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Resumo

Helicobacter pylori ¢ uma bactéria gram-negativa considerada carcinégeno do tipo I pela
Organizag¢ao Mundial de Satde (OMS). Este microrganismo induz inflamagao e alteragdes
moleculares que podem resultar em diferentes desfechos clinicos. Os fatores ambientais,
viruléncia da cepa, sistema imunoldgico e genética do hospedeiro podem contribuir para
severidade das formas clinicas. Neste sentido, o objetivo do estudo foi caracterizar
possiveis biomarcadores moleculares do hospedeiro associados a suscetibilidade a infec¢ao
por H. pylori. Trata-se de uma revisao sistematica seguindo as orientagdes do PRISMA. A
busca bibliografica foi realizada em cinco bases de dados. Foram incluidos estudos
observacionais sem restricdo de tempo e idioma e excluidos estudos com animais bem
como, aqueles que ndo respondiam a pergunta norteadora. O protocolo foi registrado na
plataforma PROSPERO sob numero CRD42023409085. Todo processo de selecdo foi
realizado aos pares e discrepancias solucionadas por um terceiro revisor. A selecdo dos
artigos foi realizada utilizando o software Rayyan. Dos 4683 artigos, apenas 35 estudos
foram incluidos na revisdo. Foram identificados 43 polimorfismos em 30 genes. Seis
polimorfismos foram analisados na meta-analise: /L/B-C31T (rs1143627), ILIB-C511T
(rs16944), TLRI C>T (rs4833095), TLR4 A>G (1rs4986790), TLR10 A>T (rs10004195) e
TNF308 G>A (rs1800629). Duas variantes foram relacionadas com maior suscetibilidade
a infeccdo (IL1B-C511T e TLR4 A>QG), enquanto outras duas foram associadas a prote¢ao
(TLRI C>T e TLR10 A>T). Nosso estudo realizou um rastreio de variantes gendmicas e
caracterizou o perfil genético de risco ao hospedeiro para desenvolvimento da infecgao por

H. pylori, contribuindo dessa maneira para a medicina de precisao.

Palavras-chave: Bactéria; Suscetibilidade Genética; Fatores de Risco; Doencgas Gastricas;

Inflamacao; Medicina de Precisao.
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Abstract

Helicobacter pylori is a gram-negative bacterium considered a type I carcinogen by the
World Health Organization (WHO). This microorganism induces inflammation and
molecular changes that can result in different clinical outcomes. Environmental factors,
strain virulence, the immune system, and host genetics can contribute to the severity of
clinical forms. In this context, the study aimed to characterize potential host molecular
biomarkers associated with susceptibility to H. pylori infection. This is a systematic review
following the PRISMA guidelines. The literature search was conducted in five databases.
Observational studies without time or language restrictions were included, and animal
studies as well as those that did not answer the guiding question were excluded. The
protocol was registered on the PROSPERO platform under number CRD42023409085.
The entire selection process was performed in pairs, with discrepancies resolved by a third
reviewer. The selection of articles was carried out using the Rayyan software. Of the 4683
articles, only 35 studies were included in the review. A total of 43 polymorphisms in 30
genes were identified. Six polymorphisms were analyzed in the meta-analysis: /L/B-C31T
(rs1143627), ILIB-CS11T (rs16944), TLR1 C>T (rs4833095), TLR4 A>G (1s4986790),
TLRI10 A>T (rs10004195), and TNF308 G>A (rs1800629). Two variants were related to
increased susceptibility to infection (/L/B-C511T and TLR4 A>G), while two others were
associated with protection (7LR1 C>T and TLR10 A>T). Our study conducted a genomic
variant screening and characterized the host's genetic risk profile for developing H. pylori

infection, thereby contributing to precision medicine.

Keywords: Bacteria; Genetic Susceptibility; Risk Factors; Gastric Diseases;

Inflammation; Precision Medicine.
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1- Introducao/Revisao da Literatura

1.1 — Helicobacter pylori: Aspectos Microbioldgicos

Helicobacter pylori € um microrganismo gram-negativo de morfologia bacilar, com
dimensdes que abrangem uma faixa de 1,5 a 10,0um de comprimento ¢ 0,3 a 1,0um de
largura. Além disso, ¢ caracterizado pela presenga de 4 a 6 flagelos embainhados, conforme
evidenciado na Figura 1. Trata-se de uma bactéria fastidiosa, ou seja, necessita de
condi¢des especificas para o crescimento, tais como altas concentragdes de dioxido de
carbono (CO;) e baixos niveis de oxigénio (microaerofilia), caracteristicas comuns a
maioria dos membros do seu género. Essa bactéria demonstra positividade para as enzimas
catalase, urease ¢ oxidase; ndo realiza fermentacdo de carboidratos, mas ¢ capaz de
metabolizar aminoacidos através da via fermentativa (Brito et al. 2019; Kusters et al. 2006,

Quaglia & Dambrosio 2018).

Figura 1 — Imagem da bactéria demonstrando a estrutura flagelar em A e morfologia

helicoidal em B.

Fonte: Adaptado de Marshall, 2002.

Quando exposta a circunstancias ambientais desafiadoras, como aumento da
pressao de oxigénio, variagcdes de temperatura e pH, prolongada incubagdo e exposicao a
agentes antibacterianos, a bactéria softre alteracdes em sua morfologia, alterando de espiral
para cocoide. A adaptacdo celular a condi¢des adversas pode dar origem a outros tipos de
formas; as formas intermediarias em C e transitérias em U (Figura 2), que indicam um
estado inativo, porém cultivavel. Além disso, as formas cocoides, que apontam para um
estado bacteriano invidvel e ndo cultivavel, sdo mais frequentes em ambientes com

recursos energéticos limitados (Sarem & Corti 2016; Reshetnyak & Reshetnyak 2017).

17



Figura 2 — Formas adaptativas de H. pylori, vistas por microscOpio dptico em objetiva de
1000x. A forma intermediaria em C esta demonstrada pela seta e forma transitéria em U,

demonstrada em cabecga de seta.

Fonte: Reshetnyak & Reshetnyak 2017.

O crescimento de H. pylori exige um meio de cultura complexo enriquecido com
componentes como sangue, soro, carvao, amido ou gema de ovo. Além disso, a bactéria
requer condi¢cdes de microaerofilia e uma faixa de temperatura de 33,5°C £ 3,5 para o seu
desenvolvimento. Devido a essa natureza fastidiosa, ¢ desafiador o processo de cultivo e
isolamento dessa bactéria. Nos meios de cultura, as coldnias deste microrganismo
geralmente se apresentam como pequenos pontos translucidos e incolores (Murray et al.

2016; Reshetnyak & Reshetnyak 2017).

1.2 - Vias de Transmissao

A transmissao de H. pylori pode ocorrer por vias oral-oral, fecal-oral, iatrogénica,
zoonotica e através do consumo de dgua e alimentos contaminados, conforme figura 3

(Moreno et al. 2003; Quaglia & Dambrosio 2018).
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Figura 3 - Formas de transmissao de H. pylori

A forma de transmissdo pessoa a pessoa € crucial para propagacdo da bactéria,
como evidenciado pelas elevadas taxas de prevaléncia entre individuos que residem em
condigdes de aglomeragdo humana. Ainda nao ¢ factivel discernir se a via de transmissao
predominante ¢ de natureza oral-oral ou fecal-oral. E possivel que ambas desempenhem
papéis significativos em diferentes niveis populacionais (Atapoor et al. 2014; Aziz et al.
2015; Talaei et al. 2015; Oztekin et al. 2021).

A bactéria mantém sua integridade durante o processo de digestdo, desde o
estdbmago até o duodeno, o que torna possivel a transmissdo fecal-oral. O mecanismo
preciso de transmissdo por essa via ainda ndo ¢ totalmente compreendido; no entanto, ¢
conhecido que através dessa via ocorra a disseminac¢do da bactéria em 4gua e alimentos
(Linz et al. 2007; Aziz et al. 2015).

A via iatrogénica ocorre quando a bactéria ¢ transmitida por sondas e endoscopios
que entraram em contato com a mucosa gastrica ou secregdes gastricas de pacientes
previamente infectados e ndo foram devidamente esterilizados, antes de serem usados em
outros pacientes, especialmente em procedimentos com limpeza manual do equipamento.
Esses instrumentos médicos podem se tornar vetores de disseminagdo da bactéria entre
diferentes individuos, aumentando o risco de infecgdo. E importante ressaltar que a
negligéncia na esterilizagdo adequada desses equipamentos pode contribuir para a

propagacao da infeccao (Teixeira et al. 2017).
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A via zoonotica envolve a transmissao entre animais e seres humanos e pode incluir
uma variedade de agentes, como caes, gatos, ovelhas, javalis e outros mamiferos. Algumas
pesquisas ja exploraram a possivel presenca de H. pylori em produtos de origem animal,
como leite de ovelha e vaca, além de carnes provenientes desses animais. No entanto, a
compreensdo completa desse mecanismo ainda ndo estd completamente esclarecida
(Mladenova-Hristova et al. 2017; Kubota et al. 2021; Ashaolu et al. 2022).

Por meio do contato sexual, ¢ plausivel considerar que a bactéria possa ser
transmitida durante praticas sexuais envolvendo contato anal-oral, porém alguns estudos
tém levantado a possibilidade de que individuos infectados possam transportar a bactéria,
temporariamente ou permanentemente, através da uretra e da vagina. No entanto, os
mecanismos especificos de transmissao e contaminagdo ainda carecem de esclarecimento
detalhado. Estudos que analisaram diversas perspectivas encontraram uma ligagao entre os
parceiros de individuos infectados por H. pylori, especialmente quando um dos parceiros
possuia refluxo gastroesofagico, porém isso sugere uma possivel transmissao oral-oral, ndo

sexual (Eslick 2000; Dimitriadi 2014; Sgambato et al, 2018).

1.3 - Epidemiologia

H. pylori infecta mais de 40% da populacdo mundial; sua prevaléncia global em
adultos diminuiu de 50 a 55% para 43% de 2014-2020. Essa melhoria pode ser atribuida
principalmente ao aumento do status socioecondmico, ao avango dos padrdes de vida e as
melhores condi¢des de higiene. Além disso, o aumento do uso de antibidticos e protocolos
de terapias de erradicacdo, contribuiram para esse cenario (Hooi et al. 2017; Liou et al.
2020; Park et al. 2021).

A taxa de incidéncia pode chegar em até 90% em paises em desenvolvimento, o
que contrasta com paises desenvolvidos, nos quais a taxa ¢ inferior a 40% (Garza-Gonzalez
et al. 2014; Bassagh et al. 2019). Observa-se uma menor prevaléncia nos continentes da
Oceania (24,4%) e América do Norte (37,1%). Nas regides da Asia (54,4%), América
Latina e América Central (63,4%) e Africa (79,1%) apresentam indices notavelmente mais

elevados de prevaléncia (Figura 4) (Fitzgerald & Smith 2021; Yuan et al. 2022).
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Figura 4 - Prevaléncia mundial da infec¢io por H. pylori

Fonte: Adaptado de Hooi et. al. 2017

A infeccdo ¢ adquirida principalmente na infancia e adolescéncia, embora também
possa ocorrer na idade adulta, com uma probabilidade ligeiramente menor. Além disso,
varios fatores, como o estilo de vida, o ambiente de moradia, o nivel educacional, o status
socioecondmico e o tamanho da familia, t€m um impacto significativo na disseminagdo da
infec¢do (Ding et al. 2015).

A prevaléncia da infec¢do ¢ maior em adultos do que em criangas, porém a
incidéncia global em criancas no periodo de 2014 a 2022 manteve-se significativa,
permanecendo em média de 32,3%, conforme figura SA (Yuan et al. 2022). Em adultos a
prevaléncia é mais elevada na Africa, Mediterrdneo Oriental, Réissia, América Central e
América do Sul (Fitzgerald & Smith 2021). Em criangas e adolescentes, de 2000 a 2021, a
prevaléncia foi inferior a dos adultos na Russia, regioes do Pacifico Ocidental e na Europa,

conforme ilustrado na Figura 5B (Yuan et al. 2022).
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Figura 5 - Panorama mundial da prevaléncia da infeccdo por H. pylori em adultos (A) e

em criangas ¢ adolescentes (B).

Fonte: Adaptado de Malfertheiner et al. 2023.

No contexto brasileiro, observa-se contrastes relacionados a infecgao por H. pylori.
Notavelmente, a regido Norte apresenta uma prevaléncia mais elevada (80%), seguida pelo
Centro-oeste (69,2%) (Ramos et al. 2019), Nordeste (68,2%) e Sudeste (65%). Esses
achados apontam para uma possivel associacdo entre os fatores socioecondomicos € a

infeccdo pela bactéria. O que estd em consonancia com as formas de contagio de H. pylori,
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principalmente a transmissao via fecal-oral e oral-oral (Ferrari et al. 2019; Leja et al. 2019;
Sjomina et al. 2018).

A epidemiologia da infeccao por H. pylori ¢ influenciada pelos fatores genéticos do
hospedeiro que podem contribuir para a sua suscetibilidade. Um exemplo pode ser
observado na ilha de Sumatra, na Indonésia, onde a prevaléncia da infec¢do por essa
bactéria ¢ substancialmente menor entre os povos Java e Malay, mas significativamente
maior entre os Batak. Indicando que pode haver uma associagdo entre a infec¢do e a

genética do hospedeiro (Syam et al. 2021).

1.4 - Fatores de Risco para a Infec¢ao por H. pylori

Populagdes com baixa escolaridade geralmente demonstram ter menor
conhecimento sobre higiene e desinfec¢do, o que, por sua vez, aumenta o risco de infec¢ao
por H. pylori, devido as diferentes formas de transmissao da bactéria (Ekundayo et al.
2023). Na zona rural, as taxas de infeccdo sdo mais elevadas devido aos acessos limitados
as condi¢des de saneamento basico, escolaridade e saude (Li et al. 2020).

A bactéria ja foi identificada em diversas fontes de dgua, incluindo agua potavel,
agua doce, agua de pogos, agua estuarina, dgua salgada e produtos marinhos. Essas fontes
hidricas representam uma via de transmissdo da infec¢do, destacando sua importancia
como um vetor potente para a propagacao da doenca (Moreno & Ferrus 2012).

A nutri¢do exerce um papel essencial na origem de neoplasias gastricas. A ingestao
elevada de alimentos salgados, carnes processadas e carne vermelha proveniente de
animais alimentados com grdos estd correlacionada a um notdvel aumento nas
probabilidades de desenvolvimento do cancer géstrico. Em contrapartida, o consumo
regular de frutas e vegetais desempenha uma fungdo protetora contra essa neoplasia
(Besagio et al. 2021).

A probabilidade de infec¢do por H. pylori pode aumentar consideravelmente
quando um membro da familia é portador da bactéria. Isso depende, em grande parte, dos
habitos de vida, da adocdo de praticas de higiene adequadas e da conscientizagdo sobre a
importancia de evitar a contaminacao cruzada. As vias de transmissdo comuns entre 0s
membros da familia englobam a partilha de utensilios e alimentos, a pratica de mastigar os
alimentos antes de alimentar as criancas, o ato de beijar, o consumo de 4gua potencialmente
contaminada e maus habitos de higiene (Nahar et al. 2009; Osaki et al. 2015; Bruce et al.
2015).

23



O tabagismo, o consumo de bebidas alcodlicas, a ingestdo de alimentos
ultraprocessados, uma dieta rica em carboidratos refinados € o consumo de alimentos
defumados e carne seca sdo fatores significativos no aumento do risco de cancer gastrico.
Esses habitos alimentares e comportamentais desempenham um papel relevante nesse
cenario. Além disso, esses habitos de estilo de vida também estio correlacionados com um
maior risco de infec¢des por H. pylori (La Torre et al. 2009; Gonzalez et al. 2012).

O habito de fumar exerce um impacto indireto nas condi¢des gastroduodenais ao
interferir nos mecanismos de protecao da mucosa. Isso ocorre devido a redugdo da
produgdo de bicarbonato e a inibicdo da renovacdo das células epiteliais, resultando em
mudangas na proliferacdo das células da mucosa. Como resultado, hda um aumento
subsequente do risco de infeccdo (Wu & Cho 2004; Zhang et al. 2012).

O élcool pode aumentar o risco de cancer gastrico devido a indugdo de apoptose e
a geracao de espécies reativas de oxigénio e nitrogénio, bem como ao aumento da
expressdo da enzima aldeido desidrogenase. No entanto, a relacdo entre o consumo de
alcool e H. pylori permanece incerta e requer mais investigagao (Liu et al. 2016). Além
disso, o consumo de vegetais crus demonstrou uma associagdo limitada com a infeccao
pelo microrganismo, enquanto o consumo de leite ndo pasteurizado revelou uma
associacdo significativa com a infec¢do (Wu & Cho 2004; Zhang et al. 2012).

Fatores genéticos sdao considerados de risco para o desenvolvimento de cancer
gastrico. Mutagdes em genes como a p53, responsavel pela regulagao do ciclo celular e
pela prevenc¢do de mutagdes genéticas, e a reducdo da expressdo da e-caderina, auxilia na
manuten¢do da adesdo celular e da integridade do tecido epitelial, favorecem o

desenvolvimento e o surgimento de neoplasias gastricas (Purwar et al., 2023).

