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RESUMO

Na década de 80, Warren e Marshall (1983) relataram a presenca de bacilos curvos em forma
de S, associados ao epitélio superficial, em amostras de bidpsias gastricas. Alguns anos
depois, Goodwin e Armstrong (1990) reclassificaram esses bacilos como Helicobacter pylori.
Desde entdo diversos estudos sobre o H. pylori foram publicados. Os seres humanos sao 0s
unicos hospedeiros naturais do H. pylori. A aquisicdo do H. pylori ocorre particularmente nos
primeiros anos de vida. Fatores de risco socioecondémicos e ambientais como baixa renda,
baixa escolaridade dos pais, alta aglomeracdo familiar e a auséncia de vaso sanitario ou a
presenca dele sem descarga foram associadas ao aumento da soroprevaléncia da infeccdo,
principalmente em paises em desenvolvimento. A raga/etnicidade tem sido implicada como
um fator associado a soroprevaléncia para o H. pylori em alguns estudos, sendo esta e a
ancestralidade biogeogréfica variaveis.orrelacionadas. Recentemente, associacdes positivas e
independentes ‘entre a proporcdo de ancestralidade individual africana e a soropositividade
para o H. pylori_feram reportadas. Baseado _nesses dados este estudo.teve como objetivo
estudar a relacdo entre a propor¢do devancestralidade individual africana e a infeccdo por H.
pylori em uma coorte de criancas entre 4-11 anos, do municipio de Salvador, Bahia,
pertencentes ao projeto SCAALA, que realiza-estudos de base populacional em criancas
residentes em areas urbanas periféricas, nessa cidade. Para isso, foram realizadas analises
estatisticas por meio de modelos de regressao logistica multivariada e analise de mediacéo.
Foi observado que a ancestralidade africana individual foi positivamente associada a
soroprevaléncia para infeccdo no modelo ajustado apenas para sexo e idade e se manteve
significante no modelo ajustado para co-variaveis socioambientais reportadas na literatura
como associadas a soroprevaléncia da infeccdo por H. pylori nesta faixa etaria. Além disso, as
analises | de” mediaGaodemonstraram’ querimenos: de 110%! da prepor¢do 'do- efeita’ total 'da
ancestralidade africana individual sobre a soroprevaléncia para infeccdo por H. pylori foi
explicada por fatores como renda, ndo pavimentacdo e aglomeragdo domiciliar. Por fim,
conclui-se que a ancestralidade africana individual foi positivamente e independentemente
associada a soroprevaléncia para H. pylori na populacdo analisada. 1sso sugere que fatores
genéticos subjacentes a esse componente da ancestralidade biogeografica possam estar
implicados no risco de aquisicdo dessa infeccdo. Esse é o primeiro estudo dessa natureza
conduzido para uma populacdo altamente miscigenada de um grande centro urbano latino-
americano.

PALAVRAS-CHAVE: Infeccdo por H. pylori, Criancas, Fatores de riseo, Anélise de
mediacao, iViodulo'KHB, Regressda logisticamultivariada.



ABSTRACT

In 1983, Warren and Marshall reported the presence of S-shaped curved bacilli associated
with the superficial epithelium in gastric biopsy specimens. A few years later, Goodwin and
Armstrong (1990) reclassified these bacilli as Helicobacter pylori. Since then several studies
on H. pylori have been published. Humans are the only natural hosts of H. pylori. The
acquisition of H. pylori occurs particularly in the first years of life. Socioeconomic and
environmental risk factors such as low household income, low schooling of parents, high
crowding and the absence of a toilet or the presence of no flush toilet were associated with an
increase in the seroprevalence of infection, especially in developing countries. Race /
ethnicity has been implicated as a factor associated with H. pylori seroprevalence in some
studies, being it and biogeographic ancestry variables correlated. Recently, positive and
independentassociations between thespreportion of African individual ancestry and H. pylori
seropositivity were reported. Based on these data, this study aimed to evaluate the relationship
between the proportion of individual Airican.ancestry and H. pyiori infection in a cohort of
children aged 4-11 years, from the city'of Salvador, Bahia, belonging to the SCAALA project,
which carries out population-based studies on children living in peripheral urban areas in this
city. For this, statistical analyses were perfoermed using multivariatelogistic regression
models and mediation analysis. It was observed that the individual African ancestry was
positively associated with seroprevalence for infection in the model adjusted only for sex and
age and remained significant in the model adjusted for socioenvironmental covariates reported
in the literature as associated to the seroprevalence of H. pylori infection in this age group. In
addition, mediation analysis demonstrated that less than 10% of the effect of the individual
African ancestry on H. pylori infection was explained by factors such as household income,
absence of street ‘paving -and!crowding. “In"conclusion; individual 'African ‘ancestry ‘was
positively and independently associated with H. pylori seroprevalence in the analyzed
population. This suggests that genetic factors underlying this component of biogeographical
ancestry may be implicated in the risk for this infection. This is the first such study conducted
for a highly mixed population of a large Latin American urban center.

KEYWORDS: H. pylori infection, Children, Risk factors, Mediation analysis, KHB module,
Multivariate logistic regression.
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INTRODUCAO

O Helicobacter pylori é uma bactéria gram-negativa descrita por Marshall e Warren na
década de 80. A descoberta e os estudos que comprovaram a acdo dessa bactéria no
desenvolvimento de doencas géastricas proporcionou a esses pesquisadores o Nobel de
Fisiologia e Medicina no ano de 2005. O H. pylori € um bacilo espiralado em forma de S,
multiflagelado, que coloniza a mucosa géastrica dos seres humanos. Estima-se que cerca de
50% da populacdo mundial seja infectada pelo H. pylori, a grande maioria em paises em
desenvolvimento, como o Brasil. Holcome (1992) relatou que possivelmente toda a populagéo
africana esteja infectada pelo H. pylori, porém as taxas de doencas gastricas grave nessa
populagdo sdo baixas, o que ele descreveu como “o Enigma Africano”.

A aquisicdo da bactéria ocorre durante a infancia e permanece no organismo durante
toda a vida do.individuo se ndo houver‘tratamento, ja que ndo se tem relato de erradicacdo
espontanea da bactéria pelo organismo. Entender os fatores que levam ou ndo ao
desenvolvimento de doencas graves nos individuos infectados tem sido objeto de estudo de
varios pesquisadores. Diversos fatores de riseo.para a aquisicdo do H. pylori foram descritos
na literatura, sendo os mais comumente relatados: presenca de infeccdo nas maes, alta
aglomeracdo familiar, baixa renda, banheiros inadequados e condices de saneamento
precarias. Diferentes estudos indicam que os fatores de viruléncia, que é a capacidade de
produzir uma proteina associada a citotoxinas, estdo relacionados ao desenvolvimento de
lesGes graves no hospedeiro €, consequentemente, doencas gastricas como Glcera péptica e
cancer gastrico (Labigne e Reuse, 1996). Ladeira et al. (2003) relataram que as cepas cagA*
induzem niveis mais altos de expressdo de citocinas, enquanto outros estudos indicam que
essas cepas cagA* tem maior capacidade de promover cancer gastrico (Blaser e Berg, 2001).
Adicionalmente, o gendtipo vacA sl/ml produz grande quantidade de toxina que estdo
associadas a maior risco de danos as células epiteliais (Atherton et al., 1999).

