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RESUMO

Este estudo é parte do Projeto Infancia e Poluentes Ambientais (PIPA). A contaminacgao
do meio ambiente com uma ampla variedade de poluentes ambientais pode impactar os
ecossistemas, diminuir a diversidade microbiana ambiental e alterar a microbiota associada ao
trato gastrointestinal. No entanto, o efeito da exposi¢do a poluentes ambientais na microbiota
intestinal em desenvolvimento ainda é pouco investigado. Esta tese tem como objetivo estudar
o efeito da exposicao a poluentes ambientais na microbiota intestinal durante os primeiros seis
meses de vida. Além de investigar a relacdo entre o consumo materno de alimentos
ultraprocessados com niveis de poluentes no sangue de corddo umbilical. O gene 16S rRNA
foi avaliado em amostras de meconio e fezes de bebés com um, trés e seis meses de vida e 0
microbioma infantil foi associado com as concentra¢fes de metais (arsénio, cadmio, mercurio
e chumbo), substancias perfluoroaquiladas (PFAS) e pesticidas aferidos no sangue e urina
maternos e no sangue de corddo umbilical. O consumo materno de alimentos ultraprocessados
foi investigado por meio de questionario de frequéncia alimentar. Os resultados mostram que
o efeito da exposi¢do aos poluentes foi maior quando associado a estressores do inicio da vida
como parto cesariano e nascimento pré-termo em relacdo a bebés que nasceram por parto
vaginal. O efeito da exposicdo aos poluentes na microbiota fecal também apresentou maior
magnitude em bebés sob aleitamento materno exclusivo, 0 que sugere contaminacédo do leite
materno. As alteracdes observadas na microbiota associadas a exposi¢do aos poluentes foram
diferentes quando os poluentes foram aferidos no sangue materno ou no cordao umbilical —
sugerindo que o momento da exposicdo pode ser importante. Por fim, apesar da alta
variabilidade intrinseca a microbiota em desenvolvimento, comunidades microbianas foram
consistentemente afetadas por todos os poluentes, com clusters de tadxons presentes em
amostras de bebés com alta exposicao aos poluentes. Além disso, recém-nascidos de maes que
consumiram trés ou mais subgrupos de alimentos ultraprocessados apresentaram maiores
niveis de PFAS no corddo umbilical. Os resultados evidenciam que a exposi¢do perinatal a
poluentes ambientais se associa com alteracdes da microbiota em desenvolvimento o que pode
ter relevancia para a saude. Nossos achados mostram que o consumo de alimentos

ultraprocessados € uma via potencialmente importante de exposicao a essas substancias.

Palavras-chave: Poluentes ambientais. Microbiota intestinal. Colonizagdo microbiana.

Desenvolvimento infantil. Alimento ultraprocessado.



ABSTRACT

This study is part of the PIPA Project (The Rio Birth Cohort Study of Environmental
Exposure and Childhood Development). Industrialization has led to substantial environmental
degradation including loss of the ecosystem diversity. Emerging evidence suggests that gut
microbiota is a key player that must be considered to assess the toxicity of environmental
contaminants, although still not fully understood. This thesis aims to determine differences in
early microbiome composition in a birth cohort with varying exposure levels to environmental
pollutants (metals, PFAS, and pesticides). Besides, to investigate the association of maternal
consumption of ultra-processed foods (UPFs) with newborn exposure to environmental
pollutants. We conducted 16S rRNA gene sequencing on meconium and developmental fecal
samples from the PIPA birth cohort and assessed maternal UPF consumption using a qualitative
food frequency questionnaire. The results indicate that the magnitude of the microbiome
changes associated with increasing pollutant exposure was biggest in CS-born and CS-born-
preterm babies, in relation to vaginally (VG) delivered infants. Notably, breastfeeding was
associated with a stronger pollutant-associated effect on the infant feces, suggesting that the
exposure source could be maternal milk. Differences in microbiome effects associated with
maternal blood or cord blood pollutant concentrations suggest that fetal exposure time —
intrauterine or perinatal- may matter. Finally, despite the high developmental microbiota
variability, specific microbionts were consistently affected across all pollutants, with taxa
clusters found in samples from infants exposed to the highest toxicant exposure. Newborns of
pregnant women who consumed three or more subgroups of UPF weekly presented the highest
level of PFAS in umbilical cord blood. A dose-response effect trended toward significance.
The results evidence that maternal exposure to environmental pollutants is associated with
alterations in gut microbiome development which may have health significance. Our findings
also suggest that newborns’ exposure to PFAS is, at least in part, due to maternal UPF

consumption.

Keywords: Gut microbiome. Environmental pollutants. Early-life gut microbiome. Microbial

colonization. Ultra-processed food.
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APRESENTACAO

Esta tese buscou estudar o efeito da exposicao perinatal a poluentes ambientais na
colonizacdo microbiana intestinal no inicio da vida e esta estruturada na forma de
coletdnea composta por um capitulo introdutdrio, dois manuscritos submetidos e um
artigo publicado em 2020.

O primeiro capitulo apresenta o referencial tedrico que fundamentou este estudo,
em especial como ocorre a aquisicdo da microbiota no inicio da vida. A importancia da
microbiota devido sua relacdo com o desenvolvimento de 6rgdos e sistemas e
consequentemente a satde do hospedeiro. Este capitulo trata também de como ocorre a
exposicdo humana a poluentes ambientais e como estes poluentes podem alterar a
microbiota ambiental e humana.

Os manuscritos e artigo serdo apresentados como resultados obtidos ao longo
deste trabalho como forma de concretizar os objetivos deste estudo. Os dois manuscritos
elaborados e o artigo publicado foram realizados a partir de dados obtidos durante o
estudo piloto do PIPA (Projeto Infancia e Poluentes Ambientais) conduzido entre outubro
de 2017 a agosto de 2018.

O manuscrito “Perinatal exposure to environmental pollutants is associated with
altered early-life gut microbiome” (capitulo 4), avalia o efeito da exposicéo a poluentes
ambientais na microbiota intestinal no inicio da vida.

O artigo “Food consumption according to the degree of processing, dietary

diversity and socio-demographic factors among pregnant women in Rio de Janeiro,
Brazil: The Rio Birth Cohort Study of Environmental Exposure and Childhood
Development (PIPA project)”, apresentado no capitulo 5, avalia o consumo de alimentos
ultraprocessados e ndo ultraprocessados pelas gestantes estudadas pelo PIPA. Avalia
também fatores sociodemograficos relacionados ao consumo destes alimentos.
Este artigo foi publicado no periodico Nutrition and Health em 2020 e seus resultados
foram também apresentados nos congressos World Public Health Nutrition Congress,
realizado virtualmente em 2020 na Australia e International Society for Environmental
Epidemiology, realizado em 2019 na Holanda.

O capitulo 6, “Maternal consumption of ultra-processed foods and newborn
exposure to perfluoroalkyl substances (PFAS): Rio Birth Cohort Study on Environmental
Exposure and Childhood Development (PIPA Project)”, relaciona o consumo materno de
alimentos ultraprocessados com as concentragdes de substancias perfluoroalquiladas em

amostras de sangue de corddo umbilical. Este artigo foi submetido para publicagéo no



Cadernos de Saude Publica. Resultados oriundos deste estudo foram apresentados no
simpdsio eSymposia Optimizing Nutrition for Maternal, Newborn and Child Health,
realizado virtualmente em 2020 nos Estados Unidos.

No sétimo e ultimo capitulo dessa tese sdo apresentadas as consideragdes finais,
incluindo as principais implicagdes dos achados deste estudo para as pesquisas na area da
saude.

Por fim, destaco minha participacdo em atividades de pesquisa no Brasil e no
exterior como membro do PIPA/UFRJ e como pesquisadora visitante da Rutgers
University, New Jersey, USA. Ainda, durante a realizacdo da tese tive dois projetos
contemplados em dois editais internacionais: Brazil Accelerator Fund, no valor de £
20,000 e duracdo de 12 meses e o outro pela American National Institute of
Environmental Health Sciences (NIEHS, P30-ES005022) no valor de USD 25,000 e
duracéo de 12 meses.
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1. INTRODUCAO
O PROCESSO DE COLONIZAGCAO BACTERIANA NO INICIO DA VIDA

O termo microbiota se refere a colecdo de microrganismos que habitam o nosso
corpo (CHARBONNEAU; BLANTON; DIGIULIO; RELMAN et al., 2016) e tem uma
funcdo primordial, que é a producdo de metabdlitos em concentragfes que promovem a
salide (BYNDLOSS; BAUMLER, 2018). A importancia da microbiota para a salde
humana é tdo grande que alguns autores a consideram como um 6rgdo do corpo e como
tal possui complexidade, patologia e fisiologia proprias (BAQUERO; NOMBELA,
2012). No entanto esta visdo ndo é universalmente aceita, embora sua importancia o seja
(RICCIO; ROSSANO, 2020). A microbiota intestinal tem recebido especial atencéo por
estar, principalmente, localizada no intestino, uma das maiores e mais importantes
interfaces entre o organismo e o exterior, responsavel pela digestdo dos alimentos,
manutengdo da integridade intestinal, produtora de vitaminas, neurotransmissores e
outras substancias bioativas e capazes de afetar a funcdo de todos o0s 6rgaos do organismo
humano (CHANG,; LIN, 2016; THURSBY:; JUGE, 2017).

A importancia deste tema é tanta que em 2007 o National Institute of Health (NIH)
aplicou 215 milhdes de ddlares destinados ao desenvolvimento do Projeto do Microbioma
Humano (HMP), que envolveu a participacdo de inimeros centros de pesquisa, com 0
objetivo de descrever as colecGes de microrganismos que fazem parte de cinco
microbiomas humanos (pele, boca, trato gastrointestinal, trato urogenital e nariz),
determinar suas funcdes e seus impactos sobre o organismo humano e prover dados e
procedimentos padronizados para este tipo de estudo (GEVERS; KNIGHT,;
PETROSINO; HUANG et al., 2012).

O contato do organismo humano com o0s microrganismos ocorre desde a gestacéo,
quando o feto é exposto uma carga microbioldgica influenciada por fatores maternos. A
exposicdo fetal a microrganismos e a esterilidade do ambiente intrauterino ainda séo
temas de debate no meio cientifico, mas ja se conhece que a microbiota da mée pode
exercer um efeito indireto sobre o feto por meio de fatores relacionados ao organismo
materno, como por exemplo, respostas imunes ou DNA e metabolitos microbianos
capazes de atravessarem a barreira placentaria. Independente disso, também € consenso
gue a carga bacteriana mais importante recebida pelo bebé ocorre no momento do parto,
e este processo é conhecido como transmissdo vertical da microbiota (DOMINGUEZ-
BELLO; GODOY-VITORINO; KNIGHT; BLASER, 2019).
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No inicio da vida a microbiota intestinal é altamente dindmica e apresenta alta
variacdo. Esta diversidade aumenta gradualmente até o estabelecimento de uma
microbiota adulta, mais estavel. O momento que esta transicdo ocorre é incerto, mas
acredita-se que ocorra em torno do terceiro ano de vida. As primeiras bactérias a
colonizarem o intestino e o aumento gradual da diversidade, até um ecossistema mais
estavel é crucial para estabelecer uma simbiose 6tima com o hospedeiro (WOPEREIS;
OOZEER; KNIPPING; BELZER et al., 2014).

Seja pela passagem atraves do canal vaginal ou pelo parto cesariano, a microbiota
vaginal e da pele materna e/ou o ambiente hospitalar serdo os primeiros inéculos de
microorganismos para o bebé. A transmisséo vertical tem continuidade durante todo o
periodo de aleitamento pelo contato do bebé com a mée, no qual ocorre uma ampla
exposicdo da microbiota presente na pele do seio materno, e também parece ocorrer um
trafego de microorganismos do intestino para a glandula mamaria (conhecido como
trafego enteromamario) (TANG; XU; CHEN; YAN et al., 2019), além do conteudo
nutricional do leite materno que molda a colonizagdo bacteriana no inicio da vida
(BROWNE; NEVILLE; FORSTER; LAWLEY, 2017).

Logo ap06s o nascimento, o contato direto do recém-nascido com o0 meio que 0
cerca também passa a ser uma forma importante de aquisicdo e modificacdo da
microbiota, chamada transmisséo horizontal. Diversos fatores contribuem em maior ou
menor grau para esse processo, como fatores genéticos, a dieta, o contato com 0 meio
ambiente/ambiente construido, a presenca de outras crian¢as no domicilio, animais
domésticos, dentre outros (BROWNE; NEVILLE; FORSTER; LAWLEY, 2017;
GILBERT; STEPHENS, 2018).

Dentro deste contexto, a ecologia microbiana materna afeta as duas formas
naturais de aquisi¢do de microrganismos pelo bebé, representando o elo evolutivo na linha
matrilinear (DOMINGUEZ-BELLO; GODOY-VITORINO; KNIGHT; BLASER, 2019).
A microbiota materna é importante para a salde durante a gestacdo, para 0
desenvolvimento fetal e pelo fato de que este primeiro indculo prepara a colonizacao
subsequente do bebé. Todos esses fatores vém sendo amplamente relacionados com a
salde de seus descendentes na idade adulta (CHARBONNEAU; BLANTON;
DIGIULIO; RELMAN et al., 2016).

Apo0s 0 nascimento a microbiota do bebé continua se desenvolvendo de forma
conjunta com a maturacéo de outros 6rgaos e sistemas como o imunologico, metabdlico,

hormonal e nervoso. Alteragdes no processo de coloniza¢do microbiana neste periodo
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podem ser a origem das doencas cronicas (BLASER, 2017; STIEMSMA; MICHELS,
2018). Diversos estudos associam perturbagdes da microbiota no inicio da vida com
efeitos duradouros como, sobrepeso (MBAKWA; SCHERES; PENDERS; MOMMERS
et al., 2016), obesidade (COX; BLASER, 2015), desnutricdo grave (SUBRAMANIAN;
HUQ; YATSUNENKO; HAQUE et al., 2014) atopia e asma (FUJIIMURA; SITARIK;
HAVSTAD; LIN et al., 2016) e disturbios psiquiatricos (PARTTY; KALLIOMAKI;
WACKLIN; SALMINEN et al., 2015; STRATI; CAVALIERI; ALBANESE; DE
FELICE et al., 2017).

Outros estudos demonstraram que a transmissdo vertical de determinados taxons
bacterianos poderia estar comprometida em decorréncia de algumas préaticas nas fases
iniciais da vida como tipo de parto, uso de antibidticos durante a gestacdo, (BACKHED;
ROSWALL; PENG; FENG et al., 2015; DOMINGUEZ-BELLO; COSTELLO;
CONTRERAS; MAGRIS et al., 2010; RUTAYISIRE; HUANG; LIU; TAO, 2016),
obesidade materna (LEMAS; YOUNG; BAKER; TOMCZIK et al., 2016), dieta materna
(CHU; ANTONY; MA,; PRINCE et al., 2016) além do n&o-aleitamento (MULLIGAN;
FRIEDMAN, 2017). Estes eventos além de contribuirem para o desaparecimento da
microbiota, ou seja, a perda da diversidade microbiana de longo prazo (BLASER, 2017)
implicam em desfechos de salde ao longo da vida (STIEMSMA; MICHELS, 2018).

Estudos realizados em amostras de fezes provenientes de uma coorte de bebés
suecos (n= 98) demonstraram que 0s primeiros microrganismos a colonizarem o trato
gastrointestinal dos bebés eram provenientes da microbiota materna e os fatores-chave
envolvidos na mudanga/montagem para um microbioma do tipo adulto estava relacionado
ao tipo de parto e cessacdo do aleitamento (e ndo a introduc¢do de alimentos solidos), que
ocorreu em torno do 12° més de vida (BACKHED; ROSWALL; PENG; FENG et al.,
2015).

As espécies pioneiras a colonizar o intestino do recém-nascido sdo bactérias
anaerdbias facultativas como, Staphylococcus, Streptococcus, Enterococcus (pertencente
ao filo Firmicute), e Enterobacter spp. (filo Proteobacteria). Essas bactérias tornam o
ambiente propicio para a colonizacdo subsequente por anaerdbios estritos, devido ao
consumo de oxigénio, alteracdo do pH, diminuig¢do do potencial redox e produgédo de
dioxido de carbono e nutrientes (MULLIGAN; FRIEDMAN, 2017). A sucessdo no
processo de colonizacdo feita por bactérias anaerobias estritas como, Bifidobacterium (do
filo Actinobacteria), Bacteroides (do filo Bacteroidetes), Clostridium e Eubacterium

spp., (do filo Firmicute) ird predominar depois de uma ou duas semanas de vida
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(MULLIGAN; FRIEDMAN, 2017; WOPEREIS; OOZEER; KNIPPING; BELZER et al.,
2014).

O processo de colonizagdo bacteriana no primeiro ano de vida foi descrito por
Taddei e colaboradores (2014). Os autores identificaram em bebés brasileiros o
predominio da colonizacgéo intestinal por Streptococcus e Escherichia no terceiro més de
vida. No sexto més, a colonizagdo por Escherichia predominou enquanto algum outro
grupo de microorganismo ndo identificado cresceu e no 12° més de vida uma microbiota
fecal mais complexa foi descrita(TADDEI; OLIVEIRA; DUARTE; TALARICO et al.,
2014). O mesmo grupo de autores discute uma possivel relacdo entre a colonizagédo por
membros do género Escherichia com baixo nivel sociodemografico(TALARICO;
SANTOS; BRANDT; MARTINEZ et al., 2017).

Por outro lado, em uma coorte de bebés Noruegueses foi identificado espécies de
Staphylococcus (pertencentes a ordem Lactobacillales) em 98% das amostras de fezes de
bebés do sexo masculino e em 94% do sexo feminino, no quarto dia de vida. Também foi
identificado E. coli em 77% das amostras de meninos com 4 dias de vida até 30 dias.
Ademais, os achados da microbiota intestinal desta coorte foram associados ao
crescimento esperado para a idade dos bebés (WHITE; BJJRNHOLT; BAIRD;
MIDTVEDT et al., 2013).

A colonizacdo inicial por Proteobacteria, em especifico a classe das
Gammaproteobacteria (como por exemplo o género Escherichia), e sua subsequente
diminuicdo em abundéancia parece ser parte importante desse processo de transicdo de
uma microbiota neonatal para uma microbiota mais madura. Uma vez que prepara o
ambiente intestinal para uma colonizacdo subsequente e estd relacionada com a
modulacdo imunolégica do hospedeiro. A supressdo seletiva das Proteobacteria parece
ocorrer devido a presenca de oligossacarideos presentes no leite materno e ao
fornecimento de imunoglobulinas como a IgA secretdria, ou seja, € um processo
fisioldgico orientado pelo leite materno (LEMAS; YOUNG; BAKER; TOMCZIK et al.,
2016; MULLIGAN; FRIEDMAN, 2017).

A ruptura desse padrdo tem sido associada a um risco aumentado de doencas
neonatais, particularmente em bebés prematuros, que devido a maior susceptibilidade a
infeccbes sdo frequentemente tratados com antibioticos. J& foi descrito que bebés
prematuros apresentam baixa diversidade microbiana intestinal e que o aumento da
diversidade ocorre de maneira mais lenta, quando comparado a bebés nascidos a termo
(GASPARRINI; WANG; SUN; KENNEDY et al., 2019).
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Aparentemente 0s estagios iniciais da vida, ou os primeiros mil dias, representam
0 periodo quando se estabelece os elementos necessarios para o desenvolvimento de
Orgdos e sistemas e seus consequentes impactos a salde na idade adulta (BHUTTA;
AHMED; BLACK; COUSENS et al., 2008). Por esta razdo, o reconhecimento da
influéncia da microbiota neste processo tem crescido na ultima década (STIEMSMA,
MICHELS, 2018) e se tornado um objeto de estudo chave para a compreensdo do
crescente aumento das DCNT (Doencgas Cronicas Nao Transmissiveis) (INDRIO;
MARTINI; FRANCAVILLA; CORVAGLIA et al., 2017).

A MICROBIOTA INTESTINAL E A INTERFACE COM AS DOENCAS CRONICAS
NAO TRANSMISSIVEIS
O desenvolvimento de doencas crénicas nao transmissiveis (DCNT) é resultado

de uma complexa interacdo entre fatores genéticos e condi¢cGes ambientais. A influéncia
de exposi¢cdes que ocorrem durante uma janela critica como o inicio da vida e suas
implicacdes na salde na idade adulta foi originalmente descrita pela hipotese de Barker
(Barker e Osmond, 1986), conhecida como o Conceito das Origens Desenvolvimentistas
da Saude e Doenca (do inglés, DOHaD — Developmental Origins of Health and Disease
Concept) (BARKER; OSMOND, 1986; WATERLAND; MICHELS, 2007).

Mais recentemente, fatores decorrentes da vida moderna que impactam nos
primeiros eventos da vida como o tipo de parto, uso de antibidticos, o ndo aleitamento
exclusivo ou desmame precoce dentre outros, tém sido relacionados ao aumento das
DCNTs (BLASER, 2017). As praticas modernas também tém levado ao aumento da
exposicdo a poluentes ambientais como agrotoxicos e metais, decorrentes da
industrializacdo, do modo de producéo agricola e da contaminagdo ambiental resultante
(TERRA; PELAEZ, 2009). Tanto os procedimentos médicos, quanto a exposi¢cdo
substancias exdgenas sao importantes para o estabelecimento e composicdo da
diversidade do microbioma humano ((RENZ; HOLT; INOUYE; LOGAN et al., 2017;
STIEMSMA; MICHELS, 2018).

Para congregar estas exposi¢des e seus impactos sobre a satde humana foi criado
0 termo exposoma, que procura identificar e eventualmente quantificar a totalidade das
exposi¢Oes que ocorrem ao longo da vida e como essas exposi¢des relacionam-se com a
salde. Este conceito pode ser ampliado ainda para a ideia de que todos 0s organismos
vivos, como as bactérias ambientais, sdo afetados pelas mudancas do ambiente externo

ocasionadas pela vida moderna, como perda da biodiversidade e degradagdo do meio
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ambiente. Desta forma, o ambiente externo em mutacao também acarreta em alteracdes
da microbiota ambiental (que pode ser definida como a diminuigéo da diversidade e/ou
extingdo de alguns tdxons bacterianos) que relaciona-se com a microbiota associada ao
trato gastrointestinal que impacta no desenvolvimento da funcdo imunoldgica (RENZ;
HOLT; INOUYE; LOGAN et al., 2017).

Apesar das diferencas fisiopatologicas, muitas das DCNT, incluindo os distdrbios
mentais, estdo frequentemente associadas a condigdes comuns como, disfuncdo
imunoldgica, inflamacdo cronica e mais recentemente, alteracdes da microbiota (RENZ;
HOLT; INOUYE; LOGAN et al., 2017; STIEMSMA; MICHELS, 2018). O papel da
microbiota no processo saude-doenca vem sendo amplamente descrito. Teria inicio ainda
na vida intrauterina, pela exposigéo fetal a determinados componentes microbianos e a
manifestacdo de fendtipos alérgicos e asmaticos (RENZ; HOLT; INOUYE; LOGAN et
al., 2017). Apos o nascimento a microbiota seria imprescindivel para conduzir de forma
adequada a iniciacdo e maturacdo do sistema imunoldgico (GENSOLLEN; IYER;
KASPER; BLUMBERG, 2016; JENMALM, 2017). Além disto, determinadas
caracteristicas da microbiota poderiam contribuir ou oferecer resisténcia a invasao por
espécies patogénicas (BAUMLER; SPERANDIO, 2016).

O ldmem intestinal saudavel € basicamente composto por uma microbiota
diversificada e em estado de equilibrio com o hospedeiro, uma camada de muco externa,
uma camada mucosa interna e o epitélio intestinal (Fig. 1) (BAUMLER; SPERANDIO,
2016). A microbiota em homeostase ajuda na digestdo dos alimentos; interage com nosso
relégio circadiano; participa da ativacdo de determinados medicamentos e da
biotransformacdo de xenobioticos; pode ainda produzir moléculas que reduzem a
inflamacéo; além de desempenhar um papel fundamental na inducédo, desenvolvimento,
formacdo e funcdo do sistema imunologico (CLAUS, SANDRINE P.; GUILLOU,
HERVE; ELLERO-SIMATOS, SANDRINE, 2016).

As principais atividades metabolicas da microbiota estédo associadas a digestao de
carboidratos e proteinas, como a fermentacdo de fibras ndo digeriveis, que leva a
producdo de acidos graxos de cadeia curta (AGCC), além do metabolismo anaerdbio de
peptideos e proteinas. Os AGCC, predominantemente o acetato, 0 propionato e o butirato,
principais metabdlitos gerados durante o catabolismo de carboidratos ndo digeriveis,
atuam como principal fonte de energia para as células epiteliais do colon e, além disso, o
protegem contra agentes patogénicos, estimulam a resposta imune e ajudam a modular a

expressdo génica por meio da inibicdo da desacetilagdo das histonas. Aléem dos AGCC,
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alguns aminoacidos essenciais e determinadas vitaminas, como a biotina podem ser
fornecidos pelas bactérias intestinais (BACKHED; ROSWALL; PENG; FENG et al.,
2015).

Figura 1. Representacdo esquematica de uma microbiota diversificada que confere
resisténcia a colonizacgdo por patdégenos entéricos no epitélio intestinal.
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Fonte: Adaptado de Baumler e Sperandio (2016)

Diversos fatores como a dieta, o estilo de vida, o ciclo de vida (gestacao, periodo
perinatal, idade, dentre outros), o uso de antibi6ticos, doencas que comprometem o
sistema imunoldgico, doencas inflamatorias cronicas (como a doenga de Crohn) e a
exposicdo a agentes quimicos como 0s agrotoxicos podem levar a um desequilibrio da
relagdo microbiota-hospedeiro (BAUMLER; SPERANDIO, 2016; JOLY CONDETTE;
BACH; MAYEUR; GAY-QUEHEILLARD et al., 2015; MOOS; FALLER; HARPP;
KANARA et al., 2016).

O desequilibrio da microbiota intestinal (conhecido como dishiose) pode resultar
ou ser resultado de uma perda de bactérias comensais benéficas ou de um crescimento
excessivo de bactérias residentes que tém o potencial de causar doencas, denominadas
‘patobiontes’ (BYNDLOSS; BAUMLER, 2018). Ambos os fatores podem levar ao
comprometimento da funcdo de barreira dos componentes do limem e do fornecimento
de nutrientes para o epitélio intestinal (BAUMLER; SPERANDIO, 2016; JOLY
CONDETTE; BACH; MAYEUR; GAY-QUEHEILLARD et al., 2015).