1.5 - Fatores de Viruléncia

H. pylori possui diversos fatores de viruléncia que exercem influéncia sobre as
respostas celulares do hospedeiro e as vias de sinaliza¢do. Esses fatores de viruléncia
desempenham um papel essencial em processos de adesdo a célula hospedeira, contribuem
para a sobrevivéncia no ambiente acido e auxiliam na nutri¢ao bacteriana que sdo cruciais
no processo de colonizacao da mucosa gastrica (Baj et al 2021).

O lipopolissacarideo (LPS) ¢ um dos principais fatores de viruléncia de H. pylori.
Incorporado na membrana externa bacteriana, o LPS atua como uma barreira protetora

contra substancias potencialmente toxicas. Consiste em trés componentes principais: o
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oligossacarideo central, a regido lipidica A e o antigeno O, sendo o colesterol considerado
fundamental para a manuteng¢do da estrutura do LPS (Stein et al. 2017).

Esta endotoxina induz quantidades excessivas de outras interleucinas e mediadores
imunologicos, como TNF-a, IFN-y, IL-10, IL-12, IL-18; resultando em ulceras pépticas,
gastrite aguda e cronica, e subsequente carcinogénese gastrica. Além disso, o LPS tem a
capacidade de ativar neutrofilos, o que aumenta as reagdes de estresse oxidativo
(Shimoyama et al. 2011).

A motilidade flagelar ¢ essencial para a entrada da bactéria na mucosa gastrica.
Duas proteinas flagelina, Fla-A e Fla-B, constituem os principais componentes do
filamento flagelar. Essas proteinas conseguem adaptar suas sequéncias de aminoécidos, o
que evita a ativagdo do sistema imunologico inato através do Receptor Toll-like 5 (TLR-
5). A motilidade dos flagelos ¢ alimentada pela energia gerada a partir da hidrolise da ureia,
0 que explica os movimentos quimiotaticos das bactérias em dire¢do a ureia uma vez que
essa hidrdlise fornece a energia necessaria para a movimentacgdo dos flagelos (Andersen-
nissen et al. 2005; Johnson & Otteman 2018; Yoshiyama & Nakazawa 2000).

A hidrélise da ureia ¢ realizada pela enzima urease, onde ha a quebra da ureia em
amonia e dioxido de carbono. Em seguida, o didxido de carbono ¢ decomposto em uma
segunda molécula de amonia e acido carbonico. Esse processo de hidrolise, que aumenta o
pH no ambiente gastrico, permite que a bactéria sobreviva a breves periodos no lumen
gastrico onde o pH ¢ muito baixo (Sidebotham et al. 2003).

A catalase ¢ uma enzima que converte o peroxido de hidrogénio em adgua e
oxigénio. Ela desempenha um papel central em diversos processos patologicos, incluindo
inflamacao, inibicao da apoptose e indu¢ao de mutagénese, podendo resultar na formagao
de tumores. A catalase ¢ ativada tanto no citoplasma quanto no periplasma, e sua expressao
também pode ocorrer na superficie bacteriana. Esta enzima ¢ envolvida na protegao de H.
pylori contra a morte mediada pelo complemento, contra oxidantes e estresse oxidativo;
além de ser crucial para a sobrevivéncia bacteriana na superficie das células fagociticas
(Harris & Hazell 2003).

O microrganismo apresenta diversos genes de viruléncia especificos de cepas, além
dos fatores de viruléncia constitutivos. Entre esses genes especificos das cepas, estdo o
gene A da citotoxina vacuolizante (vacA), o gene A associado a citotoxina (cagA), o gene
promotor da ulcera duodenal (dupA), aqueles induzidos pelo contato com o epitélio (iceA).
Os genes que traduzem em Proteinas de Membrana Externa (OMPs) abrangem a adesina

de ligag¢do ao antigeno do grupo sanguineo (babA), a proteina inflamatéria de membrana
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externa (0ipA), homB e sabA. Os genes cagA e vacA, sdo os mais estudados em fung¢do do
seu papel bem estabelecido na associa¢do dos desfechos clinicos da infec¢do por H. pylori
(Alvi et al. 2011; Ansari & Yamaoka 2019; Whitmire & Worku et al. 2019).

As OMPs representam um amplo grupo de proteinas que asseguram uma
colonizacdo prolongada por meio de interacdes especificas com os receptores do
hospedeiro. Acredita-se que cerca de 4% do genoma da bactéria seja responsavel pela
codificagao das OMPs, indicando a grande importancia dessas proteinas no ciclo de vida
bacteriano. Varias OMPs foram minuciosamente descritas até o momento, com a maioria
dos estudos centrado nos genes babA, oipA, homB e sabA (Whitmire & Worku et al. 2019).

Trés tipos alélicos de bab foram identificados: babA 1, babA2 e babB; sendo o gene
babA2 um dos mais estudados por expressar a proteina BabA, que permite a adesdo da
bactéria e a entrega de outros fatores de viruléncia, como toxinas, promovendo danos
diretos ou indiretos de tecidos do hospedeiro através da infiltragdo de granulécitos e a
liberagdo de IL-8, o que resulta no aumento da inflamagdo gastrica (Hassan et al. 2019;
Fujimoto et al. 2007). HomB, codificada pelo gene homB, também ¢ considerada uma
adesina por facilitar a adesdo as células epiteliais gastricas do hospedeiro, assim como
outras OMPs ela também induz a produgdo de IL-8, resultando em dano @ mucosa gastrica
(Oleastro et al. 2008).

A OipA, codificada pelo gene oipA4, ¢ associada a adesdo bacteriana e colonizagao.
Sua expressdo esta relacionada a inducdao de disturbios gastrointestinais. Cepas que
expressam OipA sdo mais propensas a causar inflamag¢ao grave, com predominancia de IL-
8, na mucosa gastrica em comparagdo com cepas que ndo expressam. Esta proteina esta
envolvida na translocagdo de CagA para as c€lulas epiteliais gastricas do hospedeiro, isso
pode ser a razao pela qual cepas positivas para CagA tendem a apresentar uma expressao
mais acentuada de OipA (Teymournejad et al. 2017).

Além dos antigenos do grupo sanguineo Lewis®, os antigenos sialil-Lewis * e sialil-
Lewis? s3o considerados receptores funcionais que possibilitam a adesdo da H. pylori,
porém sdo mais comumente expressadas na mucosa gastrica apos inflamagao cronica. Eles
sao identificados pela adesina SabA, codificada pelo gene sabA, que se liga ao acido sialico
correspondente. Ao contrario de SabA, seu analogo SabB ndo tem capacidade efetora de
aderir aos receptores sialil-Lewis * e sialil-Lewis®. Semelhante a oipA, a expressao de sabA
¢ regulada pela capacidade da cepa de produzir proteinas funcionais (Mahdavi et al. 2002;

Yamaoka 2008).
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O gene de viruléncia cagA4 é o mais caracterizado em H. pylori e esta localizado no
final do cagPAI uma ilha de patogenicidade da bactéria que codifica um sistema de
secrecao do tipo IV (T4SS). A proteina CagA ¢ injetada nas células por meio do pilus
formado pelo T4SS, o que desencadeia a desregulagdo da transdugao do sinal homeostatico
das células epiteliais gastricas. Isso resulta na indugdo de respostas pro-inflamatorias que
levam a inflamagao cronica da mucosa géstrica e a promocao da carcinogénese, mediante
a modulacao da apoptose, perturbacdo da polaridade celular e instabilidade genética
(Backert & Blaser 2016).

Considerado a primeira oncoproteina bacteriana, CagA estimula a carcinogénese
por meio de diversas vias que impactam a fun¢do de proteinas supressoras de tumores,
como o fator de transcri¢do 3 relacionado a corrida (RUNX3) e a proteina promovedora da
apoptose P53 2 (ASPP2). E notério que mutagdes em p353 ocorrem com maior frequéncia
em tumores provocados por cepas positivas para CagA do que em cepas negativas (Bergé
& Terradot 2017; Shibata et al. 2002).

Presente em todas as cepas de H. pylori, a citotoxina VacA t€ém como fun¢ao
principal a formacao de poros na membrana celular. Desencadeia mecanismos de acao e
patogenicidade que dependem do tempo de exposicdo as células hospedeiras. Em
exposigdes curtas, VacA promove vias de autofagia nas células, enquanto em exposi¢des
cronicas, propicia a formagao de autofagossomos e de vacuolos intracelulares, viabilizando
a sobrevivéncia da bactéria. VacA representa um dos fatores de viruléncia essenciais para
a colonizagdo bacteriana e a persisténcia no epitélio gastrico (Keikha et al. 2020)

A presenca destes fatores ¢ um alto indicador de viruléncia e patogénese, e os danos
induzidos por essas toxinas, podem manifestar desfechos patoldgicos. Por exemplo,
diversos estudos indicaram que tanto CagA, uma potente toxina bacteriana, quanto VacA
estao associados a ocorréncia de gastrite aguda e ao desenvolvimento de cancer, como o
adenocarcinoma gastrico (Breurec et al. 2012; Matos et al. 2013).

DupA, expressa pelo gene dupA, ¢ associada a formacgao de tlceras duodenais, bem
como ao risco de gastrite, porém ela ndo esta relacionada ao desenvolvimento ou ao risco
de cancer gastrico. Curiosamente, ¢ considerada como um fator protetor a carcinogénese
gastrica. Essa proteina estimula a secrecao de urease e IL-8 na regido do antro, e contribui
para o desenvolvimento de gastrite. Além disso, induz a libera¢do de citocinas pro-
inflamatoérias e aumenta o risco de ulceras duodenais (Abadi 2014; Douraghi et al. 2008).

A proteina IceA, expressa pelo gene iced, ¢ uma descoberta recente e, portanto,

uma das menos documentadas. Sua expressao aumenta quando H. pylori se liga as células
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epiteliais gastricas. Além disso, IceA, é considerada um possivel biomarcador de gravidade
de patologias gastrointestinais induzidas por H. pylori. Existem duas variantes da proteina,
a IceAl e a IceA2 (Shiota et al. 2012). As cepas de IceAl t€ém maior propensado a induzir
danos oxidativos ao DNA, tornando-as marcadores de risco para o desenvolvimento do
cancer gastrico. Além disso, as cepas positivas para IceA 1l induzem a produgao de citocinas
pro-inflamatérias, como a IL-8, em grandes quantidades (Ma et al. 2010). Por outro lado,
o IceA2 estd associada a dispepsia ndo péptica e a gastrite atrofica. Cepas IceA2 positivas,
induzem a infiltragdo de linfoécitos e granuldcitos (Chiurillo et al. 2010). Ambas as
variantes desempenham um papel significativo no desenvolvimento de varias condi¢des
gastrointestinais, como gastrite, Ullcera gastrica, dispepsia funcional, inflamagao antral e
cancer gastrico (Nishiya et al. 2000).

H. pylori consegue se adaptar a condi¢des altamente acidas do ambiente gastrico,
estabelecendo uma infeccdo persistente e interferindo funcionalmente no organismo do
hospedeiro. Isso culmina na instauragdo da patogénese gastrica e, consequentemente, no
desenvolvimento de processos carcinogénicos (Zhong et al. 2016). Ainda que a maioria
dos individuos portadores de H. pylori nao manifeste sintomas, a infeccdo pelo
microrganismo pode desencadear uma variedade de condigdes patoldgicas, tais como
gastrites, ulceras pépticas, adenocarcinomas gastricos e linfomas MALT (Fischbach &

Malfertheiner 2018).

1.6 — Aspectos imunoldgicos da Infecciao por H. pylori

Quando H. pylori inicia a colonizagdo do estdmago ativa o sistema imune inato,
seja pela presenca da bactéria ou por algum fator de viruléncia do microrganismo e
posteriormente o sistema imune adaptativo. Inicialmente a resposta inflamatdria ¢ marcada
pelo recrutamento de neutréfilos, linfocitos, macroéfagos e células dendriticas. A resposta
imune se inicia com os receptores de superficie presentes em células epiteliais gastricas e
apresentadoras de antigenos. As integrinas tém a capacidade de identificar fatores de
viruléncia excretados pela bactéria, enquanto os receptores de reconhecimento de padrdes
(PRRs), como os receptores Toll-like (TLR) e o receptor 1 do dominio de oligomerizagao
de ligagao a nucleotideos (NODI), interagem com Padrdes Moleculares Associados a
Patogenos (PAMPs) bacterianos (Figura 6) (Suzuki et al. 2002, Schmausser et al. 2004,
Watanabe et al. 2010).
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Figura 6 - Imunologia na Infec¢do por H. pylori, ilustrando a relacdo parasito-hospedeiro

desencadeada pela presenga da bactéria.

A ativagdo das células TCD4+ virgens pelas apresentadoras de antigenos
(HLA/MHC), mediada pela produgao de IL-12 e IL-18, leva a diferenciagdo para Thl, que
sdo responsaveis pela imunidade mediada por células, secreta citocinas como IL-1, IL-6,
TNF-a e IFN-y (Figura 6). Isso ocorre por meio da ativagao dos fatores de transcri¢cao T-
bet e Stat 4. Embora a resposta Thl seja eficaz contra H. pylori, ela também ¢ altamente
inflamatoria, e contribui para o desenvolvimento de doengas na mucosa gastrica, como
gastrite atrofica, hiperplasia epitelial e metaplasia intestinal (Yamauchi et al. 2008;
Bimczok et al. 2010).

O Th2, que auxilia na formagdo de anticorpos, geralmente ¢ predominante na
resposta a microrganismos extracelulares, ndo ¢ fortemente associado as infec¢des por H.

pylori. Quando ativadas, sdo caracterizadas por células secretoras de IL-13 e induzem a
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produgdo de IgGl. Este tipo de resposta foi observado em pacientes com metaplasia
intestinal relacionada a H. pylori (Taylor et al. 2008, Marotti et al. 2008).

As células dendriticas estimuladas por H. pylori sdo potentes indutoras de células
Th17, mediadora de inflamacdo e produtora de citocinas como IL-17, IL-8 e fator
estimulador de colonias de granuldcitos e macrofagos (Figura 6). Além disso, estimula a
produgdo de IL-1B e IL-23. As células Th17 permanecem na corrente sanguinea € mucosa
gastrica, mesmo apods a erradicacdo da bactéria. Essa persisténcia ¢ influenciada pelos
niveis de IL-1B, estabelecendo uma relacdo que tem como resultado uma inflamagao
cronica, mesmo na auséncia da bactéria (Zhuang et al. 2011; Serelli-Lee et al. 2012).

A diferenciacao do perfil de Th ¢ influenciada por agentes produzidos pela bactéria,
como por exemplo, fatores de viruléncia bacterianos ou lipopolissacarideo bacteriano
(LPS) e por meio de citocinas, o que influencia o perfil Th1l. Na auséncia destes fatores ¢
preferido o perfil Th2 (Perussia & Loza 2003).

Os PAMPs bacterianos podem se ligar aos TLRs localizados na superficie das
células epiteliais gastricas. Dentre essas interagdes, a mais investigada na imunologia da
infeccdo por H. pylori envolve a associagdo do LPS com o TLR-4 mediado por MD-2. Este
complexo inicia as vias de transducdo de sinal que podem ser por MYDS88/TIR/NF-kB ou
por TIRAP/TRAM/IRF3 e induzem a producdo de citocinas e componentes da resposta
imune inata (Figura 6) (Ishihara et al. 2004; Kutikhin 2011).

Os antigenos de H. pylori, podem se ligar fortemente também ao TLR-2, nas células
epiteliais géstricas, com ativagdo de células B e inducao das células T reguladoras (Tregs).
Esse processo resulta em uma redugao eficaz da colonizacdo por H. pylori e na supressao
da imunopatologia gastrica induzida pela presenga da bactéria no ambiente gastrico. (Sayi
etal. 2011).

As Tregs sao supressoras da fungdo efetora das células T e regulam a relagao
imunidade e infeccdo. Essas células produzem citocinas anti-inflamatorias, como a IL-10
e TGF-B. Esporadicamente, resultam na persisténcia do patégeno na mucosa, sendo
encontrado um aumento de Tregs em infec¢des cronicas. Este processo de persisténcia na
mucosa, esta relacionado com a gastrite cronica e adenocarcinoma gastrico (Arnold et al.

2012; Cheng et al. 2012).

1.7 - Diagnostico da Infec¢io por H. pylori
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O diagndstico da infeccdo por H. pylori pode ser realizado por meio de métodos
ndo invasivos e por alternativas invasivas. Os métodos invasivos requerem coleta de
amostras de biopsia durante a endoscopia (Chey & Wong 2007; Hunt et al. 2017).