O H. pylori co-evoluiu com os seres humanos, fato evidenciado ao se analisar a
filogeografiae a migracdo de ambasias espécies. Le Solef et al:(2006) enfatizam que forcas
seletivas podem ter atuado na distribuicdo diferencial das frequéncias alélicas em populacbes
humanas, incluindc variantes em genes relacionados a resposta imunoldgica a diferentes
agentes infeciosos, possibilitando assim umasinteragao entre parasita-hospedeiro.

Estudos identificaram uma associacao positiva entre a soroprevaléncia para a infeccéo

por H. pylori e a etnia afro-americana, o que levou ao questionamerito se a ancestralidade


https://pt.wikipedia.org/wiki/Nobel_de_Fisiologia_ou_Medicina
https://pt.wikipedia.org/wiki/Nobel_de_Fisiologia_ou_Medicina
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africana poderia ser-um fator de risco para a infeccéo. Epplein et al. (20%1) constataram um
aumento de duas a seis vezes na soropositividade para a infeccdo por H. pylori associados a
raca/cor afro-americana, ancestralidade biogeografica africana e ao estilo de vida dos
individuos. Essa descoberta abriu caminhos para novas investigacdes e questionamentos sobre
como a ancestralidade africana influencia a soroprevaléncia para a infeccéo por H. pylori e se
ISSO ocorre em outras populagoes mundiais.

A colonizacdo do Brasil foi marcada por diversos fatores que contribuiram para a
formacdo de uma populacdo miscigenada. Entre as principais etnias que povoaram o pais
destacam-se: a africana, europeia e amerindia. A regido nordeste, devido ao seu processo
historico, voltado para a agricultura nos primeiros séculos de colonizagdo, recebeu uma
grande leva de individuos africanos, que eram trazidos como escravos. Em decorréncia disso,
atualmente a regido apresenta os maiores indices da populacdo negra e parda do pais. A
cidade de Salvador, capital do estado"da'Bahia ¢ considerada a ¢apital mais “negra” do pais
com cerca de 80% da populagéo de etnia negra.ou parda (Barreto et al., 2006). Devido a essas
caracteristicas, Saivador é uma cidade propicia para a realizacao de estudos que busquem
avaliar o efeito da.ancestralidade africana individual sobre diferentes desfechos de interesse
para a saude.

O SCAALA (Social Changes, Asthma and Allergy in Latin ’America), grupo de estudo
de base populacional que realiza pesquisas relacionadas a asma e alergias em criancas, desde
a década de 90, juntamente com o projeto EPIGEN-BRASIL (Epidemiologia Genémica de
Coortes Brasileiras) “estimaram a arcestralidade de cerca ‘de 1.400 criancas residentes em
Salvador. Nessa mesma populacdo de estudo, Dattoli et al. (2010) realizaram uma
investigagcdo sobre fatores de risco socioambientais associados a soroprevaléncia para a
infeccdo por H. pylori, observando uma prevaléncia do 1gG anti-H. pylori de 28,7%. Esses
dados nos permitiram analisar a relacdo entre a ancestralidade biogeografica individual e a
aquisicdo da infeccdo por H. pylori na infancia, através da mensuracao da proporc¢do do efeito
da ancestralidade africana sobre o risco de infeccdo por H. pylori e quanto desse efeito é
explicadesporfatores de risco sociodemograficos e ambientais. Esse«é:0 primeiro estudo dessa

natureza conduzido para uma populacéo altamente miscigenada latino-americana.
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REVISAO DE LITERATURA

1. HELICOBACTER PYLORI

1.1 Caracteristicas

Na década de 80, Warren e Marshall (1983) relataram a presenca de bacilos curvos em
forma de S, associados ao epitélio superficial, em amostras de bidpsias gastricas (Figura 01).
Esses microrganismos eram abundantes, principalmente em pacientes que possuiam
inflamagdes géstricas. Na auséncia de inflamagéo essas bactérias eram raras. Os bacilos foram
encontrados em toda extensdo do estbmago, porém, foram observados de forma mais
consistente no antro gastrico. Esses pesquisadores enfatizaram que o estdmago ndo era um
Orgdo estéril"e_sem microbiota permanente, como se acreditava. “Eles demonstraram que
existiam bactérias em nimero suficlente para serem vistas em microscopia.de luz e, que esses
microrganismaos estavam intimamente associados com diversas doencas gastricas. Gracas as
suas descobertas e.seus estudos sobre o papel.da Helicobacter pylori na.desenvolvimento de
doencas gastricas Warren e Marshall foram laureados com o Prémio Nobel de Fisiologia e
Medicina de 2005 (MLA style, 2005).

- —

Figura 01: Amostras de bidpsias gastricas:adaptadas de Warren e Marshall (1983). a) Bacilos curvos no
epitélio gastrico. b). Micrografia de corte fino mostrando. bactérias em espiral na superficie de uma célula
mucosa. (barra = 1um).
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O H. pylorié uma bactéria gram-negativa, uréase positiva, mieroaerofilica, com
crescimento lento em meio de cultura agar chocolate umido a 37°C e corada pelo método de
prata de Warthin-Starry (Warren e Marshall, 1983; Goodwin e Armstrong, 1990).
Inicialmente foi classificado como Campylobacter (Warren e Marshall, 1983), porém, apés
estudos mais detalhados foi reclassificado como Helicobacter pylori (Goodwin e Armstrong,
1990). Através da microscopia eletronica pode-se observar que o H. pylori € um organismo
unipolar, de curvas sinuosas ou espiraladas, multiflagelado, com extremidades arredondadas,
medindo cerca de 0,5-1,0 gm de largura e 2,5-4,0 gm de comprimento (Goodwin e
Armstrong, 1990) (Figura 02).

Figura 02: Helicobacter pylori in vitro, adaptado de Goodwin e Armstrong (1990). O organismo em
forma de bastéo exibe quatro flagelos unipolares.

Os Uunicos hospedeiros naturais do H. pylori sdo os seres humanos (Lee, 1994). Esse
patégeno desempenha um papel critico no processo inflamatério que desenvolve a ulceracdo
péptica e o cancer gastrico (Parsonnet et al., 1991; Blaser e Berg, 2001). No entanto, a
infeccdo pelo H. pylori é assintomatica na maioria das pessoas, sem apresentar manifestacdes
clinicas (Dooley et al.,1989; Blaser, 1993), o que demonstra que a infeccdo ndo € o Unico
fator para o desenvolvimento de doengas graves, sendo necessarios cofatores ambientais e
genéticos.nesse processo (Parsonnet etal; 1991; Lee, 1994).

A aquisi¢do do H. pylori«ocorre particularmente nos primeiros anos de vida, mas
sugestivamente nos dois primeiros anos (Rothenbacher et al., 2000)."Porém, a ndo realizacdo
da validacdo dos meétados para populacGes.pediatricas pode levar a subestimacdo do valor
final de soroprevaléncia observado para H. pylori (Tasch et al., 1999). O contato direto entre

seres humanos € a principal via de transmisséo do H. pylori (Queiroz e Luzza, 2006), sendo 0s
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principais meios de:aquisigéo as vias de transmissao oral-oral e fecal-oral (lee, 1991; Queiroz
e Luzza, 2006). As condicOes de vida, em especial a alta aglomeragdo domiciliar, sdo
determinantes no processo de aquisicdo da bactéria (Mitchell et al.; 1992; Rodrigues et al.,
2004; Muhsen et al., 2006). Evidéncias demonstram que a transmissdo intrafamiliar é
considerada o principal meio de aquisi¢do do H. pylori durante a primeira infancia (Tindberg
et al., 2001; Queiroz et al., 2006).