A camada de muco que protege o epitélio intestinal pode ser desestabilizada pelo
estado de dishiose e como consequéncia pode haver danos as células do epitélio (Fig. 2),

0 que conduz a inflamacdo (colite) e até mesmo morte celular. Algumas bactérias
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patogénicas (como por exemplo C. difficile, uma bactéria formadora de esporos) estdo
presentes em pequena quantidade no ldmen intestinal sem causar doencas, mas a
diminuicdo da diversidade microbiana pode favorecer o crescimento das espécies
patogénicas e consequentemente aumentar a producao de toxinas, que em contato com as
células epiteliais levam ao desenvolvimento de colite (BAUMLER; SPERANDIO, 2016).

Figura 2. Representacdo esquematica de disbiose intestinal e invasdo do epitélio
intestinal.
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Um crescente corpo de evidéncias demonstra o desequilibrio da microbiota
intestinal como fator de risco para DCNTs, como diabetes mellitus tipo 1 (KNIP;
SILJANDER, 2016), obesidade (COX; WEST; CRIPPS, 2015) e distarbios neurolégicos
como perturbacgdes do espectro do autismo (STRATI; CAVALIERI; ALBANESE; DE
FELICE et al., 2017). No entanto, ainda faltam estudos epidemiolégicos que avaliem o
efeito da exposicdo a poluentes ambientais sobre a microbiota intestinal no inicio da vida
e a relevancias destas exposi¢Oes para o desenvolvimento ou agravo de doengas no

hospedeiro na idade adulta.

A EXPOSICAO HUMANA A POLUENTES AMBIENTAIS
A exposicdo da populagdo aos poluentes ambientais se da de diferentes formas:

pela alimentacdo, pela &gua, ar, solo e pelas condi¢cBes de trabalho. O modelo
desenvolvimentista brasileiro tem levado a um processo de insustentabilidade ambiental,
no qual uma ampla variedade de substancias quimicas é lancada ao meio ambiente,
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levando a contaminacdo dos recursos naturais e a potenciais efeitos nocivos a saude
humana (BALSAN, 2006; EHLERS, 1999).

O Brasil tem facilitado o uso de um conjunto de préticas que acarreta a degradacao
do meio ambiente. Dentre elas podem ser citados 0 modelo agricola, com uso intensivo
de agrotoxicos, fertilizantes sintéticos e sementes transgénicas; as atividades de
mineracdo de metais de interesse comercial (ferro, ouro, niquel, cobre etc), com ou sem
0 uso de adjuvantes toxicos nestas atividades (como por exemplo o uso do mercdrio na
extracdo do ouro); diversas atividades que envolvem a queima de combustivel fossil e de
biomassa; e o destino inadequado de residuos perigosos, como o lixo eletrénico, dentre
outros fatores (BALSAN, 2006; PORTO; SOARES, 2012).

Essas préaticas tém contribuido para a liberacdo de substancias quimicas no meio
ambiente, constituindo uma das principais formas de contaminacao do solo, dos corpos
hidricos e do ar (MILHOME; HOLANDA; DE ARAUJO NETO; DO NASCIMENTO,
2018; SANTOS; CARVALHO; REBOITA, 2016). A contaminag&o dos recursos naturais
leva a contaminacéo dos alimentos (ANVISA, 2016), do ar inalado, da agua (ALMEIDA,
2010) e do leite materno (ISZATT; JANSSEN; LENTERS; DAHL et al., 2019; PALMA,
2011) e tais exposicOes estdo associadas a diversos desfechos em salde como
mencionados anteriormente (MUNIZ; OLIVEIRA-FILHO, 2006). Além disso, a
presenca de poluentes quimicos no meio ambiente pode levar a degradacdo da biota e
desequilibrio ecoldgico (MOREIRA; JACOB; PERES; LIMA et al., 2002). a exposi¢do
da populacéo a estas substancias pela

Uma das principais vias de contaminagdo humana sdo os alimentos. De fato, a
facilidade de se adquirir e de se manter alguns alimentos envolve processamentos
industriais que vao desde o0 uso de embalagens até a adicdo de corantes, aromatizantes,
realcadores de sabor e varios outros tipos de aditivos (MONTEIRO; CANNON; LEVY;
MOUBARAC et al., 2019). As embalagens, normalmente de plastico ou de metal, quase
sempre estdo em contato direto com o alimento e este contato facilita a migracdo de
constituintes do envoltério protetor para o alimento. Isto pode inclusive ser facilitado
quando o produto ja embalado requer aquecimento na presenca do material envolvente
(BEGLEY; WHITE; HONIGFORT; TWAROSKI et al., 2005).

O ultra processamento de alimentos vem sendo relacionado com efeitos adversos
a saude devido a sua composic¢éo nutricional desbalanceada e pela contaminacéo devido
ao contato com substancias quimicas tais como o bisfenol-A, os ftalatos e os PFAS
(AVERINA; BROX; HUBER; FURBERG, 2018; BUCKLEY; KIM; WONG;
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REBHOLZ, 2019; MARTINEZ STEELE; KHANDPUR; DA COSTA LOUZADA,
MONTEIRO, 2020).

O efeito adverso da exposicdo a poluentes também pode se dar de maneira
indireta. O contato do individuo com uma microbiota ambiental em desequilibrio pode
impactar na composicdo da microbiota humana e sua capacidade imunomoduladora e
metabdlica, como demonstrado por HANSKI e colaboradores (2012). De acordo com
estes autores, individuos atdpicos que residiam em ambiente com menor biodiversidade
no entorno de suas casas, apresentaram diversidade significativamente menor de
Gammaproteobacteria na pele (HANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN
etal., 2012).

Esse tipo de relagdo € um dos eixos que sustenta a hipOtese higienista,
frequentemente descrita em estudos que investigam o papel da microbiota ambiental no
desenvolvimento de doencas autoimunes e alérgicas (VON MUTIUS, 2010).

Seja pela transmissdo vertical e/ou pela aquisi¢cdo horizontal, a microbiota
ambiental e o ambiente construido podem influenciar a microbiota humana (GILBERT;
STEPHENS, 2018; HANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN et al.,
2012). Além disso, a presenca de um xenobiotico no trato gastrointestinal pode interagir
diretamente com as bactérias ali presentes, alterando a estrutura e composi¢cdo das

comunidades microbianas e consequentemente sua capacidade metabdlica.

POLUENTES AMBIENTAIS E SEUS IMPACTOS SOBRE A MICROBIOTA
INTESTINAL
O trato gastrointestinal é um 6rgdo chave envolvido no processamento de

xenobioticos e a microbiota tem uma ampla capacidade de metabolizar esses poluentes,
sendo a interacdo microbiota-poluente importante para a toxicidade e biodisponibilidade
do agente quimico ao hospedeiro (CLAUS, SANDRINE P.; GUILLOU, HERVE;
ELLERO-SIMATOS, SANDRINE, 2016).

Diversos modelos animais mostram que alguns poluentes ambientais como o
chumbo, arsénio, cadmio; alguns piretroides como a permetrina e alguns
organofosforados como o clorpirifés podem causar aumento ou diminuicdo da
abundancia relativa de algumas espécies bacterianas intestinais (JIN; WU; ZENG; FU,
2017; JOLY CONDETTE; BACH; MAYEUR; GAY-QUEHEILLARD et al., 2015;
KAN; ZHAO; ZHANG; REN et al., 2015; NASUTI; COMAN; OLEK; FIORINI et al.,
2016).
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Joly e colaboradores (2015) realizaram um estudo com ratas gestantes expostas
oralmente a clorpirifés durante a gestacdo e nos primeiros 21 dias de vida da prole. A
microbiota intestinal da prole apresentou alteragdes no 21° dia que se sustentaram até 0s
60° dia de vida. As alteracdes da microbiota observadas nos trés seguimentos intestinais
incluem aumento de Clostridium spp e Staphylococcus spp e diminuicéo de Lactobacillus
spp (JOLY CONDETTE; BACH; MAYEUR; GAY-QUEHEILLARD et al., 2015).
Clostridium é um género potencialmente patogénico, enquanto os géneros Lactobacillus
e Bifidobacterium, sdo frequentemente associados como biomarcadores para a saude
(MILANI; DURANTI; BOTTACINI; CASEY et al., 2017).

Somado a isso, estes autores observaram alteragBes histolégicas no epitélio
intestinal dos animais expostos ao pesticida como a diminui¢do significativa das
vilosidades no ileo e a cripta no colon. A espessura do epitélio também apresentou-se
menor no grupo de animais exposto ao agrotdoxico (JOLY CONDETTE; BACH;
MAYEUR; GAY-QUEHEILLARD et al., 2015). Tais alteragdes poderiam contribuir
para 0 comprometimento da funcdo de barreira dos componentes do Iimen, o que pode
favorecer a passagem de produtos bacterianos como as endotoxinas lipopolissacarides
(LPS) para a corrente sanguinea (MULLIGAN; FRIEDMAN, 2017).

O epitélio neonatal e sua funcdo de barreira ainda ndo estdo completamente
entendidos. A permeabilidade aumentada é frequentemente observada e é necessaria para
a maturacao do sistema imunolégico do recém-nascido. Por outro lado, a exacerbacédo
deste processo, que pode ocorrer frente as alterac@es histoldgicas observadas no estudo
de Condette e colaboradores (2015), pode agravar a translocacéo de LPS do intestino para
a corrente sanguinea e este achado vem sendo reportado como possivel causa da
inflamacéo observada nas doencas metabolicas (MULLIGAN; FRIEDMAN, 2017).

Em outro estudo realizado com roedores, a exposicao ao cadmio, arsénio e niquel
em diferentes concentracbes levou a modificagcbes significativas da composigédo
microbiana, de uma maneira dose-dependente. O que reforca a relacdo causal entre a
exposicdo a estes metais e modificacdes na microbiota. Além disso, foi identificado
adaptacéo da capacidade funcional da microbiota. O aumento da expressdo do gene que
codifica para a proteina ligante de siderofore (polimeros extracelulares que precipitam
metais no meio extracelular e reduzem sua absorcdo) foi encontrado em resposta a
exposicao aos metais (RICHARDSON; DANCY; HORTON; LEE et al., 2018). Outras

alteracdes dos produtos do metabolismo microbiano, como diminuicdo da producgéo de
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propionato e butirato, que sdo fontes de energia para as células epiteliais, também ja foi
relacionada a exposicao ao cadmio (LI; LIU; SHEN; LI1U, 2016).

Até o momento, poucos estudos epidemioldgicos investigaram alteracGes na
microbiota intestinal no inicio da vida decorrentes de exposicdes a poluentes ambientais.
Um breve panorama é apresentado na Tabela 1. Em 2017, Dong e colaboradores
associaram a alta exposicdo ao arsénio na agua de beber nos estdgios precoces de
desenvolvimento ao aumento da abundancia de Proteobacteria em criangas com 4 a 6
anos de vida (DONG; SHULZHENKO; LEMAITRE; GREER et al., 2017). A presenca
de arsénio na urina de bebés com 6 semanas de vida também foi associada com diversas
alteracbes na composicdo microbiana fecal destes bebés, como aumento de
Ruminococcus (pertencente a ordem Clostridia) e diminuigdo de diversos outros tdxons
(HOEN; MADAN; LI; COKER et al., 2018).

Tabela 1. Exposicdo a poluentes ambientais e alteragcbes da microbiota intestinal de
criancas.

idad Capacidade Idade
Referéncia Poluente Comun! ades funcional/metabolica das
bacterianas . . :
da microbiota criancas
Bisanz et Chumbo no 1 Succinivibrionaceae e - 8a9
al., 2014. sangue Gamamaproteobacteria anos
Dongetal., Arsénio na agua 1 Proteobacteria 1 258 genes 4a6
2017 de beber relacionados a anos
resisténcia a
antibioticos
Hoen; Arsénio naurina 1 Ruminococcus e - 6
Madan; Li; Lachnospiraceae semanas
Coker et de vida
al., 2018 | Clostridiaceae,
Bacteroides e
Bifdobacterium

Iszatt et al., Leite materno 1 més de
2019 PCB-105 1 Clostridium vida

PCB-118, PCB- | Lactobacillus

194 e PFOA

DDT 1 Streptococcaceae

PBDE-28 | Veilonella

PCB-167 - 1 Motilidade celular

| Transporte de
carboidratos e
metabolismo




24

PFOA 1 Enterococcus 1 Acido propibnico e
acético

Aumento: 1; Diminuigao: |.

Tal relacdo também foi encontrada em um ensaio clinico randomizado realizado
na Tanzania, que aferiu a exposi¢cdo a metais (mercurio, chumbo, cddmio e arsénio);
investigou uma possivel prote¢do ocasionada pela administracio de probidticos (10°
UFC de Lactobacillus rhamnosus GR-1 por 25 dias) em criangas em idade escolar (8 anos
em media) e em gestantes; e caracterizou o microbioma intestinal das criangas. Foi
observado um aumento da classe das Gammaproteobacteria (do filo das Proteobacteria)
bem como da familia das Succinivibrionaceae (pertencente a mesma classe) em criangas
com niveis sanguineos aumentados de chumbo (BISANZ; ENOS; MWANGA;
CHANGALUCHA et al., 2014).

O autor discute que a configuracdo microbiana com aumento de Proteobacteria
pode favorecer a degradacdo de mucina e facilitar a absorcdo dos metais. O estudo
também descreve a diminui¢do dos niveis sanguineos dos metais apds administracdo do
probidtico (Lactobacillus rhamnosus), tanto no grupo de criangas quanto nas gestantes
(BISANZ; ENOS; MWANGA; CHANGALUCHA et al., 2014). Tal achado pode ser
consequéncia de uma melhora na permeabilidade intestinal devido ao reestabelecimento
do processo de eubiose. Outra possibilidade seria relacionada a capacidade de
ligacdo/sequestro, conferida as bactérias produtoras de acido latico, como as pertencentes
ao género Lactobacillus, reportada em estudos in vitro (GIRI; JUN; YUN; KIM et al.,
2019).

Na Noruega, diversos poluentes (PCBs, PFAS, DDT, dentre outros) aferidos no
leite materno foram associados a alteragdes da composicdo e funcdo da microbiota
intestinal em criangas com um més de vida (ISZATT; JANSSEN; LENTERS; DAHL et
al., 2019).

Além das evidéncias em humanos e em modelos animais que demonstram
diversas formas de interagdo entre as bactérias intestinais e xenobidticos (ASSEFA;
KOHLER, 2020; DUAN; YU; TIAN; ZHAI et al., 2020), os estagios iniciais da vida sdo
cruciais para a maturacéo fisiologica de 6rgaos e sistemas, bem como o desenvolvimento
da microbiota. Ja foi reportado que alteragcGes da microbiota neste periodo podem se
sustentar por anos e influenciar mais tarde a satde (GSCHWENDTNER; KANG;
THIERING; KUBLIK et al., 2019). Ainda hoje, o estudo do efeito da exposi¢do a
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poluentes ambientais na coloniza¢do microbiana intestinal no inicio da vida é um desafio

necessario para o entendimento do aumento das DNCTS.

O ESTUDO DA MICROBIOTA
O conhecimento da diversidade das comunidades microbianas e de seu material

genético expandiu com o avanco das técnicas independentes de cultivo, que tornaram
possivel a deteccdo de microrganismos ndo cultivaveis em laboratério ou presentes em
baixo nimero. Estima-se que aproximadamente 1% da verdadeira diversidade microbiana
so foi acessada por métodos dependentes de cultivo. J& os métodos independentes de
cultivo, apesar de mais caros, tornaram a metodologia muito mais rapida e revelaram a
existéncia de microrganismos desconhecidos anteriormente (FLINT, 2020). Este avango
abriu um novo campo de estudo para diversas areas, a pesquisa de microbiota,
melhorando a compreensdo de diversas doencas cronicas (BYNDLOSS; BAUMLER,
2018).

As metodologias moleculares (que se baseiam no sequenciamento do DNA)
utilizam frequentemente o gene que codifica para 0 RNA ribossdmico 16S (ou 16S rRNA)
como o principal marcador filogenético utilizado para a caracterizacdo da microbiota
humana e ambiental (EMP protocols, FLINT, 2020). Sua estrutura contém tanto regides
altamente conservadas quanto regides variaveis em todas as espécies bacterianas, 0 que
possibilita a identificacdo de dominios gerais a altamente especificos como, por exemplo,
a identificacdo de diferentes cepas de uma mesma espécie bacteriana.

A avaliacdo da diversidade bacteriana geralmente combina dois conceitos: riqueza
de espécies (numero de diferentes espécies/taxons presentes) e equitabilidade
(distribuicdo de abundancia relativa dos taxons). A riqueza é inferida atribuindo-se a
sequéncia do gene RNAr 16S o conceito de Unidade Taxondmica Operacional (do inglés,
Operational Taxonomic Unit — OTU ou filétipo), no qual a percentagem de divergéncia
(ou cut-off) de 1%, 3%, ou 5% entre as sequéncias dos nucleotideos pode ser utilizada
como critério para definir uma OTU. Ha também a possibilidade de incorporar a
informacdo evolutiva na avaliacdo da diversidade de uma amostra, utilizando a distancia
na arvore filogenética.

A Fig. 3 ilustra uma arvore filogenética, onde os ramos correspondem a taxons
(ou OTUs), que sdo grupos de organismos que compartilham um mesmo ancestral. De
maneira simpléria, membros do mesmo 'ramo' compartilham a mesma espécie, enquanto

aqueles no mesmo pequeno galho pertencem ao mesmo género, aqueles unidos por meio
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de galhos maiores a mesma familia e assim por diante. Aqueles relacionados em um nivel

ainda mais profundo de ramificagéo pertencem aos mesmos filos.

Figura 3. Representacdo esquematica da arvore filogenética de um filo bacteriano. A
linha tracejada azul representa o filo, as vermelhas representam as familias, as verdes o0s
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Fonte: Adaptado de Flint (2020).

As linhas horizontais representam as "distancias genéticas" entre 0s pontos de
ramificacdo da arvore. Espécies, géneros e familias representam graus crescentes de
divergéncia de sequéncias de nucleotideos ou aminoacidos. Triangulos denotam
divergéncia de sequéncia dentro das espécies (ou seja, no nivel de cepa).

Apenas para dimensionar, todos 0s animais com espinha dorsal, como cobras,
dinossauros € o homem, estao incluidos em um unico filo, o “Chordata” enquanto todas
as bactérias que conhecemos até agora estdo agrupadas em cerca de 30 filos formalmente
reconhecidos, e mais de 37 outros estdo na categoria de candidatos ao reconhecimento
(FLINT, 2020). Isso serve para enfatizar a grande diversidade das bactérias.

A microbiota intestinal humana é composta principalmente por 4 filos,
Actinobacteria, Firmicutes, Proteobacteria e Bacteroidetes (LI; JIA; CAl; ZHONG et al.,
2014). Este vasto repertorio de microrganismos, de certa forma, converge em sua
producdo metabolica, esta caracteristica € conhecida como redundancia funcional e
parece aumentar com a idade, pelo menos durante os primeiros 3 anos de vida, quando a
diversidade estda sendo adquirida (DOMINGUEZ-BELLO; GODOY-VITORINO;
KNIGHT; BLASER, 2019).
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Ou seja, além de ser um periodo importante para o desenvolvimento fisiologico,
a microbiota neste periodo estd passando por um processo de montagem de novo, de
aquisicdo de diversidade e plasticidade (MILANI; DURANTI; BOTTACINI; CASEY et
al., 2017). O estudo de fatores com potencial para alterar este processo € de grande

importancia para a saude.
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JUSTIFICATIVA

Estudos mostram que a baixa biodiversidade ambiental explicaria, em parte, 0
rdpido aumento das DNCTs (HANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN
et al., 2012; VON MUTIUS; VERCELLI, 2010). A contaminacdo do meio ambiente
com uma ampla variedade de substancias quimicas pode impactar os ecossistemas e
diminuir a diversidade microbiana ambiental (MILAN; CARRARO; FARISELLLI;
MARTINO et al., 2018).

O contato das pessoas com 0 meio ambiente degradado poderia entdo impactar
negativamente no microbioma humano, o qual coordena circuitos imuno-moduladores
(HANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN et al., 2012; VON MUTIUS;
VERCELLLI, 2010). Ja é reconhecido que a exposi¢cdo a compostos toxicos pode levar a
desfechos adversos no nascimento e desenvolvimento de criangas (ASMUS; CAMARA;
LANDRIGAN; LUZ, 2016), mas pouco se conhece sobre o efeito na microbiota
intestinal. A microbiota no inicio da vida é crucial para o estabelecimento da microbiota
“adulta” e para o desenvolvimento fisiol6gico do hospedeiro. A microbiota desenvolve-
se de forma conjunta com o desenvolvimento do hospedeiro, promovendo a modulagéo
para que seu desenvolvimento ocorra (DOMINGUEZ-BELLO; GODOY-VITORINO;
KNIGHT; BLASER, 2019).

Neste contexto, 0 presente projeto propde avaliar o efeito da exposicao a poluentes
ambientais na microbiota intestinal de criancas até o sexto més de vida. Este projeto busca
testar a hipotese de que poluentes ambientais (metais, pesticidas e substancias
perfluoroalquiladas) alteram a microbiota intestinal no inicio da vida. Os resultados
gerados podem fornecer evidéncias originais e relevantes para enderecar a lacuna na
literatura sobre a relagdo entre a exposi¢do precoce a poluicdo ambiental, seus efeitos na

microbiota intestinal e potencias efeitos de longo prazo sobre a satde humana.
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2. OBJETIVOS
2.1 OBJETIVO GERAL

O objetivo geral deste estudo é avaliar o efeito da exposicdo perinatal a poluentes
ambientais (arsénio, cadmio, mercurio, chumbo, substancias perfluoroalquiladas,

piretroides e DDT) na microbiota intestinal no inicio da vida.

2.2  OBJETIVOS ESPECIFICOS

e Avaliar o efeito da exposicdo perinatal a poluentes ambientais na transmissao
vertical da microbiota (amostras de meconio) de acordo com o tipo de parto,

idade gestacional e uso de antibioticos durante a gestacéo.

e Avaliar o efeito da exposicao perinatal a poluentes ambientais no
desenvolvimento da microbiota intestinal (amostras de fezes no primeiro,
terceiro e sexto més de vida) de acordo com o tipo de parto, uso de antibioticos
e dieta do bebé.

Manuscrito 1: “Perinatal exposure to environmental pollutants is associated with altered

early-life gut microbiome.”

» Avaliar a relagéo entre o consumo materno de alimentos ultraprocessados e 0s

niveis de PFASs no sangue de corddo umbilical.
o Descrever o consumo materno de alimentos ultraprocessados.

Artigo 1: “Food consumption according to the degree of processing, dietary diversity and
socio-demographic factors among pregnant women in Rio de Janeiro, Brazil: The Rio
Birth Cohort Study of Environmental Exposure and Childhood Development (PIPA
project).”

o Avaliar a relagéo entre o consumo materno de alimentos ultraprocessados e a

exposicao a substancias perfluoroalquiladas (PFAS)

Manuscrito 2: “Maternal consumption of ultra-processed foods and newborn exposure to
perfluoroalkyl substances (PFAS): Rio Birth Cohort Study on Environmental Exposure
and Childhood Development (PIPA Project).”
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3. METODOLOGIA

Os dados analisados neste projeto sdo oriundos do Estudo Piloto (PIPA-piloto)
preparatdrio para a realizagdo da coorte de nascimentos denominada “Estudo longitudinal
dos efeitos da exposicdo a poluentes ambientais sobre a sadde infantil - Projeto Infancia
e Poluentes Ambientais (PIPA)” (ASMUS; BARBOSA; MEYER; DAMASCENO et al.,
2020). E um estudo de coorte prospectivo com foco nos efeitos sobre a satide infantil da
exposicao a substancias quimicas (especificamente metais, pesticidas e plastificantes),
dispersas no ambiente ao qual as criangas estdo expostas desde a concepcéo. Esta coorte
é coordenada pela Universidade Federal do Rio de Janeiro em parceria com a Fundacgéo
Oswaldo Cruz, tendo sido aprovado nos Comités de Etica em Pesquisa da ME/UFRJ
(numero do Parecer: 2.092.440) e da Fundacdo Oswaldo Cruz (numero do Parecer:
2.121.397).

O PIPA-piloto teve inicio em setembro de 2017 na ME/UFRJ com término em
agosto de 2018. A populacao de estudo foi constituida por todas as criangas nascidas na
ME/UFRJ, entre outubro de 2017 e fevereiro de 2018, com monitoramento clinico e
coleta de amostras bioldgicas nos primeiros seis meses de vida. De outubro a novembro
de 2017, as gestantes presentes nas visitas do “Cegonha Carioca” do Municipio do Rio
de Janeiro (MRJ), realizadas na ME/UFRJ, foram convidadas a fazer parte deste Estudo
Piloto, com assinatura do Termo de Consentimento Livre e Esclarecido (TCLE), sendo
excluidas as gestantes menores de 16 anos.

3.1 DESENHO DO ESTUDO

Trata-se de um estudo de coorte prospectivo, cujos dados foram obtidos a partir
do estudo PIPA-piloto. No estudo piloto, o periodo de seguimento dos recém-nascidos
foi de seis meses.

Este estudo trata-se de uma coorte Unica, portanto, o grupo de comparacao foi
composto de individuos da mesma coorte de bebés e/ou pares mae-bebé. Desta forma, a
identificacéo e classificacdo do grupo de comparagédo foram determinadas com base nos
resultados das aferi¢Oes laboratoriais dos poluentes ambientais. A distribui¢do nos grupos
de comparacao foi feita com base nas concentragdes de poluentes nas amostras bioldgicas,
utilizando-se valores de tercil como pontos de corte, sendo o tercil superior para

exposicdo alta a poluentes e o tercil inferior para exposicdo baixa a poluentes.
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3.2 LOCAL DO ESTUDO

Este estudo foi conduzido na ME/UFRJ, localizada na cidade do Rio de Janeiro. A
ME/UFRJ é uma maternidade publica que se situa no bairro de Laranjeiras, na zona sul
do Rio de Janeiro-RJ. E uma unidade especializada, que dispbe de assisténcia
ambulatorial e hospitalar, multiprofissional, oferecendo linhas de cuidado especificas na
atencdo a salde de gestantes e recém-nascidos de alto risco. Possui ambulatorios
especializados na assisténcia pré-natal (hipertensao arterial, diabetes, gestacdo gemelar,
patologias fetais e adolescentes), programa de rastreio de risco para gestantes no primeiro
trimestre, planejamento familiar para mulheres de risco, genética pré-natal e medicina
fetal.