Entre os métodos ndo invasivos, destacam-se o teste respiratorio da ureia marcada,
o teste de antigeno fecal e a Reagdo em Cadeia da Polimerase (PCR) de fezes. O teste
respiratdrio da ureia marcada tem alta sensibilidade e especificidade. Nesse procedimento,
o paciente ingere uma cépsula contendo 50mg de ureia marcada com C" ou C!*. A
presenca de urease bacteriana quebra a ureia, liberando didxido de carbono, que ¢ detectado
nas amostras expiradas. Para garantir a precisdo do teste, o paciente deve suspender o uso
de inibidores de bomba de protons (IBPs) por duas semanas e parar o uso de antibidticos
por quatro semanas para evitar resultados falsos negativos (Chey & Wong 2007; Wang et
al. 2015).

O teste de antigeno fecal ¢ um exame altamente confidvel. Emprega diversas
técnicas, que incluem o ensaio de imunoabsor¢do enzimatica (ELISA), o ensaio
imunocromatografico € o imunoensaio quimioluminescente (Chey & Wong 2007).

A PCR, com alta sensibilidade e especificidade que ultrapassam os 95%, pode ser
invasiva e ndo invasiva dependendo das amostras biologicas que podem ser urina, fezes,
suco gastrico, bidpsia gastrica, com foco em ured, glmM, ureC e acido ribonucleico
ribossomal (rRNA) 16S (4px) na amostra para a deteccao da bactéria (Wang et al. 2015).

Os métodos invasivos para o diagnostico da infec¢do por H. pylori incluem
histopatologia, Teste Rapido de Urease (TRU), cultura e PCR de amostras de bidpsia. A
histopatologia consiste na analise da estrutura da mucosa gastrica apos a coleta de bidpsia
e ¢ amplamente empregada. Ela permite a avaliacdo do grau de danos patolégicos, como
gastrite, atrofia gastrica, metaplasia intestinal e cancer (Braden 2012; Batts et al. 2013; Lee
& Kim 2015).

O TRU ¢ um método direto e robusto para detec¢do da presenga da bactéria. A
abordagem se baseia na identificacdo da atividade da enzima urease bacteriana nas
amostras de bidpsia. Nesse procedimento, pequenos fragmentos de tecido da bidpsia sao
introduzidos em um meio contendo ureia. A urease bacteriana presente na amostra
decompde a ureia em didxido de carbono e amonia, o que eleva o pH do meio, criando uma
condicdo alcalina. Esse método ¢ uma ferramenta valiosa para o diagnostico da infecg¢do
por H. pylori (Graham & Miftahussurur 2018).

A cultura de H. pylori ¢ um método de deteccdo especifico, porém com

sensibilidade limitada devido as exigéncias e dificuldades no crescimento da bactéria. O
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indculo proveniente de uma amostra de bidpsia gastrica proporciona uma boa
especificidade. O transporte da amostra deve ser rdpido e eficiente através do meio
especifico Stuart, solu¢do salina a 0,9% ou com uréia, antes da cultura. Os meios de cultura
ideais para o crescimento sdo o agar Pylori, agar Skirrow, agar Wilkins-Chalgren, agar
sangue Columbia, agar Brucella, agar infusdao de cérebro e coracdo, e agar triptona de soja
enriquecido com sangue de ovelha. Podem ser adicionados antibidticos no meio de cultura
para que haja seletividade para H. pylori (Grove et al. 2001; Ndip et al. 2003; Park et al.
2011; Gong et al. 2015; Wang et al. 2015).

1.8 — Epidemiologia Genética e Medicina de Precisao

A Epidemiologia Genética dedica-se a compreender etiologia, distribuicdo e
doencas familiares, especialmente as de origem genética, que contribuem para o
desenvolvimento de doencas, além de analisar os efeitos conjuntos de genes e fatores ndo
genéticos (Burton et al. 2005).

Resultado da integragdo de duas ciéncias, genética e epidemiologia, a
epidemiologia genética incorpora os principais elementos de populagdes definidas, tipicos
da epidemiologia, a0 mesmo tempo em que investiga as interacdes entre genes e ambiente.
O proposito central da epidemiologia genética € discernir se a estrutura genética possui um
componente causal e qual a propor¢do relativa desse efeito genético em relagdo aos
impactos ambientais. Além disso, engloba elementos ndo genéticos, desde o ambiente
intrauterino até os efeitos fisicos e quimicos, aspectos comportamentais e sociais (Kaprio
2000).

Um principio fundamental na Epidemiologia Genética ¢ a analise de ligacao
genética, que investiga se um marcador especifico ¢ hereditariamente associado a uma
doencga dentro de uma familia. Importante destacar que o marcador e a variacdo genética
ndo precisam obrigatoriamente estar situados no mesmo gene. Este método procura
identificar a relagdo entre a transmissdo de determinados marcadores e a presenca da
doenga, e contribui para a compreensao dos mecanismos envolvidos (Burton et al. 2005).

Atualmente existem ferramentas de epidemiologia genética para H. pylori que
permitem o rastreio da estrutura molecular da cepa, andlise de evolucdo e vigilancia
gendOmica e epidemioldgica (Jiang et al. 2021). Adicionalmente, possibilita a realizagao de

pesquisas abrangentes, como estudos de associagdo gendmica, para explorar a conexao
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genética entre a bactéria e desfechos clinicos, como a tlcera péptica e cancer gastrico (Wu
et al. 2021).

A Medicina de Precisao ou Medicina Personalizada visa por meio da genética,
ambiente e estilo de vida, determinar melhores estratégias de tratamento e prevengao de
sintomas e doengas. Esta medicina utiliza tratamentos personalizados para atender as
necessidades individuais de cada paciente, e considera caracteristicas genéticas,
biomarcadores e fatores psicossociais (Ramaswami et al. 2018; Sisodiya 2020). Além
disso, essa ciéncia integra diferentes aspectos desde fenotipos clinicos até informagdes
biologicas, como exames de imagem, testes laboratoriais (com dados 6micos) e registros
de saude (Ramaswami et al. 2018).

Em relacdo a H. pylori € possivel determinar genes chaves que podem servir como
biomarcadores e alvos terapéuticos para diagnostico de cancer gastrico associado a
bactéria, e auxiliam na medicina personalizada contra a neoplasia (Ding et al. 2023). No
tratamento contra a infeccdo, foram avaliados os polimorfismos no CYP2CI9 e sua
influéncia na metabolizagdo de IBPs. Através do conhecimento sobre a variabilidade
genética do paciente, ¢ possivel otimizar a terapia medicamentosa, com minimizacao dos

riscos de falha e melhorias para a medicina de precisao (Harris et al. 2021).

1.9 - Polimorfismos Genéticos

Os polimorfismos genéticos sao variagdes que ocorrem em uma frequéncia, na
populacdo, acima de 1%. Estas variagdes genéticas envolvem insercdes, delegdes ou
substituicdes de bases na sequéncia do 4acido desoxirribonucleico (DNA). Os
Polimorfismos de Nucleotideo Unico (SNPs), presentes na figura 7, representam o tipo
mais prevalente de variacdo genética em seres humanos, que afetam apenas uma tnica base
no genoma, contudo, sua contribui¢do para a variacao fenotipica ¢ limitada, e representam
somente 0,1% quando a comparagao recai sobre os genomas de dois individuos, dentro do
contexto de uma populagdo homogénea (Hasnain et. Al 2020; Yeniay et. al 2021).

A diversidade genética, caracterizada por polimorfismos, surge devido as variagdes
nas sequéncias de DNA entre individuos da mesma espécie, sendo definida como um
equilibrio entre o aparecimento e o desaparecimento de variantes genéticas (alelos). A
formag¢ao de novos alelos ocorre mediante mutagdes espontaneas, resultantes de erros na
replicacdo ou danos no DNA induzidos por agentes mutagénicos. Entretanto, ¢ relevante
observar que a taxa de mutagdo nao ¢ uniforme e varia tanto no genoma quanto entre

diferentes espécies (Lynch 2010; Hodgkinson & Eyre-Walker, 2011).
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Figura 7 - Polimorfismo de Nucleotideo Unico (SNP) e seu possivel efeito causal na

traducdo de proteinas.

Os SNPs podem induzir a producdo de diferentes aminodcidos, que exercem
impacto direto na fun¢do da proteina codificada e na progressao de condicdes patoldgicas.
Estima-se que aproximadamente 50% dos SNPs estdo localizados na regido codificadora
do gene, dos quais 25% sdo considerados SNPs silenciosos, € os outros 25% sdo
classificados como SNPs missense, que causam alteragdo em nivel de funcao (Akhtar et al.
2021; Kondylis et al. 2015).

A diversidade na composi¢ao e funcao das proteinas humanas ¢, em grande medida,
impulsionada pelos SNPs nao sinonimos (nsSNPs), que sdo alteragdes em nivel de
aminoacidos. Multiplos nsSNPs podem reconfigurar a rede de interagdes genéticas (Lee et
al. 2021). Estimativas sugerem que cerca de 20% dos nsSNPs podem resultar em danos
estruturais ou funcionais nas proteinas (Vage & Lingaas 2008). A variacdo pode ocorrer
na sequéncia codificadora do gene, o que pode resultar na producdo de proteinas
defeituosas, embora a maioria produza alteracdes que tém pouco ou nenhum efeito; ou na
regido ndo codificadora do gene, podendo ndo ter impacto sobre o produto proteico. Essas
variacoes desempenham um papel na influéncia da gravidade das doengas, especialmente
quando combinadas com o perfil genético do hospedeiro (Lima et al. 2006; Bucci 2023).

Os polimorfismos genéticos do hospedeiro, desempenham um papel determinante
na protecdo contra infec¢des ou doengas, bem como na possibilidade de sua propensdo em
induzir tais condi¢des (Ma et al. 2017; Panic et al. 2014). Esta variabilidade pode ocorrer
em genes de metilagcdo de DNA (Vargas-Alarcon et al. 2022), genes oncossupressores
(Imai et al. 2021), genes do sistema imunolédgico (Gigek et al. 2017; Kalkanli et al. 2020;
Li et al. 2017) ou ainda em metabolizadores de medicamentos (Salagacka-Kubiak et al.

2018).
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2 — Justificativa

As condigdes genéticas do hospedeiro, como os polimorfismos, t€ém emergido
como fatores-chave de suscetibilidade as doengas gastricas. Essas condi¢des podem
agravar o quadro clinico da infec¢dao por H. pylori, em decorréncia do desequilibrio na
relacdo parasito-hospedeiro. Apesar dos avancgos cientificos no estudo dessa interagdo, ha
ainda uma notavel lacuna no entendimento das bases genéticas que influenciam a resposta
individual a infec¢do e na progressao da doenga.

Aproximadamente 70% dos individuos infectados por H. pylori sdo assintomaticos,
enquanto os 30% restantes podem desenvolver doencas de gravidade variavel. A
diferenciagdo entre essas populacdes pode ser influenciada por variagdes genéticas no
hospedeiro, que levam a um desequilibrio na relagdo parasito-hospedeiro. Nesse contexto,
a identificagdo das frequéncias genotipicas e alélicas dos genes envolvidos nessa interagao
torna-se relevante. Essa abordagem ¢ essencial para uma compreensao aprofundada dos
fatores genéticos que influenciam a resposta do hospedeiro a infecgao.

Os polimorfismos em genes do sistema imunoldgico do hospedeiro podem
desempenhar um papel critico na modulagao da resposta do organismo aos fatores de
viruléncia da bactéria. Essas variagcdes genéticas podem alterar a transcri¢ao e influenciar
a intensidade da resposta inflamatoria. A compreensdo destes polimorfismos ¢ fundamental
para avaliar o progndstico dos pacientes e abre caminhos promissores para a criagdo de
novas abordagens preventivas e terapéuticas. Esses biomarcadores podem oferecer
informacgdes valiosas sobre a suscetibilidade a infecg¢ao.

Sendo assim, a identificagdo das alteragdes genéticas mais comuns na populagao
global e sua correlagdo com os desfechos clinicos, viabilizard a constru¢do de um painel
de variantes de risco, por meio de uma revisdo sistematica com meta-analise, que
representa o nivel mais alto na hierarquia de evidéncias cientificas. A identificacdo dessas
variantes abre perspectivas para o avango significativos da medicina de precisdo, com base
no perfil genético individual de cada paciente, progndsticos e tratamentos de doengas

relacionadas a infec¢do por H. pylori.
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3 - Objetivos

3.1 - Objetivo Geral

Construir um painel genético com potenciais biomarcadores moleculares no
hospedeiro, que estejam associados a susceptibilidade a infec¢ao por H. pylori, por meio

de uma revisao sistematica da literatura e meta-analise.

3.2 - Objetivos Especificos

e Identificar as frequéncias genotipicas e alélicas para os genes que possuem

associacdo genética com o processo de interagdo da H. pylori com o hospedeiro.

e Identificar as frequéncias genotipicas e alé¢licas de maior risco para os processos
de interagdo, progressdo e desenvolvimento das complicagdes decorrentes do processo

infeccioso por H. pylori.

e Descrever a prevaléncia dos polimorfismos genéticos encontrados, e elaborar
um painel com variantes genéticas que conferem susceptibilidade a infec¢ao por H. pylori,

contribuindo com os principios da medicina gendmica e de precisao.
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4 — Metodologia Detalhada

4.1 - Protocolo e Registro da Revisao

O protocolo desta revisao sistematica foi registrado no International Prospective
Register of Systematic Reviews (PROSPERO) sob o numero de registro
CRD42023409085. Foi desenvolvido seguindo as diretrizes do Joanna Briggs Institute
(JBI) no capitulo de Etiologia e Risco, dada sua abordagem sobre susceptibilidade a uma
infeccdo (Moola et al, 2020). O registro em PROSPERO ¢ essencial para evitar a
duplicagdo de esforcos, promover a transparéncia, permitir a atualizacdo e
acompanhamento da revisdo e prevenir possiveis vieses na condu¢dao do estudo. Além
disso, o protocolo foi moldado de acordo com as instrugdes fornecidas pelo Nucleo de

Estudo da Helicobacter pylori/Nucleo de Pesquisas em Neurogenética (Santos et al., 2023).

4.2 - Critério de Elegibilidade

O formato PICO (Populacdo, Intervengdo, Comparacdo e Desfecho),
tradicionalmente utilizado em estudos que avaliam intervengdes terapéuticas, ndo ¢é
adequado para pesquisas que investigam etiologia e fatores de risco. Para esses tipos de
estudo, o formato PEO (Populacao, Exposicdo e Desfecho) ¢ mais apropriado, pois permite
uma melhor explora¢do das causas e fatores de risco envolvidos. Assim, uma revisao
sistematica que avalia esses aspectos deve incorporar esses componentes (Moola et al.,
2020). Com base nesses critérios, a pergunta norteadora deste estudo ¢: Quais
polimorfismos genéticos do hospedeiro estdo associados a uma maior susceptibilidade a

infec¢do por Helicobacter pylori?

4.2.1 - Critérios de Inclusao

Foram incluidos no estudo, artigos sem restricio de tempo ou idioma, que
descrevam os polimorfismos em genes do hospedeiro que estavam associados a infec¢ao

por H. pylori. As especificagdes sobre inclusdes de artigos estdo descritas na tabela 1.
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Tabela 1 - Critérios de Inclusdao de Acordo com o PEO

Acronimo
Descricao Critério de Inclusao Critério de Exclusao
PEO
Estudos que ndo envolvam
~ ~ seres humanos, como
Populagdo  Populacdo Infectada por .
P investigacoes in vitro ou
H. pylori. .
pytort pesquisas focadas em
experimentacao animal.
Presenga de
polimorfismos genéticos
E Exposicao do hospedeiro Nao Aplicavel.
suscetiveis a infec¢ao
por H. pylori.
Estudos sem dados ou com
‘ ' dados insuficientes sobre
O Associado a infecgdo por .
Desfecho infec¢do ou polimorfismo
H. pylori.

associados a prote¢ao ou

melhoria da populagao.

4.2.2 - Critérios de Exclusiao
Foram excluidos estudos com animais, artigos em duplicata, artigos sem resumo,
artigos de revisao, protocolos, resumos de congressos € artigos que nao responderam a

pergunta norteadora da revisao.

4.3 - Método de Busca
Foram elaboradas estratégias de busca que utilizaram indices de cabegalho

especificos, como termos MeSH, sendo a estratégia adaptada para cada banco de dados.
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Os termos de busca/palavras-chave foram combinados utilizando os operadores booleanos

‘AND’ e ‘OR’.

4.4 - Estratégia de busca

As buscas foram realizadas nas bases de dados bibliograficas Web of Science
(Science and Social Science Citation Index), Scopus, NCBI/PubMed, Portal Regional da
BVS ¢ EMBASE. Com foco em termos-chave alinhados com o PEO previamente
conduzido. As referéncias dos estudos incluidos foram avaliadas para garantir que nenhum
artigo relevante fosse omitido durante o processo de sele¢do. A estratégia de busca, que
combinou termos MeSH e palavras-chave utilizadas na busca preliminar no

NCBI/PubMed, esta detalhada na tabela 2.

Tabela 2 - Estratégia de Busca na Base de Dados NCBI/PubMed.

