back within 48 hours of receipt.

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
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You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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