Por ser um centro de referéncia as gestacdes de alto risco, cerca de 50% por partos
que ocorrem na ME/UFRJ sdo encaminhamentos de toda a Rede de Atencdo a Salude do
municipio, as demais gestantes sdo encaminhadas das Unidades de Salde da Area
Programatica 2.1 (AP 2.1), sendo elas: Clinica da Familia (CF) Pavao-
Pavaozinho/Cantagalo; CF Santa Marta; Centro Municipal de Saude (CMS) Chapéu
Mangueira — Babilénia; CMS Dom Helder Camara; CMS Manoel José Ferreira (inclui
CF Catete); e CMS Rocha Maia (Fig. 4).

3.3 POPULAQAO E AMOSTRA DO ESTUDO

Populacdo: Todas as gestantes referenciadas pela area programatica 2.1 e da
prépria ME/UFRJ e agendadas para a visita do Programa Cegonha Carioca nos meses de
outubro e novembro de 2017.

Amostra: Um total de 142 mées e 133 bebés participaram do estudo PIPA-piloto.
A amostragem foi ndo aleatoria por conveniéncia. Todas as gestantes com idade superior
a 16 anos que participaram das visitas do Programa Cegonha Carioca nos meses de
outubro e novembro de 2017, que aceitaram participar do estudo, assinaram o TCLE e
realizaram o parto na ME/UFRJ.
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Figura. 4. Esquema do estudo. Fluxograma da populagdo do PIPA-piloto e esquema de
coleta de amostras. (a) populacdo base; (b) amostra; (c) amostras coletadas e 0 momento
em que ocorreu a coleta; (d) dados coletados, momento que ocorreu e instrumentos
utilizados.
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Fonte: Criado pela autora (2021).

3.4 CRITERIOS DE ELEGIBILIDADE

1. Mées menores de 16 anos (até 15 anos e 11 meses) serdo excluidas;

2. Todos os bebés, sem exclusdo devido a intercorréncias clinicas de qualquer natureza
durante a gestacdo ou parto; parto normal ou cesareo; sem limite de idade gestacional;
incluindo gestacGes gemelares, nascidos na ME/UFRJ.

3.5 CRITERIOS DE PERDAS
1. Retirada do consentimento em participar do estudo;
2. Nascimentos que ocorreram em outra maternidade;

3. Impossibilidade de coletar amostras de mec6nio ou fezes;

3.6 VARIAVEIS ESTUDADAS

3.6.1 Variaveis de exposic¢ao



Descricdo da variavel
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Mensuracao

Metais e metaldide (Chumbo, Mercurio - Determinacdo direta do metal

e Cadmio e Arsénio)

Agrotoxicos (Piretroides)

Agrotoxicos (metabolitos do DDT)

Amostra bioldgica: sangue materno e
sangue de corddo umbilical

Dosagem dos metabdlitos: 3-PBA (acido
3-fenoxibenzoico) e 4-FPBA (&cido 4-fluor
3-fenoxi benzoico)

Amostra bioldgica: urina da mée -
Dosagem dos metabdlitos: 4,4’-DDE, 2,4’-
DDT, 4,4°-DDT

Amostra bioldgica: sangue materno e
sangue de corddo umbilical

Substancias perfluoroalquiladas (PFAS) - Acido perfluorooctandico (PFOA) e

3.6.2 Variaveis de confundimento

Descricdo da variavel
Tipo de parto

Uso antibidtico durante a gestacédo

Idade gestacional

Idade do bebé

Dieta do bebé

Uso antibidtico pelo bebé

3.6.3 Variaveis de desfecho

acido perfluorooctano sulfénico (PFOS)
Amostra bioldgica: sangue materno e
sangue de corddo umbilical

Mensuracao

Vaginal ou Cesareo

Instrumento de coleta: Formulario de Relato de
Caso/Recém-nascido

Sim/néo

Instrumento de coleta: Questionario Gestante
Nascimento pré-termo = < 37 semanas
(sim/ndo)

Instrumento de coleta: Formulario de Relato de
Caso/Recém-nascido

Em semanas.

Instrumento de coleta: Formulario de Relato de
Caso/Seguimento

Para o primeiro e terceiro més de vida:
Aleitamento materno exclusivo.

Para o0 sexto més de vida:

Dieta apropriada (sim/néo)

Instrumento de coleta: Formulario de Relato de
Caso/Seguimento

Sim/néo

Instrumento de coleta: Formulario de Relato de
Caso/Seguimento
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Descricdo da variavel Mensuracao

Alteracdo da microbiota do bebé Sequenciamento da regido V4 do gene RNAr 16S
Amostra bioldgica: mecdnio (DO0) e fezes do bebé
(D30, D90, D180)

3.7 QUESTIONARIO GESTANTE

Durante o pré-natal, em torno da 30% e a 34% semana de gestacdo, as maes
compareceram as visitas do Cegonha Carioca, na ME/UFRJ. Durante as visitas foi
apresentado um breve video explicativo sobre o projeto e foi feita uma roda de conversa
para maiores esclarecimentos sobre o estudo. Posteriormente, membros da equipe do
projeto abordaram cada mae individualmente para esclarecer duvidas, propor a
participacdo no projeto e apresentar o TCLE. A todas as maes, maiores de 16 anos, que
aceitaram participar do projeto, foi aplicado o questionario gestante (ANEXO 1), dentro
de um tempo médio de 40 minutos.

O questionario gestante possui 16 blocos, sendo eles: Identificacdo e contato;
caracteristicas sociodemogréaficas; nascimento da gestante; gestacdes anteriores; pré-natal
da gestacdo atual; morbidades pré gestacionais e gestacionais; medicacdes, suplementos
e vitaminas; atividade fisica; felicidade e depressdo; uso de alcool; tabagismo; uso de
drogas; sade bucal; exposicdo (Moradia; Produtos utilizados no domicilio; Utensilios de
cozinha; Dieta (frutas, legumes e verduras); Dieta (carnes); Dieta (frutos do mar,
embutidos e ovos); Dieta (fastfood e ultraprocessados); Dieta (cha de ervas); Dieta
(gréos); Fonte de abastecimento de agua para consumo; caracteristicas do pai biologico
(respondido pela gestante); informacdes da carteira da gestante.

3.8 FORMULARIO DE RELATO DE CASO (FRC/RECEM-NASCIDO)

Na ocasido do parto, um formulario foi preenchido a fim de recolher informacdes
sobre o recém-nascido. Este formulario (ANEXO 1) possui informacfes médicas de
intercorréncias durante o parto, idade gestacional, uso de medicac@es; outros achados
clinicos; resultado de exames caso necessarios (hemograma, bioquimica, puncéo
liquorica, imagem) e também informagOes sobre a avaliagdo clinica: dados
antropomeétricos (peso, altura; circunferéncia cefalica); Apgar; malformacdes congénitas;
distancia anogenital; presenca de testiculo em bolsa escrotal; extensdo peniana e

informagdes sobre exame fisico.
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3.9 FORMULARIO DE RELATO DE CASO (FRC/SEGUIMENTO)

Durante as trés consultas de seguimento do bebé, que ocorreram no primeiro,
terceiro e sexto més de vida, outro formulario foi preenchido em cada consulta. Este
formulario (ANEXO I1I) possui informagdes médicas de intercorréncias e achados
clinicos (gerais e relacionados ao sistema respiratério, cardiometabdlico e neurol6gico)
durante o periodo de seguimento da crianga; informacdes sobre exposicdo ambiental e

sobre a dieta da crianca.

3.10 COLETA DE MATERIAIS BIOLOGICOS

A coleta de amostras bioldgicas da mae foi realizada durante as visitas do Cegonha
Carioca. Foram coletadas amostras de sangue e urina. O sangue foi coletado em tubo
coletor a vacuo contendo &cido etilenodiamino tetra-acético (EDTA), a urina em coletor
universal esteéril.

A coleta de amostras do bebé foi realizada na ocasifo do nascimento e durante as
consultas de seguimento (um, trés e seis meses de vida). Foram coletadas amostras de
sangue de corddo umbilical, meconio e fezes. As amostras de sangue de cordao umbilical
foram coletadas com seringa descartavel de 10mL e transferidas para o tubo coletor a
vacuo com EDTA. E as amostras de mecdnio e fezes serdo descritas separadamente no
item 3.11.

As amostras de sangue e urina maternos e de sangue de corddo umbilical foram
devidamente identificadas e armazenadas em geladeira a 5°C por no maximo dois dias na
ME até serem transportadas para o Centro de Estudos da Saide do Trabalhador e Ecologia

Humana (CESTEH) na Fiocruz, onde foram analisadas.

3.11 ANALISE DA MICROBIOTA

3.11.1 Coleta e armazenamento das amostras

Um total de 160 amostras foram coletadas, 106 amostras de mecénio e 54
amostras de fezes (D30, N=18; D90, N=17 e D180=19) na ocasido do parto e sempre que
possivel na ME/UFRJ durante a consulta de seguimento. Quando nao foi possivel coletar
na consulta de seguimento, as maes foram orientadas a coletar as amostras em casa, COmo
descrito a seguir. As amostras foram coletadas logo apés a eliminagdo com auxilio de

uma pé estéril e armazenadas em coletor universal estéril a -20°C, até serem transportadas
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para 0 CESTEH/Fiocruz onde foram armazenadas a -80°C, até 0 momento das analises.
A coleta foi feita de tal forma que a contaminacao por bactérias de outras regides do corpo
ou objetos fosse minima ou inexistente, além dos cuidados ap06s coleta como descrito por
Jordan e colaboradores (JORDAN; BAKER; DUNN; EDWARDS et al., 2017).

As etapas a seguir foram realizadas durante o periodo de doutorado sanduiche no
exterior, no laboratério da Professora Dra. Dominguez-Bello, no departamento de
Bioquimica e Microbiologia da Rutgers University, New Jersey, EUA.

3.11.2 Extracao e purificacdo do DNA
Para a extracdo do DNA foi utilizado o kit comercial (DNeasy PowerSoil HTP),
como sugerido pelo EMP (do inglés, Earth Microbiome Project) e as instrugcdes do

fabricante foram seguidas.

3.11.3 Amplificagéo e sequenciamento do RNAr 16S

A partir do DNA total extraido foi realizada a amplificacdo da regido V4 do gene
RNAr 16S por meio da PCR (Reacdo da Polimerase em Cadeia) com o par de primers
(515F/806R), informacgdes mais detalhadas podem ser encontradas na sessdo “Protocols
and Standarts” do site (https://earthmicrobiome.org/protocols-and-standards/16s/). Os
produtos gerados pelas reacGes da PCR foram submetidos a eletroforese em géis de
agarose, com tampdo TAE (Trisacetato 40 mm, EDTA 2mm, pH 8,5), corados com
brometo de Etidio (1pg/ml), utilizando um marcador como padrdo de peso molecular. A
visualizacdo dos produtos amplificados foi realizada por exposi¢do a luz UV em um
Transilumnador BioAgency (Sistema EasyDoc 100).

Os produtos de PCR que apresentaram fragmentos no tamanho esperado foram
entdo extraidos e purificados por meio do kit comercial (UltraCleanhtp 96-well PCR
Cleanup (QIAGEN) de acordo com as instrucgdes do fabricante. Os amplicons foram entéo
sequenciados em uma plataforma Illumina HiSeq no Departamento de Bioquimica e

Microbiologia localizado na Rutgers University (NJ/EUA).

3.11.4 Analise de bioinformatica

A construcdo das bibliotecas do DNA sequenciado foi realizada segundo
instrucdes do fabricante (Illumina, San Diego, CA, USA) e seguiram o0 mesmo fluxo
descrito pelo EMP. Realizarmos o alinhamento e identificacdo das sequéncias utilizando
o software QIIME (versdo 2.2) (CAPORASO; KUCZYNSKI; STOMBAUGH;
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BITTINGER et al., 2010) e a classificacdo taxonémica comparando com o banco de
dados SILVA (PRUESSE; QUAST; KNITTEL; FUCHS et al., 2007).

A rarefacéo foi realizada na biblioteca com o intuito de normalizar a contagem
das leituras geradas. A rarefacdo € um método que ajusta as diferencas nos tamanhos das
bibliotecas entre as amostras para auxiliar nas comparac6es de diversidade e reduzir viés.
De 106 amostras de meconio coletadas, um total de 12 amostras de meconio foi removido
por conterem menos que 5000 leituras. ComparagOes entre amostras com diferentes
contagens de leituras pode superestimar a diversidade.

Tanto para descrever a estrutura das comunidades bacterianas (diversidade alpha
e beta) quanto para determinar a composicao taxondmica das amostras, as sequéncias com
similaridade de 99% foram tratadas como unidade taxonémica operacional (OTU), que
estima a diversidade bacteriana em nivel de espécie. As analises a seguir foram realizadas

no pacote R.

3.11.5 Métricas para avaliar a diversidade da microbiota

Para analise da microbiota, aléem da identificacdo dos tdxons bacterianos presentes
na amostra, a estrutura das comunidades bacterianas foi descrita utilizando as métricas de
diversidade descritas a seguir (diversidade alfa e beta). De maneira geral, indices/métricas
de diversidade combinam dois componentes de uma comunidade: riqueza de espécies e
equitabilidade. Geralmente consistem em uma expressao matematica simples envolvendo
0 numero de diferentes espécies e a abundancia relativa de cada espécie na amostra. Ha
também outro grupo de métricas de diversidade que, além da riqueza e equitabilidade das
comunidades microbianas, incorporam a distancia filogenética, ou a linhagem evolutiva,
entre as espécies (KIM; SHIN; GUEVARRA,; LEE et al., 2017).

A diversidade microbiana de uma Gnica amostra (ou de um conjunto de amostras)
¢ conhecida como diversidade a. A diversidade  descreve a diversidade microbiana de

uma amostra em relacao a outras amostras.

Alpha-diversidade

Dois fatores principais, riqueza e uniformidade, ou equitabilidade, devem ser
levados em consideracdo ao medir a diversidade microbiana de uma amostra. A riqueza
refere-se ao numero de diferentes espécies presentes em um determinado nicho, mas este
pardmetro ndo leva em consideracdo o numero de individuos presentes em cada espécie.

A uniformidade compara o tamanho da populacdo de cada uma das espécies presentes.
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Em geral, quando a riqueza de espécies e a uniformidade aumentam, a diversidade
também. Neste trabalho, serdo apresentadas as seguintes métricas de diversidade alpha:
indice Shannon, diversidade filogenética (Faith_pd) e diversidade de Pielou.

O indice Shannon contempla ndo somente riqueza e uniformidade, mas a
abundancia relativa das diferentes espécies encontradas na amostra. Este indice coloca
um peso maior na riqueza de espécies do que nos demais parametros. Seu valor aumenta
conforme o numero de espécies aumenta e conforme a distribui¢do dos individuos entre
as espécies torna-se uniforme. Tem sido tradicionalmente usado para medir a diversidade
de comunidades. A uniformidade de Pielou também sera descrita, € um componente do
indice de Shannon, e indica como os individuos estdo distribuidos entre as espécies de
uma amostra.

Ja o indice PD incorpora informacdo evolutiva das comunidades, incluindo na
formula o comprimento dos ramos da filogenia das espécies de uma comunidade. Em
resumo, PD é uma funcdo do nimero de espécies (riqueza) e da diferenca filogenética
entre as espécies em uma comunidade. Tais métricas de diversidade alfa desconsideram
comparacgOes da diversidade com outras amostras. Ja a beta-diversidade, considera além
do nimero de espécies e respectivas abundancias dentro da comunidade, a variagdo na

sua composigéo entre amostras.

Beta-diversidade

Ao contrario da a-diversidade, a medida de B-diversidade faz uma comparacéao da
estrutura da comunidade microbiana entre duas ou mais amostras. Em outras palavras, o
dado imputado para a analise de diversidade beta € uma matriz de similaridade ou de
distancias. Para descrever a B-diversidade, foi utilizado a métrica UniFrac que é uma
medida de distancia filogenética e divide-se em duas categorias: UniFrac ndo ponderado
(unweighted UniFrac), uma medida qualitativa que usa a presenga/auséncia de dados para
comparar a composicdo da comunidade; e UniFrac ponderado (weighted UniFrac), uma
medida quantitativa, que inclui na analise a abundéancia relativa de cada espécie.

As métrica UniFrac foram empregadas pois além de serem importantes por
construirem a filogenia bacteriana, 0 uso de métricas qualitativas e quantitativas no
mesmo conjunto de dados é recomendado uma vez que cada uma pode levar a conclusfes
diferentes sobre os principais fatores que estruturam aquela comunidade microbiana e
pode fornecer uma visdo sobre a natureza das diferencas da comunidade (LOZUPONE;
HAMADY; KELLEY; KNIGHT, 2007).
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Por fim, calculamos também a métrica Bray-Curtis, que é uma medida de

dissimilaridade entre amostras e que se baseia em abundéancia relativa.

3.11.6 Analise taxonémica

A primeira etapa neste processo é atribuir taxonomia as sequéncias, foi realizada
no software QIIME. Esta plataforma usa o classificador Greengenes 13_8 99% OTUs. A
construcdo das tabelas que mapeia as sequéncias de DNA a cada cddigo de OTU foi

realizada no pacote R.

3.12 ANALISE LABORATORIAL DOS METAIS E METALOIDE (ARSENIO,
CADMIO, CHUMBO E MERCURIO)

A analise dos metais foi realizada no cabelo da mae e do bebé (D180) no
laboratdrio de metais do INCQS/Fiocruz pelo método de Espectrometria de Massas com
Fonte de Plasma Indutivamente Acoplado (ICP-MS). A andlise utilizando ICP-MS
possibilita a determinacdo de varios elementos quimicos simultaneamente e em
concentracdes inferiores a 1ug L-1, € uma técnica com alta sensibilidade e que
proporciona exatidao e precisdo (PARSONS; BARBOSA JR., 2007; THOMAS, 2013).

Ap6s o descongelamento, a amostra foi diluida acrescentando &gua
desmineralizada a 0,5 ml da amostra até o volume de 10 ml, em seguida foi adicionado
1,0 ml de &cido nitrico 65% (HNO3) e a amostra foi submetida a aquecimento a 80°C em
banho-maria, por 2 a 3 horas a fim de assegurar a completa digestdo da matéria organica
presente.

Antes das analises foi realizado o teste “Daily” para verificar o funcionamento do
equipamento, e entdo realizou-se a leitura como padrdo interno, e a curva de calibracédo
com os pontos de referéncia 0,05 pg/l- 0,1 pg/l - 0,5 pg/l - 1 pg/l e 2,5 pg/l. O preparo da
curva padrédo foi feito de acordo com método certificado pelo INMETRO utilizando
solucéo de As-Cd-Pb 1000 ppm e Hg 10 ppm. Para cada dez amostras foram repetidos

um padrdo e um branco, cada amostra foi lida trés vezes e em duplicata.

3.13 ANALISE LABORATORIAL DOS AGROTOXICOS
3.13.1 Piretroéides

Os piretroides possuem uma meia-vida curta e sdo excretados rapidamente pela
urina, na forma de conjugados glucuronideos ou sulfatos. Portanto, utiliza-se seus

metabdlitos para indicar a concentragdo de piretroides em intoxicagcbes agudas e



40

exposicoes recentes (ROSA, 2017). Para isso foram utilizados 5mL de urina
descongelada a temperatura ambiente. Os metabdlitos analisados foram o 3-PBA (acido
3-fenoxibenzoico) e o 4-FPBA (&cido 4-fluor 3-fenoxi benzoico) por extracdo em fase
solida e analise por cromatografia liquida acoplada a espectrometria de massas sequencial
com triplo quadrupolo. Foi feita a extracdo dos metabolitos de interesse presentes nas
amostras com o uso de uma coluna de extracdo em fase sélida C-18, seguido de suas
eluicdo, pré-concentracdo (secura), ressuspensdo no padrdo interno e injecdo no
cromatografo (ROSA, 2017).

As concentracOes de piretroides determinadas foram corrigidas pelos niveis de
creatinina, considerando que h& uma variabilidade do volume urinario entre o0s
individuos. A creatinina foi medida de forma direta na urina pelo método
espectrofotométrico de Jaffé modificado, pela reagdo com acido picrico em meio alcalino,
com desproteinizacdo (BABINA et al., 2012; FERLAND et al., 2015; ROSA, 2017). A
correcao entdo foi feita através da razdo entre a concentracao de analito e a concentracdo
de creatinina e multiplicando por 100, com o resultado expresso em nanograma de analito
por miligrama de creatinina (ng mL-1) (BABINA et al., 2012; ROSA, 2017).

O limite de deteccdo para o metabdlito 3-PBA foi estimado de 0,06 ng mL-1, o
limite de quantificacdo foi de 0,2 ng mL-1 e a recuperacdo média foi de 95%. Para o
metabdlito 4-FPBA o limite de deteccdo foi de 0,05 ng mL-1, de quantificacdo foi 0,25
ng mL-1 com uma recuperacdo média de 84% (ROSA, 2017).

3.13.2 Compostos organoclorados

Os organoclorados foram analisados no plasma materno e no sangue de cordéo
umbilical segundo método descrito por Wolff e colaboradores (1991). Foram analisados
0s seguintes compostos organoclorados (OC): isdmeros de hexaclorocicloexano (HCH),
hexaclorobenzeno (HCB), Aldrin, Dieldrin, Endrin, p,p’-DDT, p,p’-DDD, p,p’-DDE,
Mirex, Metoxicloro, Endosulfan, Clordano e Heptacloro e 15 PCBs (bifenilas
policloradas). Apos a extracdo, as amostras foram evaporadas e eluidas em coluna de
vidro descartavel contendo metanol, hexano ou diclorometano (WOLFF; RIVERA,
BAKER, 1991) e analisadas por cromatografia gasosa acoplada com detector de captura
de elétrons (SARCINELLI; PEREIRA; MESQUITA; OLIVEIRA-SILVA et al., 2003).
Os limites de deteccdo foram de 0,015 a 0,468 ng/mL para pesticidas OC e 0,2 a 0,36
ng/mL para PCBs. Os limites de quantificacdo variaram de 0,045 a 1,419 ng/mL para
pesticidas OC e 0,05 a 1,08 ng/mL para PCBs.
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3.14 ANALISE LABORATORIAL DAS PFAS

As substancias perfluoroalquiladas (PFAS) avaliadas neste estudo foram: PFOA
(&cido perfluorooctandico) e PFOS (perfluorooctanossulfonato). As amostras de soro
foram armazenadas a -40 ° C em frascos de polipropileno. Os PFOA e PFOS foram
determinados usando um método adaptado de Kuklenyik et al. (2004). Resumidamente,
as amostras foram purificadas de acordo com o procedimento recomendado, os analitos
foram eluidos e posteriormente o extrato armazenado e reconstituido destinado para
analise por cromatografia liquida-espectrometria de massa em tandem. O espectrometro
de massa triplo quadrupolo com uma fonte de eletrospray AP1 3200 (Applied Biosystems,
Foster City, CA) foi usado para detectar os analitos. Cada analito no cromatograma foi
selecionado e integrado manualmente. O tempo de retencdo para este gradiente foi
observado em 6,9 minutos para PFOA e 7,5 e 7,9 para PFOS (e PFOS ramificado). As
amostras abaixo do limite de deteccdo (LOD) foram excluidas das analises. Os limites de
deteccdo para o PFOS foi de 0,24ng/mL e para o PFOA de 0,07ng/mL.

3.15 ANALISE ESTATISTICA
3.15.1 Paras as métricas da microbiota

Realizamos modelos de regressdo linear simples e mdultipla para estimar os
coeficientes da associacdo entre os poluentes e alteracdes das métricas da diversidade alfa
com variaveis de confundimento. As seguintes variaveis foram incluidas no modelo
multiplo para analise de amostras de meconio: tipo de parto (vaginal/cesareo), uso de
antibidtico durante a gestacdo (sim/ndo) e prematuridade (sim/ndo); e para analise de
amostras de fezes: tipo de parto, aleitamento materno exclusivo (sim/ndo), idade do bebé
(1, 3 e 6 meses) e prematuridade (sim/ndo). Nenhum bebé foi exposto a antibioticos
durante o periodo de coleta de fezes. Os modelos foram realizados para todo o grupo de
bebés e estratificados quando a andlise sugeria interacdo com alguma covariavel (FI com
p-valor < 0,05).

Realizamos analise PERMANOVA utilizando a fungdo “adonis2” do pacote
“vegan” (software R) para estimar o efeito dos poluentes (R?) nas métricas de diversidade
beta. A andlise das coordenadas principais (PCoA) também foi realizada para descrever
e interpretar tal associacdo e identificar fatores explicativos das diferencas entre as
comunidades microbianas.

Utilizamos o pacote “Maaslin” (HIMEL MALLICK; LAUREN J. MCIVER; ALI
RAHNAVARD; SIYUAN MA et al.) (software R) para calcular os coeficientes de
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associacdo entre os tdxons bacterianos e os poluentes. O mesmo pacote foi utilizado para
selecionar os taxons significativamente alterados pela exposic¢éo aos poluentes. O nivel
de significancia estatistica foi FDR (False Discovery Rate) < 0.25. Os taxons
significativamente alterados foram utilizados para a constru¢cdo dos heatmaps e
agrupamento hierarquico (hierarchical clustering) dos taxons, utilizando o pacote
“ComplexHeatmap” (software R) (GU; EILS; SCHLESNER, 2016). Para melhor
visualizacdo das diferencas na contagem de OTUs, os dados foram logaritmizados.

O nivel de significancia estabelecido sera de 5%. Intervalos de confianca de 95%
serdo calculados sempre que aplicaveis. Todas as analises estatisticas foram realizadas no

software R versdo 4.0.3.

3.15.2 Descricao das variaveis de exposi¢édo aos poluentes

A exposicdo aos poluentes foi dividida em: exposi¢cdo materna, que diz respeito
aos poluentes aferidos no sangue materno (DDT, PFAS e metais) e na urina materna
(piretroides) e; exposicdo corddo, que se refere aos poluentes aferidos no sangue de
corddo umbilical (DDT, PFAS e metais).

Quando o valor aferido foi inferior ao limite de quantificacdo, entdo dividimos o
limite de deteccéo pela raiz quadrada de dois e imputamos o valor obtido. Quando o N de
imputacdo era superior a 50%, as varidveis foram categorizadas em expostos sim/ndo.
Apenas 0s PFAS e os metais foram analisados como variavel continua, DDT e piretrdides
foram categorizados.

Para efeitos de analise, os metabolitos 3-PBA e 4-FPBA foram somados e tratados
como “piretroides”. O mesmo foi feito para a exposi¢do ao DDT: no sangue materno sua
concentracdo foi tomada como a soma dos metabdlitos 4,4'-DDD, 4,4'-DDE e 4,4'-DDT,
no sangue de corddo umbilical os metabolitos que compuseram a soma foram o 2,4°-
DDT, 4,4’-DDE e 4,4’-DDT. O mesmo se deu para a exposi¢ao as PFAS que tanto no
sangue materno quanto no sangue de cordéo tiveram suas concentracfes dadas pela soma
de PFOA e PFOS.