Base de Dados Estratégia de Busca

(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter

NCBI pylori") OR ("Campylobacter pyloridis")) AND
PubMed (("Polymorphisms, Genetic") OR ("Genetic Polymorphism*") OR
("Genetic susceptibility")) AND ("Infection")
(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter
BVS pylori") OR ("Campylobacter pyloridis")) AND
(("Polymorphisms, Genetic") OR ("Genetic Polymorphism*") OR
("Genetic susceptibility")) AND ("Infection")
EMBASE (("Helicobacter pylori' OR 'Campylobacter pylori' OR

'‘Campylobacter pyloridis' OR 'Campylobacter pyloris' OR
'Helicobacter infections' OR 'Helicobacter pylori infection’) AND
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'genetic polymorphism' OR 'polymorphism (genetics)' OR
'polymorphism, genetic') AND 'infection'

TITLE-ABS-KEY ((("Helicobacter pylori") OR ("H. pylori") OR
SCOPUS ("Campylobacter pylori") OR ("Campylobacter pyloridis")) AND
(("Polymorphisms, Genetic") OR ("Genetic Polymorphism*") OR

("Genetic susceptibility")) AND ("Infection")

(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter
WEB OF pylori") OR ("Campylobacter pyloridis")) AND
SCIENCE (("Polymorphisms, Genetic") OR ("Genetic Polymorphism*") OR
("Genetic susceptibility")) AND ("Infection")

4.5 - Selecao do Estudo

Pesquisas manuais e de referéncias foram conduzidas por verificagao independente
de membros da equipe. A selecao foi realizada por dois revisores independentes, dividida
em duas fases (fase I e II), onde os artigos foram avaliados quanto aos critérios de exclusdo
e inclusdo. Na fase I de selegdo foi utilizado o aplicativo da web Rayyan®, que auxilia os
pesquisadores na extracdo e aprimora a avaliagdo. Nesta fase, os artigos foram avaliados
quanto aos titulos e resumos. Os artigos selecionados na fase I, foram tratados na fase II,
que consistiu na leitura do artigo na integra. Em ambas as fases foram realizados o duplo-
cego para selec@o, com os dois revisores independentes, € nao tiveram ciéncia da avaliagao
do outro revisor. Os mesmos revisores avaliaram independentemente a elegibilidade de
cada artigo. Em caso de publicacdo duplicada foi utilizado o artigo com os dados mais
completos. As discordancias foram solucionadas por um terceiro revisor.

O processo de selegao do estudo foi apresentado em fluxograma, presente na figura
8, seguindo as diretrizes do PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) (Page et al. 2021).
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Identificagao

) (

Triagem

Inclusao

—

[

Identificagao de estudos através de bancos de dados e registros ]

Referéncias identificadas em:
Base de dados* (n =)
Registros (n =)

*Recomenda-se reportar o nimero de
registros encontrados em cada uma das

bases.

Referéncias removidas antes do processo
de selegao:

Duplicatas (n =)

Registros classificados como
inelegiveis por ferramentas (n =)
Registros removidos por outras
razoes (n=)

}

Referéncias avaliadas por titulo e resumo

(n=)

Referéncias excluidas

(n=)

i

Referéncias incluidas para avaliagao por
texto completo

(n=)

Referéncias cujo texto completo ndo foi
identificado

(n=)

}

Referéncias avaliadas por texto completo

(n=)

Referéncias excluidas** (n =)

}

**Reportar todos os motivos de
exclusdo

Estudos incluidos na revisao
(n=)
Relatorios dos estudos incluidos

(n=)

*Considere, se for viavel, relatar o nimero de registros identificados em cada
banco de dados ou registro pesquisado (em vez do niimero total em todos os bancos de dados/registros).

**Se ferramentas automatizadas foram usadas, indique quantos registros foram excluidos por uma
pessoa e quantos foram excluidos pelas ferramentas automatizadas.

Figura 8 - Fluxograma PRISMA

Fonte: Adaptado de Page et al., 2021.

4.6 - Risco de Viés

Os artigos selecionados foram avaliados quanto a qualidade metodologica com

utilizagcdo dos questionarios do JBI. Cada tipo de estudo possui um questiondrio com

questdes que devem ser respondidas com "Yes", "No", "Unclear" ou "Not applicable". Os
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estudos com mais de 60% de respostas "Yes" foram considerados de baixo risco de viés.
Dois revisores independentes avaliaram o viés metodologico de forma independente (Muka

et al. 2020).

4.7 - Extracao e Sintese de Dados

A extracdo de dados foi realizada por dois revisores independentes, e as eventuais
discrepancias foram solucionadas por consenso. Os dados extraidos e selecionados foram
tratados e tabulados utilizando o Microsoft Excel®. Os nomes oficiais dos genes e
polimorfismos foram consultados na plataforma do banco de dados do National Center for
Biotechnology Information (NCBI).

Os dados foram apresentados de acordo com o PEO, com caracterizacao da
Populagao, Exposicao e o Desfecho (do inglés, Outcome) apresentado. As informacodes a
serem coletadas dos artigos compreendem: caracteristicas do estudo (ano de publicagao,
local conduzido e delineamento do estudo), aspectos genéticos (gene, localizagdo no
genoma, método de genotipagem, polimorfismo investigado, tipo de variacdo genética,
tamanho da amostra nos grupos caso e controle; comparagao genotipica ou alélica realizada
e suas frequéncias nos grupos), modelos genéticos e estatistica ((valor de p, calculo de odds

ratio (OR) com intervalo de confianga (IC) de 95%))).

4.8 - Estatistica

A associagdo entre SNPs e a susceptibilidade a infeccao por H. pylori foi avaliada
através de calculos de razao de chances (OR) e intervalos de confianga (IC) de 95%. A OR
foi obtida comparando dois modelos genéticos: o modelo alélico (selvagem vs. mutante) e
o modelo dominante (heterozigoto + mutante vs. selvagem). A heterogeneidade entre os
estudos selecionados foi analisada utilizando o teste de inconsisténcia de Higgins (I?).

A escolha do modelo meta-analitico depende do teste de heterogeneidade entre os
estudos. Quando I? ¢ inferior a 25%, o modelo de efeito fixo (método de Mantel-Haenszel)
foi aplicado, e assume que as diferencas entre as estimativas de efeito sdo meramente
devido ao acaso. Por outro lado, quando I? estd entre 25% e 75%, o modelo de efeitos
aleatérios (método de DerSimonian-Laird) ¢ utilizado. Valores de I? entre 25% e 75%
indicam heterogeneidade moderada, e valores acima de 75% indicam alta heterogeneidade.

O viés de publicagao foi avaliado utilizando um grafico de funil, conforme descrito
por Egger et al. (1997), e a assimetria foi estimada por regressao linear com o teste de

Egger. Um valor de p < 0,05 no teste de Egger indica uma forte probabilidade de viés de
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publicacdo. Todos os testes estatisticos foram realizados utilizando o software RStudio®

(versdo 4.3.2).

4.9 - Etica
Em estudos nos quais ndo ¢ necessario nenhum tipo de consenso ou termo de
consentimento livre e esclarecido, e que ndo envolvem a coleta de dados de pacientes, ndo

¢ necessario submeté-los a um comité de ética em pesquisa.
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Capitulo II — Resultados - Protocolo

Protocolo publicado na Plataforma PROSPERO (International prospective register
of systematic reviews)

Association between genetic polymorphisms and host susceptibility infected by
Helicobacter pylori: a systematic review and meta-analysis

H.C.O. Santos, D.N. Maciel, A.F.P.L. Ramos, S.B. Santiago, C.C.P. Costa, R.S. Santos

and M.S. Barbosa

1. Review question

Which host genetic polymorphisms are associated with increased susceptibility to
Helicobacter pylori infection?

2. Searches

The searches will be performed in the databases: Web of Science, Scopus,
NCBI/PubMed, Virtual Health Library (BVS) and EMBASE. In addition, data from
the gray literature will also be analyzed.

3.  Types of study to be included

Observational studies.

4.  Condition or domain being studied

Helicobacter pylori (H. pylori) is a gram-negative, microaerophilic bacterium, the
etiological agent of gastroduodenal diseases such as gastritis, ulcers, MALT
lymphoma and gastric cancer. The microorganism affects about 50% of the global
population and is considered a type I carcinogen by the World Health Organization.
Gastric cancer is the fourth most common neoplasm in men and the sixth in women,
being the third leading cause of global cancer death. Most infected patients are
asymptomatic or have non-severe gastric disease. The clinical outcome of the
infection is associated with an imbalance in the parasite-host relationship. Some
infected people have an exacerbated immune and inflammatory response, as they have
genes that attenuate or accentuate the infection. Probably the genetic factor is
associated with this response in different hosts. Characterizing possible host
molecular markers can contribute to precision medicine, aiding in the diagnosis,
prognosis and treatment of patients.

5.  Participants/population

The studied population will be composed of patients susceptible to infection by
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Helicobacter pylori.

6. Intervention(s), exposure(s)

The analyzed exposure will be the presence of genetic polymorphisms in individuals with
Helicobacter pylori infection.

7.  Comparator(s)/control

Not applicable.

8.  Context
To be eligible, Articles reporting the study of polymorphisms in host genes associated
with Helicobacter pylori infection. No time or language restriction.

Exclusion: Animal studies, duplicate studies, articles without an abstract, review
articles, articles that do not answer the guiding question of the review.

9.  Main outcome(s)

It is expected to list the main genetic polymorphisms already studied in the world
population  with  Helicobacter  pylori  infection. Identify  possible risk
polymorphisms/allelic combinations for Helicobacter pylori infection, in isolation or in
combination.

10. Additional outcome(s)

Not applicable.

11. Data extraction (selection and coding)

Articles found through the search strategy will be imported to the Rayyan platform, that
manages them by removing duplicates. In addition, the Rayyan platform enable the
selection of references between the reviewers. The discrepancies will be resolved by a
third reviewer. The papers will be selected through the following steps: Reading the title
and abstract, and posteriorly, full text.

12. Risk of bias (quality) assessment

Among the selected papers, the methodological quality will be evaluated following the
protocols of the Joanna Briggs Institute, applied according to the type of study.

13. Strategy for data synthesis

Articles found through the search strategy will be imported to the Rayyan platform, that
manages them by removing duplicates. In addition, the Rayyan platform enable the
selection of references between the reviewers. The discrepancies will be resolved by a
third reviewer. The papers will be selected through the following steps: Reading the title
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and abstract, and posteriorly, full text.

14. Analysis of subgroups or subsets

The analysis will be performed only in studies that contemplate genetic polymorphisms
associated or not with degenerative sclerosis. There will be no language restriction and
no time restriction. The results obtained with this systematic review will guide possible
analyses of specific sets, such as: by gene, population/ethnicity, polymorphisms, sex, or
disease.

15. Contact details for further information
Hellen Christina de Oliveira Santos

hellen_oliveira@discente.ufg.br

16. Organisational affiliation of the review

Goias Federal University

17. Review team members and their organizational affiliations

Miss Hellen Christina de Oliveira Santos. Goias Federal University

Mr Diogo Nery Maciel. Goias Federal University

Miss Silvana Barbosa Santiago. Goias Federal University

18. Collaborators

Miss Caroline Christine Pincela da Costa. Institute of Biological Sciences (ICB 1),
Federal University of Goias, Goiania, Brazil.

Miss Amanda Ferreira Paes Landim Ramos. Institute of Tropical Pathology and Public
Health (IPTSP), Federal University of Goias, Goiania, Brazil.

Dr Rodrigo da Silva Santos. Goias Federal University

Dra Monica Santiago Barbosa. Goias Federal University

19. Type and method of review

Meta-analysis, Systematic review

20. Anticipated or actual start date
20 March 2023

21. Anticipated completion date
31 July 2024

46



22. Funding sources/sponsors

The research will be funded by personal resources from the research coordinators
(Rodrigo da Silva Santos, Ph.D. and Mdnica Santiago Barbosa, Ph.D).

23. Conflicts of interest

None known

24. Language
English

25. Country

Brazil

26. Stage of review

Review Ongoing

27. Subject index terms status

Subject indexing assigned by CRD

28. Subject index terms

Genetic Predisposition to Disease; Helicobacter Infections; Helicobacter pylori;
Humans; Polymorphism, Genetic

29. Date of registration in PROSPERO
28 March 2023

30. Date of first submission

17 March 2023

31. Stage of review at time of this submission

The review has not started

Stage Started Completed
Preliminary searches No No
Piloting of the study selection process No No
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Formal screening of search results against eligibility criteria
Data extraction

Risk of bias (quality) assessment

Data analysis

No

No

No
No
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Capitulo IIT — Resultados (artigo publicado pela Genetic Molecular
Research - GMR)

GMR

Association between host genetic polymorphisms
and susceptibility to Helicobacter pylori infection:
a systematic review protocol
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ABSTRACT. Helicobacter pylori is a  gram-negative,
microaerophilic bacterium and an etiological agent of gastroduodenal
diseases, including gastritis, peptic ulcers, mucosa-associated
lymphoid tissue lymphoma, and gastric cancer. H. pylori affects
approximately half of the global population. Most infected patients
remain asymptomatic or exhibit non-severe gastric diseases. The
clinical outcome of the infection is intricately associated with a
delicate host-parasite relationship. Infected individuals may present a
variety of immune and inflammatory responses influenced by genes
that either attenuate or exacerbate the infection. Characterizing
potential molecular biomarkers of the host could provide a significant
contribution to precision medicine, assisting in the diagnosis,
prognosis, and personalized therapeutic approaches for H. pylori
infected patients. This systematic review protocol aims to provide a
comprehensive and critical synthesis of the scientific evidence
regarding genetic polymorphisms and their association with host
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H.C.O. Santosct al. 2

susceptibility to H. pylori infection. This protocol has been registered
in the Intemational Prospective Register of Systematic Reviews with
number CRD42023409085. It was prepared in accordance with the
guidelines of the Joanna Briggs Institute for systematic review
protocols conceming etiology and risk. The literature searches will be
conducted in electronic bibliographic databases. The selection
process will be conducted in pairs, using a double-blind format, and
any discrepancies will be resolved by a third reviewer. After
selection, the relevant data will be extracted and recorded in a
designated form. This is designed to find genetic polymorphisms
associated with specific clinical outcomes, potentially helping
provide valuable insights for precision medicine, allowing the
development of personalized and effective therapeutic approaches in
patient treatment.

Key words: Bacteria; Precision genetics: Precision medicine: Systematic

INTRODUCTION

Helicobacter pylori, a prevalent gram-negative bacterium, is estimated to infect
more than half of the global population. While most H. pylori carriers remain
asymptomatic, the infection can lead to various gastrointestinal diseases, such as gastritis,
peptic ulcers, gastric adenocarcinoma, and gastric mucosa-associated lymphomas
(Papaefthymiou et al., 2019; Malfertheiner et al., 2023).

The variability in clinical outcomes arises from a complex interplay of
environmental factors, the virulence of the infecting strain, host immune response, and
genetic predisposition (Mohammadi et al., 2022; Malfertheiner et al, 2023). Genetic
susceptibility is linked to host gene polymorphisms, particularly those involved in the
immune response to H. pylori. These polymorphisms can trigger a cascade of cytokines that
accelerate the inflammatory process and promote the development of malignant conditions
(Chmiela et al., 2017).

Genetic variability, which comprises genetic polymorphisms, is responsible for
generating variations in morphology and physiology between individuals belonging to the
same species. These factors play an extremely important role in regulating disease severity,
especially when they are associated with the host's genetic components (Kalsoom et al.,
2020: He and Jiang, 2022). An interaction between two polymorphisms can lead to a
synergistic effect, resulting in a phenotypic alteration that increases cytokine production at
the cellular level. This phenomenon can trigger exacerbated immune responses and
contribute to the severity of certain clinical conditions (Kalsoom et al., 2020).

The objective of this systematic review is to characterize potential host molecular
biomarkers associated with susceptibility to H. pylori infection. We will identify genetic
variability in genes of the immune system components related to increased susceptibility to
infection and construct a panel of genetic variants that may contribute to precision
medicine, aiding in the diagnosis, prognosis, and personalized therapy for patients.

Genetics and Molecular Rescarch 22 (4): gmr 19198 ©FUNPEC-RP www. funpecrp.com.br
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Review protocol for genetic polymorphisms and Helicobacter pylori 3

Therefore, the guiding question for this study is: "Which host genetic polymorphisms are
associated with a higher susceptibility to H. pylori infection?".

MATERIAL AND METHODS

This systematic review protocol was developed following the guidelines
provided by the Joanna Briggs Institute (JBI) for the Etiology and Risk chapter,
considering its focus on susceptibility to infection (Moola et al., 2020). We have
registered our systematic review protocol in the International Prospective Register of
Systematic Reviews (PROSPERO) under the registration number CRD42023409085.
This registration is crucial for reducing duplication of efforts, ensuring transparency,
facilitating updates and monitoring of the review, and preventing biases.

Eligibility criteria

The PICO (Population, Intervention, Comparison, and Outcome) format,
traditionally used in studies evaluating therapeutic interventions, is not suitable for
ctiology and risk studies. For this type of research, the PEO (Population, Exposure, and
Outcome) format is utilized, which is more appropriate for exploring causes and risk
factors. Therefore, a systematic review assessing these factors should encompass these
components (Moola et al., 2020).