1.2 Doencas associadas a infeccdo pelo H. pylori

O processo inflamatorio crénico ocasionado pela infecgdo por H. pylori é associado ao
surgimento de ulceracdo péptica e cancer gastrico, sendo também um importante fator de
risco no desenvolvimento de adenocarcinomas (Blaser, 1993). O H. pylori contribui com a
patogénese de 95% das Ulceras duodenais e cerca de 70% de todas as Ulceras gastricas,
(Blaser, 1993; Lee,.1994). Além disso, a infeccdo foi associada a cerca de 35% a 55% dos
casos de cancer gasirica (Forman et al., 1991).

A infeccdo.pelo H. pylori ndo é o Unico fator para o desenvolvimento de doencas
graves (Lee, 1994). Ao analisar como a infecgdo pelo H. pylori e seus fatores de viruléncia
influenciam a regulacdo da carcinogénese gastrica, Franco et al. (2008), relataram que o0s
fatores de viruléncia da H. pylori desempenham um papel critico na carcinogénese, sendo 0s

fatores cagA e oipA mediadores no desenvolvimento do cancer gastrico.

2. FATORES DE RISCO PARA A INFECCAO PELO H. PYLORI

2.1 Fatores de risco socioeconbmicos e ambientais

Fatores de risco socioecondmicos e ambientais sdo associados com 0 aumento da
soroprevaléncia da infeccdo pelo H. pylori (Lee, 1994). A prevaléncia aumenta com a idade,
desde o nascimento até a adolescéncia«{(Mitchell et al., 1992; Ashoernet al., 1995; Ertem et al.,
2003).“Fatores Intradomiciliares como a presenca de mée e irmédos mais velhos soropositivos
para H. pylort (Glynn et al., 2002; Dattoli et a!., 2010) sdo considerados fatores determinantes
para a aquisicao. da infeccdo (Mitchell et al., 1992; Tindberg et al.;.2001). Além disso,
condicBes socioecondmicas como: baixa renda (Klein et al., 1991; Moraes e Silva, 2003),

baixa escolaridade dos pais (Malaty et al., 2001; Moraes e Silva, 2003; Tkachenko et al.,
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2007; Jafri et al., 2010) e alta aglomeracéo familiar (McCallion et al., 1996; Saat et al., 1996;
Perri et al., 1997; Malaty et al., 2001; Muhsen et al., 2006) foram associadas a0 aumento da
soroprevaléncia da infeccdo, principalmente em paises em desenvolvimento.

As condicdes higiénicas sdo fatores de risco para soroprevaléncia para a infeccdo do
H. pylori tanto no dmbito intra-, como no peridomiciliar. A auséncia de vaso sanitario ou a
presenca dele sem descarga foi apontado como Importante fator de risco ambiental
intradomicilar que contribui no aumento da prevaléncia da infeccdo pelo H. pylori (Moraes e
Silva, 2003; Dattoli et al., 2010). Entre os fatores de risco ambientais peridomiciliares a
localizagdo da casa em uma rua ndo pavimentada foi associada positivamente com a
soroprevaléncia para a infeccdo (Dattoli et al., 2010).

A pratica de amamentacdo durante os primeiros meses de vida desempenha um papel
protetor contra a aquisicdo da infeccdo pelo H. pylori (Ertem et al., 2003). A amamentacao foi
associada negativamente com a infee¢ao (p < 0,05), porém, a0 se estratificar para o status
socioeconomico foi observado que o papel protetor da amamentagdo ocorre apenas nas

classes socioeconémicas mais baixas (p'=0,007) (Ertem et al., 2003).

2.2 A Etnicidade como fator de risco para a infecgéo pelo H. pylori

A raca/etnicidade tem sido implicada como um fator associado & soroprevaléncia para
o H. pylori em alguns estudos. Nos Estados Unidos, por exemplo, um estudo observou que a
prevaléncia para infecgdo por H. pylori, ajustada por idade foi substancialmente maior entre
negros ndo-hispanicos (52,7%) e mexicanos-americanos comparativamente  aos
euroamericanos (Everhart et al., 2000). Outro estudo verificou que as taxas de prevaléncia
para infec¢do por H. pylori foram maiores em homens negros (53,3%) e hispanicos (48,1%)
do que em homens brancos ndo-hispanicos (8,2%) (Nguyen et al., 2015). Ao se analisar
apenas individuos de etnia hispanica notou-se uma prevaléncia maior (30,3%) do que os ndo-
hispanicos (9,2%) (Long Parma et al., 2017). No Brasil, Santos et al. (2005) observaram uma
associacdo  significante entre a infee¢do: pelo H. pylori e a eorwda pele ndo branca em
individuos adultes, mesmo ap0s 0 ajuste para caracteristicas socioecon@micas, idade e sexo.

Aetnia ja havia sido apontada como fator de risco para a infecgao pelo H. pylori. Lee
et al.(1994) verificaram que existia grande diferen¢a na prevaléncia da infeccdo pelo H. pylori
entre grupos éetnicos em diferentes sociedades, citando principalmente gque os americanos

negros tinham taxas maiores de incidéncia da infeccdo do que os brancos, e que 0s
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australianos descendentes do sul europeu apresentam taxa de infeccdo muito maior do que os
de descendéncia anglo-saxonica e celta.

Estudos com criancas observaram. padroes similares aos previamente relatados. Ao
analisar criancas com faixa etaria entre 6-19 anos foi observado um risco de infeccdo por H.
pylori ' significativamente maior entre os individuos afroamericanos em relagdo aos
euramericanos (Staat et al., 1996). O estudo de coorte em criangas de uma comunidade
biracial observou uma taxa de infeccdo quatro vezes maior entre as criancas negras do que
entre as brancas (P < 0.001) (Malaty et al., 1999).

Associagdes positivas e independentes entre a proporcdo de ancestralidade individual
africana e a soropositividade para o H. pylori foram reportadas em estudos realizados para
populacdes norte-americanas (Epplein et al., 2011). Levando em consideracdo a miscigenacao
da populacdo brasileira, a cor (raca/etnia) pode ser um fraco preditor para determinar a
ancestralidade _individual (Parra et al.,. 2003). A raca/etnicidade e a ancestralidade
biogeografica sdo varidveis correlacionadas, embora a magnitude dessa relacdo varie entre
diferentes populacoes (Shriver et al., 2003). Tais fatores devem ser levados em consideracéo,
guando a interpretacdo da associacdo entre raca/cor e H. pylori for um proxy para a relacdo
entre ancestralidade africana e a infeccao pelo H. pylori. No caso especifico das populacGes
brasileiras, “a ancestralidade biogeografica pode constituir uma medida mais objetiva e
acurada sobre as origens ancestrais de uma pessoa do que a raga/cor auto-declarada (Silva et
al., 2018).

3. INTERACOES NA EVOLUCAO ENTRE PARASITA - HOSPEDEIRO

3.1 InteracBes genéticas e processo infeccioso

Genes humanos envolvidos na imunidade e inflamacdo podem sofrer variacdes devido
a interacdo genética que ocorre entre 0 hospedeiro e o parasita. Estes, por vez, exercem forgas
seletivassguenmodulam os genes enmvelvidos nas respostas imune e autoimune de seus
hospedeiros (Fumagalli et al., 2009). Essa interacdo foi importante na evolucdo humana, pois
permitiu “que a espécie se adaptasse e permanecesse no ambiente. Em contrapartida os
parasitas, ainda'sdo considerados uma das principais causas de morte na espécie humana.