3.16 ASPECTOS ETICOS

Os procedimentos deste projeto respeitam os preceitos éticos da Declaracédo de
Helsinque e da Resolucdo 466/2013 do Conselho Nacional de Saude sobre Pesquisa
Envolvendo Seres Humanos, tendo sido aprovado no Comité de Etica em Pesquisa da
ME/UFRJ (nimero do Parecer: 3.522.210). Os objetos de estudo sdo bebés desta forma,
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suas progenitoras tiveram acesso ao TCLE depois de elucidados os beneficios e possiveis
riscos que poderdo ocorrer durante o processo da pesquisa.

A coleta de material bioldgico dos bebés ndo sera feita de forma invasiva e 0s
resultados obtidos nas andlises das amostras terdo garantidas sua privacidade e
confidencialidade. Os resultados dos exames serdo repassados a cada responsavel na
ME/UFRJ em encontros agendados onde também serdo feitas palestras e atividades
educacionais para esclarecimentos e orientagdes. Os pais de criangas que apresentarem
alguma alteracdo nos resultados dos exames serdo encaminhados para avaliacdo e

acompanhamento pela estratégia de satde da familia e/ou posto municipal de saude.
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4. EXPOSICAO PERINATAL A POLUENTES AMBIENTAIS E O IMPACTO
NA MICROBIOTA INTESTINAL NO INICIO DA VIDA.

Este capitulo apresenta o manuscrito “Perinatal exposure to environmental pollutants is
associated with altered early-life gut microbiome” de autoria de Nathalia Ferrazzo
Naspolini, Armando Meyer, Josino Costa Moreira, Haipeng Sun, Carmen I. R. Froes-

Asmus e Maria Gloria Dominguez-Bello.
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Abstract
Emerging evidence shows that the gut microbiota interacts with environmental
pollutants, but the effect of early exposure on the neonatal microbiome remains
unknown. We investigated the association between maternal exposure to
environmental pollutants and changes in early-life gut microbiome development. We
surveyed 16S rRNA gene on meconium and fecal samples (at 1, 3, and 6 months)
from the Brazilian birth cohort, and associated with levels of metals, perfluoroalkyl
chemicals (PFAS), and pesticides in maternal and umbilical cord blood. The results
indicate that the magnitude of the microbiome changes associated with increasing
pollutant exposure was bigger in cesarean-section (CS) born and CS-born-preterm
babies, in relation to vaginally (VG) delivered infants. Breastfeeding was associated
with a stronger pollutant-associated effect on the infant feces, suggesting that the
exposure source could be maternal milk. Differences in microbiome effects
associated with maternal or cord blood pollutant concentrations suggest that fetal
exposure time - intrauterine or perinatal - may matter. Finally, despite the high
developmental microbiota variability, specific microbionts were consistently
affected across all pollutants, with taxa clusters found in samples from infants
exposed to the highest toxicant exposure. The results evidence that perinatal
exposure to environmental pollutants is associated with alterations in gut
microbiome development which may have health significance.

Teaser
Maternal exposure to metals, perfluoroalkyl chemicals and pesticides is associated
with changes in infant meconium and fecal microbiome.
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Introduction

Industrialization has led to substantial environmental degradation, and remediation
practices are only starting globally, with developing countries - including Brazil -
really behind. The global agri-food system entitles widespread use of pesticides,
synthetic fertilizers, and transgenic seeds; mining activities such as of nickel, gold,
iron, and other metals of commercial interest generate toxicants, as do many
activities involving fossil fuel and biomass burning, with inappropriate disposal of
hazardous waste (e.g., electronics). All these are contributing to the excessive release
of toxic substances into the environment (1-4) leading to a loss of the ecosystem
diversity (5). Not only environmental microbial ecosystems but host-associated are
affected by environmental toxins. Urbanization is associated with decreased
bacterial diversity in the human microbiome (6, 7), which starts assembling during
labor and birth. The first bacteria to colonize the gut and the change from a low
diverse microbiome at birth to a rapidly maturing ecosystem is crucial to establish an
optimal symbiosis with the host and for the immune system maturation (8).
Disruption in the early colonization process has been related to clinical conditions
such as obesity (9), severe malnutrition (10), atrophy, and asthma (11),
inflammatory bowel diseases (12), psychiatric disorders, among others (13, 14).

Exposure to environmental toxins occurs via food (15), air, dust (16), water (17),
and human milk (18), and health concerns regarding the adverse effects on the
population, particularly on children (19) have increased in recent years. Fetal and
early-life stages have long been recognized as critical periods for developmental
programming and for influencing health later in life (20), and exposure to toxic
agents may affect developmental processes directly or indirectly via the microbiome
(21, 22).

The gastrointestinal tract is a key organ involved in xenobiotic processing, and the
microbiota has a broad ability to metabolize chemical substances, increasing or
decreasing the host toxicity (21). Several animal studies show that non-essential
metals such as lead, arsenic, cadmium, and pesticides such as permethrin and
chlorpyrifos induce changes in microbiome composition (23-26). We also know
from animal studies that the toxicity is related to microbiota-mediated bioactivation
of metabolites or changes in the microbiota functional capacity (27). Few
epidemiological studies have addressed the relationship between environmental
pollutants exposure and the gut microbiome. Persistent organic pollutants exposure
detected in breastmilk was associated with reduced gut microbiome diversity and
altered microbial function in Norwegian one-month-old neonates (18), and high
exposure to arsenic during pregnancy resulted in a higher abundance of
Proteobacteria among 4—6-year-old-children in Bangladesh (28). However,
prospective studies evaluating multiple pollutants exposure and the impact of
environmental pollutants on the baby gut microbiota is poorly investigated. These
studies are important since altered microbial exposure in early life could alter
development and lead to increased risk of chronic immune-metabolic diseases. The
current study in an infant-mother dyad cohort, determined the differences in early
life microbiome structure with varying exposure levels to environmental pollutants
(metals, PFAS, and pesticides).
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Results
Characteristics of the study population
In this study, we characterized the meconium and developmental fecal microbiome
of infants at 1, 3, and 6 months, and associated it with environmental pollutants
exposure during the perinatal period. Our analyses included 94 mother-child pairs in
which both infant gut microbiota and levels of pollutants were characterized at birth.
Pregnant women were mostly 25 yo or older (58.5%), with a mean age of 28 years
(SD 7) and non-white (75.5%). Close to 40% were educated more than 12 years and
more than one-third reported low (36.3%) or middle (38.8%) per-capita family
income. Up to 50% of the women were overweight or obese before becoming
pregnant and 9.6% used antibiotics during pregnancy (Table 1).

Deliveries were dominantly by cesarean-section (CS) 58.5% and included those born
preterm (8.5%). Most neonates were male (56.4%) and had adequate birth weight
(81.9%) weighing 3,252.8g (SD 561.8) on average. In the first follow-up visit
infants (n = 18) were at a mean age of 41.3 days (SD 8; 6 weeks), were mostly
breastfed (61.1%) but still below the WHO recommendation (29). In the second
follow-up, infants (n = 17) were 3 months old (mean age of 99.4 days [SD 11.3]; 14
weeks) and mostly non-breastfed (58.8%). In the third follow-up (n = 19) babies
were >6 months (194.9 days [25.8]; 28 weeks) and 52.6% had inappropriate feeding
practice (by maternal report), classified according to WHO recommendation for non-
breastfed children and complementary feeding of the breastfed infants (30, 31)
(Table 1).

Pollutant exposure

Table 2 shows the pollutants exposure characteristics assessed in this study
population. Overall, metals were detected in 100% of samples, PFAS in 92.5% of
maternal blood and 70.4% in cord blood, and pyrethroids (PYR) were detected in
33.3% of the urine samples. Dichlorodiphenyltrichloroethane (DDT) was detected in
25% of cord blood and 27.9% of maternal blood samples. There were significant
correlations between sources of pollutants. All metals in cord blood had a strong to
high correlation with metals in maternal blood (rho 0.59 to 0.68, p=0.000) and
maternal PFAS had a weak correlation with cord PFAS (rho 0.35, p=0.000).
Supplemental Tables 1 and 2 show pollutants” correlation within and between
classes. In cord blood, the highest inter-class correlation was found between Hg and
Cd (rho 0.395, p=0.000) followed by Hg and Pb (rho 0.302, p=0.000). All cross-
class correlations were weak (rho between Hg and PFAS: -0.207, p=0.057) or non-
significant. In maternal blood, Pb had a moderate correlation with Cd (rho 0.503,
p=0.000) and Pb (rho 0.560, p=0.000). All cross-class pollutants correlations were
weak (rho between arsenic and PYR: 0.315, p= 0.002) or non-significant.

Microbiome and associations with pollutants

At birth, infants had a mean Shannon diversity index of 2.73 (SD 1.33) and later
developmental feces had a mean Shannon diversity of 2.55 (SD 0.82) (Table S3).
The infants' meconium microbiome was dominated by Escherichia—Shigella and
Bacteroides while later feces had a decrease of this member of
Gammaproteobacteria with replacement by Bifidobacterium and
Enterobacteriaceae. Bifidobacterium, E. coli, and Lactobacillus were found in
Brazilian infants during the first year of life (32) and, at 3 and 6 months the
dominance of Escherichia was also found in Brazilian infants (33).



48

Pollutants were associated with changes in meconium and fecal microbiome
structure and composition.

Pollutants affected the infant microbiome differently, with some pollutants having
bigger impacts. The rank of pollutants by effect would be
arsenic>cadmium>mercury>lead. PFAS and pesticides had less effect than the
metals did.

Arsenic (As)

The effect of cord blood arsenic on the gut microbiome was associated with birth
stressors such as birth mode and preterm delivery. Arsenic in maternal blood
recapitulates the results (alpha and beta diversity) of arsenic in cord blood so it will
be presented as supplemental material (Fig. S1.). Increasing levels of arsenic was
associated with less meconium alpha diversity (p -0.012, p=0.082) in CS-born babies
and an aggravated effect in CS-preterm birth ( -0.034, p=0.024). The arsenic effect
in developmental feces was in the opposite direction. Increasing arsenic was
associated with more alpha diversity in later feces, observed only in EBF babies (B
0.024, p= 0.015) aggravated effect was found in CS-born infants (§ 0.033, p=
0.017). Increasing arsenic level in cord was associated with increased Shannon
diversity (B 0.171, p= 0.06) in vaginal-born babies observed only in meconium and
not later in developmental feces, data in Fig. S1. VVaginal born or vaginal-breastfed
infants did not show differences in fecal alpha diversity.

As another means of identifying changes in the microbiota induced by pollutant
exposure, we performed a principal coordinate analysis (PCoA) of all and stratified
samples using the Unifrac and Bray-Curtis distance metrics. Regardless of the
source, increasing arsenic levels increased meconium microbiome distances among
CS-preterm babies only, as shown by the PCoA plot (calculated based on weighted
UniFrac) in Figure 1B. The arsenic effect size was around 30% for both exposure
sources (R? 29.9%; p= 0.067 and 30.3%; p= 0.053 umbilical cord and maternal
arsenic respectively). Increasing arsenic also moved the distances of developmental
feces in CS born (R? 78.5%:; p= 0.062) or CS-EBF infants (R? 99.7%, p= 0.047),
illustrated in Figure 1E.

A very consistent taxa cluster was found in meconium from newborns exposed to
high cord arsenic (Figure 1C). The taxa cluster consisting of Blautia, Veillonella,
Haemophilus, Bifidobacterium, and Fusobacterium was found regardless of baby
groups. Also, the low arsenic exposure group had a more similar taxa composition
regardless of baby groups. Increasing levels of arsenic was associated with higher
Veillonella in meconium (coef 0.212, g-value= 0.018) with sustained increase in
later feces (coef 0.371, g-value= 0.244). Regardless of the source, higher arsenic
exposure was associated with lower meconium Faecalibacterium (cord As: -1.42e-
17, g-value= 0 and maternal As: -7.54e-04, g-value= 0) and two Clostridium spp
were increased in later feces, among other taxa. Besides, fecal Hungatella was
depleted (coef -0.109, g-value= 0.244) in the high cord arsenic group independent
of birth groups and breastfeeding (Figure 1 C and F).

Cadmium (Cd)

Cadmium was the most unique metal in terms of its effect on the microbiome.
Regardless of being in lower levels in cord blood compared to maternal blood, Cd
exerted a stronger effect on the meconium microbiome and affected developmental
feces in VG-born infants. Increasing cadmium in cord blood was associated with
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less (B -0.256, p= 0.052) meconium phylogenetic diversity in all babies (non-
stratified analysis) (Figure 2A). Consistent with the PCoA plot analysis, which
increasing concentrations of cord Cd slightly moved (R? 2.39%; p= 0.037) all babies
meconium microbiome in the PcoA space (based on unweighted-UniFrac),
illustrated in Figure 2B.

Stronger effects of Cd exposure were observed later in developmental feces than in
meconium and the effect was associated with delivery mode. Regardless of the
source, increasing Cd was associated with more phylogenetic diversity in CS-
preterm babies (cord Cd: p 2.167, p= 0.058; maternal Cd:  2.580, p=0.043) and
cord Cd increased fecal diversity in EBF-VVG born (B 1.776, p= 0.032), as shown in
Figure 2D.

Despite the source, increasing Cd significantly increased fecal microbiome distances
(cord Cd: R? 31.4%, p= 0.003; maternal Cd: R?17.5%, p= 0.014) in VG born babies,
as shown by the PCoA plot (calculated based on weighted UniFrac distance) in
Figure 2E, this finding was only found in Cd exposure analysis.

Regardless of the source, increasing Cd was associated with higher meconium
Intestinibacter, Geoalkalibacter, and Faecalibacterium. A taxa cluster composed of
Parabacteroides.distasonis and 3 members of Bacteroides genus was found in the
meconium of newborns in the high maternal Cd exposure group, regardless of baby
groups (Fig. S2.C).

Also, Ruminiclostridium, Clostridium.butyricum, Flavonifractor,
Erysipelatoclostridium, and two Veillonella.seminalis strains were consistently
increased in the developmental feces of infants within the high Cd exposure group.
Increasing cord levels of Cd was associated with sustained higher abundance of
Ruminococcaceae family (coef 0.096, g-value= 0.015) in meconium and later feces
(coef 0.118, g-value= 0.119) (Figure 2C and F). While increasing maternal Cd was
associated with slightly more Faecalibacterium (coef 0.001, g-value=0) in
meconium, and this same taxon was greatly increased in later feces (coef 0.3289, g-
value= 0.080) (Fig. S2. C and F). Faecalibacterium also belongs to the
Ruminococcaceae family, a member of Clostridia class.

Mercury (Hg)

Although Hg in cord blood did not affect meconium alpha diversity, increasing
maternal Hg was associated with more Shannon diversity in VG born (p 0.167, p=
0.066) and a higher increase was observed in newborns indirectly exposed to
antibiotics during pregnancy ( 0.629, p= 0.029). Like arsenic exposure, Hg was
associated with less meconium diversity in CS-preterm babies (B -0.652, p= 0.035)
(Fig. S3. A) sustained later in developmental feces of CS born (p -0.160, p= 0.0681),
shown in Fig. S3. D. Unlike in meconium, increasing Hg in cord was associated with
more phylogenetic diversity in developmental feces of CS-preterm (B 0.473, p=
0.036) consistent with changes in beta diversity (cord hg: R? 30.59%, p= 0.022), as
shown in the PCoA plot (calculated based on unweighted UniFrac distance) in
Figure 3D and E.

Despite the source, increasing Hg moved the meconium microbiome of VG-born
babies (cord hg: R? 8.48%, p= 0.019 and maternal hg: R? 9.93%, p= 0.007), as
shown by the PCoA plot (calculated based on weighted UniFrac distance) in Figure
3B.

Regardless of source, increasing levels of Hg was associated with several increased
taxa in meconium (Figure 3C), as members from the genus Alistipes (cord coef.:
0.2248, g-value= 0.115 and maternal coef.: 0.2078, g-value = 0.223) and
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Faecalibacterium (cord coef.: 0,005, g-value= 0 and maternal coef.: -0,001, g-value
=0). Also, increased Intestinibacter (coef cora.: 0.814, g-value= 0.080 and coefmateral.:
0.287, g-value= 0.022) and lower Megasphaera (coef cord.: -0,013, g-value= 0 and
coefmatemal: -0,006, g-value= 0) was found in developmental feces of infants with
increasing levels of cord and maternal Hg, illustrated in Figure 3F.

Lead (Pb)

Unlike arsenic and Cd, increasing Pb in cord blood was associated with more
meconium phylogenetic diversity in all newborns (B 0.248, p= 0.032) except VG and
CS-preterm babies, Figure 4A. Like Hg, the stronger Pb effect was observed among
babies indirectly exposed to antibiotic exposure during pregnancy ( 0.932, p=
0.028), maternal Pb recapped this finding (p 1.337, p= 0.009) (Fig. S4. A). No effect
was observed on developmental feces but increasing maternal Pb was associated
with less fecal Shannon diversity in EBF-CS infants (p -0.302, p= 0.004) (Fig. S4.
D).

Alpha-diversity findings were consistent with the PcoA plots, it shows that
increasing Pb in cord slightly moved (R?4.21%, p= 0.023) the meconium
microbiome of CS-born babies in the PcoA space (based on unweighted-UniFrac),
illustrated in Figure 4B. As did Arsenic, increased maternal Pb significantly affected
fecal beta-diversity of CS-EBF infants (R? 17.28%, p= 0.008), as shown in the PCoA
plot (calculated based on unweighted UniFrac distance) in Fig. S4. E.

Infants in the highest cord Pb exposure group had meconium community
composition greatly impacted (Figure 4C). Three different taxa clusters were found
in the meconium from infants within medium and high exposure levels. The first
taxa cluster, composed of members of the Muribaculaceae family, Barnesiella and
Bacteroidales was found regardless of birth groups. Additionally, we detected
increased Muribaculaceae (coef 0.376, g-value=0.010 and 0.201, g-value=0.189)
and Streptococcus (coef 0.505, g-value =0.105 and 0.567, g-value =0.013) in
newborns™ meconium regardless of Pb source. Increasing maternal Pb was
associated with lower meconium Faecalibacterium (coef -0,005, g-value= 0) and
this same taxon was increased later in feces (coef 0.337, g-value= 0.241), illustrated
in Fig. S4. C and F.

Perfluoroalkyl chemicals (PFASS)

PFAS exposure mostly affected CS-preterm infants as As and Hg did. Increasing
PFAS levels in cord blood was associated with less alpha diversity (Pielou evenness)
in CS-preterm newborns (B -0.087, p=0.020) and increased diversity in CS-full-term
newborns (B -0.037, p= 0.090) trended toward significance, shown in Figure 5A. As
arsenic and Pb findings, increasing PFAS was associated with more fecal diversity
in EBF (B 0.116, p=0.009) and CS-EBF infants (3 0.120, p= 0.028). It seems the
global effect is due to CS birth as increasing PFAS did not affect VG-EBF infants —
or VG delivery is protective. Maternal PFAS recapped the effect of cord PFAS
within CS-preterm newborns with borderline significance (p -0.042, p=0.097) and
later, this same baby group had increased fecal diversity (B 0.196, p=0.054) Fig. S5.
A and D.

Differences in meconium beta diversity of all newborns were associated with
increasing PFAS in cord blood (R?2.14%, p= 0.064) with greater dissimilarity
among VG born (R?5.99%, p= 0.059), illustrated in the PCoA plot (calculated based
on Bray-Curtis distance), Figure 5B. PFAS cord effect on later fecal microbiome
was found among EBF infants (R? 10.3%, p= 0.023), as shown in the PCoA plot



51

(based on weighted UniFrac) in Figure 5E, and it was consistent with alpha diversity
findings. Hg exposure also affected the meconium of VG-born and feces of EBF
infants.

Interestingly, maternal PFAS seems to impact beta diversity of different baby groups
than cord PFAS did. PFAS in maternal blood exerted a strong effect on beta
diversity of CS-preterm newborns (R? 24.45%, p= 0.055), based on unweighted
UniFrac (Fig. S5. B). While later, maternal PFAS slightly moved all infants’ fecal
microbiome in the PcoA space (R?3.71%, p=0.002), calculated based on unweighted
UniFrac (Fig. S5. E). The effects’ differences between PFAS sources could be due to
higher mean levels found in maternal blood 3.66 (SD 3.33) compared to cord blood
1.36 (SD 1.14) (Table 2).

Next, we tested whether increasing levels of PFASs affected the taxa composition of
meconium and developmental feces (Figure 5 C and F). Newborns in the high cord
PFASs exposure group had many increased taxa in meconium and lacked
Bacteroides (p coef.: -0.158, g-value = 0.238) (Figure 5C). Besides, increasing
levels of cord PFAS was associated with more than 136 altered taxa in meconium of
newborns indirectly exposed to antibiotics during gestation (those were not included
in the heatmap). Later in developmental feces, very few taxa were affected by PFAS
exposure, but slightly more Megasphaera (coefcora.: 0.001, g-value=0 and
coefmaternal.: 0.004, g-value= 0) was found in feces, no matter PFAS source.

High maternal PFAS was associated with the depletion of up to 15 meconium taxa
and fecal taxa were found to be increased in the high maternal PFAS exposure
group. We also found a sustained increase of Gemella in meconium (p coef.: 0.120,
g-value = 0.212) and in developmental feces (B coef.: 0.473, g-value = 0.080) (Fig.
S5.Cand F).

Pyrethroids insecticides (PYR)

Further, we investigated if the presence of pyrethroids metabolites in maternal urine
was associated with alterations in infant meconium and fecal microbiome (Figure 6).
We found remarkably similar effects to what was found in As, Hg, PFAS, and DDT
exposures, although all cross-class pollutants correlations were weak or non-
significant (Table S2). Maternal exposure to pyrethroids was associated with more
meconium alpha diversity in vaginal births (B 0.114, p=0.079) and in newborns
indirectly exposed to antibiotics during gestation (B 0.330, p=0.096). In contrast, CS-
preterm newborns had less alpha diversity (B -0.2484, p=0.080) associated with
pyrethroid exposure (Figure 6A). Maternal pyrethroid exposure is associated with
increased fecal phylogenetic diversity in EBF babies only (B 1.196, p= 0.028),
consistent with beta diversity changes.

Maternal pyrethroid exposure is also associated with changes in meconium beta
diversity of VG delivered newborns (R? 6.32%, p= 0.028), as shown in the PCoA
plot based on weighted-UniFrac (Figure 6B). Pyrethroid exposure was associated
with higher fecal microbiome distances in EBF infants (R? 8.32%, p= 0.047)
compared to the PYR effect in non-EBF (R? 2.51%, p= 0.674), as shown by the
PCoA plot based on unweighted-UniFrac (Figure 6E).

Meconium taxa composition of PYR exposed newborns did not differ from the non-
exposed newborns, only Faecalibacterium was slightly decreased in meconium
samples from infants within the exposure group (coef.: -0.005, g-value = 0).
However, we detected an altered abundance of taxa later in developmental feces
associated with maternal PYR exposure as several Clostridium spp. and Veillonella

Spp.
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DDT

DDT exposure, both in cord and maternal blood, had only modest effects on
meconium and fecal microbiome. Like arsenic, Hg, and PFAS, cord DDT was
associated with increased meconium weighted-unifrac distance in CS-preterm
newborns (R%30.44%, p=0.046) while a non-significant effect was found among
full-term babies (R? 1.03%, p= 0.492), as shown in the PCoA plot (Figure 7B).
Regardless of source, DDT exposure was associated with higher Lachnospiraceae
(coef.corg: 0.318, g-value=0.204 and coef.matemai: 0.325, g-value=0.142) and
Faecalibacterium (coef.cora: -0,008, g-value= 0 and coef.materar: 0.005, g-value=0) in
meconium (Figure 7C and Fig. S7. C) and less Megasphaera (coef.cord: -0.017, g-
value= 0 and coef.matemal: -0,012, g-value= 0) in fecal samples (Figure 7F and
SFigure 7F). In addition, maternal DDT exposure was associated with differential
abundance of up to 45 meconium taxa (not included in the heatmap).

Summary of results

The higher exposure risk in this population was to metals, which were detected in
100% of the mother and newborn samples, followed by PFAS exposure, found in
92.5% of maternal blood and 70.4% of cord blood. While pesticides were detected in
around 30% of this population. As and Pb were above the levels reported in other
national and international studies (34). Unsurprisingly, metals exerted significant
changes in infants' microbiome while pesticides have only modest effects.

Figure 8 visualizes patterns of taxa composition and pollutants exposure.
Hierarchical clustering revealed the appearance of three taxa clusters in meconium.
The first composed of Veillonella, Muribaculaceae, Streptococcus, and
Haemophilus was found under the highest Pb and arsenic exposures. The second
taxa cluster, composed of Agathobacter, E. Shigella, Lachnospiraceae, Alistipes,
and Barnesiella was associated with increasing levels of Hg and Pb in cord blood.
The third taxa cluster composed of Lactobacillus, Erysipelatoclostridium,
Intestinibacter, and Bacteroides thetaiotaomicron was obseved in feces from infants
with maternal exposure to PYR and Hg. Notably, members of Faecalibacterium
responded to all maternal pollutants’ exposure and Megasphaera in feces was
affected across all cord pollutants except Cd. This could suggest similarities in the
interaction between pollutants and these bacteria.

Discussion

Emerging evidence suggests that gut microbiota is a key player to assess the toxicity
of environmental contaminants, although still not fully understood (35). In this
study, we conducted 16S rRNA gene sequencing on meconium and developmental
fecal samples from the PIPA birth cohort and identified that the impact of exposure
to environmental pollutants is compounded with the effect of early-life stressors on
the infant and the extent of changes in microbiome tended to be specific within a
particular baby group.

Pollutant exposure associations with altered meconium and fecal
microbiome in babies with early-life stressors.

Our results show that pollutants had a stronger effect on the meconium and
developmental fecal microbiome structure of infants delivered by C-section,
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including CS-preterm babies, as well as in infants that were indirectly exposed to
antibiotics during pregnancy. CS-born infants showed significant changes in their
meconium microbiome associated with high exposures of As, Pb, and PYR.
Notably, As and Pb lead to sustained changes observed in later feces within this
same baby group. Even stronger effects were found in CS-preterm newborns
associated with As, but also to Hg, PFAS, and DDT exposures, with long-lasting Hg
effect found later in developmental feces. Antibiotic exposure during pregnancy
was also associated with higher meconium alpha diversity in newborns exposed to
Hg, Pb and PYR, but the differences were not found in later feces.