Articles describing host gene polymorphisms associated with H. pylori infection
will be included in the study, with no restrictions on time or language. Studies
involving animals, duplicate articles, articles without abstracts, review articles,
protocols, conference abstracts, and articles that do not address the review's guiding
question will not be included. Inclusion details are provided in Table 1.

PEO
e - Description Inclusion criteria Exclusion criteria
" . Studies that do not involve humans, such as
P Population WmWWﬁ - Cithoum o = i
Lo on animal expenmentation.
; Pr of g polymorphi P
® Prpece susceptible to /. pyfori nfecticn. ol ey .
Studies with no or insufficient data on
0 Outcome Associated with /. pylori infects fection or polymorphi d with
- 1 ur - - . —— -
Search methods

Strategies for search will be created using specific subject heading indexes such
as MESH terms, and the strategy will be adapted for each database. The search
terms’keywords will be combined using Boolean operators *“AND’ and ‘OR".

Gencetics and Molecular Rescarch 22 (4): gmr19198 DOFUNPEC-RP www._funpecrp.com.br
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H.C.O. Santos ct al. 4

Search strategy

Searches will be conducted in the respective bibliographic databases Web of
Science (Science and Social Science Citation Index), Scopus, National Center for
Biotechnology Information (NCBI)/PubMed, Portal Regional da BVS, and EMBASE.
These searches will be focused on key terms aligned with the previously conducted
PEO. Additionally, the references of included studies will be assessed to ensure that no
relevant article is omitted during the selection process. The search strategy, which
combines MeSH terms and keywords used in the preliminary search in
MEDLINE/PubMed, is detailed in Table 2.

DATABASE SEARCH STRATEGY

(("Helicobacter pylori™) OR ("H. pylon™) OR ("Campylobacter pylori™) OR ("Campylobacter

::::u pyloridis™)) AND (("Polymoephisms, Genetic”) OR ("Genetic Polymorphism®”) OR ("Genetic
susceptibility”)) AND ("Infection”)
Study selection

Manual and reference searches will be conducted by HCOS, followed by
independent verification by team members (CCPC and RSS). The selection process will
be carried out by two reviewers (HCOS and DNM), independently, and will be divided
into two phases (Phases I and II), where articles will be evaluated based on inclusion
and exclusion criteria. The web application Rayyan® will be utilized during Phase I of
selection, aiding researchers in extraction and enhancing evaluation, with a focus on
titles and abstracts. Articles selected in Phase I will proceed to Phase II, involving a
comprehensive reading of the entire article. Both phases will follow a double-blind
approach, ensuring that the two independent reviewers are unaware of ecach other's
evaluations. The same reviewers will independently assess the eligibility of each article.
In cases of duplicate publications, the article with the most comprehensive data will be
used. In the event of disagreements, consensus will be reached between the reviewers at
any stage of data extraction or resolved by a third reviewer (AFPLR). If the abstract or
full-text article cannot be located, the comresponding author will be contacted twice via
email to request the file or relevant information. If no success is achieved in obtaining
the required materials, the study will not be sclected for data extraction. The study
selection process will be presented in a flowchart (Figure 1) following the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
(Shamseer et al., 2015; Page et al., 2021).

Genetics and Molecular Rescarch 22 (4): gme19198 ©FUNPEC-RP www.funpecrp.com.br
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Revonds removed before
screening:
Recoeds fiod from® ‘l:uivl'wutmdtmrd
ey Pl Reconds marked as incligible
- by automation wols (o = )
Reoonds removed foe other
reasons (n = )
A
Records screened . Records excluded**
(n=) (n=)
Reports sought for retneval Reports not retneved
(n=) a=)
Repocts assessed for eligibili o
(n=) oy Records excluded:
Reason | (n~)
Reason 2 (n~)
Reason 3 (n~)
ete.
Studies included m review
n=)
Reports of included studies
(n=)
*Coasader, if feassble to do s, reporting the ber of ds identified from cach database oc regs eched (rather than the

total number across all databases registers).
**1f automation tools were used, indicate how many records were excluded by a bum an and how many were exchaded by automation tools.

Figure 1. PRISMA flowchart, which documents the process of study sclection accurately, clearly, and uniformly
in a systematic review (Page et al., 2021)

Risk of methodological bias

The selected articles will be assessed for methodological quality using the JBI
questionnaires. Each type of study has a questionnaire with questions that should be
answered as "Yes", "No", "Unclear", or "Not applicable". Studies with more than 60% of
"Yes" responses will be considered to have a low risk of bias. Two independent reviewers
(HCOS and DNM) will assess the methodological bias independently. The third reviewer
(AFPLR) will synthesize the results and resolve any discrepancies between the reviewers if
there is no consensus. The funnel plot or Egger's test will be used to visualize and
comprehensively capture the risk of methodological biases (Muka et al., 2020).
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Data Extraction

Data extraction will be conducted by two reviewers (HCOS and DNM),
independently, and any discrepancies will be resolved through consensus or by involving a
third reviewer (AFPLR). The extracted and selected data will be organized and tabulated
using Microsoft Excel®.

In case of any uncertainties regarding the data, the corresponding author will be
contacted, and if no response is received after two attempts, the data will be excluded. The
official names of genes and polymorphisms will be consulted on the NCBI database
platform.

Data synthesis

The data will be presented according to the PEO format, characterizing the
Population, Exposure, and Outcome under investigation. The information to be extracted
from the articles includes study characteristics (publication year, study location, and
design), genetic aspects (gene, genomic location, genotyping method, investigated
polymorphism, type of genetic variation, sample size in case and control groups, genotypic
or allelic comparisons, and their frequencies in the groups), genetic models, bacterial strain
(possessing virulence factors), and statistics (p-value, calculation of odds ratio (OR) with
95% confidence interval (CI)).

If homogeneous studies are found, a meta-analysis of the polymorphisms will be
conducted to assess the 95% odds ratios and confidence intervals, grouping them into
genetic models. The results will be presented in a table, and forest plots will be used to
demonstrate the findings of the meta-analysis (Muka et al., 2020). Furthermore, the
potential presence of publication bias will be assessed through a funnel plot calculated using
the Egger's test. All statistical analyses will be carried out using RStudio software (version
432).

Ethics

In studies where no consensus or informed consent is required, and data collection
does not involve patients, submission to a research ethics committee is not necessary.

DISCUSSION

So far, this represents the first protocol of a systematic review focused exclusively
on susceptibility to H. pylori infection, without any association with the resulting
pathologies of the host-parasite interaction. The occurrence of this infection in the
population reaches around 90% in developing countries, making the study highly relevant in
these communities, and less than 40% in developed countries (Gonzilez et al., 2014;
Bassagh et al., 2019). Investigating susceptibility is important to understand this imbalance
in the host-parasite relationship. Genetic variability will possibly elucidate the reasons why
some hosts present severe diseases, others non-severe diseases, and others remain
asymptomatic.
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Review protocol for genctic polymorphisms and Helicobacter pylori 7

Through the systematic review, we aim to list the main host genetic polymorphisms
in the worldwide population infected with H. pylori and detect possible polymorphisms or
allelic combinations associated with the risk of infection by the microorganism, either
individually or in combination.

This systematic review protocol of etiology and risk provides a detailed and
comprehensive description of the procedures to be followed in the study, addressing aspects
such as which guidelines to use, how to assemble the search strategy, statistical analysis,
elements to be collected for the Microsoft Excel® spreadsheet, as well as detailed
explanations of each stage of the process. Additionally, it offers recommendations for
databases and web applications that will serve as auxiliary tools during the review process.
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ABSTRACT

Host genetic polymorphisms are predictive markers of susceptibility to infections. The
gram-negative bacterium Helicobacter pylori can cause inflammation and molecular
changes with various clinical outcomes. This study aimed to characterize host molecular
biomarkers associated with susceptibility to H. pylori infection through a systematic review
using PRISMA guidelines. The research was conducted across five databases, selecting
observational studies without time or language restrictions and excluding animal studies.
The protocol was registered in PROSPERO (CRD42023409085). Out of 4.683 articles, 35
were included, identifying 43 polymorphisms in 30 genes. 06 polymorphisms were
analyzed in the meta-analysis: IL/B-C31T (rs1143627), ILIB-C511T (rs16944), TLRI
C>T (rs4833095), TLR4 A>G (rs4986790), TLR10 A>T (rs10004195), and TNF308 G>A
(rs1800629). ILIB-C511T and TLR4 A>G increased susceptibility, while 7LR! C>T and
TLR10 A>T offered protection. Host genetic determinants are strongly related to infection
susceptibility. This study identified genomic variants and characterized the host genetic
risk profile, contributing to targeted approaches for the target population and personalized

medicine in the prevention, diagnosis, and treatment of H. pylori infection.

Associagdo entre polimorfismos genéticos e suscetibilidade do hospedeiro a infec¢ao por
Helicobacter pylori: uma revisao sistematica e meta-analise

RESUMO

Os polimorfismos genéticos no hospedeiro sao marcadores preditivos de suscetibilidade a
infeccdes. A bactéria gram-negativa Helicobacter pylori, pode causar inflamagdo e
alteragdes moleculares com diversos desfechos clinicos. Este estudo teve como objetivo
caracterizar biomarcadores moleculares do hospedeiro associados a suscetibilidade a
infeccdo por H. pylori, através de uma revisao sistematica usando as diretrizes PRISMA.

A pesquisa foi realizada em cinco bases de dados, selecionando estudos observacionais
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sem restricdes de tempo ou idioma e excluindo estudos com animais. O protocolo foi
registrado na PROSPERO (CRD42023409085). De 4.683 artigos, 35 foram incluidos,
identificando 43 polimorfismos em 30 genes. 06 polimorfismos foram analisados na meta-
andlise: /ILIB-C31T (rs1143627), ILIB-C511T (rs16944), TLRI1 C>T (rs4833095), TLR4
A>G (rs4986790), TLR10 A>T (rs10004195) e TNF308 G>A (rs1800629). ILIB-C511T e
TLR4 A>G aumentaram a suscetibilidade, enquanto 7LRI! C>T e TLR10 A>T ofereceram
protecdo. Os determinantes genéticos do hospedeiro estdo fortemente relacionados a
suscetibilidade a infeccdo. Este estudo identificou variantes gendmicas e caracterizou o
perfil de risco genético do hospedeiro, contribuindo para abordagens especificas para
populacdo-alvo e medicina personalizada na prevencdo, diagndstico e tratamento da
infec¢do por H. pylori.
INTRODUCTION

Helicobacter pylori (H. pylori) is a gram-negative bacillus, microaerophilic, which
colonizes the stomach of more than 40% of the population (Li et al., 2023). Its incidence
rate can reach up to 90% in developing countries, such as Brazil (Bassagh et al., 2019).
Transmission can occur through oral-oral, fecal-oral, iatrogenic, and zoonotic routes, with
person-to-person transmission being crucial for the bacteria's spread (Atapoor et al., 2014).

Since 1994, Helicobacter pylori has been classified as a Group I carcinogen by
the International Agency for Research on Cancer (IARC), being recognized as the
primary risk factor for gastric cancer (IARC, 2014). Chronic infection with this
oncobacterium is considered the main cause of non-cardia gastric cancer, accounting for
almost all cases of this disease. Globally, gastric cancer is one of the leading causes of
cancer-related mortality, resulting in over 700,000 deaths annually (Sung et al., 2021).

Although most carriers of the bacterium do not present clinical symptoms, infection

by this microorganism can result in a range of pathological conditions, such as gastritis,
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peptic ulcer, gastric adenocarcinoma, and mucosa-associated lymphoid tissue lymphomas
(MALT lymphomas) (Fischbach and Malfertheiner, 2018). These outcomes result from the
interaction of various factors, including environmental aspects, social factors,
characteristics of the gastric environment, bacterial virulence, and host genetics (Amieva
and Pick, 2016). Additionally, the treatment of Helicobacter pylori infection faces
increasingly significant challenges due to the growing prevalence of multi-antibiotic-
resistant strains. The World Health Organization has classified this antimicrobial resistance
as a global priority (Savoldi et al., 2018), highlighting the urgency of developing more
effective therapeutic strategies.

The host's genetic conditions, including polymorphisms, are crucial susceptibility
factors that can worsen the clinical presentation of the infection due to an imbalance in the
host-parasite relationship. Single Nucleotide Polymorphisms (SNPs) in genes encoding
components of the response to bacterial infection may play a significant role in modulating
the host immune response and susceptibility to H. pylori infection (Ramis et al., 2017; Tas
et al., 2020).

The bacterium is highly inducer of immune response in the gastric mucosa,
inducing the production of inflammatory cytokines by epithelial cells. The predominant
response is from the innate immune system, mediated by pattern recognition receptors
(PRRs) (Abdiev et al., 2010; Schmausser et al., 2004).

Despite scientific advancements in researching this interaction, there is a significant
gap in understanding the genetic basis that influences individual response to the infection.
Therefore, the objective of this systematic review with meta-analysis is to identify potential
molecular biomarkers in the host associated with susceptibility to H. pylori infection. The
construction of a genetic panel will contribute to precision medicine, allowing for a more

personalized approach in the diagnosis and treatment of the infection.
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MATERIALS AND METHODS
Registration

This systematic review was structured based on the research question: "Which host
genetic polymorphisms are associated with increased susceptibility to Helicobacter pylori
infection?" The protocol for this study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) (registration number CRD42023409085),
in accordance with the guidelines of the Joanna Briggs Institute (JBI) for the Etiology and
Risk chapter (Moola et al., 2020). Additionally, the protocol was shaped according to the
instructions provided by Helicobacter pylori Study Center/Neurogenetics Research Center

(Santos et al., 2023).

Search Strategy and Criteria for Inclusion

We employed the acronym PEO (Population, Exposure, Outcome), where P =
Population infected with H. pylori, E = Presence of genetic polymorphisms susceptible to
H. pylori infection, and O = Association with H. pylori infection, to formulate the inclusion
criteria and establish the search strategy.

Observational articles that aligned with the guiding question and were associated
with H. pylori infection were included without temporal or linguistic restrictions. Review
articles, animal studies, duplicates, or those that did not directly address the guiding
question were excluded from the analysis.

The search strategy was executed using MeSH terms and keywords in the following
databases: Regional Portal of the BVS, EMBASE, National Center for Biotechnology
Information (NCBI)/PubMed, Scopus, and Web of Science (Science and Social Science
Citation Index), as illustrated in Table 1.

Study selection
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The study selection was conducted by two independent reviewers (HCOS and
DNM), aided by the Rayyan® web application, divided into two phases. In Phase 1,
articles were assessed based on their titles and abstracts, while in Phase 2, the articles
were reviewed in full. All discrepancies were resolved by a third reviewer (AFPLR).
Risk of bias

The selected articles underwent a bias analysis using the Joanna Briggs Institute
(JBI) Critical Assessment Tool for each study type. The assessment was conducted by two
independent reviewers (HCOS and CCPC), with all discrepancies resolved by consensus.
Questions were answered according to the options "Yes", "No", "Unclear", or "Not
applicable". Articles that had more than 60% of questions answered with "Yes" were

considered to have a low risk of bias (Muka et al. 2020).

Data Extraction and Synthesis

The data were extracted using Microsoft Excel®, by two independent reviewers
(HCOS and CCPC). For compilation and descriptive analysis, the following information
was collected: (1) first author and year of publication; (2) study design; (3) population; (4)
ethnicity; (5) sample size; (6) sex of the case population; (7) sex of the control population;
(8) mean age of the case population; (9) mean age of the control population; (10) gene;
(11) gene localization; (12) genotyping methods; (13) polymorphism analyzed; (14) type
of polymorphism; (15) rs; (16) genotypic and allele for case and control groups; (17)
comparison; (18) chi-square value; (19) odds ratio (OR) - 95% confidence interval (95%
CI); and (20) P value.
Statistical analysis

The association between SNPs and susceptibility to H. pylori infection was
assessed using odds ratio (OR) calculations and 95% confidence intervals (Cls). The OR

was obtained by comparing two genetic models: the allelic model (wild vs. mutant) and
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the dominant model (heterozygous + mutant vs. wild). The heterogeneity among the
selected studies was analyzed using the Higgins inconsistency test (I?).

The choice of meta-analytic model depends on the heterogeneity test among the
studies. When I? is less than 25%, the fixed-effect model (Mantel-Haenszel method) was
applied, assuming that differences between effect estimates are merely due to chance.
Conversely, when I? is between 25% and 75%, the random-effects model (DerSimonian-
Laird method) is used. I> values between 25% and 75% indicate moderate heterogeneity,
while values above 75% indicate high heterogeneity.

Publication bias was assessed using a funnel plot, as described by Egger et al.
(1997), and asymmetry was estimated using linear regression with the Egger test. A p-
value <0.05 in the Egger test indicates a strong likelihood of publication bias. All statistical
tests were performed using RStudio® software (version 4.3.2).