Na selecao induzida pelo parasita, espera-se que um ou mais alelos estejam associados

a modulacdo da suscetibilidade a agentes infecciosos. Uma forma de identificar essas
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variantes no genoma € examinar correlacoes-entre a variabilidade genética e a riqueza de
patdgenos, que é uma medida adequada e muito eficaz para estimar a pressdo seletiva
exercida por agentes infecciosos, pois captura melhor as assinaturas deixadas pela adaptacéo a
patdgenos especificos durante eventos recentes na evolucdo humana (Fumagalli et al., 2009;
Fumagalli et al., 2011).

A variacao genética humana entre diferentes populagoes é moldada por fatores como
a adaptacdo a ambientes locais e a selecdo de patdgeno, principal fator responsavel pela
adaptacdo local. Esses fatores afetam a distribuicdo da variacdo genética de um grande
namero de genes, uma vez que, cerca de 100 genes relacionados ao sistema imune mostraram
uma correlagdo forte entre as frequéncias alélicas e o ambiente patogénico (Fumagalli et al.,
2011).

Variagdes em polimorfismos genéticos humanos contribuem para aquisicdo da
infecgdo pelo H. pylori e o aumento de doencas gastricas mais severas. Ao se analisar a
associagdo da prevaléncia da infecgéo por H. pylori com 16 polimorfismos entre etnias
diferentes, = observou-se uma consideravei - variabilidade para .a frequéncia desses
polimorfismos entre.essas etnias, sendo que alguns deles foram significativamente associados
com a infecgao pelo H. pylori (Schmidt et al., 2011). Por sua vez, 0 estudo de Mayerle et al.
(2013), para identificacdo de loci genéticos associados soropositividade para infeccdo por H.
pylori através de método de GWAS (Genome Wide Association Study,) identificaram dois
loci associados a soroprevaléncia de H. pylori: o receptor toll-like (TLR) (rs10004195; P =
1,4x107%%) e 0 FCGR2A (rs368433; P = 2,1x10°%.

3.2 Co-evolucdo entre o parasita e 0 hospedeiro

Evidéncias genéticas demonstram que o sistema imunoldgico humano sofreu
processos adaptativos diversificados entre individuos e populagbes distintas, existindo
evidéncias de que o mesmo adaptou-se geneticamente para melhorar a sobrevivéncia em
regides climéaticas amplas (Le Souef et‘al;2000).

Le Souef et al, (2006) sugerem que genes que apresentam padrdes sistematicos de
diferencas nas frequéncias alélicas entre grupos geograficamente isolados da mesma espécie,
podem ter sido influenciados pela Evolucdo.Darwiniana no estabelecimento desses padrdes.
Diferentes evidéncias corroboram com essa hipdtese ao demonstrarem que a distribuicdo

observada para alelos especificos de interleucina-4 e seu receptor, interleucina-13,
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interleucina-10, a cadeia 3 do receptor de altaafinidade para a imunoglobulina E, o receptor
1-adrenérgico e a cadeia a do Fator de Necrose Tumoral (TNF), exibe um padrdo de variacéo
biogeogréafica, o que os torna potenciais candidatos para explicar diferencas inter-étnicas
observadas para algumas doencas atuais.

As espécies do ' género Helicobacter sdo, na maioria das vezes, hospedeiras
especificas, sugerindo assim, a ocorréncia de um processo de co-evolucdo entre essas
bactérias e sua espécie hospedeira (Atherton e Blaser, 2009). Em relacdo aos seres humanos,
foi observado que a diversidade genética das cepas de H. pylori diminui na mesma propor¢édo
que a dos humanos, quando se distanciam da Africa Oriental (Linz et al., 2007). A infecgo
do homem pela H. pylori ocorreu a cerca de 100.000 anos atras. Assim, quando 0s primeiros
seres humanos modernos migraram da Africa para outros continentes, a cerca de 60.000 anos
atras, eles provavelmente ja estavam infectados pelo H. pylori e este permaneceu intimamente
associadocom._o hospedeiro humano, mimetizando o processo de diferenciacdo genética
ocorrida para as diferentes populac@es continentais (Linz et al., 2007; Moodley et al., 2012).
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OBJETIVOS

1. OBJETIVO GERAL

- Estudar a relagdo entre a proporgdo de ancestralidade individual africana e
infecgdo por H. pylori enm uma coorte de criancas e adolescentes do municipio de
Salvador, Bahia.

2. OBJETIVOS ESPECIFICOS

- Avaliar fatores sociodemograficos e ambientais (condicbes do intra e
peridomicilio) potencialmente associados ao risco de infeccdo por H. pylori na

infancia.

- Mensurar, por meio de anaiises. de mediacao, quanio ‘do efeito da
ancestralidade individual africana sobre.o risco de infeccdo por H..pylori é mediado
por fatores socioecondmicos e variaveis indicativas de condicfes de habitagdo e de
vida.
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ABSTRACT

Background and Aim: The relationship between race/ethnicity and H. pylori infection has
been extensively reported, with a higher prevalence of infection observed in black individuals.
Whether such differences are due to genetic factors underlying African ancestry remains to be
clarified. In the present study, we evaluated the association between the proportion of
individual African ancestry and H. pylori infection in a sample of 1046 children living in a
large Latin American urban center. Materials and Methods: Estimation of individual
biogeographical ancestry was based on 370,539 SNPs and performed using the
ADMIXTURE. software. Multivariate “logistic regression modelsTand mediation analysis
considering the influence of previousiy recognized socioenvironmental risk factors to H.
pylori infection were performed. All analyses were conducted using the statistical package
STATA v.14.0. Results: Each 10% increase In the proportion of Individual African ancestry
was positively-and independently associated with H. pylori infection in our population
(adjusted OR = 1.22, 95% CI = 1.10-1.36, p <0.001). Mediation analysis demonstrated that
only 9.23% of the effect of "the individual “African ancestry on H. “pylori infection was
explained by factors such as household income, the absence of street paving and crowding.
Conclusions: The results suggest that genetic variants that covariate with African ancestry
may explain an important part of the racial differences observed for the prevalence of H.

pylori infection.



34

INTRODUCTION

Helicobacter pylori is an S-shaped gram-negative spiral bacillus, mainly found in the
gastric antrum of humans, associated with superficial epithelium . It is considered the main
risk factor for the development of gastric diseases, such as chronic gastritis *, duodenal ulcer *
and gastric cancer ®. It is estimated that around 50% of the world population is infected with
H. pylori, with a higher prevalence being observed in developing countries ’. In Brazil, the
prevalence of H. pylori infection reported in studies conducted in different regions of the
country varied from 28.7% to 55.8% among children and from 62.9% to 84.7% among adults
7,8.

The transmission of H. pylori occursiparticularly in the first years‘ofilife, through the
oral-oral and oral-faecal routes, and the living conditions are determinants in this process ***.
Other possible routes of transmission have been reported. In Peru, H. pylori DNA was
identified in drink water samples 2. Likewise, in Brazil, Junqueira et al. hypothesized that
domestic insects, such as flies, may be related to the transmission of H. pylori, due to their
feeding and reproductiorrin fecal material **‘Intrafamilial transmission is considered the main

8,15

means of H. pylori acquisition during early childhood **** . Crowding 3*° | the presence of H.