It is recognized that CS- and preterm-born babies have lower microbiome diversity
(36) and in both cases, antibiotic administration either intrapartum or during preterm
newborn hospitalization are common practices (37). Our results show that exposure
to pollutants can exacerbate a prior disrupted microbiome and it may increase the
individual susceptibility to the toxicity of the pollutants (27).

The direct interaction between metals and gut bacteria has been explored in
antibiotic-treated and germ-free (GF) mice. These animal models excreted
significantly less arsenic, Cd, Pb, and Hg, and host bioaccumulation and toxicity
were confirmed by organ evaluation (38, 39). Remarkably, Coryell and coworkers
(2018) found that human gut microbiome transplant protects GF As3mt-KO mice
(dysfunctional in arsenic methylation) and the protection was related to
Faecalibacterium prausnitzii. Our results found decreased Faecalibacterium in
meconium of newborns in response to high cord arsenic and DDT exposure.

The microbiome can mitigate the xenobiotic toxicity by acting as a physical barrier,
by binding to the pollutant and decreasing its uptake and, by transforming into less
toxic compounds, among other mechanisms (40). In this study, we observed lower
impact in microbiome of the VG-delivered infants. Overall, they were less affected
among the studied baby groups. Hg, PFAS, and PYR exposures were associated
with changes in meconium beta-diversity in VG-born babies. While the observed
effects ranged from 9 to 6% in VG-born and the effects were not observed later in
infant feces. A greater effect on meconium was found in CS-preterm (R? ranged
from 24 to 30%) under PFAS exposure. Suggesting higher resilience of the VG-
delivered newborns' gut microbiome that could be attributed to the microbiome
structure and integrity of the gut epithelium barrier. Intestinal barrier maturity could
be another source of variability to explain the differences found within baby groups.
Increased immaturity and intestinal permeability are demonstrated in preterm infants
(41, 42).

Our findings add to growing evidence that components of the gut microbiome can
mitigate or exacerbate the toxicity of metals' exposure (27). Some microorganisms
can methylate Hg and increase its bioavailability, bacteria methylation capability is
often demonstrated within the Deltaproteobacteria class (43). We did not find any
taxa within this class to be affected by increasing levels of Hg. However, high cord
Arsenic and Cd were related to increased levels of beneficial bacteria such as
Bifidobacterium and Faecalibacterium and it could represent a mechanism of
protection exerted by the gut, a process termed as “gut remediation” (44). Bizans
and coworkers (2014) reported reduced blood levels of Hg and arsenic in pregnant
women after treatment with Lactobacillus rhamnosus. Members of Lactobacillus are
known to sequester, bind or store metals resulting in lower metal absorption by the
host and increased excretion via feces (44). Moreover, specific adaptations of rat’s
microbiota as overrepresentation of genes encoding the siderophore-binding protein
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were observed under metals exposure and the bacterial composition producing this
response was different for each metal.

This dynamic response and changes of the microbiota in response to pollutant
exposure inform our findings on the association between perinatal pollutant
exposure compounded with the effect of early-life stressors on the infant
microbiome perturbation and highlight the importance of the microbiota in
protection against pollutant toxicity.

Pollutant source and intensity of the effect on the meconium microbiome

Unlike arsenic results, in which maternal findings recapped cord results, we found
variability across sources of pollutants (Cd, Hg, PFAS, and DDT) and it makes
conclusions difficult.

Despite Cd being lower in concentration in cord blood compared to maternal blood,
it had a stronger effect on the meconium microbiome. We know from animal models
that the dose, duration of exposure, and developmental status of the animals lead to
distinct changes in microbiota composition (27). We observed decreased meconium
alpha diversity related to Cd exposure and changes in developmental feces were to
the opposite direction. Mice exposed to environmentally relevant (low) doses of Cd
did not show alpha diversity changes, unlike our findings whereas we did find a
decrease in meconium phylogenetic diversity. The authors described many affected
bacteria within the Clostridiaceae, Erysipelotrichaceae, and Lachnospiraceae
families, the last is known as a marker of health (45). Here, infants within the high
cord Cd exposure group had several differential abundances of OTUs consistent
with those (23). Additionally, we observed a sustained increase of the
Ruminococcaceae family in meconium sustained in later infant feces and, unlike
arsenic, a minor increase in Faecalibacterium was observed in infants meconium
within high Cd exposure. Disparate changes in rat bacterial communities were
previously attributed to differences in dosing, for example, low metal exposure was
associated with more alpha diversity while mid and high level with more alpha
diversity (24).

We found that PFAS in maternal blood was associated with changes in meconium
beta-diversity in CS-preterm newborns, while PFAS in cord blood affected
microbiome distances of VG-born babies. This is most likely given that PFAS levels
in maternal blood were higher than in cord blood also, birth groups had different
exposure levels, CS-born babies had significantly higher mean levels of cord PFAS
compared to VG-born infants. Iszatt and coworkers (2019) found that PFOS in
maternal milk was associated with changes in fecal beta-diversity (estimated by
unweighted UniFrac) of 1-month-old infants (18). They also reported more
Enterococcus and less Lactobacillus in infants in the high PFOA exposure group
accompanied by more propionic acid in the stool. In our study we found several
increased taxa in meconium associated with high PFAS in cord blood and
Megasphaera genus was consistently affected in feces, regardless of PFAS source.

Different from arsenic, DDT exposure is associated with modest changes in the
microbiome. Iszatt and coworkers (2019) also found few effects on the 1-month-old
fecal microbiome associated with DDT in breast milk; they reported an increase of
the genus Streptococcus. Anyway, our finding should be interpreted cautiously as
the exposure to the organochlorine metabolites was found to be low (n = 23; 25%) in
our population. So the modest impact could be due to low detection rate, not low
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toxicity. Also, comparisons with the effect of arsenic exposure should be made
cautiously. The effect of arsenic on gut microbiota was previously observed in
infants (28, 46) and several animal models (23, 24, 38). This is unsurprising given
that arsenic was used as an antimicrobial agent before the discovery of penicillin.
However, little is known about the effect of many other xenobiotics on the gut
microbiome. We found that exposure to DDT was mostly related to changes in
community composition as altered Lachnospiraceae and Faecalibacteriumin in
meconium and less Megasphaera in feces, no matter DDT source. Megasphaera
abundance is inversely associated with infant diarrheal cryptosporidiosis (47).

Breastfeeding is associated with a stronger pollutant effect on feces.

While the effect of the pollutants on the microbiome was mostly related to birth
mode and birth stressors. The effect of arsenic, Hg, Pb, PFAS, and PYR exposure on
developmental feces microbiome was associated with exclusive breastfeeding.
The effect of environmental pollutants on the gut microbiome of exclusively
breastfed infants was previously demonstrated (18). Although they haven’t
determined metals and pyrethroids insecticides in breast milk either we did in this
study, Cd assessment in breast milk was reported in Brazil (48) and other metals
(Cd, Pb, and arsenic) in other countries (49). This could allow us to consider that
the pollutant effect associated with breastfeeding is related to maternal milk
contamination. Or, in the case of arsenic, Pb, and PFAS exposure, the effect in
global breastfed infants (not stratified by birth mode) could be due to CS birth
because there was no effect in breastfed-VG delivered infants.

Some pollutants clustered and correlated with taxa clusters found in meconium
and developmental feces.

Hierarchical clustering of the taxa significantly altered by more than one pollutant
revealed some signature. Metals in cord blood were associated with two taxa clusters
in meconium: one composed of Veillonella, Muribaculaceae, Streptococcus, and
Haemophilus was found under the highest Pb and arsenic exposures.

The second taxa cluster, composed of Agathobacter, E. Shigella, Lachnospiraceae,
Alistipes, and Barnesiella was associated with increasing levels of Hg and Pb in cord
blood. Increased amounts of Bacteroidetes (e.g. Alistipes and Barnesiella) were
demonstrated after metal exposure, members within this phylum can exert direct
effects on metals as methylation, reduction, and oxidation (44). Pb is reported to
directly interact with gut bacteria in several different ways resulting in lower
bioavailability for the enterocyte uptake and increased excretion in feces. While
arsenic, in general, undergoes a chemical transformation as thiolation,
demethylation, and methylation resulting in more or less toxic forms. Bacteroides
(e.g. Muribaculaceae), Clostridium, Alistipes, and Bilophila are known to be arsenic
methylators (44).

Another taxa cluster composed of Lactobacillus, Erysipelatoclostridium,
Intestinibacter, and Bacteroides thetaiotaomicron was found in feces from infants
with maternal exposure to PYR and Hg. Erysipelatoclostridium is part of normal gut
microbiota but could become an opportunistic pathogen (50). Also, increased
Lactobacillus associated with high metal exposure could indicate detoxification and
gut remediation, numerous Lactobacillus strains have been shown to alleviates metal
toxicity through binding capacity in vitro and mouse models (44, 51).
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We found three different genera classified within the phylum Firmicutes affected by
most of the pollutants investigated. Members of Faecalibacterium responded to all
maternal pollutants and Megasphaera in feces was affected across all cord pollutants
except Cd. Veillonella was also significantly increased in meconium under arsenic,
Cd, Pb, and PFAS exposures and reminded increased in later feces with increasing
levels of all metals assessed. This could indicate similarities in the interaction
between pollutants and these bacteria.

Potential limitations of our study should be considered. The low number of fecal
sampling during the follow-ups did not allow stratification by timepoint. Even
though some strata such as exclusive breastfeeding, delivery mode within the
breastfeeding strata, and CS-born-preterm, exerted a great magnitude of association
with the pollutant effect. Although the study was limited in size regarding the
follow-up, the findings highlight the importance of more studies to improve our
understanding of pollutant exposure effects in microbiota development. In general,
studies restrict the study population to VG delivered and exclusively breastfed
infants, but other baby groups should be considered when evaluating the effect of
pollutant exposure as we observed that the effect may be compounded if the baby is
CS-born or CS-born-preterm. Even controlling for several potential confounders,
residual confounding due to unmeasured variables (e.g. maternal fecal diversity)
could explain part of the associations that we have described. Nevertheless, this
study deserves appreciation for evaluating a vast array of environmental pollutants
and their effect on the developmental microbiome and for considering different baby
groups in this association. Moreover, even analyzing a developmental microbiota,
recognized for its high variability and, for still being reflective of the birth mode, we
could identify some microbiome signatures.

In conclusion, our study shows that maternal exposure to pollutants — at the late
gestational period and during birth - associates with alterations in the infant’s
microbiome development. Also, early life stressors were found to aggravate the
pollutant effect on microbiome. Microbiome alterations found in fecal samples from
breastfed infants suggest exposure via breastmilk. Future studies should use
metabolomics to identify microbiota functional alterations and to address the
mechanisms underlying pollutants toxicity.

Methods

Study population

We used longitudinal data from the pilot study of the PIPA Project (The Rio Birth
Cohort Study of Environmental Exposure and Childhood Development) conducted
in a public School Maternity located in Rio de Janeiro, Brazil, between October
2017 and August 2018 (52). Briefly, a cohort of pregnant women (n = 142) during
the third trimester of pregnancy was enrolled in a birth cohort study to investigate
the effects of environmental pollutants on maternal-child health. The study
population was all consented pregnant women who delivered their offspring at the
School Maternity (n = 131).

Sample collection

At enrolment, pregnant women were at the 28th and 32nd weeks of gestation and
had blood, urine, and questionnaire-derived information collected. The enrollment
questionnaire and birth form were designed to collect data on the prevalence and
pattern of environmental pollutant exposure, sociodemographic and clinical
information. It was applied by trained interviewers and encompassed questions on
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demographic characteristics (per-capita family income, ethnicity, age, and
educational attainment), diet, smoking and alcohol habits, drug consumption, and
physical activity.

At the time of delivery, umbilical cord blood and meconium samples were collected,
and a birth form with clinical information concerning the newborn was filled up by
copying birth health records from the hospital charts.

Fecal samples were collected during the follow-up visits which consisted of a
clinical evaluation by the study team comprising pediatricians, physiotherapists,
nutritionists, and nurses. This sampling and monitoring were performed at the 1%,
3" and 6" months of age, and growth, respiratory and neurological systems were
evaluated.

Exposure assessment to environmental pollutants

A total of 49 environmental chemicals were quantified in maternal third-trimester
blood and urine, and umbilical cord blood samples. Twenty-four organochlorine
pesticides; 17 polychlorinated biphenyls (PCBs); the metalloid arsenic and three
metals, cadmium (Cd), lead (Pb), and mercury (Hg); two metabolites of pyrethroid
insecticides (3-PBA [3-phenoxybenzoic acid] and 4-FPBA [4-fluor 3-phenoxy
benzoic acid]) and; two perfluoroalkyl chemicals (PFAS: perfluorooctanoic acid
[PFOA] and perfluorooctanesulfonic acid [PFOS]). However, only metals,
pyrethroids, DDT metabolites, and PFAS were detected in over 25% of this
population and were included in the analysis. For analysis proposes, PFAS will be
presented as the sum concentration of PFOA and PFOS, pyrethroids as the sum
concentration of 3-PBA and 4-FPBA, DDT in umbilical cord blood as the sum
concentration of 2,4’-DDT, 4,4’-DDE and 4,4’-DDT and, DDT in maternal blood as
the sum concentration of 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT.

The metals analysis was carried out at the National Institute of Quality Control in
Health Laboratory (INCQS) using inductively coupled plasma-mass spectrometry
(ICP-MS) technique. PFAS, pyrethroid metabolites, organochlorine pesticides, and
PCBs were performed at the Fiocruz Toxicology Laboratory using liquid
chromatographic analysis coupled to a sequential mass spectrometer with a triple
quadrupole detector (LC/MS). All pollutants were assessed in maternal and cord
blood samples except the pyrethroid metabolites which were determined in maternal
urine. The metal’s limits of detection (LOD) were: Pb 0.015 ug/dL, Hg 0.007 ug/L,
Cd 0.002 pg/L, As 0.003 pg/L; DDT’s metabolites LOD ranged from 0.02 to 0.07
ng/mL and; PFAS LOD were: PFOA: 0.07 ng/mL and PFOS: 0.24 ng/mL and;
pyrethroid’s metabolites LOD were 3BPA: 0.06 ng mL—1 and 4FPBA: 0.05 ng mL—
1. For values below the LODs, we imputed the square rooted divided per LOD.
When imputation was greater than 50%, the variables were categorized as
exposed/non-exposed. The metals and PFAS were analyzed as continuous variables,
DDT and pyrethroids were categorized.

Microbiome analysis and statistics

Neonate fecal DNA extraction and library preparation were performed according to
the Earth Microbiome Project (EMP) standard protocols described on the website
(http://press.igsb.anl.gov/earthmicrobiome/protocols-and-standards/). Briefly, DNA
from the meconium and fecal samples were extracted using the DNeasy PowerSoil
HTP Kit according to the manufacturer's instructions. The V4 region of the 16S
rRNA gene of the DNA extracted was amplified with a set of primers and molecular
markers. PCR products with expected fragment size were cleaned using the
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UltraClean-htp 96-well PCR Cleanup kit (QIAGEN), and the 16S amplicons were
sequenced on an Illumina HiSeq platform at the Dept. of Biochemistry and
Microbiology located at Rutgers University (NJ/USA).

A total of 4,941,932 sequences were obtained from 160 samples, with a minimum of
485 sequences per sample, a maximum of 164,832 frequencies per sample, a median
of 30,732 frequencies per sample, and an average of 30,887 frequencies per sample.
For comparisons across samples with different sequencing depths, analysis of
meconium and fecal communities was rarefied to 5,000 reads per sample leading to
12 meconium samples being removed due to naturally low total bacterial load
present in this sample type, resulting in 94 meconium samples included in the
analysis.

Sequences were demultiplexed and denoised and the operational taxonomic units
(OTUs) were assigned using SILVA database. Alpha diversity for each sample and
distances between samples (beta diversity) were calculated using QIIME pipeline
(53). Alpha diversity or within-sample diversity was measured using Pielou
evenness, Faith’s phylogenetic distance (PD), and Shannon index.

The unweighted/weighted UniFrac distances and the Bray-Curtis similarity data
were calculated to obtain the pairwise beta diversity. UniFrac incorporates
phylogenetic information when determining the distance between OTUs, weighted
UniFrac also takes relative abundance into account while Bray-Curtis is aware of
relative abundance but not phylogeny.

Covariates

The adjusted model of meconium included these three variables: delivery mode
(Caesarean-section/Vaginal), preterm delivery (< 37 weeks gestation) (Yes/No),
antibiotic use during gestation (Yes/No). The adjusted model of developmental feces
included delivery mode, preterm delivery, exclusive breastfeeding (Yes/No), and
infant age (week06, week14, week28). None of the infants received antibiotics
during the stool collection period.

Statistical analysis

To evaluate correlation within and between classes of pollutants Spearman’s rank
correlation coefficients were assessed.

To determine significant differences between alpha diversity metrics and pollutants
exposure multiple linear regression models were carried out. We tested for
significant differences in beta diversity metrics with Permutational Multivariate
Analysis of Variance (PERMANOVA) using the R package vegan (54) to test the
significance with 999 permutations and visualized with principal coordinates
analysis (PCoA). This analysis also reports R? (effect size) and p-values, in which R?
values of different factors affecting distances are directly comparable.

The Maaslin2 R package (Microbiome Multivariable Association with Linear
Models) (55) was performed to detect overrepresented/depleted bacterial taxa in
pollutant exposure comparisons with correction for false discoveries (g-value < 0.25;
g-value are FDR-adjusted p-values as computed by MaAsL.in). The significantly
altered taxa were then used for the construction of the heatmaps and hierarchical
clustering, using the package “ComplexHeatmap” (56) (R software). For better
visualization of the relative differences, the OUT counts were log-transformed.

All alpha and beta diversity models were carried out combined (all
newborns/infants) and stratified analyses were conducted to evaluate the potential
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modifying effect of the covariates. Interaction factors were included in the models
indicating stratification when p<0.05.

Construction of baby groups: For meconium analysis, newborns were separated into
seven groups: vaginal born (VG), cesarean-section born (CS), CS and preterm born
(CS-preterm), CS and full-term born (CS-full term), full-term, indirectly exposed to
antibiotic during pregnancy (AT yes) and non-exposed (AT no). For developmental
feces analysis, infants were separated in nine groups: vaginal born (VG), cesarean-
section born (CS), CS and preterm born (CS-preterm), exclusively breastfed (EBF),
EBF and VG born (EBF-VG), EBF and CS born (EBF-CS), overall non-breastfed
(non-EBF), non-EBF and VG born (non-EBF-VG), non-EBF and CS born (non-
EBF-CS).
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Tables and Figures

Table 1. Information of the infant-mother dyad cohort. PIPA Project, 2017—

2018, Rio de Janeiro/Brazil.

Birth and infants’

Maternal characteristics N (%) I N (%)
characteristics

Age (years) Delivery mode

<24 39 (41.5) | Vaginal 39 (41.5)

25-31 24 (25.5) | C-section 55 (58.5)

>32 31 (33.0) | Gestational age

Ethnicity Full-term 86 (91.5)

Non-white 71 (75.5) | Pre-term 8 (8.5)

White 21 (22.3) | Sex

Educational level (years) Female 40 (42.6)

<12 36 (39.1) | Male 53 (56.4)

> 12 56 (60.9) | Birth weight

Family income?! Low birth weight 8 (8.5)

<R$1.700,00 29 (36.3) | Adequate birth weight 77 (81.9)

R$1.701,00 — 3.000,00 31 (38.8) | High birth weight 9 (9.6)

> R$3.000,00 20 (25) | Feeding practice

Pre-pregnancy BMI Firth follow-up

<185 2 (2.4) Exclusive breastfed 11 (61.1)

18,5-24,9 40 (47.1) | Non-Exclusive breastfed 7 (38.8)

25-25,9 30 (35.3) | Second follow-up

>30 13 (15.3) | Exclusive breastfed 7 (41.2)

Antibiotic use during Non-exclusive breastfed 10 (58.8)

pregnancy Third follow-up?

No 85(90.4) | Appropriate 9 (47.4)

Yes 9 (9.6) Inappropriate 10 (52.6)

11 US dollar corresponds to nearly 1.39 Brazilian currency.
2 Feeding practice in the third follow-up was classified according to WHO
recommendation for infants at >6 months of age.



Table 2. Levels of environmental pollutants assessed in maternal blood, urine, and umbilical cord blood. PIPA

Project, 2017-2018, Rio de Janeiro/Brazil.

Pollutants Sample N N>LOD Mean (SD) Min P25 P50 P75 Max Rho p-value

Metals

Arsenic Maternal blood 93 93 11.40(4.83) 0.33 885 11.21 1319 36.49 0.673 0.000
Cord blood 90 90 10.87 (3.16) 49 844 1092 1290 19.95

Cadmium Maternal blood 93 93 1.39 (3.15) 001 019 045 094 2244 0.588 0.000
Cord blood 90 90 1.12 (2.45) 001 021 043 091 169

Lead Maternal blood 93 93 451 (2.55) 111 255 412 579 1465 0.641 0.000
Cord blood 90 90 4.44 (2.78) 143 290 376 490 16.03

Mercury Maternal blood 93 93 2.74 (2.77) 033 067 125 449 1333 0.677 0.000
Cord blood 90 90 1.54 (1.31) 035 070 099 216 6.39

PFAS Maternal blood 93 86 366(3.33) 022 107 240 6.18 13.35 0.348 0.000
Cord blood 88 62 1.36 (1.14) 022 022 114 196 545

DDT Exposed Non-exposed - - - -
Maternal blood 93 26 26 (27.7%) 67 (71.3) - -
Cord blood 92 23 23 (25%) 69 (75%) - -

> Pyrethroids Maternal urine 93 31 31 (33.3) 62 (66.7) - - - -

Metals units are pg/L except for lead, which is pg/dL; pyrethroids: ng mL-1; DDT and PFAS: ng/mL
Metals limits of detection: Pb 0.015 pg/dL; Hg 0.007 pg/L; Cd 0.002 pug/L; As 0.003 pg/L

DDT’s metabolites limits of detection: 0.02 to 0.07 ng/mL

PFAS limits of detection: PFOA: 0.07 ng/mL; PFOS: 0.24 ng/mL
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Fig. 1. The meconium and fecal microbiome structures with increasing arsenic in cord blood.
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Increasing levels of arsenic in cord blood associate with infant developmental microbiome alterations. A and D) The point indicates the
estimate of cord arsenic effect on alpha diversity within each baby group, the horizontal thicker band represents the 90% CI and the thin 95% ClI;
B) Principal Coordinate Analysis (PcoA) using the weighted UniFrac distance metric, the arrow indicates the effect of cord arsenic on the PcoA

plot, the ellipses and colors indicates preterm delivery (yes/no); E) the ellipses were calculated for delivery mode (c-section/vg) and the colors

indicates EBF status (non-EBF/EBF); C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with increasing arsenic in cord

blood by birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding factors (see
Methods). All meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic
exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mode
(c-section/vg). Arsenic unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery. Taxa in bold indicate sustained alteration from

meconium to fecal samples and + means that taxon was equally affected regardless of the pollutant source.
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Fig. 2. The meconium and fecal microbiome structures with increasing cadmium in cord blood.
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Increasing levels of cadmium in cord blood associate with infant developmental microbiome alterations. A and D) The point indicates the
B estimate of cord cadmium effect on alpha diversity within each baby group, the horizontal thicker band represents the 90% CI and the thin
95% CI; B) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac distance metric (weighted UniFrac not significant), the arrow
indicates the effect of cord cadmium on the PcoA plot; E) PCoA using weighted UniFrac, the ellipses were calculated for delivery mode (c-
section/vg) and the colors indicates EBF status (non-EBF/EBF); C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with
increasing cadmium in cord blood by birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for
confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no),
and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF,



yes/no) and/or delivery mode (c-section/vg). Cadmium unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery. Taxa in bold indicate
sustained alteration from meconium to fecal samples and + means that taxon was equally affected regardless of the pollutant source.

Fig. 3. The meconium and fecal microbiome structures with increasing mercury in cord blood.
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Increasing levels of mercury in cord blood associate with infant developmental microbiome alterations. A) Meconium alpha diversity did
not show significant differences; B) Principal Coordinate Analysis (PCoA) using the weighted UniFrac distance metric, the arrow indicates the
effect of cord mercury on the PcoA plot, the ellipses were calculated for delivery mode (c-section/vg); C and F) Shown is a heatmap of the taxa
(y-axis) significantly associated with increasing mercury in cord blood by birth groups and breastfeeding status (x-axis) using generalized linear
models (Maaslin) adjusted for confounding factors (see Methods); D) The point indicates the 3 estimate of cord mercury effect on alpha
diversity within each baby group, the horizontal thicker band represents the 90% CI and the thin 95% CI; E) PCoA using the unweighted
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UniFrac distance metric, the arrow indicates the effect of cord mercury on the PcoA plot, the ellipses were calculated for preterm delivery
(yes/no). All meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic
exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mode
(c-section/vg). Mercury unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery. Taxa in bold indicate sustained alteration from
meconium to fecal samples and + means that taxon was equally affected regardless of the pollutant source.

Fig. 4. The meconium and fecal microbiome structures with increasing lead in cord blood.
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Increasing levels of lead in cord blood associate with infant developmental microbiome alterations. A) The point indicates the  estimate of
cord lead effect on alpha diversity within each baby group, the horizontal thicker band represents the 90% CI and the thin 95% CI; B) Principal
Coordinate Analysis (PCoA) using the unweighted UniFrac distance metric (weighted UniFrac not significant), the arrow indicates the effect of
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cord lead on the PcoA plot, the ellipses were calculated for delivery mode (c-section/vg); C and F) Shown is a heatmap of the taxa (y-axis)
significantly associated with increasing lead in cord blood by birth groups and breastfeeding status (x-axis) using generalized linear models
(Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-section/vg), and/or preterm
delivery (yes/no), and/or maternal antibiotic exposure (yes/no). Lead unit is (ug/dL). EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not
significant. Taxa in bold indicate sustained alteration from meconium to fecal samples and  means that taxon was equally affected regardless of

the pollutant source.

Fig. 5. The meconium and fecal microbiome structures with increasing PFAS in cord blood.
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B e E) Principal Coordinate Analysis (PCoA) using (b) Bray-Curtis and (e) weighted UniFrac distance metrics, the arrow indicates the effect of
cord PFAS on the PcoA plot, the ellipses were calculated for delivery mode (c-section/vg) and EBF status (non-EBF/EBF); C and F) Shown is a
heatmap of the taxa (y-axis) significantly associated with increasing lead in cord blood by birth groups and breastfeeding status (x-axis) using
generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-
section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week6,
week14 and week?28) and/or infant diet (EBF, yes/no) and/or delivery mode (c-section/vg) and/or preterm delivery (yes/no). PFAS unit is
(ng/mL). EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate sustained alteration from meconium to
fecal samples and  means that taxon was equally affected regardless of the pollutant source.