RESULTS

We identified a total of 4683 articles after implementing the search strategy across
databases. Among these, 3621 were flagged as duplicates in the search databases and
subsequently excluded. Following this exclusion, 2329 articles remained for Phase I
selection, where they were assessed through titles and abstracts. During this phase, 1623
articles were excluded for not meeting the pre-established criteria. Consequently, we
proceeded to Phase II with 706 articles, of which 03 did not have their complete texts
identified. Thus, Phase II entailed the full-text reading of 703 articles. During this stage,
668 articles were discarded, and 35 studies were included in the review (Figure 1). We
attempted to contact several authors to obtain the full article, but we were unsuccessful.

Among the included studies, 26 were case-control, 05 were cohort, and 04 were
cross-sectional. Notably, articles from China, with a predominance of SNP polymorphism

types and genotyping methods such as real-time PCR and PCR-RFLP.
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Methodological Quality

The studies exhibited heterogeneity in their quality assessment. Remarkably, cross-
sectional studies were the only ones to demonstrate a low risk of bias, as evidenced in
Figure 2A. Conversely, the case-control study failed to meet criteria 2, 6, and 7 (Q2:
Adequacy in combining cases and controls, Q6: Identification of confounding factors, and
Q7: Strategies to address these factors), as depicted in Figure 2B.

The cohort studies showed the highest rate of methodological bias, as they failed to
meet criteria 4 and 5, which address the identification and handling of confounding factors,
as evidenced in Figure 2C. On the other hand, questions 6, 8, 9, and 10, related to study
follow-up, were deemed not applicable due to the nature of the study, which focuses on
etiology and risk.

Synthesis of the results

In our systematic review, we identified thirty genes, as shown in Supplementary
Table 1, which can be classified into two main groups based on their functions. The first
group includes genes involved in immune response, inflammation, and pathogen
recognition (ABO, CXCLS, HLAG, ILIB, ILIRI, ILIRN, IL6, ILS, IL10, IL174, LBP, LY96
(MD-2), TIRAP, TLRI, TLR2, TLR4, TLR5, TLR9, TLR10, TNFA, TNFB). The second
group comprises genes coding for enzymes and transporters (ABCBI, ACE, ATGI6L,
DNMTI, DNMT3a, GSTT1, Le, MUC6, NQOI1, TCRBV6SI (TRBV6-1)).

For the ABO gene, the study by Chen et al. (2018) showed an association between
the SNP ABO C>T (rs505922) and H. pylori infection in children. Individuals with the T
allele of ABO C>T (rs505922) have a 6.128 fold increased risk of H. pylori infection (95%
CI=2.381-15.769; p < 0.001).

The CXCLS gene -251 (rs4073) study by Boonyanugomol et al. (2019) found that

heterozygous TA genotypes (OR = 11.60; 95% CI = 4.22-31.94; p < 0.001) and
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homozygous AA mutants (OR = 6.48; 95% CI = 1.91-22.01; p = 0.003) were associated
with increased susceptibility to infection. Additionally, the AA genotype acts as a risk
factor for the severity of inflammation and gastric cancer induced by H. pylori infection.

The HLAG 14bp Ins/Del +2960 variation was listed only in the study by Genre et
al. (2015), which observed that the odds of having the Ins/Ins genotype (compared to the
Del/Del genotype) were 3.77 times higher among positive infection cases than controls
(95% CI=1.21-12.24; p = 0.02). This finding suggests that the Ins/Ins 14 bp genotype may
be associated with a higher risk of H. pylori infection.

For the ILIB gene, the SNP -31 C>T (rs1143627) was associated with
predisposition to infection in the studies by Hamajima et al. (2001), Neto et al. (2014), and
Ramis et al. (2015), with odds ratios of 1.48 and 2.46 (95% CI = 1.19-1.86 and 1.06-5.74,
respectively). For SNP -511 C>T (rs16944), the studies by Gao et al. (2009) and Liou et
al. (2007) analyzed TT + CT vs. CC genotypes with ORs of 1.88 (1.17-3.02) and 1.51
(1.06-2.15), respectively. Ramis et al. (2015) investigated the C allele in different
genotypes, finding an OR of 1.17 (0.95-1.45) for CC vs. CT and an OR of 1.40 (1.09-1.80)
for homozygous CC vs. TT genotypes. All studies showed an association with
susceptibility to H. pylori infection.

Hartland et al. (2004) demonstrated an association between the IL/R1 1622 A>G
(rs3917225) variation and infection, with individuals carrying the AA genotype having
1.78 times more risk than those with the wild-type genotype (p = 0.04). Regarding the
ILIRN A9589T (rs454078) gene, only the study by Gao et al. (2009) was included in our
review, showing that this variation increases the chances of H. pylori infection by 1.23
times.

Other interleukin gene variants were also listed in relation to susceptibility to H.

pylori infection. For example, the /L6 190 C>T variation (OR: 2.22, 95% CI: 1.03-4.81,
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p=0.04) was identified in the study by Marginean et al. (2017). For IL8 -251 T>A (rs4073),
a significant association with susceptibility was observed (OR: 1.13; 95% CI: 0.99-1.29; p
= 0.038) in the study by Ramis et al. (2015) and also in the study by Neto et al. (2014) (p
=0.039).

Three ILI0 gene variants were associated with susceptibility to infection:
rs1800896 (OR: 1.63, 95% CI: 1.11-2.39, p=0.023), rs3024491 (OR: 1.71, 95% CI: 1.14-
2.57, p=0.023), and rs1878672 (OR: 1.79, 95% CI: 1.19-2.68, p=0.015), reported by Assis
et al. (2014). Additionally, the /L7174 A>G (rs2275913) variation (OR: 6.0, 95% CI: 1.22-
29.48, p=0.036) was associated with susceptibility to H. pylori infection in the study by
Hussein and Ali (2017).

The study by Castano-Rodriguez et al. (2014) demonstrated that variations in genes
encoding accessory proteins for pathogen recognition could lead to an imbalance in the
host-parasite relationship and cause susceptibility to infection, such as SNPs LBP
1rs2232578 (OR: 3.07; 95% CI: 1.24-7.59; p=0.017), LY96 (MD-2) rs11465996 (OR: 4.83;
95% CI: 2.02-11.57; p = 0.0002) and rs16938755 (OR: 3.80; 95% CI: 1.48-9.77; p =
0.0082); and TIRAP rs7932766 (OR: 6.04; 95% CI: 1.89-19.36; p = 0.0032).

In Supplementary Table 1, it can be observed that out of the 35 studies included,
10 addressed variants in 7LR superfamily genes. Our study highlighted polymorphisms in
TLRI rs4833095, TLR2 rs3804100, TLR4 rs11536889, rs4986790, and rs4986791; TLRS
rs1640827, rs17163737, and rs5744174; TLR9 rs352140, and TLR10 rs10004195, with
risks ranging from 1.18 (Xu et al., 2017) to 9.80 (Loganathan et al., 2016) for susceptibility
to H. pylori infection.

The TNFA C-857T variation in the study by Hamajima et al. (2003) demonstrated
associations in genotypes: CT (OR: 1.06; 95% CI: 0.82-1.37; p <0.001) and TT (OR: 1.69;

95% CI: 0.85-3.35; p <0.001). For the SNP TNFA T-1030C, this association was observed
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only by Idris et al. (2022) in individuals with the TC genotype (OR: 2.69; 95% CI: 1.17-
6.17; p = 0.020). In the same gene, but with the 308 G>A (rs1800629) variation,
susceptibility risk was seen in the studies by Gao et al. (2009) (OR: 1.15; 95% CI: 0.69-
1.91), Marginean et al. (2017) (genotype GA = OR: 2.26; 95% CI: 1.01-5.04; p=0.04; AA
=0R:3.63;95% CI: 1.26-10.4; p=0.01; GA + AA vs GG = OR: 2.63; 95% CI: 1.27-5.42;
p=0.008) and Yea et al. (2001) (Allele A = OR: 3.683; 95% CI: 1.343-10.101; p=0.011;
Allele G =OR: 8.757; 95% CI: 1.413-54.262; p = 0.019).

Regarding the 7NFB gene, only Hamajima et al. (2003) studied the A252G
variation, where both the AG genotype (95% CI: 0.82-1.34; p <0.001) and GG (95% CI:
0.75-1.49; p < 0.001) showed a 1.05-fold increased probability of susceptibility to the
infection.

In our study, only one study was listed for each of the following polymorphisms:
ABCBI C3435T (rs1045642), ACE 1>D, ATG16L (rs2241880), DNMTI (rs2288349),
DNMT3a (rs13420827 and rs1550117), GSTT1 (Null/Present), Le (Le/le and le/le), MUC6
(LL: Long-long, LS: Long-short, SS: Short-short), NOOI C609T, TCRBV6SI (TRBV6-1)
GT (12) and BV6S1B(GT)12 or 13. Fifteen polymorphisms were identified in these genes,
with risks ranging from 1.14 (Goto et al., 2005) to 9.60 (Kunstmann et al., 2000) for
susceptibility in the host. These genes are responsible for encoding enzymes and
transporters crucial for the biological response to bacterial infection, as well as for
regulating the immune system (Supplementary Table 1).

Meta-analysis

Of the forty-three polymorphisms identified in this systematic review, only five

were included in the meta-analysis: SNPs /L/B-C31T (rs1143627), ILIB-C511T

(ts16944), TLRI C>T (rs4833095), TLR4 A>G (1s4986790), TLR10 A>T (rs10004195),
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and 7NF308 G>A (rs1800629). Meta-analysis was not performed for the remaining
polymorphisms due to the insufficient number of relevant articles.

The total number of subjects analyzed was 181 cases and 120 controls for /L 1B-
C31T, 812 cases and 786 controls for /L/B-C511T, 613 cases and 587 controls for TLR1
C>T, 543 cases and 246 controls for TLR4 A>G, 1046 cases and 884 controls for TLR10
A>T, and 541 cases and 716 controls for TNF308 G>A. The meta-analysis for the SNP
ILIB-C31T included three studies, which showed no association between the
polymorphism and infection, both in the genotype comparison (CC vs. CT + TT) (OR =
1.4165; 95% CI = 0.6399-3.1354; p = 0.3904) and in the allele comparison (C vs. T) (OR
=0.70; 95% CI =0.35-1.43; p = 0.3329), as illustrated in Figure 3.

For the SNP /L/B-C511T, three studies were included, where only the genotypic
comparison (CC vs. CT + TT) was considered significant and risky (OR = 1.34; 95% CI =
1.03 — 1.74; p = 0.0291), while the allele comparison (C vs. T) was not significant (OR =
1.23; 95% CI=1.23 — 1.52; p = 0.0555) (Figure 4).

Three studies were included in the TLRI C>T gene polymorphism (Figure 5). Both
the genotype comparison (OR = 0.12; 95% CI = 0.02 - 0.74; p = 0.0230) and the allele
comparison (OR =0.79; 95% CI = 0.64 — 0.99; p = 0.0381) were significant for protection.
Five studies were included in the analysis for the TLR4 A>G variability. The genotype
comparison (AA vs AG+GG) was insignificant for risk or protection (OR = 2.30; 95% CI
=0.88 - 6.04; p=0.0900). However, the allele comparison (A vs G) demonstrated risk (OR
=1.74; 95% CI = 1.05 — 2.90; p = 0.0330) (Figure 6).

The analysis of the five studies of the SNP TLR10 A>T showed that the genotype
comparison (AA vs AT + TT) was significant for protection (OR = 0.32; 95% CI=0.20 —
0.52; p <0.0001), while the allele comparison (A vs T) was not significant for either risk

or protection (OR = 0.36; 95% CI = 0.10 - 1.24; p = 0.1055) (Figure 7). For the SNP
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TNF308 G>A, no significant results were found either in the genotypic comparison (GG
vs GA+AA) (OR = 1.63; 95% CI = 0.93 — 2.87; p = 0.0908) or in the allelic comparison
(Gvs A) (OR =1.53;95% CI=0.81 —2.88; p=0.1889) (Figure 8).

The publication bias analysis for the SNP /L/B-C31T did not indicate publication
bias, as evidenced by the funnel plot (Figure 9 A and B) and the Egger's test for both
genotypic (P = 0.3277) and allelic comparisons (P = 0.5046). For the SNP IL/B-C511T,
there was no significant publication bias for either genotypic (Figure 9 C) or allelic
comparisons (Figure 9 D) (Egger's test P = 0.2828 and P = 0.3706, respectively). In the
case of SNP TLRI C>T, the genotypic comparison showed no publication bias (Figure 10
A); however, the allelic comparison indicated publication bias in the funnel plot and
Egger's test (P < 0.0001) (Figure 10 B).

In the analysis of publication bias for SNP TLR4 A>G, no significant publication
bias was identified according to the funnel plot (Figure 10 C for genotypic and 10 D for
the allelic comparison) and Egger's test (P = 0.1612 for the genotypic comparison and P =
0.4541 for the allelic comparison). For the SNP TLR10 A>T, no biases were observed in
the genotypic comparison (Egger's test P = 0.5833) (Figure 10 E); however, the allelic
comparison showed publication bias, as illustrated in figure 10 F (Egger's test P =0.0114).
The SNP TNF308 G>A did not present significant publication bias, according to the funnel
plot (11 A for genotypic and 11 B for the allelic comparison) and Egger's test (P = 0.3518
for the genotypic comparison and P = 0.4301 for the allelic comparison).

DISCUSSION

Infection by H. pylori can be influenced by various factors, including those related

to the bacterial strain and the host. Genetic polymorphisms are crucial in determining

susceptibility to infection, as they can impact the prognosis and clinical course of the
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disease. This review aims to highlight the key host genes and polymorphisms that

contribute to increased susceptibility to infection by this bacterium.

The genes identified in this review are predominantly associated with the immune
system and involved in inflammatory responses and pathogen recognition (480, CXCLS,
HLAG, ILIRI, ILIRN, ILIB, IL6, ILS, IL10, IL174, LBP, LY96 (MD-2), TIRAP, TLRI,
TLR2, TLR4, TLRS, TLRY, TLR10, TNFA, and TNFB). The high frequency of identification
of these genes may explain why some individuals have never been affected by the

bacterium or are asymptomatic or symptomatic carriers.

Genetic variations in the components of the immune system can significantly
influence the body's response to infection, being essential for understanding the complex
inflammatory cascades induced by this pathogen. Additionally, various genes coding for
proteins involved in the inflammatory process (e.g., TLR responses) and enzymes
important for detoxification and gene expression regulation have often been identified
(ABCBI, ACE, ATGI6L, DNMTI, DNMT3a, GSTTI, Le, MUC6, NQOI, TCRBV6S1
(TRBV6-1)).

Most of the genes identified in our study are linked to inflammatory pathways
activated by TLRs. These receptors play key roles in detecting pathogenic microorganisms
in the human body, balancing infection control. TLRs belong to a superfamily of
transmembrane proteins that identify pattern recognition, such as pathogen-associated
molecular patterns (PAMPs) expressed by a wide range of microorganisms (Tas et al.,
2020).

H. pylori is initially recognized by the innate immune system, particularly by TLRs
(TLRI, TLR2, TLR4, TLR5, TLRY, TLRI0), and in the adaptive immune system, it is
mediated by Human Leukocyte Antigen (HLA), sometimes referred to as the Major

Histocompatibility ~Complex (MHC). TLR-1, together with TLR-2, after
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heterodimerization, are considered the main receptors responsible for recognizing
pathogens and virulence factors in the extracellular space (Akira and Takeda 2004).

The activation of innate immune system cells through TLR responses is also
crucial for the development of adaptive immunity. Polymorphisms in 7LR genes have
shown to enhance susceptibility to H. pylori in the human body, both by altering
recognition patterns and by reducing anti-inflammatory and mucin-producing cytokines,
as well as increasing the secretion of pro-inflammatory cytokines.

Our meta-analysis was conducted with six polymorphisms in five genes: /LIB-
C31T (rs1143627), ILIB-CS511T (rs16944), TLRI C>T (rs4833095), TLR4 A>G
(rs4986790), TLR10 A>T (rs10004195), and TNFA 308 G>A (rs1800629). Studies on the
polymorphism 1s4833095 TLRI C>T have associated the genetic alteration with
susceptibility to H. pylori infection and predisposition to gastritis (Ravishankar et al.,
2015), as well as the occurrence and progression of gastric cancer (Dang et al., 2024).
However, in our meta-analysis, the genotypic (CC vs. CT + TT) (OR = 0.12; 95% CI =
0.02-0.74; p = 0.0230) and allelic (C vs. T) (OR =0.79; 95% CI = 0.64 — 0.99; p = 0.0381)
comparisons demonstrated an association with protection against infection. Our findings
support other data on genetic variation. Yang et al. (2013) also associated the CT genotype
with a decreased risk of infection by the bacteria, gastritis, and metaplasia in Chinese
individuals. It is possible that this polymorphism reduces interaction with innate and
adaptive immune cells, such as natural killer cells and T cells, and induces lower secretion
of pro-inflammatory molecules, such as IFN-gamma (Yang et al., 2013)

The TLR4 gene has a well-established interaction with bacterial lipopolysaccharide
(LPS). The SNP TLR4 A>G (rs4986790), which involves a change from adenine (A) to
guanine (G), was analyzed in our meta-analysis. We identified that this polymorphism, in

the allelic comparison (A vs G), showed a 1.74-fold increased risk for susceptibility to
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infection compared to individuals without bacterial infection (95% CI = 1.05 — 2.90; p =
0.0330).