16,17 15-18

pylori infection in mothers =", the presence of older siblings and lower socioeconomic

status 81920

are suggested as the major risk factors for H. pylori infection. Factors related to
intra and peridomiciliary environments, such as the absence of toilet flushing and lack of
street paving, were also associated with the acquisition of infection in childhood ***8. On the
other hand, breastfeeding during the first months of life plays a protective role against the
acquisition of the infection %%

Regarding individual host factors, race/ethnicity has been implicated as a factor

associated with H. pylori seroprevalence in some studies, with individuals of black race/
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ethnicity presentingsa higher risk of infection®?>2%. In a study conducted insthe United States,
for instance, it was observed that the age-adjusted prevalence for H. pylori infection was
substantially higher among blacks and Mexican-American compared to Euro-Americans 2. In
Brazil, a significantly higher risk of H. pylori infection among nonwhite individuals, even
after adjustment for socioeconomic characteristics has also been observed %. More recently,
positive and independent associations between the proportion of individual African ancestry
and H. pylori seropositivity have been reported in studies conducted for North American
populations %, However, if such ethnic-racial differences are due to genetic factors underlying
African ancestry is still an issue to be clarified.

The SCAALA-Salvador (Social“Changes, Asthma and ‘Allergy in Latin America)
cohort ‘gathers information on a ‘series.ofusocioenvironmental exposures; infections and
genome-wide genetic variants for a population of children living in peripheral regions of the
city of Salvador, an urban center with a remarkable African contribution to the shape of its
present population *°. The H. pylori seroprevalence observed in this cohort was 28.7% '8,
Based on these data, we sought to evaluate the relationship between African biogeographical
ancestry and the acquisition of H. pylori-irfection in childnood inthis highly admixed Latin
American population. Finally, we also aim to quantify the proportion of the effect of African
ancestry on the risk of H. pylori infection explained by recognized sociodemographic and

environmental risk factors.

MATERIALS AND METHODS

Population of study and data collection

The study was conducted with a sample of 1046 children, aged 4-11 years belonging

to the SCAALA-Salvador cohort, who lived in poor areas in the city of Salvador, capital of
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the State of Bahia,with about 2.5 million in habitants, the majority (80%):self-reported black
or brown. The study population comprises a cohort originally accompanied to assess the
impact of a sanitation program on health conditions in childhood. This first study followed
three separate cohorts of children aged 0-3 years recruited from poor neighborhoods of the
city selected to represent the population without sanitation in Salvador, called sentinel-areas.
A random selection of children living in sentinel-areas was performed in 1997, 2001, and
2003, respectively, totaling about 3000 children. The remaining children of these three
original cohorts who were aged 4-11 years in the year 2005 and had complete follow-up
information (n = 1,445) were selected for the SCAALA-Salvador cohort. In the present study,
we congidered only individuals with complete data for African_ancestry, serological status for
H. pylori.and socioénvironmental variabies %%,

The application of standardized questionnaires answered by parents or guardians of
each of the children was performed to collect data on living conditions, sanitation, water
supply, neighberhood characteristics and internal family environment, as well as information
about individuals such as nutrition and vaccination. Concerning tap water, street paving and
household sewage systems, ‘we obtained data fromr two ditterent timepoints: early life (i.e., <
3 years old) and later childhood (age range, 4-11 years). Blood samples were obtained for
different analyses including serological detection of anti-H. pylori 1gG and genotyping used

in the current study 18,26,27

. Ethical approval for this study was obtained from the Brazilian
National Ethical Council, and written informed consent was obtained from the guardian of
each child. Moreover, research has been conducted according to the principles outlined in the
Declaration of Helsinki.

Variables recognized as associated with H: pylori seroprevalence were selected to

statistical analyses. The following covariates were considered: sociodemographic variables

(age, sex, monihly income, maternal schooling, attendance at day care center and
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breastfeeding), intradomiciliary characteristicsi(erowding, older siblings, and‘adequate toilets)
and peridomiciliary characteristics (street paving, running water and access to the sewage
network). Some of these variables were also associated with H. pylori infection in the study

population *2,

Serological Detection of Anti-H. pylori 1gG

The presence of specific antibodies against H. pylori was investigated by an enzyme-
linked immunosorbent assay (ELISA) prepared from blood samples collected in 2005.
Detection IgG anti-H. pylori was determined by ELISA using a commercially available kit
(Diamedix, Miami, FL, USA), following.the supplier's instructions. The cut-off point was
determined by an“index obtained by the ratior of sample absorbance«/+«absorbance of a
calibrator (a solution containing human serum or defibrinated plasma, with. IgG antibodies
weakly reactive with H. pylori and 0.1% sodium azide). Values> 1.1 were considered

positive™,

Genotyping and estimation of biogeographical ancestry

Peripheral blood samples were used for DNA extraction with commercial kit (Gentra®
Puregene® Blood Kit Qiagen) The samples were genotyped by Illumina (San Diego,
California) using the Omni 2.5M platform. Closely related individuals were excluded using the
method implemented in the REAP software (Related Estimation in Admixed Populations) %. We
considered a pair of individuals as related if the estimated kinship coefficient between them was > 0.1.
This cutoff includes second- degree relatives such as a half-sibling and any claser pair of relatives.

For ‘the estimation of the individuai biogeographical ancestry, ADMIXTURE *°
software was used, considering a tri-hybrid model without supervision (k = 3) based on

370,539 SNPs common to samples from the HapMap, Human Genome Diversity (HGDP) and
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the study populatien:"Samples of the HapMap were used in the composition of the external
panels: a) 266 Africans (176 Yoruba of Ibadan, Nigeria [YRI] and 90 Luhyas of Webuye,
Kenya [LWK]); b) 262 Europeans (174 residents of Utah with predominant European
ancestry [CEU] and 88 individuals from Tuscany, ltaly [TSI]); ¢) 170 miscegenated
individuals (77 Mexicans from Los Angeles, California [MEX] and 83 Southwest African
Americans [ASW]). In addition, 93 Native Americans of the HGDP (25 from Pima tribe, 22
from Karitiana, 25 from Surui and 21 from Mayan tribe) were also used as external panels.
Genotyping data has been deposited at the European Genome-phenome Archive (EGA,
http://www.ebi.ac.uk.ega/), which is hosted by the EBI, under accession number

EGAS00001001245.

Statistical analysis

The'association between the proportion of individual African ancestry and H. pylori
infection was analyzed using multivariate binary logistic regression models. The
socioeconomic and environmental covariates nominally associated with the investigated
outcomes were-introduced in the multivariate models‘using the backward method, and the
variables that remained statistically significant remained in the final models. Variables usually
referred to in the literature as potential confounders, in addition to sex and age, were also
maintained in the final models, regardless of statistical significance.

Odds Ratio (OR) measures and their respective 95% confidence intervals were
calculated to measure the chance of the investigated outcomes for.each 10% increase in the
proportion of African ancestry.

Mediation analysis was performed:in the KHB module of STATA to assess to what

extent the effect of African ancestry on H. pylori infection was explained by socioeconomic
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and environmental-factors. All statistical analyses were performed using STATA version 14.2

(Stata Corporation, College Station, Texas, USA).

RESULTS

The selection criteria of the study population are shown in Figure 1. Significant
differences between children included and excluded from the study were observed only for
day care attendance, with excluded children having a higher frequency of day care attendance
compared to those included in the study (Supplement Table 1).