Fig. 6. The meconium and fecal microbiome structures with Pyrethroids in maternal urine.
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Increasing levels of PYR in maternal urine associate with infant developmental microbiome alterations. A and D) The point indicates the
B estimate of maternal PYR effect on alpha diversity within each baby group, the horizontal thicker band represents the 90% CI and the thin 95%
ClI; B) Principal Coordinate Analysis (PCoA) using the Bray-Curtis metric, colors and ellipses were calculated for delivery mode (c-section/vg),

split by pyrethroid exposure; E) PCoA using unweighted UniFrac metric, colors and ellipses were calculated for EBF status (non-EBF/EBF),

split by pyrethroid exposure; C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with increasing PYR in maternal urine by

birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All
meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure
(yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mode (c-

section/vg) and/or preterm delivery (yes/no). PYR unit is ng mL -1. EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa



in bold indicate sustained alteration from meconium to fecal samples and  means that taxon was equally affected regardless of the pollutant

source.

Fig. 7. The meconium and fecal microbiome structures with DDT in cord blood.
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Increasing levels of DDT in cord blood associate with infant developmental microbiome alterations. A and D) Alpha diversity not
significantly affected; B) Principal Coordinate Analysis using weighted UniFrac metric, the ellipses were calculated for pre-term delivery
(yes/no), split by DDT exposure; C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with DDT in cord blood (yes/no) by
birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All
meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure

73



(yes/no). DDT unit is ng mL -1. EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate sustained
alteration from meconium to fecal samples and + means that taxon was equally affected regardless of the pollutant source.

Fig. 8. The meconium and fecal altered taxa across pollutants.
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Pollutants assessed in umbilical cord blood and B) pollutants assessed in maternal blood and urine.



SUPPLEMENTAL FILES

Table S1.

Correlation within and between classes of pollutants in umbilical cord blood. PIPA Project, 2017-2018, Rio de Janeiro/Brazil.

Arsenic Cadmium Lead Mercury PFAS

Arsenic rho 1.000 0.174 0.173  -0.243" 0.113

P value 0.102 0.104 0.021 0.302

N 90 90 90 90 85

Cadmium rho 0.174 1.000 0.290™  0.395™ -0.106

P value 0.102 0.006 0.000 0.334

N 90 90 90 90 85

Lead rho 0.173 0.290" 1.000  0.302™ -0.052

P value 0.104 0.006 0.004 0.640

N 90 90 90 90 85

Mercury  rho -0.243" 0.395" 0.302™ 1.000 -0.207

P value 0.021 0.000  0.004 0.057

N 90 90 90 90 85

PFAS rho 0.113 -0.106  -0.052 -0.207 1.000
P value 0.302 0.334  0.640 0.057

N 85 85 85 85 88
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Table S2.

Correlation within and between classes of pollutants in maternal blood and urine. PIPA Project, 2017-2018, Rio de

Janeiro/Brazil.

Arsenic Cadmium Lead Mercury PFAS Pyrethroid

Arsenic rho 1.000 0.205° 0.215° 0.381™ 0.109 0.315™

P value 0.049 0.038 .000 0.298 0.002

N 93 93 93 93 93 93

Cadmium rho 0.205 1.000 0.503™  0.289™ 0.203 0.047

P value 0.049 0.000 0.005 0.051 0.656

N 93 93 93 93 93 93

Lead rho 0.215" 0.503™ 1.000 0.560™ -0.047 0.114

P value 0.038 0.000 0.000 0.653 0.277

N 93 93 93 93 93 93

Mercury  rho 0.381 0.289” 0.560™ 1.000 -0.006 0.254"

P value 0.000 0.005 0.000 0.957 0.014

N 93 93 93 93 93 93

PFAS rho 0.109 0.203 -0.047 -0.006 1.000 -0.001

P value 0.298 0.051  0.653 0.957 0.993

N 93 93 93 93 93 93

Pyrethroid rho 0.315™ 0.047 0.114 0.254" -0.001 1.000
P value 0.002 0.656 0.277 0.014 0.993

N 93 93 93 93 93 93
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Table S3.

Distribution of diversity metrics in infant meconium and fecal samples. PIPA Project, 2017-2018, Rio de

Janeiro/Brazil.

N min. mean Median (SD) max.
Shannon Index
meconium 94 0.21 2.73 2.71 (1.34) 6.40
feces 54 0.49 2.55 2.50 (0.82) 4.17
Phylogenetic
meconium 94 2.85 8.22 8.36 (3.05) 19.29
feces 54 2.74 4.79 4.60 (0.91) 7.04
Pielou
Evenness
meconium 94 0.05 0.45 0.47 (0.18) 0.77
feces 54 0.12 0.48 0.49 (0.13) 0.69
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Fig. S1.

The meconium and fecal microbiome structures with increasing arsenic in maternal blood.

Meconium
A) Evenness B) Weighted Unifrac C) Meconium affected taxa
| Pl fullterm
| i) TN > cspreterm + Erysipelatoclostridium.s_.otu_52
== = - _-otu_
H 4] & \
' S ;. A 2 \ + Muribaculaceae.otu_1635
R g 7 . )
: § /
= ——i—— : 3 / + Veillonella.s_.otu_965
& | o / _-otu_
@ ' e / f
a : ] .
& : - / ‘e o / +T) Ila..otu_1940
© : . / yzzere e
e - ;fu / S o ttete a"’f‘k /
2 : E / MatbralArsent: ’/ / - Faecalibacterium.s_.otu_347t
[} b 5 b
s g e
s Rl = )
\\ // CS-preterm
\\\ //‘/ R?30.3% I Arsenic Exposure
‘ S Pr(>F) 0.053 irth
-0.06 -0.04 -0.02 0.00 0.02 1 0 1 — BiEttiGroups
Estimate PC1: 30.1% explained variation
Feces
D) Evenness E) Weighted Unifrac F) Fecal affected taxa
: it " "
R » . Maternal Arsenic + Clostridium.butyricum.otu_244
_:.(p - s +Veillonella.s_.otu_958
| e v s
o S0 C P -
g ' T § :.0 e + Clostridium.butyricum.otu_246 ¥
] H g o .
] -’-‘ : e + Clostridium.sensu.stricto.otu_255
ot 4 3o . L
= ' ~ e .
c & ° + Parabacteroides.distasonis.otu_1169
3 ]
= &N.05
g Q - Megasphaera.otu_944
R2 7(:855% R(;Sg-gg;% I ArsenicExposure
10- Pri>F)0.067 0o0s1 NN NN NEEN B BN B GithGroups
‘ . R : N =EH B i
-0.025 0.000 0.025 0.050 15 10 -05 0.0 05 10 Excldsivebreasticed
: PC1: 32.19% explained variation
Estimate

BandE

* full-term
&~ cs-preterm
&~ c-section bom
*- non-EBF

vg bomn
- EBF

CandF

vg born

78

Fig. S1. A and D) The point indicates the B estimate of maternal arsenic effect on alpha diversity within each baby group, the horizontal thicker

band represents the 90% CI and the thin 95% CI; B) Principal Coordinate Analysis (PCoA) using the weighted UniFrac distance metric, the
arrow indicates the effect of maternal arsenic on the PcoA plot, the ellipses and colors indicates preterm delivery (yes/no); E) the ellipses were
calculated for delivery mode (c-section/vg) and the colors indicates EBF status (non-EBF/EBF); C and F) Shown is a heatmap of the taxa (y-
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axis) significantly associated with increasing arsenic in maternal blood by birth groups and breastfeeding status (x-axis) using generalized linear
models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-section/vg), and/or
preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week?28)
and/or infant diet (EBF, yes/no) and/or delivery mode (c-section/vg). Arsenic unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery.
Taxa in bold indicate sustained alteration from meconium to fecal samples and T means that taxon was equally affected regardless of the

pollutant source.

Supplemental material supporting Fig. 1. The meconium and fecal microbiome structures with increasing arsenic in cord blood.

Supp. A) Shannon

Model

Estimate

S Table B) Effect of umbilical cord
arsenicon meconium B-diversity by
preterm delivery status.

CS-preterm Full-term
N=8 N=82
R2 29.9% 0.48%
Pr(>F) 0.067 0.858

S Table E) Effect of umbilical cord arsenic on
developmental feces B-diversity by delivery mode
and BF status.

Vag CS | VAG-EBFy = CS-EBFy
N=15 | N=34 N=7 N=11
R2| 740% | 78.5% | 93.9% | 99.7%
Pr{>F) | 0270 | 0062 | 0432 0.047

Supplemental material supporting Fig. S1. The meconium and fecal microbiome structures with increasing arsenic in maternal blood.

S Table B) Effect of maternal arsenic on
meconium B-diversity by preterm delivery
status.

CS-preterm Full-term
N=8 N=85
R2 30.3% 1.00%
Pr(>F) 0.053 0.491

S Table E) Effect of maternal arsenic on
developmental feces B-diversity by delivery mode
and BF status.

Vg | C-sec | EBFy-VAG = EBFy-CS
N-18 | N=34 N=7 N=11
R2 | 70.1% | 78.5% | 94.0% 99.7%

Pr(>F) [ 0.095 | 0.067 | 0.448 0.041




Fig. S2.
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The meconium and fecal microbiome structures with increasing cadmium in maternal blood.
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Fig. S2. A and D) The point indicates the  estimate of cord cadmium effect on alpha diversity within each baby group, the horizontal thicker
band represents the 90% CI and the thin 95% CI; B) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac distance metric
(weighted UniFrac not significant), the arrow indicates the effect of cord cadmium on the PcoA plot; E) PCoA using weighted UniFrac, the
ellipses were calculated for delivery mode (c-section/vg) and the colors indicates EBF status (non-EBF/EBF); C and F) Shown is a heatmap of
the taxa (y-axis) significantly associated with increasing cadmium in cord blood by birth groups and breastfeeding status (x-axis) using
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generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-
section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week6,
week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mode (c-section/vg). Cadmium unit is ug/L. EBF, exclusive breastfeeding;

vg, vaginal delivery. Taxa in bold indicate sustained alteration from meconium to fecal samples and  means that taxon was equally affected
regardless of the pollutant source.

Supplemental material supporting Fig. 2. The meconium and fecal microbiome structures with increasing cadmium in cord blood.

S Table B) Effect of umbilical cord cadmium

on meconium B-diversity by gestational age. S Fig. F) Fecal affected taxain
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Supplemental material supporting Fig. S2. The meconium and fecal microbiome structures with increasing cadmium in maternal blood.
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Fig. S3.

The meconium and fecal microbiome structures with increasing mercury in maternal blood.
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Fig. S3. A and D) The point indicates the § estimate of maternal mercury effect on alpha diversity within each baby group, the horizontal thicker
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band represents the 90% CI and the thin 95% CI; B e E) Principal Coordinate Analysis (PCoA) using the weighted UniFrac distance metric, the
arrow indicates the effect of maternal mercury on the PcoA plot. In B, the ellipses were calculated for delivery mode (c-section/vg) and, in E for

EBF status (yes/no); C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with increasing mercury in maternal blood by
birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All
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meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure
(yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mode (c-
section/vg) and/or preterm delivery (yes/no). Mercury unit is (ug/L). Taxa in bold indicate sustained alteration from meconium to fecal samples
and 1 means that taxon was equally affected regardless of the pollutant source.

Supplemental material supporting Fig. 3. The meconium and fecal microbiome structures with increasing mercury in cord blood.
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Supplemental material supporting Fig. S3. The meconium and fecal microbiome structures with increasing mercury in maternal blood.
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Fig. S4.

The meconium and fecal microbiome structures with increasing lead in maternal blood.
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Fig. S4. A and D) The point indicates the 8 estimate of maternal lead effect on alpha diversity within each baby group, the horizontal thicker
band represents the 90% CI and the thin 95% CI; C e F) Shown is a heatmap of the taxa (y-axis) significantly associated with increasing lead in
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maternal blood by birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding factors (see

Methods); E) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac distance metric, the arrow indicates the effect of maternal
lead on the PcoA plot. All meconium models were adjusted for delivery mode (c-section/vg), and/or preterm delivery (yes/no), and/or maternal
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antibiotic exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yes/no) and/or
delivery mode (c-section/vg) and/or preterm delivery (yes/no). Lead unit is (ug/dL). EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not
significant. Taxa in bold indicate sustained alteration from meconium to fecal samples and + means that taxon was equally affected regardless of
the pollutant source.

Supplemental material supporting Fig. 4. The meconium and fecal microbiome structures with increasing lead in maternal blood.
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Supplemental material supporting Fig. S4. The meconium and fecal microbiome structures with increasing lead in maternal blood.
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Fig. S5.

The meconium and fecal microbiome structures with increasing PFAS in maternal blood.
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Fig. S5. A and D) The point indicates the 3 estimate of maternal PFAS effect on alpha diversity within each baby group, the horizontal thicker
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band represents the 90% CI and the thin 95% CI; B e E) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac metric, the arrow
indicates the effect of maternal PFAS on the PcoA plot, the ellipses were calculated for preterm delivery (yes/no); C and F) Shown is a heatmap

of the taxa (y-axis) significantly associated with increasing PFAS in maternal blood by birth groups and breastfeeding status (x-axis) using

generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for delivery mode (c-



section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week6,
week14 and week?28) and/or infant diet (EBF, yes/no) and/or delivery mode (c-section/vg) and/or preterm delivery (yes/no). PFAS unit is
(ng/mL). EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate sustained alteration from meconium to
fecal samples and  means that taxon was equally affected regardless of the pollutant source.

Supplemental material supporting Fig. 5. The meconium and fecal microbiome structures with increasing PFAS in cord blood.
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Supplemental material supporting Fig. S5. The meconium and fecal microbiome structures with increasing PFAS in maternal blood.
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Supplemental material supporting Fig. 6.

The meconium and fecal microbiome structures with increasing PYR in maternal urine.
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Fig. S7.

The meconium and fecal microbiome structures with DDT in maternal blood.
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Fig. S7. Alpha and beta diversity not significantly affected; C and F) Shown is a heatmap of the taxa (y-axis) significantly associated with DDT

in maternal blood (yes/no) by birth groups and breastfeeding status (x-axis) using generalized linear models (Maaslin) adjusted for confounding
factors (see Methods). DDT unit is ng mL -1. EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate
sustained alteration from meconium to fecal samples and T means that taxon was equally affected regardless of the pollutant source.



Supplemental material supporting Fig. S7. The meconium and fecal microbiome structures with increasing DDT in cord blood.
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5. O CONSUMO MATERNO DE ALIMENTOS DE ACORDO COM O GRAU DE
PROCESSAMENTO, DIVERSIDADE ALIMENTAR E A CONTRIBUICAO DE
FATORES SOCIODEMOGRAFICOS.

Este capitulo apresenta o artigo “Food consumption according to the degree of processing,
dietary diversity and socio-demographic factors among pregnant women in Rio de Janeiro,
Brazil: The Rio Birth Cohort Study of Environmental Exposure and Childhood Development
(PIPA project)”. Este artigo foi publicado no periddico Nutrition and Health em 2020.

Para citacdo: Naspolini NF, Machado PP, Frées-Asmus CIR, Camara VM, Moreira JC,
Meyer A. Food consumption according to the degree of processing, dietary diversity and
socio-demographic factors among pregnant women in Rio de Janeiro, Brazil: The Rio Birth
Cohort Study of Environmental Exposure and Childhood Development (PIPA project). Nutr
Health. 2021 Mar;27(1):79-88. doi: 10.1177/0260106020960881. Epub 2020 Oct 19. PMID:
33076740.
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Abstract

Background: Relevant evidence has addressad the negative impact of food processing on health. However, maternsl
ultra-processed food consumption is poorly investigated. Alm: To analyze food corsumption acearding vo the degree of
foad processing, dietary diversity, and associated socio-demographic factors during pregnancy. Methods: Cross-
sectional data was waken from a birth cohort in Rio de Janeiro, Brazil, with 142 pregnant women. Yye assessed diet
using a qualivative food frequency guestionnaire and elassified food items sccording vo the MOWVA clasificstion system as
non-ultra-procesed-foods and wlra-processed-fosds. Mon-ultra-processed-food and ulra-processed-food scores warea
calculaved, reflecting weekly inmke of more than one subgroup. Dietiry diversity of the non-ulra-processed-food dist
fraction was deseribed acearding o the Food and Agriculture Organization guidelines. The asseciation berween food
consurmption and socio-demagraphic facoors were investigated using logistic regression models. Resuls: Over 60% of the
pregnant women reported consumption of at least three non-ultra-processed-food groups. However, only 25% had
adequare dietary diversity. The level of education (Complere high school odds ratio, 5.36; 95% confidence interval, 1.73—
16.65) wias associped with regular intake of “meat and egge” Among the ultra-procesded-food seore, I7% of the par-
teipants described a weskly consumption of at least owa ulra-processed-food subgroups. VWhite women (odds ratie,
163, 95% confidence imterval, | 05—6.63) kad a higher chance of reporting “packaged ready meals” consumption.
Conclusions: This study shows a high weekly consumption of ultra-processed-food subgroups and low dietary diversicy
of the non-ultra-processed-food fraction of the diet of pregnant women in Brazil. Our resuls elucidave dhe influence of
socio-demographic characteristics on diet quality during pregnancy.
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Introduction

The hypothesis thar early nuirition is part of the program-
ming of obeaity and azsociated co-morbidities at later ages

is likely to be muoliifactorial. It has been demonstrated that
materal diet and lifestyle factors during the fietal period
and early life are related to long-lasting fefal programiming
and might affect the risk of non-communicable diseases in
adultbood (Ofha et al, 20013; Koleizko et al, 2002).
Moreover, the global prevalence of obesity in children and
adolesceniz has increased around 1005 in the last four
decades and has achieved about a 2000 rize in several
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low- and middle-income countries, including Brazil (MNCD-
RisC, 201 7).

Industrial food processing is now shaping global food
gysiems and 15 a key determinant of diet and healih (Baker
et al, 2020). A food classification system based on the
natare, extent, and purpose of food processing, named
NOVA, has been applied worldwide o understand the
impact of modern industrial food gystems on human health
(Monteiro et al., 2008). NOVA claszifies foods into four
groups: unpeocessed and minimally processed foods; pro-
cessed culinary ingrediems; processed foods; and oliea-
processed foods (UPF). The Brazilian Dietary Guidelines
recommend a healthy dier pattern based on a variety of
unprocessed and minimally processed foods, moestly from
planiz, and avoiding the consumpiion of UPFs (Brazil
Ministry of Health, 2004).

UPF are formulations manufaciured from cheap ingre-
dients that result from a sequence of indusirial processes
(hence “ultra-processed™). As well as high amounts of far,
sugar, and salt, the manufacture of UPF typically includes
indusirial ingredients, such as hydrogenated fat, modified
starches, protein izolates, and synthetic substances such as
additives {colors, flavors, artificial sweeteners, emulgifiers)
to provide sensory qualities of nataral foods or disguise
undesirable gualities in the final product (Monteiro en al.,
2019} The consumption of UPF has been associated with
overall mortality, overweight, obesity, cancer, cardio-
metabolic risks, type 2 diabetzs, cardiovascular diseases,
irritable bowel syndrome, and depression (Elizabeth et al.,
2020

In contrast, unprocessed or minimally processed foods,
such as rice, beans, fruits and legumes, meats, eggs, and
fish and culinary preparations made up of these foods can
provide puiritious, delicious, and culwrally appropriate
meals adequate for a healthy diet {Brazil Minisiry of
Health, 2004). Recent studies have highlighted the impor-
tance of dietary diversity on pregnancy and offspring out-
comes as maternal body mass index (BMI) (Komatoaski
and Comstock, 2018), birth weight, and preterm delivery
(Zerfu et al., 2006)

In Brazil, the caloric share of UPF significantly increased
in recent decades (Marting et al_, 2013), and these products
currently account for 20.4% of the total energy intake of
aduliz and adolescents (Louzada et al, 20017) Despite
growing literature linking the degree of food processing to
all forms of malouatrition ( Kelly and Jacoby, 2018; Monieino
et al., 2001 8) and the potential impact of the maternal diet on
offspring health (Ojha et al, 2003), there is & gap in the
literatuwre concerning the diet guality of pregnant women
comsidering the degree of industrial food proceszing. For
these reasons, this study aims to describe the food intake of
pregnant women who attended public  prematal care
according o the degree of food processing. A secondary aim
of the study was to describe the diversity of the diet. The
resulis will inform further studies with pregnant women and!
or their offspring, and in panicular analysis aiming bo
investigate the association between the maternal diet and the

infants" microbiome as part of the Rio Birth Cobort Sudy of
Environmental Exposure and Childhood Development
{FIPA project).

Methods

Study population and data collection

We used cross-sectiomnal data from the pilot study of the
FIPA Project conducted in a public Matemity School
located i the south area of Rio de Janeiro, Brazil, between
October 2017 and Awgust 2018, Briefly, a cohort of preg-
nant women {r = 142) during the third tnimester of preg-
nmancy were enrolled in a birth cohort study to investigate
the effects of environmental pollutanis on maternal-child
health | Asmus et al., 2020).

A broader questionnaire was degigned to collect data on
the prevalence and pattern of maternal environmental
pollutant exposure. 11 was applied by rained interviewers
and encompassed questions on demographic characteristics
{per-capita family income, ethnicity, age, and educational
attainment), diet, smoking and aleohol habits, drog con-
surmpiion, and plysical activity, among others.

Dietary assessment

Dictary assessment was based on a gualitative food fre-
quency guestionmaire (FFQ) structured on 79 specified
food items. It was designed o be a short survey of foods
commaonly consurmed in Brazl, such as rice, beans, meat,
fruits, vegetables, fich, reconstinuted meat products (eg.
sauzages, ham, meat pasie), fast food dishes, and frozen
ready meals For each food item, pasticipants were asked 1o
indicate their frequency of consumption by month (< 1, 2,
or 3 times), week (1-2, 34, 56, or 7 times) or day (1, 2, or
= 3 imes). Portion sizes and the number of servings con-
sumed wene nol assessed. Owt of the 142 pregnant women,
133 cohor participants completed the dietary assessment of
thi questbonaaire.

Description of variables and construction of food

groups and subgroups
First, we classified foods reported in the T9-item FFOQ)
according to the NOWVA food classification system into e
groupa: non-LUPF (including unprocessed or minimally pro-
cessed foods, processed culivary mgredients, and processed
fosds); and UPF. More mformation regarding the NMOWVA
systern can be found elsewhere (Monteiro et al, 2009).

Then, fieed items were divided into the following seven
subgroups: firuits and vegetables; rice and beans; meat and
eges; fish; sauzages and other reconstituted meat products;
fast fipod dishes; and packaged ready meals (Louzsda et al
2017). The first four groups were considered non-UPF and
the remainder of the subgroups UPF.

Food intake of these subgroups was categorized by
whether a food type was regularly consumed: at least five
times per week for “fruits and vegetables™ and “rice and
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beans;” at least three times per week for “meat and eggs ™
“fish”™ and “zapsages and other reconstinned meat
products;’ at least once per week for “fast food dizshes™ and
“packaged ready meals.” Different consumption fre-
quencies wene used for the food subgroups considering the
FAOWorld Health Organization and the Brazilian Minis-
try of Health recommendations on pregrancy healihy
dietary practices (FAOQ, 20010; Brazil Ministry of Health,
20i14; Brazil Ministry of Health, 2013).

Seores of non-LUPF and UPF were created to evaluate
regular weekly consumption of more than one of the growps
and subgroups. The non-UPF score was calculated based on
the regular weekly consumption of each of the four non-UPF
groups {“fruits and vegetables,"” “rce and beans,” “meat and
egga,” and “fish™). The total non-UPF score ranged from
04, with 0 representing non-consumption of non-UPF and 4
representing regular consumption of the four non-UPF. The
UPF score was caleulated based on the regular intake of each
of the three UPF subgroups (“sausages and other recon-
stifuted meat prodwcts,” “fast food dishes,” and “packaged
ready meals"). Total UPF score ranged from 0-3, with O
representing non-consumption of UPF and 3 representing
regular consumption of the three UPF subsroups weekly.
Further, the scores were categorized into regular weekly
consumption of teo or more subgroups (yes o).

Dietary diversity was deseribed based on the daily
consumption of 41 pon-UPF dems that were divided into
nine food groups according to the Women's Dietary
Diversity Score (nof specific for pregnant  women):
“eergals,” “white roots and tubers” “vegetables,” “fruits,”
“organ meat,” “meat and fish,” “eggs,” “legumes, nuts, and
seeds,” and “milk and milk products™ (FAQ, 2011).

Socio-demographic varables

The socie-demographic variables considered in this sdy
were: age group (1619 vears old {yo), 20-29 yo, 30+ yol;
ethnicity/skin color {non-white, white); per-capita family
income (low, RE25%.54, SD = 17959, middle, RER14.51,
SD = 162.55; high, 172511, 5D = &89.00; created by
dividing the total monthly household income by the nomber
of residents, with 1 US dollar nearly 1.39 Brazilian cur-
rency); education level {complete middle school: & years;
cotmpletz high school: 11 vears; complete higher education:
15 years, including postgraduate); parity (pumber of par-
turition, cominwous); amnd pre-gestational amd gestational
tobacco exposure (yesnol

Data analysis

First, the population was described by their socio-
demographic charscteristics and according to regular con-
sumpdion of dietary groups and subgroups. Crude and
multiple logistic regression models were carried owt 1o
investigate the association between consumption of non-
UPF and UPF {individually and ageregated in the scores)
with socio-demographic variables. All socio-demographic

i

Tahble |. Farticipant characteristics. FIPA, 2017 (n = 142).
Wariables n %
Age (years)

1619 12 E&

-9 R 515

= 30 54 3ER
Ethnicity

M or-whice 10B TE

White 34 219
Per-capita family income®

Lo 5 3B0

Middle 50 3ER

High I 233
Education®

Complete middle school 14 175

Complete high schoal EX| 679

Complete higher edumtion o 146
Parity

Primiparous 35 4001

Multsparous B2 559
PIPA, prajece: The Rio Birch Cobsorr Scudy of Evvirosenencal Exposene and
Childkond Develapment.