Similarly to our data, the study by Hold et al. (2007) demonstrated a high
association in the allelic comparison (A vs. G), increasing the susceptibility to infection by
11 times (95% CI: 2.50-48.0). It is hypothesized that this polymorphism decreases the
receptor's affinity in interacting with bacterial LPS, resulting in a less effective immune
response and contributing to the establishment of the infection (Uno et al., 2014). However,
the association of this SNP with increased susceptibility to H. pylori infection still requires
further studies. Kupcinskas et al. (2011) showed no association between the polymorphism
and infection. It is important to consider that ethnic diversity of the population as well as
different genotyping techniques and statistical power of analyses in each study can
influence the reproducibility of results.

According to our meta-analysis, the SNP rs10004195 (T>A) in the TLRI0 gene
showed that, in the genotypic comparison (AA vs AT + TT), there was a protective
association against infection (OR = 0.32; 95% CI = 0.20 — 0.52; p < 0.0001), while in the
allelic comparison (A vs T), the variant did not show statistical significance.

The SNP rs10004195 may affect susceptibility by modulating the immune response
signaling pathway. This variant may also influence immune responses mediated by TLRs
1 and 2, reducing antigen recognition activity, such as H. pylori, in the gastric mucosa. As
a result, bacterial proliferation in the stomach is diminished, and consequently, the
production of pro-inflammatory molecules that could increase the risk of gastric lesions is
reduced (Mikacenic et al., 2013).

The data collected by Tang et al. (2015) were similar to those of our study,
considering the Chinese population included in their research. However, they contradict

much of the scientific literature regarding the variant and infection, as Al-Eitan et al.
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(2021), Eed et al. (2020), and Tas et al. (2020) found risks associated with the
polymorphism and infection ranging from 1.42 to 3.7 times.

Although not statistically assessed in our meta-analysis, studies with genetic
variants in 7LRS5 were identified through systematic review. This receptor plays a crucial
role in identifying bacterial motility structures. H. pylori has about 5 to 7 flagella, equipped
with the flagellin protein, which is specifically recognized by 7LRS5 present in gastric
epithelial cells. Xu et al. (2017) investigated the association of gene polymorphisms with
infection, where 7LRS5 rs1640827 (OR: 2.13, 95% CI: 1.79-2.53, p = 0.009) and TLRS
rs17163737 (OR: 2.17,95% CI: 1.81-2.61, p = 0.006) were related to predisposition to H.
pylori infection. According to Xu et al. (2017), abnormal functioning of 7LR) is related to
the onset of gastric cancers. Patients with polymorphisms in 7LR5 expressed significantly
lower levels of IL-1B, TNF-a, IL-6, and IL-10 in gastric tissue (Xu et al., 2017).

After antigen recognition by receptors through presenting molecules, cytokines are
released, playing a crucial role in the immune system signaling cascade. In our meta-
analysis, we identified two relevant polymorphisms in the /L /B gene (C31T rs1143627 and
C511T rs16944), which codes for an important pro-inflammatory cytokine involved in the
initiation and amplification of inflammatory responses against the bacterium. For the SNP
C31T (rs1143627), we observed no association in the genotypic model (CC vs. CT + TT)
(OR = 1.4165; 95% CI = 0.6399-3.1354; p = 0.3904) and a protective association in the
allelic model (C vs. T) (OR = 0.70; 95% CI = 0.35-1.43; p = 0.3329). The SNP C511T
(rs16944) showed an association with susceptibility to infection only in the genotypic
model (CC vs. CT + TT) (OR =1.34; 95% CI =1.03 — 1.74; p = 0.0291).

These polymorphisms may affect the biological transcription of the gene,
promoting overproduction of this cytokine, leading to a heightened inflammatory response

and increased suppression of gastric acid, creating an environment conducive to the
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infection's establishment. Our data for the SNP C511T (rs16944) are similar to those of
Liou et al. (2007) (OR: 1.51, 95% CI: 1.06-2.15, p = 0.022) and Ramis et al. (2015) TT vs
CC (OR: 1.48,95% CI: 1.09-1.80, p=0.004) and TT vs TC (OR: 1.16, 95% CI: 0.95-1.45,
p = 0.004). In our systematic review, we also identified studies evaluating polymorphisms
in IL-1B receptor genes, such as ILIRN A9589T (rs454078) (OR: 1.23; 95% CI: 0.78—
1.94) (Gao et al., 2009) and ILIRI 1622 A>G (rs3917225) (OR: 1.78; p: 0.04) (Hartland
et al., 2004). The association of genetic variants in cytokine genes and their receptors may
contribute to the intensification of the inflammatory process in the body and increase the
likelihood of developing gastric lesions (Hartland et al., 2004).

The TLR signaling pathway induces the expression of various pro-inflammatory
cytokines, such as tumor necrosis factors (TNF), specifically TNF-A and TNF-B, which
have similar characteristics in inhibiting gastric acid secretion. TNF-A, mainly derived
from macrophages, plays a crucial role in the immune response against the bacterium. In
our meta-analysis, the SNP rs1800629 in the TNFA gene did not show statistically
significant association with risk or protection. Despite this, associations of imbalance in
the host-pathogen interaction can be evidenced. Gao et al. (2009) related the SNP
(rs1800629) to an increased risk of H. pylori infection in the host (OR: 1.15, 95% CI: 0.69-
1.91). Given the uncertain role of this SNP in the pathophysiological mechanisms mediated
by H. pylori, further studies are needed to establish the relationship between this variant
and susceptibility to bacterial infection, especially considering the host's genetic
background and ethnicities.

This systematic review and meta-analysis showed a risk for susceptibility to H.
pylori infection with the genes IL/B-C511T (rs16944) for the genotype (OR: 1.34; 95%
CI: 1.03 — 1.74; p: 0.0291) and 7LR4 A>G in the allelic comparison (OR: 1.74; 95% CI:

1.05-2.90; p: 0.0330). Additionally, there was protection against infection considering the
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gene TLRI C>T (allelic comparison = OR: 0.79; 95% CI: 0.64 — 0.99; p: 0.0381 and
genotypic comparison = OR: 0.12; 95% CI: 0.02-0.74; p: 0.0230) and genotypic TLRI10
A>T (OR =0.32; 95% CI =0.20-0.52; p: <0.0001). Our results indicate that SNPs in genes
involved in the host's immune system may become strong indicators of susceptibility to
infection.

Despite the large number of studies included in our systematic review, our study
has some limitations, primarily related to the small final sample of studies included. Many
studies evaluated in the first phase of our review were excluded due to the lack of
correlation between genetic variants and H. pylori infection. Several studies, on the other
hand, assessed the contribution of polymorphisms to complications caused by the
imbalance of the host-parasite relationship, such as gastritis, ulcers, and gastric cancers.
Multiple studies also assessed the association between SNPs and resistance to
pharmacological treatment of the bacterium. Furthermore, our review aimed to construct a
genetic panel with risk variants for infection. In this sense, studies that demonstrated
protective associations with polymorphisms were excluded.

It is important to consider that the establishment of the pathophysiological process
mediated by H. pylori is complex and involves the activation of bacterial virulence
mechanisms as well as molecules from the host's immune system. Thus, our meta-analysis
should also be interpreted cautiously due to high heterogeneity values. However, subgroup
analyses for the included polymorphisms were not possible due to the small number of
available studies. The Cochrane Handbook (Higgins and Green, 2009) recommends that
no bias tests be performed in reviews with fewer than ten studies.

This study took genetic diversity into account, including genetic variants
associated with susceptibility to infection, in populations of different ethnicities and

genetic backgrounds. The reviewed literature encompassed data from several countries,
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reflecting variability in immune responses and the prevalence of genetic variants among
distinct populations.

Host genetic factors are key markers in influencing the development of gastric
infection by H. pylori. Identifying target genes involved in this response is challenging,
as it requires associating the complexity of molecular and genetic interactions with the
pathophysiological mechanisms of infection in the host.

Genes related to decreased gastric acid secretion and inflammatory signaling in
response to infections stood out in our study. Although no strong genetic determinants of
increased susceptibility to this infection were identified, our findings are crucial for
advancing the understanding of host-parasite interactions. In this regard, personalized
approaches in clinical management of the infection can be developed through improved
prevention, efficient diagnosis, and precise treatment, benefiting medical research, public
health, and precision medicine. Personalized medicine, based on the patient’s genetic
characteristics, will allow for the identification of individual susceptibility to infection and
its more severe forms, such as gastric cancer, enabling early interventions and more
effective treatments tailored to the genetic profile of each patient.
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TABLES, FIGURES, AND THEIR CAPTIONS

Table 1 - Search strategy for each database

Databases

Search strategy

BVS

(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter
pylori") OR ("Campylobacter pyloridis")) AND (("Polymorphisms,
Genetic") OR ("Genetic Polymorphism*") OR ("Genetic
susceptibility")) AND ("Infection")

EMBASE

(("Helicobacter pylori' OR 'Campylobacter pylori' OR
'‘Campylobacter pyloridis' OR 'Campylobacter pyloris' OR
'Helicobacter infections' OR 'Helicobacter pylori infection’) AND
'genetic polymorphism' OR 'polymorphism (genetics)' OR
'polymorphism, genetic') AND 'infection’

NCBI

PubMed

(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter
pylori") OR ("Campylobacter pyloridis")) AND (("Polymorphisms,
Genetic") OR ("Genetic Polymorphism*") OR ("Genetic
susceptibility")) AND ("Infection")

SCOPUS

TITLE-ABS-KEY ((("Helicobacter pylori") OR ("H. pylori") OR

("Campylobacter pylori") OR ("Campylobacter pyloridis")) AND

(("Polymorphisms, Genetic") OR ("Genetic Polymorphism*") OR
("Genetic susceptibility")) AND ("Infection")

WEB OF
SCIENCE

(("Helicobacter pylori") OR ("H. pylori") OR ("Campylobacter
pylori") OR ("Campylobacter pyloridis")) AND (("Polymorphisms,
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Genetic") OR ("Genetic Polymorphism*") OR ("Genetic
susceptibility")) AND ("Infection")

Records identified from: Records removed betore
Databases (n = 05) screening:
BVS (n=1217) Duplicate records removed
Embase (n = 844) —»  (n=3621)
PubMed (n = 680) Records marked as ineligible
Scopus (n = 1423) by automation tools (n = 0)
Web of Science (n = 519) Records removed for other

|__reasons (n = 0)

I

References assessed by title and abstract] Records excluded
(n = 2329) L l(n=1623)
References included for full-text References for which the full text was
assessment p{ not identified
(n=706) (n=03)
References assessed by full text Records excluded (n = 668)
(n=703) SN
Wrong exposure (n = 619)
Wrong outcome (n = 24)

Wrong population (n = 08)
Wrong publication type (n = 15)
Wrong study design (n = 02)

h 4
Studies included in the review
(n=3%5)

Figure 1: Prisma flowchart demonstrating the process of including studies in this

systematic review and metanalysis (Page et al., 2021).



A METHODOLOGICAL QUALITY ANALYSIS OF
CROSS-SECTIONAL STUDIES

Question 1
Question 2
Question 3
Question 4
Question 5
Question 6

Question 7

Question 8

S
IS

20% 40% 60% 80%
mYes ®No ®Unclear ®Not Applicable

=
S
=

B METHODOLOGICAL QUALITY ANALYSIS OF CASE-
CONTROL STUDIES
Quiesttion 1 N
Quiestiomn 2|
Quiestion 3|
Quiestion 4|
Quastion § e = e
Quiestion |
Question ™ L - -0 O T e
Quiestion |
Quiestion O |
Quiestion 10—
0% 20% 40% 60% 80% 100%
mYes ®WNo ®mUnclear ®Not Applicable
C METHODOLOGICAL QUALITY ANALYSIS OF
COHORT STUDIES
Quies i 0 11—
Qi i o
Quics i 0m 31—
Quiestiom 4
Quiestio 51—
Qe .0/ —
Question | e e e
Question 8
Question O ——
Question 10
Qe 0 1 11—
0% 20% 40% 60% 80% 100%

HYes ®WNo ®mUnclear ®Not Applicable

Figure 2: Chart of methodological quality assessment for cross-sectional, case-control and

cohort studies. A: cross-sectional, B: case-control and C: cohort.
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Case
Author, Year

Hamajima et al_, 2001 132 151
Neto et al, 2014 20 30
Ramis etal , 2014 99 151
Random effects model 332

Heterogeneity: I° = 69%, t° = 0.3269, p = 0.04

Case
Author, Year T Total
Hamajima et al., 2001 174 302 9N

Neto et al_, 2014 22 60 35
Ramis etal , 2014 177 302 109
Random effects modeln 664

Heterogeneity: = 85%, v =0.3271, p < 0.01

Control
T Total

Control
CT+TT Total CT+TT Total

Odds Ratio OR  95%-Cl Weight
238 [121.468] 36.9%
040 [0.12;136] 22.9%
181 [1.03.317] 402%

]

1.42 [0.64; 3.14] 100.0%

Odds Ratio OR

60 ———
!

95%-Cl Weight

1.33 [0.92;193] 36.4%
041 [0.20,0.86] 282%
056 [0.37.0.85] 354%

0.70 [0.35; 1.43] 100.0%

Figure 3: Forest plot for the genotypic and allelic comparison of SNP /L/B-C31T (CC vs.

CT+TT and C vs. T).

Case
Author, Year

Gaoetal, 2009 209 396

Liou et al., 2007 37 AN

Ramis et al, 2014 96 151 38

Random effects model 958

Heterogeneity: I~ = 36%, t“=0.0199, p = 0.21
Case

Author, Year T Total

Gao et al., 2009 251
Liou et al_, 2007
Ramisetal, 2014 115 302 42
Random effects model 1916
Heterogeneity: /° = 50%, t* = 0.0173, p = 0.14

CT+TT Total CT+TT Total
264 527

174 252
76

Control
T Total

792 323 1054
416 822 223 504

1710

855

o 1.34 [1.03: 1.74] 100.0%
T 1
05 1 2

Odds Ratio OR  95%-Cl Weight

[0.86:128] 42.7%

[103 161] 390%

[105 246] 18.3%

Odds Ratio OR  95%-Cl Weight
—I-- 1.11 [0.86;1.45] 47.8%
—— 151 [1.06;2.15] 34.4%
——m——— 175 [1.00;3.05] 17.8%

[1.00; 1.52] 100.0%

Figure 4: Forest plot for the genotypic and allelic comparison of SNP /L/B-C511T (CC

vs. CT + TT and C vs. T).

Case
Author, Year

Simawaranon et al., 2017 82 204
Tas et al, 2020 167 205
Tongtawee et al., 2018 82 204
Random effects model 613

Heterogeneity: 12 = 96%, 1> = 2.5496, p < 0.01

Control
CT+TT Total CT+TT Total

182 216

Odds Ratio OR  95%-Cl Weight

] 013 [0.08:0.20] 34.3%

195 = 074 [043 126] 341%

186 —— 001 [0.01 004] 316%

597 {li‘:—:l | | 0.42 [0.02; 0.74] 100.0%
001 01 1 10 100
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Case
T Total

Author, Year

Simawaranon et al., 2017 160 408 182 432
229 410 260 390 +
160 408 182 432

Tas etal, 2020
Tongtawee etal, 2018

Random effects model

t 3 1226
Heterogeneity: /- = 45%, 1~ = 0.0165, p = 0.16

Control

T Total Odds Ratio

1254

OR 95%-Cl Weight
33.68%
32.4%
33.8%

0.89 [0.67;1.17]
063 [0.47;0.84]
0.89 [0.67;1.17]

0.79 [0.64; 0.99] 100.0%

I |
0.5 1

Figure S: Forest plot for the genotypic and allelic comparison of SNP 7LR[ C>T (CC vs.

CT+TT and C vs. T).

Case Control
Author, Year AG+GG Total AG+GG Total Odds Ratio OR 95%-Cl Weight
Eed et al., 2020 69 210 24 80 114 [065 2.00] 30.1%
He; Jiang, 2022 168 254 158 235 095 [0865 1.39] 31.9%
Hold et al., 2007 15 15 4 46 ——®—— 20278 [14.88;5758.74] 8.0%
Loganathan et al., 2016 32 77 41 230 328 [1.86;, 577] 30.0%
Random effects model_ 556 591 230 [0.88; 6.04] 100.0%
Heterogeneity: /% = 89%, t° = 0.7226, p < 0.01 ! T ! !

0.001 01 1 10 1000

Case Control
Author, Year G Total G Total Odds Ratio OR 95%-Cl Weight
Eedetal, 2020 99 420 27 160 —I— 152 [095243] 273%
He; Jiang, 2022 228 508 192 470 - 118 [0.91;152] 327%
Hold et al., 2007 15 206 4 92 i 173 [056;536] 12.9%
Loganathanetal, 2016 39 154 44 460 —l— 321 [199,517] 271%
Random effects model_ 1288 1182 e 1.74 [1.05; 2.90] 100.0%
Heterogeneity: 1> = 77%, t° = 0.1898, p < 0.01 ' ' ! '

0.2 05 1 2 5

Figure 6: Forest plot for the genotypic and allelic comparison of SNP 7LR4 A>G (AA vs

AG+GG and A vs. G).