The general characteristics of the studied population are presented in Table 1. The
majority. ‘'of analyzed children consisted of boys (53.63%) and.the mean age was 6.30 years
(SD = 1.67). Forsmaost children family income-was low (52.14%) and-less than a third of
mothers (32.12%) had completed high school or higher education. From the covariates
analyzed according to H. pylori infection status significant differences were observed only for
household income (OR = 1.61, 95% CI =1.01-2.60, p = 0.036 and OR =1.73, 95% Cl = 1.13
-2.72, p = 0.0091 for the intermediate and lower family income, respectively) and absence of
suitable toilets (OR =1.44,95% Ci ="1.04 -1.99, p = 0.019).

The observed seroprevalence of H. pylori infection was 27.69%, while the mean
proportion of African ancestry was 50.53% (SD = 13.90%). The distribution of the median
values of individual African ancestry according to H. pylori infection status is shown in
Supplementary Figure 1. The mean values of individual African ancestry to H. pylori
seropositive and seronegative groups were 53.60% (SD = 13.99%) and 49.28 % (DP = 13.65),
respectively (p <0.0001, Mann-Whitney U test).

The results of the analyses exploring the. association between the proportion of
individual African ancestry and H. pylori infection are shown in Table 2. Individual African

ancestry was positively associated with H. pylori infection in the sex and age-adjusted model
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(OR =1, 25; 95% CI = 1.13-1.39, p <0.001).<This result remained statistically significant in
the models adjusted for sociodemographic factors (OR = 1.23,795% CI = 1.11 - 1.36, p
<0.001), as well in the models including peridomiciliary (OR = 1.22, 95% CI = 1.10-1.36, p
<0.001) and intradomiciliary and childhood exposure factors (adjusted OR = 1.22, 95% ClI, =
1.10-1.36, p <0.001). Likewise, the association remained statistically significant when a more
parsimonious final model was constructed from Model 04 (full model) using the backward
method for automatic selection of variables (adjusted OR = 1.25, 95% CI = 1.13-1.38, p
<0.001).

Because of the limitations of the serological diagnosis for H. pylori infection in
younger.hildren, with a significant/feduction in the sensitivity/and“specificity of the test, *°
the analyses weresalse conducted only Tor.the:subgroup of children aged >6years. The results
are shown in Table 3. Similarly to the observed for the global sample, the individual African
ancestry remained positively associated with H. pylori infection in all the models considered.

When African individual ancestry was categorized according to the tertiles of its
continuous distribution to all individuals for which this data was available (n = 1246), a
higher risk of H. pylori infectionwas observed for the individuals classified in the third tertile
compared to those located in the first tertile in all logistic models considered (Supplementary
Tables 2 and 3).

The mediation analysis by KHB method was carried out with the purpose of
quantifying the proportion of the African ancestry effect on H. pylori infection status
explained by socioeconomic and environmental factors (Figure 2)..As shown in Table 4, only
6.78%"of the total effect of individua! African ancestry on H. pylori infection risk was
mediated by household income (Figure: 2A). When considering «two mediators in the
conceptual models tested, the following results were observed: 9.09% of the total effect of

individual African ancestry on the risk of H. pylori infection was mediated by household
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income and condition of restrooms in the household (Figure 2B); 5.23% was mediated by
household ‘income and street paving (Figure 2C); and 8.40% was mediated by household

income and crowding (Figure 2D).

DISCUSSION

In the present study, we report a positive and independent association between
individual African ancestry and H. pylori infection in childhood. Furthermore, only a small
proportion of the effect of African ancestry on this outcome was explained by socio-
environmental factors. To the best of our_knowledge, this is the first study conducted in a
highly mixed population in a Latin American-urban center.

Only two other studies investigated the relationship between the' proportion of
individual African ancestry and H. pylori infection, both conducted for a same US population
2430 The results of these previous studies are in agreement with those found in our
population, with the increase in the proportion of individual African ancestry constituting a
risk factor for H. pylori infection even after-adjustment for potential confounders.

Since biogeographical ancestry and race/ethnicity are correlated variables, although

the magnitude of this relationship varies among different populations **

, the association
between race/ethnicity and H. pylori infection can be interpreted as a proxy for the
relationship between African ancestry and H. pylori. In this sense, the positive association
observed by us in the model adjusted for sex and age was similar to.that observed in the study
by Staat et al. **, which observed a significantly higher risk of H. pylori infection among
African Americans compared to Euro Americans aged 6-19 years. Similarly, other studies
have also reported an increased risk of H. pylori infection among African American

individuals 2234 |
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Studies conducted elsewhere have alsoreported an increase for H.-pylori infection risk

338 |n Latin America, studies

related to"the race/ethnicity in different populations
investigating this relationship are scarce, despite the admixed composition of its populations
resulting ‘in the colonization process. In Brazil, at least two studies in adult populations
reported a positive association between non-white skin colour and seroprevalence of H. pylori

infection 2>

. In a study conducted in a pediatric population in Brazil, a higher prevalence of
H. pylori infection was also observed among non-white children in relation to white
counterparts, although this difference was not significant “.

The results reported herein indicate that genetic factors underlying African ancestry
may be_implicated in the ethnic-racial differences observed fof the prevalence of H. pylori
infection. In factj.evalutionary genetics studies have suggested the adaptation of the immune
system to selective pressures imposed by Infectious agents in ancient human environments
442 Almost 100 genes related to the immune system showed a strong correlation between
allelic frequencies and the pathogenic environment “*. There is a consistent pattern of allelic
frequency variation in genes related to the adaptive immune response among humans from
different ancestral origins **. “These ‘factors ‘could explain ‘the results found here, due to a
possible specific adaptation of the immune system of individuals with a higher proportion of
African ancestry “>“. In addition, genetic polymorphisms may contribute to the acquisition of
H. pylori infection and the increased risk of more severe gastric diseases. Supporting this
hypothesis, when analyzing the association of H. pylori infection with 34 polymorphisms in

*" reported that among the

26 genes .in a multiethnic population, Schmidt et al.
polymarphisms significantly associated with H. pylori infection there was marked variability
in the distribution of theallelic frequenciesiamang the different ethnic groups considered.

The present study has some limitations. First, it is a cross-sectional analysis, which

may lead to the loss of the potential time-dependent effect of some of tiie analyzed exposures.



43

Second, the use of the ELISA method does not.distinguish between active-and prior infection.
However, H. pylori infection is characterized by being stable over time, being eradicated only
by administration of specific antibiotic treatment “®. Third, the limited sample size may lead to
loss ‘of power and accuracy of the associations investigated, especially in the subgroup of
older children. Finally, information on important risk factors potentially associated with
individual African ancestry, such as the H. pylori infection status of the mothers of the
children, were not available for this study population.