*Par capita housekabd incoere divided i ceniles. Mean (range )t first verdbe
flow] = RE2595Y (AR50 o RES00); second terdle (middie] = REE 1450
{RE53500 oo RS 1 D00.DOD); third nerole (high} — REIT2501 (AR5 101750 o
FE4000.00. | LS dollar corresponds to nearky | .39 Brazilan currency).
*Complete middie schoob 8 yesrs; complee high school: || years
comphete higher edecaton: 15 years induding poscgraduace.

variables were included in the adjusted model (age, ethni-
city/skin color, family income, edacation bevel, and parity).
Drietary diversity was described s a percentage of daily
consumplion of non-UPF according to the FAD guidelines
for dietary diversity assessment. All stafistical amalyses
were performed using State Soffware version 140 {Saia
Corp., College Swation, United States). The significance
level was set 1o p < 0L05,

Results

Particibant charocteristics

Table | shows the characteristics of the pamicipanis
Women were mostly 20 vo or older (89%), with mean age
of 28 vears (5D = 6.9y and non-white (765 ). About 175 of
the women had a low education level (complete middle
school), 68% completed high school, and 15% had a high
education level (complete higher education). Most of them
had low (38%) or middle (39%) per-capita family income
and almost 605 of the women were multiparous (Table 1)

Dietary habits
More than 805 of the pregnant women reporied regular

consumption of all the non-UPF groups, escept fish, in which
the intake was reported by only 10% of individuals. Con-
cerming the infake of UPF, most regular intakes came from
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Table . Cdds rato of regular consumgption of nonsultra-processed foods and socio-demographic varizbles among pregrant women
in Rio de Janeiro, Brazl PIPA 2007 (n = 133}

Mon-ultra-processed groups

Fruits and vegetables® Rice and beans®
Crude Adjusted* Crude Bdjusted®

Wariables M%) ©OR 9®i%Cl OR 9%5%Cl M (%) OR 95%Cl OR %% Cl
Age (years)

1&—1% ¥(r5) 100 Ref 100 Ref 10 (@83 1.00 Ref 1.oD Ref

10-2% SB(ryy 129 0.3-54 |20 02-72 &7 (7)) 213 D3-127 194 (6274

> 30 48 (B9) 147 O&-127 23%  D3-173 30073 250 04-155 486 06411
Ethnicity

Mon-whine a7 (El} 100 Ref 100 Ref 95 (88} 1.00 Ref 1.oD Ref

White B B2y 113 0431 073 02-2.1 24 19 05102 134 0348
Per-capita family income

Low 3BT 100 Ref 100 Ref 45 (37} .00 Ref 1.oD Ref

Middle 45 (90y L&D 0.E-EX 13& 0775 4 (97 1.2 0243 091 0241

High 26 (E7) 1BB 0566 |6l 0461 MP3) 1.4 0272 095 O0O.1-&0
Education

Compl middle school 20 B3y 10D Ref 100 Ref 3G 10D Ref 1.oD Ref

Compl high school TT(E3) 098 033 093 02-37 B4 040 0034 045 0019

Compl higher education IE{90) 180 0O3-110 L1 o922 WMo 1.0 Motale .00 Motalc
Parity

Primiparcuz 45 (E2) 100 Ref 100 Ref 5173 1.0 Ref 1.oD Ref

Multiparous &% (B4y I.JB 05230 0O9% 03-1% TP 0B4 02-30 O0Fl 0218
Total 115 (B1) 127 (89)

Meats and eggs™ Fish®
Crude Adjusted* Crude Bdjusted®

Wariable M{x) ©OR 95%Cl OR 9%5%Cl M (%) OR 9% ClI OR 95%Cl
Age (years)

16— 19 1 {Fz) 100 Ref 1.00 Ref 1 (8] 1.00 Ref .00 Ref

0 -129 &0 (B2 042 015 057 o-57 a1 135 oQI-11% L0 0339

> 30 45 (B3 045 0040 053 0057 5@ LI2 Ol-10é 100 Motalc
Ethnicity

Mon-whine B& (BDy 100 Ref 100 Ref Il 1.00 Ref 1.oD Ref

White D (EEy 192 QE—£0 134 0446 309 085 03233 O0OBFY 02-315
Per-capita family income

Low 41 (B4y 100 Ref 100 Ref T(l4 .00 Ref 1.oD Ref

Middle 42 (B4 102 0330 o7 03-32 204 035 0013 024 0012

High 26 BTy 127 0346 09I 02-37 413 052 0235 101 0243
Education

Compl middle school & (&7) 10D Ref 100 Ref (1% 10D Ref 1.oD Ref

Compl high school 828y 373 L3-10.7 538 1L7T-168 F(10p 075 0230 032 0.0-212

Compl higher education 1B {90y 450 08-244 504 ODB-3L& 2(lp 078 0.1-53 D& 0.]-53
Parity

Primiparcuz 48 (E7y 100 Ref 100 Ref 5@ 1.00 Ref 1.oD Ref

Multiparous &7 (B2) (&5 0.2-1.7 D83 03-16 a(lop 108 0335 0B 02-30
Total 116 (BZ) 14 {10}

PiP& projec, The Rio Birth Cohom Scudy of Esvironmencal Expesure amd Chil thood Deselopenens, OR: odds rado; Cl confidence inoerval; compl:,
camplene; ref: reference.

= & cimestweek

“2 1 vimesiwesk

*Adjusced to the remaining socic-demographic variables in dee mosdel.

"Significance lewel ser o p < 0.05



Maospolini et ol

fast food dishes (42%) and sausages and other reconstitoted
mear products (409, Regular consumption of packaged
ready meeals was reported by 200 of the women.

Table 2 shows the chance to consume sach non-UPF
subgroup regularly within socio-demographic variables.
Pregnant women with complete high school education
{odds ratie (OR), 3.36; 953% confidence interval (CI), 1.73—
16.65) were more likely to report regular intake of “meat
and eggs"” and the higher level of education (OR, 5.04; 95%
ClL, 0783263 yirended toward significance. Although not
significant, the chance to report regular intake of “rice and
beans™ and “fruits and vegetables™ was of great magnitude
among 304 yo women. Elevated ORs (= 1.60) were also
obgerved for “fruit and vegetable” consumption and
respondents with middle and high per-capita family
I M.

Begarding the regular intake of UPF subgroups, white
wormen (DR, 2.63; 93% C1, 1.05-6.63) reported a higher
chance of consuming “packaged ready meals”. Elevated,
bt not significant, associations were observed among
respondents with complete higher education and “sausage
and other reconstituted meat peoducts”  consumption
whereas the older women reported a lower chance of
consuming this subgroup and “packaged ready meals.” The
consumption of “packaged ready meals” decreased across
the increasing level of education. The older, less educated,
and primiparous reported a higher consumption of “fast
food dishes™ (Table 3).

Figure | shows the percentage of paricipants that scored
04 in the noa-UPF score and 0-3 in the UPF score. At
beast three non-UPF groups were regularly consumed by
61% of pregnant women and only 8% of pamicipants
reported regulardy consuming the fouwr non-UPF groups
investigated. Ower 279 of the women reported regular
consumption of two UPF subgroups and 33°%7 of at least one
UPF subgroup during pregmancy. Although the muli-
variate madels showed no significant differences, elevated
ORs (= 2.80) to achieve a higher non-UPF score wene
observed among women 30+ yo, who were white with
middle per-capita family income. Also, white and less
educated women were more likely to achieve a higher UPF
goore [ Table 4).

The diversity of the non-UPF fraction of the diet was
another focus of the study, showns in Table 5. Only 25% of
the participants reponted consumption of at least four dif-
ferent food groups of the FAD guidelines. These groups
were “starchy staples,” of which the consumption of rice
was peported by T of participants; “other fruits and
vegeiables,” of which onions (33%), bananas (43'%), and
oranges (2537 were moat frequently consumed; of “meat
and fish,” chicken was the most frequently consumed
(26% ), followed by lean beef (3% ). Few participants (2% )
reported the intake of fish and the last most consumed
group was “legumes, nuts, and seeds™ mainly represented
by beans 74%.

Dizcussion

This cross-sectional study of pregnant women assisted by
public healibeare in Brazil shows that only 8% of the
participants reported weekly consumption of all four non-
UPF-groups investigated during pregnancy. We found a
strong association of regular intake of “meat and eggs”
among respondents with high school education. Although
not gignificant, the non-UPF score presented a strong
association with older, white, and middle per-capita family
income women. Regarding UPF, the regular intake of
“packaged ready meals”™ was significantly higher among
white respondents. More than 40% of the women reported
regular consumption of “zausages and other reconstituted
meat products™ and “fast food dishes” and consumption
was higher among younger respondents, but not signifi-
cantly. The weekly consumpiion of all three UPF sub-
groups investigated was reported by 4%, of the women and
wias associated with white and less eduwcated women, but
ool significanily. Besides, only 23% of the participanis
repored a diverse diet.

In a previous study, with a sample population similar to
ours, the unprocessed or minimally processed food group
represented 499 of total energy intake of pregnant wormen
attending to public healthcare, but among UPF, the total
energy intake represented 41% and cannot be disregarded
(Alves-Santos et al., 2006). Gomes et al. {3019) described o
high content of energy (67%) provided by matemal con-
sumption of unprocessed or minimally processed food groups
and lower energy intake from UPF (24.6%). Comparisons
with our resulis should be made cautiously as we did not
assess the UPF consumpiion through 24 h recall.

The weekly intake of at leasi two UPF subgroups (28%)
and at least one UPF subgroup (33%) was most promingnt.
Considering  the questionnaire was mot  specifically
designed to classify food items according to the degree of
procesaing, it may lead fo onderestimation of UPF con-
sumption commonly consumed in Brazl, such as saly
anacks, sweet biscuits, confectionaries, and sugar-
sweetened beverages.

Interestingly, UPF consumption among pregnant Bra-
zilian women seems to be higher than that in Brazilian
addults and adolescents {Louzada et al., 2017). However, it
is bower compared to the results described in high-income
countries such as the United States (Rohatgi et al., 2007
The studies carried out in public health centers in Brazil
reported that the UPF subgroups most consumed by preg-
nant women were cookies and wlira-processed sweets
(2T, sugar-sweetened beverages (18.7%), and recon-
stituted meats {12.7%) in Botucam {Gomes et al, 3019);
and bread (9.9%), cakes, and cookies (3.6%), candies
(54%), and friedbaked salied pasiries (4.9%9) in Rio de
Jameiro (Alves-Santos et al., 2006).

We found a positive and statistically significant aszso-
ciation of “packaged ready meals™ with white women. It
can potentially be explained by the fact that, in Brazil,
ready meals are more expensive than meals prepared at

98
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Tabde 3. Odds ratg of regular comumpion of uraprocessed feods and socko-damaographss variabbe among pregnant womén n R de laneiro, Brasl PIPA, 2007 fn = | 34)

Uitra-processed subgproups
Saisage and other reconstitibed meat pro ducs® Fast food dishes™ Packaged ready meak”™

Crude Audjusted” Crude Adjusted” Crude Adijusted”
Variakle M (%) oR 95% €I OR a5% €l M%) OR 95%C1 OR®  95% CI M%) OR B5% OR* 5% €I
Age range
16-19 5 (42) 1.00 Pt 1.00 Ref 433 100 Ff 1.00 Ref 3 (25 1100 PRef 1.00 Ref
w19 31 [42) 1.03 0.30-3154 ara 0.18-339 M47 14 048430 2723 048-1043 1319 Q&5 Q15274 048 0.09-2.41
= 30 21 {39) 089 025318 042 0.13-288 W37 1.8 0Q31-44) 189 0FM-93I 1227 0Q8& 0W-34ET 043 0.12-3.34
Etheri citydshin color
[ it 41 (39) 1.0 [P 1100 Ref 45 (4% 1.00 R 1100 [1F3] 17 (1& 100 Ref 1100 Ref
‘Whibe |5 {44) 14 Q5 -3170 1L1& Q51— 364 I3(38) 0487 Q39-190 Q% aQ4i-200 013y 1567 (05— 621 14637 1.05 - 6.43

income

ey 16 {33) 1.04 Fed 1.0a Ref 20 {43 180 Aoed 100 Rad 2 {4 100 ed 1.00 Rel
Ml b 15 (50) 106 091 -4868 210 0F1-483 20 (4% 0% 043204 0% 044233 1020 QF7 Q30 1% 087 032 - 135
Hegh 12 {40 137 053- 353 LIF Q41 —330 1240 089 035-234 093 034285 6 (20 OFY QI5-233 0% 02 -315
Edu cation level
Compl. miéddba schood {29 1.0 Rad 100 Raf {44 1.00 Raf 100 Raf T2% .04 Raf 1.00 Raf
Compl. high school 40 (43 18y 049484 1l& O =715 404X 08 Q36-33) Q58 Q1% 140 18 (1% 058 Q31<141 048 Qls - 142
Compl. higher educasen 10 (50) .43 070- 84| 188 Q&7- 133 T35 O%4 QI9=305 Q¥ Q0% 155 3(15 Q43 Q0% 194 03 005 = 147
Parity
Primpancus 24 (4] 1.00 Rad 1.00 Raf 6 (47 1.00 Raf 1.00 Raf #(l&a 100 Raf 1.00 Raf
Mubugarous 313 (40) Q.47 043 1.74 121 (.55 3.68 (38 0568 0340135 Oed Q3% 141 192X 154 Q&4 371 |24 Q47= 1.3
Taotal 5T (dd) BT (4L) 28 (20)
FiFA Soudy. Birds Cobort Soedy of Erviroreneraall Expeo ware and Childhood Drevelopment B: odds ratio; CF corddence irerval; Compl.: complese.
20 ] nirrenteoneh
B0 | i e v

“Acdunged g0 the reraining iocio-demegraphic varnble in the mcdel
“Sigrificarce level pet o p < 0.05
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Figure 1. Percentage of pregrant women and weekly consumption of O-4 non-processed groups (non-LIPF Score] and of 0-3 ulera-
processed subgroups (UPF Score). PIPA, 2017 (M=133). (1) Compased of non-ultra-processed-subgroups “fruits and vegemables.”

“rice and bears,” “meat and eggs” and “fish.” (1) Composed of ultrasprocessed-subgroups “susages and other reconstrouted meat
products,” “fst food dishes™ and “padaged ready meals.”

Table 4. Odds ratio of dietary scores and socio-demographic varables among pregrant women in Rio de Janeiro, Brazil. FIFA, 2017

{n = 133
Dietary soores
non=-UPF score® UPF score™
Crude Bdjusted” Crude BAdjusted”

Variable M (%) OR 95X Cl OR 95% CI M(X) ©OR 9% Cl OR 95%Cl
Age (years)

16— 1% 11 (92) 1.00 Ref 1.00 Red 3I(25 100 Fied 1.00 Flef

0 - 29 & (30 o8& 0QI-77  Li14  02-2TE 26 (3E)  l.E6  O4-ET 113 D253

= 30 52 (98) Y36 D2-IB4 557 042456 16300 126 0353 O0F4 D24T
Ethnicity

Mon-white 6 [8F) 1.00 Ref 1.00 Red Y 10D Fied .00 Flef

White 3 410 05319 188 D03-2&2 I4(42) 1.¥4 0B8-39 |B4 0DBE42
Per-capita family income

L 43 (8E) 1.00 Ref .00 Red 18 (37  1.00 Fied 1.00 Flef

Middle 48 () 335 OD&-IT5 33 046184 1&(32) 0Bl 03-1% O0OBE 042

High 30 {100y - - - - (300 074 03-1% OBS 0314
Education

Compl. middle school 13 (98) 1.00 Ref 1.00 Red B(33) 100 Fied .00 Flef

Compl. high schaal B [92) 053 OLlI-46 063 01-59 34 105 0427 OFE D32

Compl. higher educatan 20 [10dy - - - - 525 047 03-X5 051 023
Pari

Frillr-'qﬂru.u 53 (98) 1.00 Ref 1.00 Red IT{31) 100 Fied .00 Flef

Multiparous 75 (90) o4 -z 035 -3 |34 116 0&24 121 0O5IE
Totl 129 [31) 45 [32)

PIPA praject, The Rio Bimh Cohore Soedy of Environmental Exposasre and Childhood Developenent; OR: odds racks; Cl: confidence inoerval; compl -

comphere; ref: referece.

*Regular conpumpaion of > | group weeky.
“Regular consumpoion of = | subgrouy weskly.
‘M|u:uﬂ 1o for che remaining soca-demagraphic sariables in the model

home (Claro et al., 2016), and non-white women are more

vilnerablz and spend more time in domestic work than men
and white women (IBGE, 2018). Addifionally, the regular
consumption of “ssusages and other reconstinged meat

produces™ showed a positive but not zignificant asseciation
with middle income and education in a dose-responss manner.
Oiher authors deseribed the consumption of UPF differently
aocording to socio-demographic status, younger women, with
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Table 5. Daily nonsultrasprocessed food intake according to
FAD major food groups for dietary diversity assessment. FIPA,
2T [n =133

Foad groups " (%)
Group | — sarchy saples
Cermals
Rice 105 795
WWholegrain rice 7 53
Corn k| 13
White roots and tubers
Potano I8 136
Cassava 2 1.&
Group 2 — dark green leafy vegetables
Kale ¥ 6B
Broceali k| 13
Group 3 — Viamin A rich wepetables and frums
Vitomin A rich vepetobles and tubers
Carrot M 151
Fumplan 5 iB
¥itomin A nch {ruits
Mango ¥ 6B
Fapaya T 5.3
Fazsion Fruit 1 1.5
Group 4 — Crther fruits and vegeables
Otfser vegetahles
Omicn 431 316
Sweet pepper 12 165
Lettuce 15 113
Cucumber ] 4.6
Cabbape 5 iE
Fucchani 4 3
Caulificwer k| 113
Ohera k| 13
Otfeer frutts
Banara 37 4B
Oirange 31 4B
Apple 1 165
Grape 10 7
Strawberry 7 54
‘Watermelon T 5.3
Melan 3 4.7
Group 5 — Oirgan meat
Liver, heart, tongue & 44
Group & — Meat and fish
Flesh meats
Chidken 4 LD
Chicken with skin 1 L&
Lean besf T 54
Far besf k| 113
Pork | 0B
Fsh and seafood
Sardine | 0B
Salmon | 0B
Seafood o 1
Group 7 — Egg=s
Eggs T M3
Group 8 — Legumes, nuts and seeds
Beans ¥ T45
Peas | 0B

Group ¥ — Milk and mik produwas™

PIPA projpce The Fio Birty Cokart Srudy of Evvironmencal Exposure aeed
Chil dhisod Developenent.
*far included in the questionnaire.

a bower education bevel, and white had the highest peroentage
of energy coming from UPFs (Gomes et al., 2009).

e results support previous studies showang that matemnal
socio-demographic characteristics can influence diet during
pregnancy (Alves-Santos et al., 2006; Shapiro et al., 20016;
Cromies et al., 2009). A study of American pregrant women (H
= 200 found regular consumption (-3 times per week) of
ultra-processed dessents (37%), canned food (2990), and fast
foods (26% L The income was inversely comelated with canned
fopd consumption, suggesting that wormen of low socio-
ecnnomic status may be at risk (Santiago etal., 200 3). In Brazil,
bttier socioecononic stanus is likely to provide healthier eating
behavior during pregnancy with higher consumption of
legumes, vegetables, and fruits (de Castro et al., 20016).

The direct relationships between UPF consumption and
pestational weight gain, as well as peonatal outcomes (e.g.,
bandy fat percentage), have been demonstrated in a sample
of American pregnant women (Rohatgi et al, 2007).
Although health outcomes were not evaluated in this study,
aconsiderable part of the siudied pregnant women may be
at rigk given their regular consumption of the UPF. It also
ooes against the Brazilian Ministry of Health (2003) pec-
ommendations for a healthy diet during pregnancy for
mother and fetus wellbeing and to avoid complications
during pregnancy, childbirth, and development (Brazil
Minisiry of Health, 2013).

Furthermaore, the Brazilian Dietary Guidelines recom-
mend that most of the dietary intake must come from a
variety of fresh and minimally processed fomds (Brazil
Minigiry of Health, 2004). It & relevant considening that
higher and diverse dietary share of fresh and minimally
processed foods is related to micronuirient adequacy
{Mguyen et al., 2018), positive pregnancy outcomes and
child health (Zerfu et al., 2006). Dietary diversity and
matemal pre-pregnancy BMI have been inversely corre-
lated in a US pregnancy cobor. Nevenheless, only 23% of
the participants in our study repored consumption of at
lzast four different food groups. Zerfu et al. (2006)
described the daily imake of at least four feod groups as a
cutoff of adequate micronutrient intake. Another study
reported & cutoff of six food groups as the correct classi-
fication for dietary microputrient adequacy during preg-
mancy (Mguven et al., 2018).

This scenario calls for interventions aiming to reduce
UPF consumption amd to improve distary diversity among
pregnant women. Gomes et al. (20019) described a positive
impact of training healthcare professionals to discourage
the consumption of soft drinks and industrially processed
cookies and encouraging the consumption of frwits, vege-
tables, and beans (Gomes et al., 2019). Pregnancy is con-
sidered a more accessible time for professionals o
communicate the mportance of healthy cafing to women
{Shapiro et al, 2006). Moreover, actions aiming at
increaging the healthiness of food environments, by pricing
inferventions, mperoving food labeling, limiting promotion
and advertising of UPF, and increasing the availability of
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unprocessed and minimally processed foods would bring
benefits for the whole population (Popkin, 2020).

Potential limitations of our study should be congidensd.
The population size of the survey did not guarantes high
statistical power and zome potential differences could not
reach statistical significance, even though some socio-
demographic variables such as age, skin color, and educa-
tion level exerted a great magnitude of association. Besides,
this is a cross-sectional amalysis that can account for
underreporting and recall bias and the dietary changes due 1o
pregnancy must also be dissembled. Another potential
limitation is that the diet module is not a complete distary
assessment, which may lead to misestimation of either non-
UPF or UPF consumption and dietary diversity. However,
other authors have used non-complete dietary assessment
before (Santiagoe et al., 2013). Also, the FFQ) has not been
validated. Mevertheless, this study deserves appreciation for
being innovative in assessing both foed intake according to
the degree of food processing and dietary diversity of the
non-UPF fraction of the diet during pregnancy. The use of
the MOV A gystem is a key strength, as it has been considered
the most specific, coherent, and comprehensive food clas-
sification system based on food processing {Moubarac et al.,
2004), as well as a relevant approach for linking dietary
intakes and all forms of malputrition (FAQ, 2006). It is
imporiant to highlight that, different from other sudies on
dietary diversity, our study was applied considering only the
nion-UIPF fraction of the diet, befifting from the Brazilian
Dietary Guidelines recommendations. Also, these results
will infomm future analysis of infants” microbiome in the
PIPA project.

I conclusion, sur study showed that despite most of the
pregnant women reporting regular intake of non-UPF
groups, only a gquarter of the individuals reported a
diverse diet. Additionally, more than one-third reported
weekly consumption of at least two UPFsubgroups. A
posifive association was observed between education level
and regular inake of “meat and eges"™ Besides, white
pregnant women had reported higher consumption of
“packaged ready meals.” Our findings suggest that food
consumption during pregnancy may differ according to
sociodemographic  factors. Healthier maternal  eating
should be encouraged, given the window of opportunity 1o
improve dietary quality during pregnancy for the long-term
benefits for both mothers and their children.
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6. O CONSUMO MATERNO DE ALIMENTOS ULTRAPROCESSADOS E AS
CONCENTRACOES DE SUBSTANCIAS PERFLUOROALQUILADAS EM
AMOSTRAS DE SANGUE DE CORDAO UMBILICAL.

Este capitulo apresenta a comunicagao breve “Maternal consumption of ultra-processed foods
and newborn exposure to perfluoroalkyl substances (PFAS): Rio Birth Cohort Study on
Environmental Exposure and Childhood Development (PIPA Project)” que sera submetida

para publicacdo no periédico Cadernos de Saude Publica.
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Abstract

Evolving evidence has shown that ultra-processed food (UPF) consumption may increase
exposure to chemicals used in food packaging and production, such as per- and poly-
fluoroalkyl substances, phthalates, and bisphenols. Studies have suggested that these
contaminants may be transferred from mother to child across the placenta, increasing
concerns for both maternal and child health. This study aimed to investigate the association
of maternal consumption of UPFs with newborn exposure to perfluoroalkyl substances
(PFAS) in the PIPA birth cohort. A pilot cohort study conducted with 142 pregnant women
and their newborns in a Public Maternity School in Rio de Janeiro, Brazil was assessed.
Maternal dietary intake in the third trimester of pregnancy was evaluated using a qualitative
food frequency questionnaire. Food items were classified as non-UPF and UPF using the
NOVA system and regular consumption of UPFs was estimated. The PFAS were determined
on umbilical cord blood. Newborns of pregnant women who consumed three or more
subgroups of UPF weekly presented the highest level of PFAS (2.51 ng/mL; SD 1.64),
compared to consumption of zero or one UPF subgroup (0 UPF=1.67 ng/mL; SD 1.12 and 1
UPF=1.88 ng/mL; SD 1.15). A dose-response effect trended toward significance (p for trend
was 0.059). Additionally, cluster analysis grouped UPF, fish, and PFAS levels. In conclusion,
it was found increased levels of PFAS in newborns whose mothers were higher consumers of
UPFs.

Keywords: Food processing; pregnancy; contaminants; exposure assessment; endocrine
disruptors



106

Introduction

Ultra-processed foods are becoming dominant in diets globally(BAKER; MACHADO;
SANTOS; SIEVERT et al., 2020). These are formulations manufactured from substances
derived from foods (e.g. oils, sugars, starches, hydrogenated oil, high fructose corn syrup,
protein isolates, and other chemically altered ingredients), with little if any whole food and
typically including flavors, colors, and other cosmetic additives(tMONTEIRO; CANNON;
LEVY; MOUBARAC et al., 2019). Evidence for the health implications of ultra-processing
is rapidly building, and adverse health outcomes associated with their consumption include
obesity, cardiovascular diseases, cancer, and mortality(ELIZABETH; MACHADO;
ZINOCKER; BAKER et al., 2020; LANE; DAVIS; BEATTIE; GOMEZ-DONOSO et al.,
2021). Some of these studies have hypothesized that exposure to endocrine-disrupting
chemicals may be a pathway by which UPFs are linked to adverse health outcomes since
UPFs are often packaged in synthetic materials containing chemicals such as bisphenol-A and
phthalates(BUCKLEY; KIM; WONG; REBHOLZ, 2019; MARTINEZ STEELE;
KHANDPUR; DA COSTA LOUZADA; MONTEIRO, 2020).

There is growing interest in how maternal diet and lifestyle factors during the fetal period are
related to long-lasting fetal programming and affect the risk of non-communicable diseases in
adulthood (KOLETZKO; BRANDS; POSTON; GODFREY et al., 2012; OJHA,
ROBINSON; SYMONDS; BUDGE, 2013). Of particular concern, maternal dietary
contaminants may be transferred from mother to child across the placenta, increasing
concerns for both maternal and child health (FILARDI; PANIMOLLE; LENZI; MORANO,
2020; PHILIPS; JADDOE; TRASANDE, 2017).