Case Control
Author, Year AT+TT Total AT+TT Total Odds Ratio
Al-Eeitan et al., 2021 10 100 16 100 -
Eed et al, 2020 86 210 47 80 M-
Simawaranonetal, 2017 145 204 174 196 .
Tasetal,, 2020 151 205 188 195 —— !
Tongtawee et al_, 2018 145 204 174 196 -
Random effects model 923 767 —
Heterogeneity: /* = 66%, ° = 0.1955, p = 0.02 ' ' ' '
01 057 2 10
Case Control
Author, Year T Total T Total Odds Ratio
Al-Eeitan et al., 2021 15 200 185 214
Eedetal, 2020 111 420 64 160
Simawaranon et al, 2017 280 408 225 392
Tasetal, 2020 265 410 338 390
Tongtawee etal., 2018 280 408 225 392
Random effects model 1846 1548
Heterogeneity: 12 = 98%, 12 = 1.9718, p < 0.01 ! ! !
0.01 10 100

OR  95%-Cl Weight
0.58
0.49
0.31
0.10

0.31

[0.25; 1.36]
[0.29: 0.82]
[0.18 0.53]
[0.05; 0.24]
[0.18 0.53]

15.9%
22.8%
22.4%
16.5%
22.4%

0.32 [0.20; 0.52] 100.0%

OR 95%-Cl Weight
19.4%
20.1%
20.2%
20.1%
20.2%

0.01 [0.01;0.02]
0.54 [0.37;0.79]
162 [1.22;2.17]
0.28 [0.20; 0.40]
1.62 [1.22;2.17]

0.36 [0.10; 1.24] 100.0%

Figure 7: Forest plot for the genotypic and allelic comparison of SNP 7LR10 A>T (AA vs

AT+ TT and A vs. T).
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Case Control

Author, Year GA+AA Total GA+AA Total

Gaoetal, 2009 105 396 125 527
Marginean et al., 2017 35 57 26 69
Yea etal., 2001 9 82 TS
Random effects model_ 535 709
Heterogeneity: 1~ = 57%, t~ = 0.1428, p = 0.10

Case Control
Author, Year A Total A Total

Gaoetal, 2009 114 792 151 1054
Marginean et al , 2017 43 114 33 138
Yea et al,, 2001 9 164 7 226

Random effects model 1070 1418

Heterogeneity: (= 75%, " =02219, p = 0.02

Odds Ratio
-

OR 95%-Cl Weight

116 [0.86;157] 50.2%

I
0.2

T
05

1

Odds Ratio

05

1

2

-
T

2

1
5

OR
1.01
2.3
1.82

1.53

——— 263 [1.28,542] 29.9%
1.87 [0.67;524] 19.9%

1.63 [0.93; 2.87] 100.0%

95%-Cl Weight
[0.77:1.31] 435%
[1.35;3.97] 35.1%
[0.66;4.98] 21.4%

[0.81; 2.88] 100.0%

Figure 8: Forest plot for the genotypic and allelic comparison of SNP TNF308 G>A (GG

vs GA+AA and G vs. A).

Figure 9: Funnel plots for the publication bias of the /L/B studies included in the meta-

analysis. A: genotypic comparison (CC vs. CT + TT) for SNP C31T, B: allelic comparison

(C vs. T) SNP C31T; C: genotypic comparison (CC vs. CT + TT) for SNP C511T, D:

allelic comparison (C vs. T) for SNP C511T.
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Figure 10: Funnel plots for the publication bias of the studies included in the meta-
analysis. A: genotypic comparison (CC vs. CT + TT) for SNP 7LRI C>T, B: allelic
comparison (C vs. T) for SNP TLRI C>T; C: genotypic comparison (AA vs AG+GG) for
SNP TLR4 A>G, D: allelic comparison (A vs. G) for SNP 7LR4 A>G, E: genotypic
comparison (AA vs AT + TT) for SNP TLRI0 A>T, F: allelic comparison (A vs. T) for

SNP TLR10 A>T.
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Figure 11: Funnel plots for the publication bias of the TNF308 G>A studies included in

the meta-analysis. A: genotypic comparison (GG vs GA+AA) B: allelic comparison (G vs.

A).
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Conclusoes e Perspectivas

Selecionamos 35 artigos para a extracdo de dados da revisdo sistematica, que
formaram a base para este estudo. Destes, 6 artigos eram da América Latina, sendo 5 do
Brasil, indicando uma contribuicdo significativa da pesquisa brasileira em sua subdivisao
regional, no estudo da suscetibilidade a infecc¢ao por H. pylori.

No estudo, conseguimos identificar quarenta e trés polimorfismos que
apresentavam uma relagdo mais evidente com a suscetibilidade a infecc¢ao, sendo notavel
que a maioria desses genes esta associada ao sistema imunologico. Destes quarenta e trés
polimorfismos, seis foram elencados para a meta-analise. A comparagao genotipica do
SNP ILIB-C511T (rs16944) e alélica do SNP TLR4 A>G (rs4986790) foram consideradas
de risco a infec¢do. As variagdes 7LRI C>T (rs4833095) e alélica do TLRI0 A>T
(rs10004195) foram significantes a protecdo a H. pylori. Esses achados sugerem que
variacdes genéticas podem ser fatores-chave para as divergéncias entre os desfechos
clinicos da infec¢do por H. pylori, explicando por que algumas pessoas desenvolvem
doengas severas enquanto outras permanecem assintomaticas.

E importante considerar que a eficaz colonizagdo do estomago pela H. pylori
envolve uma série de estratégias complexas, incluindo a capacidade de evadir a resposta
imunologica do hospedeiro. Nesse sentido, a nossa meta-analise também deve ser
interpretada de forma cautelosa devido aos altos valores de heterogeneidade. No entanto,
nao foi possivel realizar analises de subgrupos para os polimorfismos incluidos devido ao
pequeno numero de estudos disponiveis. O Cochrane Handbook recomenda que nenhum
teste de viés seja realizado em revisdes com menos de dez estudos.

A infecgdo por H. pylori ¢ uma questdo de saude publica de grande relevancia
devido a sua alta prevaléncia e as varias complicacdes clinicas que pode desencadear, tais

como gastrite, ulceras gastricas e cancer gastrico. Portanto, validaremos os resultados a
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partir de um estudo de caso-controle, onde nosso objetivo sera identificar a frequéncia dos
SNPs dos genes elencados nesta revisao (IL/B-C511T (rs16944), TLR1 (rs4833095), TLR4
(rs4986790) e TLR10 (rs10004195)) e verificar quanto ao risco e protecdo a infeccdo por
H. pylori.

Em ultima analise, nossa pesquisa ndo apenas contribui para o campo académico,
mas também tem um impacto significativo na pratica clinica. Ao aprofundar a
compreensdo dos polimorfismos genéticos associados a susceptibilidade a infec¢do por H.
pylori, este estudo estabelece bases solidas para inovagdes na prevencao, diagndstico e
tratamento dessa infeccdo de maneira mais precisa e personalizada. Com isso, nosso
trabalho tem o potencial de transformar abordagens em saude publica e medicina de
precisdo, possibilitando intervencdes mais eficazes que podem melhorar

significativamente a qualidade de vida dos pacientes.
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Anexo I: Tabela de producio cientifica durante o mestrado

Anexos

0\\)\535 em

S

) ‘
< <
NN IPTSP SQ UFG
EAY A 2 UNIVERSIDADE
%‘ z\w .4(7 INSTITUTO DE ‘ FEDERAL DE GOIAS
QB8 NEHP el 0@
Hevcosacrer Priory/ UFG
TABELA DE PRODUCAO CIENTIFICA
Produto Ano de
Cientifico Titulo Autores Revista/E-book | DOI/ISBN/ISSN | Publicaciio
Ha relacao entre o consumo de Santos HCO. Maximo
Resumo em : lcool e a 1nfe?cc;a0 por GR. Maciel DN. Ramos Next Frontiers -
congresso Helicobacter pylori dupA positivo AFPL. Rasmussen LT 10 Cure Cancer 2023
internacional em pacientes com adenocarcinoma Barbosa MS '
gastrico? )
Analises in silico das li?teragoes Santos HCO. Maciel DN.
Resumo em entre o gene TP53 e miRNAs no Roza GR. Costa CCP Next Frontiers )
congresso cdancer gastrico: implicagoes para Ramos AFI.DL Santos R'S 10 Cure Cancer 2023
internacional o diagnostico e a terapéutica de Barbosr;l MS ’
precisdo. '
Resumo em VacA gene of Helicobacter pylori, | Santos HCO. Maciel DN. Sociedade ISBN: 978-65- 2023
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Brasileira de

89156-08-6

congresso alcohol and tobacco are Garcia DP. Assuncao LP.
nacional associated with severe Rasmussen LT. Santos Genética (SBG)
gastropathies? RS. Barbosa MS.
Analises in silico das interagdes Anais do XX
Resumo em entre o gene EGFR e a infecgdo Santos HCO. CO.S ta CCP. CONPEEX- ISBN: 978-65-
congresso . . Roza GR. Maciel DN. 2023
regional por Helzcobagt?r pylori cagA Santos RS. Barbosa MS UFG 85278-50-8
positivo. ’ ’ (CEGRAF)
Resumo em Andlises de interacdes moleculares Revista de
da oncobactéria Helicobacter Souza JA. Santos HCO. .
CONEIesso pylori e genes ILIB e MYDSS8 do Barbosa MS. Patolggla ISSN: 0301-0406 2023
regional . . . Tropical
sistema imune do hospedeiro.
Association between host genetic | Santos HCO, Maciel DN, Genetics and doi:
Artico polymorphisms and susceptibility Ramos AFPL, Santiago Molecular https://doi.org/10.42 2023
& to Helicobacter pylori infection: a SB, Costa CCP, Santos Research 38/gmr19198
systematic review protocol. RS, Barbosa MS. ISSN: 1676-5680
22nd
International
Resumo em Association of TLR4 gene variants Sant‘os HCO. Costa CCP. Workshop on
congresso with the pathogenesis of Maciel DN. Ramos AFPL. | Campylobacter, - 2024
internacional Helicobacter pviori Santos KF. Santos RS. Helicobacter
Py Barbosa MS and Related
Organisms
(CHRO)
Capitulo de livro Papel dos .recept~ores toll-like na Santos HCO. Costa CCP. .
em fase de infec¢do por RFB editora - 2024
- ) . Santos RS. Barbosa MS
submissao Helicobacter pylori
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Artigo em fase de

Interleukin-1B polymorphisms and
their influence on diseases

Souza JA. Santos HCO.

9 correcio associated with Helicobacter Costa CCP. Santos RS. - 2024
pylori infection: an integrative Barbosa MS.
review
Helicobacter pylori adhesins and
10 Artigo em fase de their relationship to Silva MO, Santos HCO, i 2024
corre¢ao pathophysiology: Maciel DN, Barbosa MS.
an integrative review
Association between genetic
polymorphisms and host Santos HCO. Costa CCP. Brazilian
11 Artigo aceito susceptibility to Helicobacter Maciel DN. Ramos AFPL. Journal of 2024
pylori infection: a systematic Santos RS. Barbosa MS Biology
review and meta-analysis
Santos HCO. Bizinoto
. Helicobacter pylori: conhecer e ALS. Ferreira PMN' .
12 Cartilha conscientizar Ramos AFPL. Maciel DN. | RFB Editora 2024
Silva MO, Souza JA.
Many ND. Barbosa MS
Bizinoto ALS. Santos
. Cancer Géstrico: conhecer e HCO. Ferreira PMN' .
13 Cartilha Ramos AFPL. Maciel DN. | RFB Editora 2024

conscientizar

Silva MO, Souza JA.
Many ND. Barbosa MS
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Anexo II: Checklist JBI para estudos transversais

L1STA DE VERIFICACAO DE AVALIACAO CRITICA DO JBI PARA
ESTUDOS TRANSVERSAIS ANALITICOS

Rewvisor Data

Autor Ano Numero de Registro

. . Nio
Sm  Nio Incerto Aplicivel

1. Oscnténos de inclusdo na amostra foram claramente
definidos? [ -] a o

2. Os sujeitos do estudo e o ambiente foram descritos em
detalhes? E c

0
0

3. A exposigdo for medida de maneira valida e confiavel? - -

4. Foram utihzados cniténos objetivos e padrdo para a

medi¢io da condigio? a = = £
5. Foram identificados fatores de confusio? o o a o
6. Foram mencionadas estratégias para hidar com o3

fatores de confusdo? = = = =
7. Os resultados foram medidos de forma valida e

confiavel? = = = =
8. Forutilizada analise estatistica apropnada? - - - -

Avaliagdo geral: Incluir D Excluir [:] Procurar mais informagdes D

Comentarios (Incluindo razio para exclusio)




Anexo III: Checklist JBI para estudos de caso-controle

LI1STA DE VERIFICACAO DE AVALIACAO CRITICA DO JBI PARA
EsTUDOS DE CASO-CONTROLE

Revisor,

Data

Autor

Ano

(=]

10.

Avaligiogeral' Incluir L] Esxcir [  Procurar mais informagdes [

. Os grupos eram comparaveis, exceto pela

presenga da doenga nos casos ou pela auséncia
da doenga nos controles?

Os casos e controles foram adequadamente
pareados?

Foram utilizados 05 mesmos Critérios para a
identificagdo de casos e controles?

A exposigio foi medida de maneira padrio,
valida e confiavel?

A exposigio foi medida da mesma forma para
casos e controles?

Foram identficados fatores de confusio?

Foram mencionadas estratégias para lidar com
os fatores de confusdo?

Os desfechos foram avaliados de maneira
padrdo, valida e confiavel para casos e
controles?

O periodo de exposigio de interesse foi
suficientemente longo para ser significativo?

Foi utilizada uma analise estatistica
apropriada?”

Comentarios (Incluindo raz3o para exclusio)

Sim

____ Nimero de Registro
Nio Incerto
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

Nio
Aplicavel
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Anexo IV: Checklist JBI para estudos de coorte

L1STA DE VERIFICACAO DE AVALIACAO CRITICA DO JBI PARA
EsTtUuDOS DE COORTE

Revisor_ Data
Autor Ano__ _ Numerode Registro
Sm Nio Incerto Nao
2 Avkicivel
1. Osdors grupos eram semelhantes e recrutados na
mesma populagio? = = Z =
2. As exposigdes foram medidas de maneira semelhante
para ambuir pess0as 205 ZUPOs expostos e ni3o = - - -
expostos?
3. A exposigio for medida de manena valida e
favel? a -] o o
4. Foram identificados fatores de confusio? - = - c
5. Foram mencionadas estratégias para hdar comos
fat &:: fi 5~”? a =] o =]
6. Os giupos/participantes estavam Ivyes do desfecho
no inicio do estudo (ou no momento da exposigio)? = o o o
7. Os desfechos foram medidos de forma validae
fivel? a o o o
8. Okzppodexompmhzmentofoimhudoefoi
suficientemente longo para que oz desfechos - - o c
ocomessem?
9. O acompanhamento foi completo e, caso contrano,
foram desentas e exploradas asrazdes paraaperda o - o =
de 7
10. Foram utilizadas estratégias para hdar como
li to 1 mlm'; a =] o =)
11. Fo1 utilizada anilise estatistica apropnada? - - - =

Avahagio geral: Inchur c© Exclur o Procurar mais mformagdes ©
Comentanos (Inchundo razio para exclusio)




Anexo V: QR Code da Tabela suplementar 1 do capitulo IV
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Anexo VI: Qualis das Revistas

1676-5680 GENETICS AND MOLECULAR RESEARCH CIENCIAS BIOLOGICAS Il CIENCIAS AGRARIAS |

1519-6984 BRAZILIAN JOURNAL OF BIOLOGY (IMPRESSO) CIENCIAS BIOLOGICAS Il BIODIVERSIDADE

1678-4375 BRAZILIAN JOURNAL OF BIOLOGY (ONLINE) CIENCIAS BIOLOGICAS Il A3 BIODIVERSIDADE
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Anexo VII: Comprovante de Aceite

Your submission has been accepted to Brazilian Journal of
Biology

2025-01-05 09:14 AM

Dear Hellen Christina de Oliveira Santos,

I am pleased to inform you that we have decided to accept your submission without further revision. After
careful review, we found your submission, Association between genetic polymorphisms and host susceptibility
to Helicobacter pylori infection: a systematic review and meta-analysis, to meet or exceed our expectations. We
are excited to publish your piece in Brazilian Journal of Biology and we thank you for choosing our journal as a
venue for your work.

Your submission is now forthcoming in a future issue of Brazilian Journal of Biology and you are welcome to
include it in your list of publications. We recognize the hard work that goes into every successful submission
and we want to congratulate you on reaching this stage.

Your submission will now undergo copy editing and formatting to prepare it for publication.
You will shortly receive further instructions.

If you have any questions, please contact me from your submission dashboard.

Kind regards,

Programa de Pés-graduagdo em Ciéncias Biomédicas
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