In conclusion, individual African ancestry was positively and independently associated
with H. pylori infection in the studied population. This suggests that genetic factors
underlying African ancestry may be implicated in the ethnic-racial“differences observed for
the prevalence of infection by this bacterium: Future studies to'be-cenducted in this
population using, for.example, the strategy of admixture mapping may contribute to the

identification of such genetic variants.
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TABLES

Table 1: Sociodemogiaphic and environmental variables according to H. pylori infection status (n= 1046)

SUPPLEMENTAL CONTENT

Variables N (%) H. pylori P value OR (Cl 95%)
Negative Positive
Sex Female 485 (46.37%) 362 (74.64%) 123 (25.36%) Ref.
Male 561 (53.63%) 395 (70.41%) 166 (29.59%) 0.127 1.24 (0.93 - 1.64)
Age < 6 years 405 (38.72%) 304 (75.96%) 101 (24.94%) Ref.
67 years 353 (33.75%) - -254(71.95%) ' -99 (28.05%) 0.3329 1.17'(0.84 -'1.64)
8 < more 288 (27.53%) 199 (69.10%) 89 (30.90%) 0.0828 1.35(0.95 - 1.91)
Mean (SD) 6.30 (£1.67)
Household > 2 minimum wage 173 (16.83%). 139 (80.35%) 34 (19.65%) Ref.
Income* 1 - 2 minimum wage 319 (31.03%) 229 (71.79%) 90 (28.85%) 0.0360 1.61 (1.01 - 2.6)
< =1 minimum wage 536 (52.14%)  376(70.15%) 160 (29.85%)  0.0091 1.73(1118-2.72)
Mother education.  More than high school 336 (32.12%) 253 (75.30%) 83 (24.70%) Ref.
More than elementary education 482 (46.08%) 340 (70.54%) 142 (29.46%) 0.1338 1.27 (0.92 - 1.77)
Elementary education 228 (21.80%) 164 (71.93%) 64 (28.07%) 0.3713 1.19(0.80 - 1.77)
Breastfeeding < 6 months 461 (72:50%) 334 (72.45%) 127 (27.55%) Ref.
> 6 months 579 (27.50%) . 420 (72.54%) 159 (27.46%) 0.975 1.00 (0.75 - 1.32)
Crowding <2 people/room 803 (76.77%) 592 (73.72%) 211 (26.28%) Ref.
>=2 people/room 243 (23.23%) 165 (67.90%) 78 (32.10%) 0.075 1.33 (0.96 - 1.83)
Older Sibling No 393 (37.57%) 289 (73.54%) 104 (26.46%) Ref.
Yes 653 (62.43%) . 468 (71.67%) 185 (28.33%) -0.513 1.10(0.82 - 1.47)
Day care No 890 (85.09%) 652 (73.26%) 238 (26.74%) Ref.
attendance Yes 156 (14.91%) 105 (67.31%) 51 (32.69%) 0.125 1.33 (0.90 - 1.94)
Street paving Always or at most in a moment 757.(72.37%). 335 (70.53%) 140 (29.47%) Ref.
Never 289 (27.63%). 422 (73.91%) 149 (26.09%) 0.224 0.84 (0.64 - 1.12)
Piped water Always or at most in a moment 1010.(96.56/%)+ 730 (72.28%) 280 (27.72%) Ref.
Never 36 (3.44%) 27 (75.00%) 9 (25.00%) 0.720 0.87 (0.35 - 1.93)
Access to sewage . Always or at most in a moment 901 (86.14%) 650 (72.14%) 251 (27.86%) Ref.
system Never 145 (13.86%) . 107 (73.79%) 38 (26.21%) 0.680 0.92 (0.60 - 1.39)
Suitable toilets Yes 801 (76.58%) 594 (74.16%) 207 (25.84%) Ref.
No 245 (23.42%) 163 (66.53%) 82 (33.47%) 0.019 1.44 (1.04 - 1.99)

* Minimum wage in Brazil (2005) was of approximately US $ 123.00

. The family income calculated does not take into account the number of adults in the household
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Table 2: Odds Ratie'of H. pylori infection aceording to the increased praportion by 10% of
individual African ancestry (n = 1,046).

H. pylori OR (IC 95%) P value
Model 01 (% Afr) 1.25(1.13 - 1.39) P <0.001
Model 02 (% Afr) 1.23 (1.11 - 1.36) P <0.001
Model 03 (% Afr) 1.22 (1.10 - 1.36) P <0.001
Model 04 (% Afr) 1.22 (1.10 - 1.36) P <0.001

Final Model 1.26:(1.13 +1.38) P <0.001

Model 01: adjusted for Sex, Age;

Model 02: adjusted for Sex, Age, Income, Schooling, Breastfeeding;

Model 03: adjusted for Sex, Age, Income, Mother Schooling, Breastfeeding, Crowding, Older Sibling, Suitable
toilets;

Model 04: adjusted for Sex, Age, Income, Schooling, Breastfeeding, crowding, Older Sibling, Suitable toilets,
Day care attendance, Street Paving, Water Piped, Sewer Access.

Final Model: adjusted for Sex, Age, Street paving and Suitable toilets using Backward variable selection method

Table 3: Odds Ratio of H. pylori infection according to the increased proportion by 10% of
individual’African ancestry in childrén‘aged > 6 years old (n = 646).

H. pylori OR(I1C 95%) P value
Model 01 (% Afr) &, 1.25(1:12=1.41) P < 0,001
Model 02 (% Afr)  1.23(1.09 - 1.39) P<0,001
Model 03 (% Afr)  1.22(1.08 -1.39) P <0.001
Model 04 (% Afr)  1.23(1.08 - 1.40) P < 0.001

Final Model 1.25(1.10 - 1.41) P <0.001

Model 01: adjusted for Sex, Age;
Model 02: adjusted-for Sex, Age, Income, Schooling; Breastfeeding;
Model 03: adjusted for Sex, Age, Income, Mother Schooling, Breastfeeding, Crowding, Older Sibling, Suitable
toilets;
Model 04: adjusted for Sex, Age, Income, Schooling, Breastfeeding, crowding, Older Sibling, Suitable toilets,
Day care attendance, Street Paving, Water Piped, Sewer Access.
Final Model: adjusted for Sex, Age, Street paving and Suitable toilets using Backward variable
selection method

Table 4: Total, indirect and direct effect of African individual ancestry on H. pylori infection
risk. (n = 1046).

Total Effect Indirect effect Indirect effect/

Coefficient (IC 95%)  Coefficient (IC 95%) Total Effect (%)
Model 01 0.0228 (0.0126 - 0.0330) 0.0015 (-0.0363 - 0.0394) 6.78
Model 02 0.0228 (0.0126 - 0.0330) 0.0021 (-0.0433 - 0.0475) 9.09
Model 03 0.0228 (-0.0473 - 0.0497) 1 0.0012 (-0.0473 - 0.0497) 5.23
Model 04 _0.0228+0.0127- 0.0330) 0.0019 (-0.0418 - 0.0456) 8.40

Model 01: KHB method with.household income as.mediator;

Model 02: KHB method having as mediators household income and suitable toilets;
Model 03: KHB methadrhaving as mediators household‘income and street paving;
Model 04: KHB method having as mediators household income and crowding.
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Figure 2: Conceptual models for H. pylori infection. (A) Indirect effect: bc; direct effect: a;
total effect: bc + a (B, C and D) Indirect effect: bc + de; Direct effect: a; Total effect: bc + de

+a



SUPPLEMENTARY APPENDIX

Supplementary Table 1: Comparison between individuals included and excluded from the study

Variables N* (%) Included n (%)  Excluded n(%) P value
1gG anti-H. pylori Negative 910 (71.94%) 757 (72.37%) 153 (69.86%) 0.453
Positive 355 (28.06%) 289 (27.63%) 66 (30.14%)
Sex Female 673(46.57%) 485(46.37%) 188 (47.12%) 0.798
Male 772 (53.43%) 561 (53.63%) 211 (52.88%)
Age < 6 years 545(37.72%) 405(38.72%) 140 (35.09%) 0431
6 — 7 years 498 (34.46%) 353 (33.75%) 145 (36.34%)
8 < more 402 (27.82%) 288 (27.53%) 114 (28.57%)
Household Income > 2 minimum wage 245 (16.96%) 173 (16.54%) 72 (18.05%) 0.164
1 - 2 minimum wage 4301(29.76%) 326 (31.17%) 104 (26.07%)
< =1 minimum wage 770 (53.29%) 547 (52.29%) 223 (55.89%)
Maother education More than high school 445 (30.80%) 336 (32.12%) 109 (27.32%) 0.204
More than elementary education 681 (47.13%) 482 (46.08%) 199 (49.87%)
Elementary education 319 (22.08%) 228 (21.80%) 91 (22.81%)
Breast-feeding < 6 months 636 (44.26%) 461 (44.33%) 175 (44.08%) 0.933
> 6 months 801 (55.74%) 579 (55.67%) 222 (55.92%)
Crowding <2 people/room 1,104 (76.40%) 803 (76.77%) 301 (75.44%) 0.594
>=2 people/room 341 (23.60%) 243 (23.23%) 98 (24.56%)
Older Sibling No 543 (37.60%) 393 (37.57%) 150 (37.69%) 0.967
Yes 901 (62.40%) 653 (62.43%) 248 (62.31%)
Day care attendance No 1,208 (83.60%) 890 (85.09%) 318 (79.70%) 0.013
Yes 237 (16.40%) 156/(14:91%) 81 (20.30%)
Street paving Always or at most in a moment 676 (46.78%) 475 (45.41%) 201 (50.38%) 0.091
Never 769 (53.22%) 571 (54.59%) 198 (49.62%)
Piped water Always or at most in a moment 11385 (96.11%) 1008 (96.55%) 377 (94.96%) 0.163
Never 56 (3.89%) 36 (3.45%) 20 (5.04%)
Access to.sewage system  Always or at most in a moment 1,248.(86.37%) 901 (86.14%) 347 (86.97%) 0.681
Never 197 (13.63%) 145 (13.86%) 52 (13.03%)
Suitable toilets Yes 1,002 (77.26%) 801 (76.58%) 201 (80.08%) 0.235
No 295 (22.74%) 245 (23.42%) 50 (19.92%)
Total 1445(100%) 1046(72.39%) 399(27.61%)

* Some variables presented missing data, such as 1gG anti-H.pylori n = 180 (12.45%); Breastfeeding n = 08 (0.55%); Older Sibling n = 1 (0.07%); Piped water n = 4 (0.28%)

and Suitable toilets n = 148 (10.24%)
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Supplementary Table:2: Odds Ratio of H. pylori“infection according to ‘tertiles of individual

African ancestry (n = 1,046).

H. pylori Tertiles of African ancestry OR (1C95%) P value
Ist (<44.9%) Ref.

Model 01 2nd (45% - 57.2%) 1.28(0.90-1.82) 0.167
3rd (Z'57.3%) 2.09¢(1.49-L 2.94) 0.000
Ist (<£44.9%) Ref.

Model 02 2nd (45% - 57.2%) 1.22(0.85-1.74) 0.273
3rd (= 57.3%) 1.97(1.39-2.79) 0.000
Ist (£44.9%) Ref.

Model 03 2nd (45% - 57.2%) 1.21(0.85-1.73) 0.292
3rd (> 57.3%) 1.93 (1.36 - 2.73) 0.000
Ist (<44.9%) Ref.

Model 04 2nd (45% - 57.2%) 1.21(0.85-1.74) 0.288
3rd (>57:3%) 1.95 (1:37=2.77) 0.000
1st (< 44.9%) Ref.

Final. Model 2nd (45% - 57.2%) 1.27 (0.89 - 1.81) « 0.184
3rd (> 57.3%) 2.08 (1.47 - 2.93) 0.000

Model 01: adjusted for Sex, Age;

Model 02: adjusted for Sex, Age, Income, Schooling, Breastfeeding;

Model 03: adjusted for Sex, Age, Income, Mother Schooling, Breastfeeding, Crowding, Older Sibling, Suitable

toilets;

Model 04: adjusted for Sex, Age, Income, Schooling, Breastfeeding, crowding, Older Sibling, Suitable toilets, Day
care attendance, Street Paving, Water Piped, Sewer Access.

Final Model: adjusted for Sex, Age, Street paving and Suitable toilets using Backward variable selection method
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Supplementary Table:3: Odds Ratio of H. pylori“infection according to ‘tertiles of individual

African ancestry in children aged > 6 years old (n = 641).

H. pylori Tertiles of African ancestry OR (1C 95%) P value
Ist (< 44.9%) Ref.
Model 01 2nd (45% - 57.2%) 1.00 (0.63 - 1.57) 0.990
Brd (¥ 57.3%) 2.049134%3111) 0.001
Ist (< 44.9%) Ref.
Model 02 2nd (45% - 57.2%) 0.96 (0.60 - 1.51) 0.850
3rd (> 57.3%) 1.94 (1.27 - 2.97) 0.002
Ist (< 44.9%) Ref.
Model 03 2nd (45% - 57.2%) 0.96 (0.61 - 1.52) 0.860
3rd (> 57.3%) 1.91 (1.24 - 2.92) 0.003
Ist (<44.9%) Ref.
Model 04 2nd (45% - 57.2%) 0.95 (0.60 - 1.51) 0.838
3rd (2:57:3%) 1.95 (1.26-.3.00) 0.003
Ist (< 44.9%) Ref.
Final Model 2nd (45% - 57.2%) 1.01 (0.64 - 1.58) 0.970
3rd (> 57.3%) 2.05 (1.35- 3.13) 0.001

Model 01: adjusted for Sex, Age;
Model 02: adjusted for Sex, Age, Income, Schooling, Breastfeeding;

Model 03: adjusted for Sex, Age, Income, Mother Schooling, Breastfeeding, Crowding, Older Sibling, Suitable

toilets;

Model 04: adjusted for Sex, Age, Income, Schooling, Breastfeeding, crowding, Older Sibling, Suitable toilets, Day
care attendance, Street Paving, Water Piped, Sewer Access.

Final Model: adjusted for Sex, Age, Street paving and Suitable toilets using Backward variable selection method
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CONSIDERACOES FINAIS

Este estudo investigou a relacdo entre a ancestralidade biogeografica individual e a
aquisicdo da infeccdo pelo H. pylori na infancia, de forma inédita para uma populacéo latino-
americana:. ~Ademais; ras- analises- quantificaram -a-proporcdo-de: refeito, da- ancestralidade
africana sobre o risco de infeccdo pelo H. pylori que foi explicado por fatores de risco
sociodemogréaficos e ambientais.

As analises demonstraram que a ancestralidade africana individual foi positivamente e
independentemente associada a soroprevaléncia para H. pylori na populacdo analisada. Isso
sugere que fatores genéticos subjacentes a ancestralidade africana possam estar implicados
nas diferencas étnico-raciais observadas para a prevaléncia de infeccdo por essa bactéria.
Contudo, algumas limitacdes, como a utilizacdo do método de ensaio ELISA e o fato do kit
soroldgico utilizado nédo ter sido validada para criancas, podem subestimar o valor de H.
pylori-soropositivos detectados nas analises.

Estudos futuros a serem conduzidos nessa populacdo utilizando, por exemplo, a
estratégia de mapeamento por miscigenagdo (Admixture Mapping) poderao contribuir para a
identificacdo das variantes geneticas  especificas relacionadas as diferengas étnico-raciais

observadas para a infeccdo por essa bactéria.