Brazilian studies have found high consumption of UPFs among pregnant women(ALVES-
SANTOS; ESHRIQUI; FRANCO-SENA; COCATE et al., 2016; NASPOLINI; MACHADO,;
FROES-ASMUS; CAMARA et al., 2020). A previous study using data from The Rio Birth
Cohort Study of Environmental Exposure and Childhood Development found that more than
one-third of women reported weekly consumption of UPFs like sausages and other
reconstituted meat, fast foods, and packaged ready meals(NASPOLINI; MACHADO; FROES-
ASMUS; CAMARA et al., 2020). Higher maternal exposure to phthalates has been associated
with higher fetal exposure to these compounds and child’s metabolic dysfunction (ASHLEY -
MARTIN; DODDS; ARBUCKLE; ETTINGER et al., 2014). Nevertheless, it is unknown how

maternal diet is associated with child’s exposure to contaminants commonly presented in UPFs.
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This study aimed to investigate the association of maternal consumption of UPFs with newborn

exposure to perfluoroalkyl substances (PFAS) in the PIPA birth cohort.

Methodology

Data from a pilot cohort study conducted in a Public Maternity School in Rio de Janeiro,
Brazil, involving 131 pregnant women-child pairs were assessed. Briefly, women during the
third trimester of pregnancy were enrolled in a birth cohort study (The Rio Birth Cohort
Study of Environmental Exposure and Childhood Development) to investigate the effects of
environmental pollutants on maternal-child health. Data on socio-demographics (family
income, education, ethnicity, and age), diet, smoking and alcohol habits, drug consumption,
physical activity, and other information were collected between October 2017 and August
2018 by trained interviewers using broader questionnaires. Additional information on the
study population can be found elsewhere(ASMUS; BARBOSA; MEYER; DAMASCENO et
al., 2020). The population in the present investigation included 118 mothers over 16 years of
age, who informed free consent for participation in this study, had data on diet assed and,
cord blood samples suitable for analysis.

Dietary intake was evaluated using a qualitative food frequency questionnaire, and all food
items were categorized according to the degree of industrial processing using the NOVA
system(MONTEIRO; CANNON; LEVY; MOUBARAC et al., 2019). Of particular interest
for this study, maternal regular consumption of UPF was estimated by the consumption of
sausage and other reconstituted meat products (>3 times/week), fast food dishes (>1
time/week), and packaged ready meals (>1 time/week) (other UPF subgroups were not
assessed in the cohort). Regular consumption of non-UPFs (>5 times/week for fruits,

vegetables, rice, and beans; and >3 times/week for meats, eggs, and fish) was also calculated.

Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) were determined in the
118 umbilical cord blood samples. Serum samples were stored at -40°C in polypropylene
bottles and the triple quadrupole mass spectrometer with an AP1 3200 electrospray source
(Applied Biosystems, Foster City, CA) was used to detect the analytes, using a method
adapted from Kuklenyik and colleagues. At these conditions, the observed retention times
were 6.9 minutes for PFOA, and 7.5 and 7.9 for PFOS. Due to the low detection rate of
PFOA found in this population (16.1%) leading to a small sample size within the UPF
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consumption strata, we will present PFAS, comprising of the sum concentration of PFOA and
PFOS.

Mean PFAS levels (in ng/mL) in umbilical cord blood were estimated according to maternal
UPF consumption (0, 1, 2, or 3 subgroups consumed regularly). One-way ANOVA test was
used to analyze the differences among means, with p<0.05 indicative of statistical
significance. The dose relationship was analyzed by Jonckheere's trend test. K-means
clustering method was applied to identify how individual food subgroups (n=11) consumed
during pregnancy were grouped with cord PFAS levels. The optimal number of clusters was

found using the fviz_nbclust function (R software).

Results

Among the 131 pregnant women involved in The Rio Birth Cohort Study, over 25% of them
reported regular consumption of at least two UPF subgroups (NASPOLINI; MACHADO;
FROES-ASMUS; CAMARA et al., 2020). We found a high detection rate of PFOS (67,8%)
in this population. Pregnant women who consumed regularly three or more subgroups of UPF
presented the highest level of PFAS (0 UPF=1.67 ng/mL; 95% CI 1.24-2.10 and 1 UPF=1.88
ng/mL; 95% CI1 0.74-1.62). Trend test on means showed a significant dose-response for both
PFAS (P = 0.059) and PFOS 0.021 (Table 1).

Table one

Also, two distinct clusters were derived from cluster analysis: one grouping all UPF
subgroups and fish consumed during pregnancy and PFAS in umbilical cord blood; and
another grouping all other non-UPF subgroups (Figure 1A). Similar grouping was found
when including PFOA and PFOS separately (Figure 1B and C).

Figure one

Discussion

In this longitudinal birth cohort study of pregnant women-child pairs assisted by public health
care in Brazil, we evaluated the association between maternal consumption of UPFs and
PFAS umbilical cord blood levels. We found increased PFAS concentration in umbilical cord

blood of newborns whose mothers were higher consumers of UPFs during the third trimester
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of pregnancy. Also, cluster analysis grouped UPFs and fish with PFAS. To our knowledge,
this is the first study to quantify relationships between ultra-processed food consumption and

PFAS exposures in a cohort of mother-child.

Chemicals used in food packaging and production, such as PFAS, phthalates, and bisphenols,
and UPFs have been previously associated with several cardiometabolic adverse
outcomes(AGENCY); ELIZABETH; MACHADO; ZINOCKER; BAKER et al., 2020;
LANE; DAVIS; BEATTIE; GOMEZ-DONOSO et al., 2021; RADKE; GALIZIA,
THAYER; COOPER, 2019; RANCIERE; LYONS; LOH; BOTTON et al., 2015;
ROSENMALI; TAXVIG; SVINGEN; TRIER et al., 2016; SHOSHTARI-YEGANEH,;
ZAREAN; MANSOURIAN; RIAHI et al., 2019). Two recent cross-sectional studies using
nationally representative sample data of the US population found associations between UPF
consumption and urinary concentrations of phthalates and bisphenol(BUCKLEY'; KIM,;
WONG; REBHOLZ, 2019; MARTINEZ STEELE; KHANDPUR; DA COSTA LOUZADA,
MONTEIRO, 2020). Findings suggest the possibility of contact materials in UPFs as one link
between UPF and these health outcomes. Besides, the American Environmental Protection
Agency reports that living organisms including fish, in addition to food packing, are a
potential source for PFAS exposure. Owing to the potential of these chemicals to
bioaccumulate and biomagnify in the food chain(BOISVERT; SONNE; RIGET; DIETZ et
al., 2019).

Maternal exposure to contaminants during pregnancy is of concern due to its potential
negative impact on both maternal and child health (FILARDI; PANIMOLLE; LENZI;
MORANO, 2020; PHILIPS; JADDOE; TRASANDE, 2017). Infants are particularly
vulnerable to such threats because their metabolic system is still developing and key organ
maturation is susceptible to permanent and lifelong disruption, including via stressors on the
early-life gut microbiota(UNICEF, 2019).

Potential limitations of our study should be considered. The population size of the survey did
not guarantee high statistical power and some potential differences could not reach statistical
significance. The diet module is not a complete dietary assessment, which inherently leads to
an underestimation of UPF consumption. Nevertheless, this study deserves appreciation for
being innovative in assessing the role of UPF consumption in maternal-child transferability of

contaminants. Future studies could confirm findings and further explore these mechanisms of
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action. A follow-up in a cohort of children could help determine how the observed

associations manifest in childhood.

In conclusion, it was found increased levels of PFAS in newborns whose mothers were
higher consumers of UPFs, and cluster analysis grouped UPFs and fish with PFAS cord
levels. Considering all the harms associated with UPF consumption, including increased
exposure to endocrine-disruptor chemicals, and showed in this study, the consumption of
UPFs should be discouraged.
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Table 1. Mean PFAS levels in umbilical cord blood according to maternal UPF consumption.
PIPA Project, 2017-2018, Rio de Janeiro/Brazil.

Regular consumption N PFAS N PFOA N PFOS
of UPF Mean (SD) Mean (SD) Mean (SD)
0 subgroup 29 1.67 (1.12) 7 0.88 (0.65) 28 1.54 (1.01)
1 subgroups 29 1.88 (1.15) 4 0.36(030) 29 1.87 (1.08)
2 subgroups 19 2.48 (1.43) 7 0.69 (0.44) 19 2.23(1.10)
3 subgroups 6 2.51 (1.64) - * 4 1.82 (0.97)
Total 81 1.98 (1.25) 19 0.80(0.69) 80  1.84(1.07)
P-value? - 0.132 - 0.007 - 0.193
P-value for trend? - 0.059 - 0.736 - 0.021

*Data not show, n = 1.

PFAS limits of detection: PFOA: 0.07 ng/mL; PFOS: 0.24 ng/mL

! One-way ANOVA
2Jonckheere Trend Test
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Figure 1. Kmeans cluster analysis of regularly consumed food groups during
pregnancy and (A) PFAS levels in umbilical cord blood (B) PFOA levels in
umbilical cord blood and (C) PFOS levels in umbilical cord blood. Dim,
dimension; Meat products: sausage and other reconstituted meat products;
Ready meals: packaged ready meals; Fast-food: fast food dishes.
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7. CONSIDERACOES FINAIS

O presente estudo trouxe resultados inéditos e robustos sobre a exposi¢do a poluentes
ambientais e sua influéncia na microbiota intestinal no inicio da vida. Uma ampla quantidade
de poluentes foi investigada e a analise da microbiota foi realizada com apoio de uma equipe
de reconhecimento internacional e a técnica empregada € considerada padrdo ouro para
descrever a composi¢do de comunidades microbianas. Além disso, os achados sdo oriundos da
populacdo brasileira, ainda ndo investigada quanto ao efeito da exposicdo a poluentes

ambientais na microbiota.

Nossa hipotese inicial, que a exposi¢do a poluentes ambientais altera 0 microbioma
humano em desenvolvimento foi confirmada. Ndo somente, o efeito da exposicdo a poluentes
é agravado quando associado a fatores estressores do inicio da vida como, parto cesariano,
prematuridade e exposicdo indireta a antibidticos. Nossos achados mostram também que o
aleitamento materno exclusivo influenciou no efeito dos poluentes ambientais, 0 que pode
sugerir contaminacdo deste alimento tdo importante no inicio da vida. Mas conclusGes devem
ser tomadas com cautela, uma vez que ndo dosamos a concentracdes de poluentes no leite
materno. Além disso, o0 nimero de bebés no seguimento foi reduzido, o que limita a robustez
desta associacdo. De toda forma, ss resultados deste estudo confirmam que a exposicdo a
poluentes pode apresentar um risco ao processo de desenvolvimento da microbiota humana o

que pode ter importancia para a saude mais tarde na vida.

As evidéncias apresentadas no capitulo 5, de um alto consumo semanal de alimentos
ultra processados por gestantes e no capitulo 6, que relaciona o consumo destes alimentos a
uma maior exposicao a determinados poluentes ambientais possuem implicaces para a satde
publica. J& é comprovado que o consumo de alimentos ultraprocessados esté relacionado com
inimeras doencas devido ao seu conteudo nutricional desbalanceado. Somado a isso, vem
crescendo o numero de evidéncias que atribuem, pelo menos em parte, estes efeitos adversos
as substancias quimicas oriundas do processamento, manufatura e contato com embalagens.
Como discutido individualmente nos capitulos, o resultado que apresentamos do consumo de
ultraprocessados estd possivelmente subestimado, pois o questionario empregado apenas nos
possibilitou aferir o consumo de alguns grupos destes alimentos e ndo o consumo total. Tal
limitacdo evidencia a necessidade de estudos que avaliem o consumo destes alimentos, com
uso de Recordatorio Alimentar de 24h, e dos niveis biologicos de PFAS e outras substancias
como bisfendis e ftalados.
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Frente ao exposto, esta tese apresenta um conjunto de informacdes inéditas, de que
poluentes ambientais alteram o microbioma humano em desenvolvimento e que o consumo de
alimentos ultraprocessados € uma via potencialmente importante de exposicdo a essas

substancias.
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ANEXO | — QUESTIONARIO GESTANTE

Data: / / Hora de inicio: : Entrevistador:

Bloco 1 — Identificagdo e contato

1.1 - Nome completo:

1.2 - Data de nascimento: / / 1.3 - Idade: 1.4 - Nimero de prontuario:

1.5 - Nome da mae:

1.6 - CPF: 1.7 -Cartdo do SUS:

1.8 - Local onde realiza o pré natal:

1.9 - Telefone da residéncia:( ) 1.10 - Celular: ( )

1.11 - Outro telefone para contato: ()

1.12 - Email: 1.13 - Facebook:

1.14 - Endereco:

1.15 -NUmero: 1.16 - Complemento:

1.17 - Bairro: 1.18 - Cep:

1.19 - Referéncia:

1.20 - Vai continuar morando nesta casa apds o Nascimento do bebe?( )sim ( )N&o ( ) N&o sabe

1.21 - Se for se mudar, qual o endereco? ( )NA
1.22 -Numero: 1.23 - Complemento: ( INA
1.24 -Bairro: ( )NA 1.25-CEP: ( )NA

1.26 - Referéncia: 1.27 -Telefone da residéncia: ( )

1.28 — Poderia fornecer o endereco e telefone do seu trabalho? ( )Sim ( )N&do ( ) N&otrabalha

1.29 — Enderego do trabalho: ( INA
1.30 — Numero do trabalho: Complemento do trabalho: ( )NA
1.31 —Telefone do trabalho: () Ramal: ( )NA
1.32 — Nome da empresa: ( )NA

Vocé poderia fornecer o contato de pelo menos 3 pessoas de sua convivéncia?

Parentesco | Nome Telefone Endereco

M3ie ()

Pai ()
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Irm3/irm3o ()

Amiga (o) ()

Bloco 2 - Caracteristicas sdcio demograficas

2.1 a-Qual a sua cor (informada)? ( )Preto ( )Pardo ( )Branco( )Amarelo ( )Indigena( )NS( )NR

2.2 - Mora com o (a) companheiro (a)? ( )Sim ( )Ndo ( )NS( )NR

2.3 - Além de vocé, quantas pessoas moram na sua casa? 2.4 - Sua casa tem quantos comodos?

2.5 —Das pessoas que moram com vocé, quantas exercem uma atividade remunerada sem contar com vocé?

2.6 — Alguém na sua casa recebe bolsa familia? ( )Sim ( )Ndo ( )NS( )NR 2.6 a—Quantas pessoas?

2.7 - Qual a renda total de sua familia?

2.8 - Vocé exerce alguma atividade remunerada? ( )Sim ( )Ndo ( )NS( )NR

2.8a —Se sim, esta atividade é: ( )emcasa ( )foradecasa( )NS ( )NR ( )NA

2.8b - Qual tipo de atividade vocé desenvolve? ( )NA

2.8.c - Trabalha hd quanto tempo nesta atividade? anos ( )NA

2.8 d — Trabalhou durante a gestac¢do?

( )N&do ( )12trimestre( )22trimestre( )32trimestre( )Todos( )NS ( )NR ( )NA

2.9 — Até que ano/série vocé frequentou a escola?

() Nunca estudou

() Ensino Fundamental ( ) Ensino Médio ( ) Ensino Superior () Poés graduagdo
() 12.ano (antigo CA) ( ) 12ano () Completo () Especializagdo
() 22ano (antiga 12 série) ( ) 2%ano () Incompleto () Mestrado

() 32ano (antiga 22 série) ( ) 32%2ano () NS () Doutorado
() 42ano (antiga 32 série) () NS () NR () NS

() 52ano (antiga 42 série) () NR () NA () NR

() 62ano (antiga 52 série) () NA () NA

() 72 ano (antiga 62 série)
() 82ano (antiga 72 série)

() 92ano (antiga 82 série)
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Bloco 3 - Nascimento da gestante

3.1 a - Nasceu com baixo peso? (<2500g) ( )Sim ( )Ndo ( )NS( )NR

3.1 b - Qual o peso ao nascimento?

3.2 a- Nasceu prematura? ( )Sim ( )Ndo ( )NS( )NR

3.3 b - Nasceu com quanto tempo de gestacao? ( )Meses( )Semanas( )NS( )NR
Bloco 4 - GestagGes anteriores
4.1 —Vocé Ja engravidou antes desta gravidez atual? ( )Sim ( )Ndo ( )NS( )NR
4.2 - Fez fertilizagdo artificial em gestacGes anteriores? ( )Sim ( )Ndo ( )NS( )NR ( )NA
4.3 — Quantas vezes engravidou sem contar com a atual?
4.4 — Destas vezes, quantos nasceram vivos? ()NA
4.5 -Teve algum parto prematuro? ( )Sim ( )Ndo ( INS( )NR ( )NA
4.6 — Algum filho nasceu com baixo peso? ( )Sim ( )Ndo ( INS( )NR ( )NA
4.7 — Algum filho nasceu com doenga congénita? ( )Sim ( )Ndo ( )NS( JNR ( )NA
4.7 a—Qual doenga? ( )NA
4.8—Alguma gravidez anterior resultou em aborto? ( )Sim ( )Ndo ( )NS( )NR ( )NA
4.8 a —Se sim, quantos abortos? ( )NA
4.8b - Se sim, quantos foram abortos espontdneos? __ ( )N&o foi espontaneo ( )NS( )NR( )NA

4.9 — Teve alguma gravidez que resultou em Mola hidatiforme? ( )Sim ( )N&o (

JNS ( INR

( INA




Bloco 5 - Pré natal da gestagdo atual

5.1 - Planejou ter este filho? ( )Sim ( )Ndo ( JNS( )NR

5.2 — Quanto tempo demorou para engravidar nesta gestagdo? ( )Meses ( )Anos ( )NS( )N

R

5.2 - Fez fertilizagdo artificial para engravidar nesta gestagdo? ( )Sim ( )Ndo ( )NS( )NR

5.3 - Esta esperando gémeos? ( )Sim ( )Ndo ( INS( )NR
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5.4 - Qual era o seu peso antes de engravidar? ( JNS( INR

5.5 -Qual é o seu peso atual? ( INS( INR

5.6 - Qual a sua altura? ( JNS( )NR

5.7 - Teve ciclos menstruais regulares (24 a 32 dias) nos trés meses antes da gestagdo? ( )Sim ( )Ndo ( NS (

)NR

5.8 - Utilizou anticoncepcionais hormonais (pilula, injegdo) nos dois meses anteriores a esta gestagdo?

( )Sim ( )Ndo ( )NS( )INR

5.9 - Estava amamentando nos dois meses anteriores a esta gestacao?( )Sim ( )Ndo ( )NS( )NR

Bloco 6 — Morbidades Pré gestacionais e gestacionais

Quais doengas tinha antes da gestagao?
6.1 -Anemia ( )Sim ( )Ndo ( )NS( INR
6.2 — Depressao ()Sim ( )Ndo ( )NS( INR
6.3 — Diabetes ( )Sim ( )Ndo ( )NS( INR
6.4 — Hipertensao ()Sim ( )Ndo ( )NS( INR
6.5 — Doencas na tiredide ()Sim ( )Ndo ( )NS( INR
6.6 — Outros problemas enddcrinos ou glandulares ( )Sim ( )Ndo ( )NS( )NR
6.7 — Doenca cardiaca ()Sim ( )Ndo ( )NS( INR
6.8 — Asma ou Bronquite ()Sim ( )Ndo ( )NS( INR
6.9 — Proteinuria ou doenga nos rins ou doenca renal cronica ( )Sim ( )Ndo ( )NS( INR
6.10 — Qualquer tipo de cancer ( )Sim ( )Ndo ( )NS( INR
6.11 — Lupus ( )Sim ( )Ndo ( )NS( INR
6.12 — Qualquer doencga de coagulagdo sanguinea ( )Sim ( )Ndo ( )NS( INR
6.13 — Epilepsia ( )Sim ( )Ndo ( )NS( INR
6.14 — Tuberculose ( )Sim ( )Ndo ( )NS( INR
6.15 — Infecgdo no Trato urinario (ITU) ( )Sim ( )Ndo ( )NS( INR
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6.16 —Qualquer anormalidade congénita ou doencga genética ( )Sim ( )Ndo ( )NS( INR
6.17 — Doenga de crohn, doenga celiaca, colite ulcerativa ou qualquer ()Sim ( )Ndo ( )NS( INR
problema severo de ma absorg¢do

6.18 — Qualquer outro problema clinico? ()Sim ( )Ndo ( )NS( INR

6.18 a—Qual?

E agora, durante a gestacdo, apresentou até o momento algum destes problemas de saude?

6.18 - Dengue ()Sim ( )Ndo ( )NS( INR
6.20 —Zika ( )Sim ( )Ndo ( )NS( )NR
6.21 - Chikungunya ( )Sim ( )Ndo ( )NS( )NR
6.22 — Hipertensao ()Sim ( )Ndo ( )NS( INR
6.23 — diabetes ( )Sim ( )Ndo ( )NS( INR
6.24 — sangramento uterino mais de uma vez ( )Sim ( )Ndo ( )NS( )NR
6.25 — Alguma doencga cardiaca ( )Sim ( )Ndo ( )NS( )NR
6.26 — Alguma incapacidade fisica que a impeca de fazer exercicios ( )Sim ( )Ndo ( )NS( INR
6.27 — Descolamento de placenta ( )Sim ( )Ndo ( )NS( )NR
6.28 — Outros ( )Sim ( )Ndo ( )NS( )NR

6.28 a — Outros Qual?
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Bloco 7 — Medicagdes, suplementos e Vitaminas

Medicacdes, suplementos e vitaminas utilizadas desde o inicio da gestacdo, mesmo que tenha sido uma Unica vez, e até mesmo aqueles usados antes de engravidar, mas que continuou usando
agora. Incluindo pilula, remédios usados para enjoo, azia, dor, tratamento de infeccdo urinaria, infeccdo por baixo, pressdo alta ou diabetes.
7.27 -. Quais 0s nomes dos remédios, suplementos e vitaminas que vocé usou ou esta usando desde o inicio dessa gravidez?

Nome da medicacéo Motivo Tempo de uso

7.27.r1: 7.27.m1 ()1°trim ( )2°trim ( )3°trim ( )todaagestagcio ( )NA ( )NS( )NR
7.27.x2: 7.27.m2 ()2%rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.13: 7.27.m3 ()2°trim ( )2°trim ( )3°trim ( )todaagestagio ( )NA ( )NS( )NR
7.27.r4: 7.27.m4 ()2°trim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r5: 7.27.m5 ()2%rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.16: 7.27.m6 ()2°trim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.07: 7.27.m7 ()2°trim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r8: 7.27.m8 ()2%rim ( )2°trim ( )3°trim ( )todaagestacdo ( )NA ( )NS( )NR
7.27.r9: 7.27.m9 ()2°rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r10: 7.27.m10 ()21°rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r11: 7.27.m11 ()21°trim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r12: 7.27.m12 ()2%rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r13: 7.27.m13 ()21°trim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR
7.27.r14: 7.27.m14 ()2°trim ( )2°trim ( )3°trim ( )todaagestagio ( )NA ( )NS( )NR
7.27.r15: 7.27.m15 ()2%rim ( )2°trim ( )3°trim ( )todaagestacio ( )NA ( )NS( )NR

Bloco 8 - Atividade fisica
8.1 — Praticava atividades fisicas antes de saber que estava gravida? ( )Sim ( )Ndo ( )NS( INR
8.2 — Mudou de habitos de atividades fisicas apds saber que estava gravida? ( )Ndo ( )Sim, passou a fazer ( ) Sim, deixou de fazer ( )NS ( )NR

8.3 — Estd com indicac¢do de repouso? ( )Sim ( )Ndo ( )NS( INR



Para responder as questGes lembre que:

e Atividades fisicas VIGOROSAS sdo aquelas que precisam de um grande esforgo fisico e que fazem respirar MUITO mais forte que o normal

e Atividades fisicas MODERADAS sdo aquelas que precisam de algum esforgo fisico e que fazem respirar UM POUCO mais forte que o normal

Para responder as perguntas pense somente nas atividades que vocé realiza por pelo menos 10 minutos continuos de cada vez.

8.4 a- Em quantos dias da ultima semana vocé CAMINHOU por pelo menos 10minutos continuos em casa ou no
trabalho, como forma de transporte para ir de um lugar para outro, por lazer, por prazer ou como forma de
exercicio?

8.4 b - Nos dias em que vocé caminhou por pelo menos 10 minutos continuos quanto tempo no total vocé gastou
caminhando por dia?

8.5a- Em quantos dias da ultima semana, vocé realizou atividades MODERADAS por pelo menos 10 minutos
continuos, como por exemplo pedalar leve na bicicleta,nadar, dancar, fazer ginastica aerdbica leve, jogar volei
recreativo, carregar pesos leves, fazer servicos domésticos na casa, no quintal ou no jardim como varrer,aspirar,
cuidar do jardim, ou qualquer atividade que fez aumentar moderadamente sua respiragdao ou batimentos do
coragdo (POR FAVOR NAOINCLUA CAMINHADA) ?

8.5b - Nos dias em que vocé fez essas atividades moderadas por pelo menos 10minutos continuos, quanto tempo
no total vocé gastou fazendo essas atividades por dia?

8.6 a - Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por pelo menos 10 minutos
continuos, como por exemplo correr, fazer gindstica aerdbica, jogar futebol, pedalar rdpido na bicicleta, jogar
basquete, fazer servigos domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos elevados
ou qualquer atividade que fez aumentar MUITO sua respiragdo ou batimentos do coragdo?

8.6 b. Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10minutos continuos quanto tempo no
total vocé gastou fazendo essas atividades por dia?

Estas Ultimas questdes sdo sobre o tempo que vocé permanece sentado todo dia, no trabalho, na escola ou
faculdade, em casa e durante seu tempo livre. Isto inclui o tempo sentado estudando, sentado enquanto descansa,
fazendo ligdo de casa visitando um amigo, lendo, sentado ou deitado assistindo TV. Ndo inclua o tempo gasto
sentando durante o transporte em 6nibus, trem, metr6 ou carro.

8.7 a. Quanto tempo no total vocé gasta sentado durante um dia de semana?

( )Nenhum ( )

horas:

( )Nenhum ( )

horas:

( )Nenhum ( )

horas:

horas:

dias por semana ( )N3&o sei informar

Minutos:

dias por semana ( )N3&o sei informar

Minutos:

dias por semana ( )N3&o sei informar

Minutos:

Minutos:
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8.8 b. Quanto tempo no total vocé gasta sentado durante em um dia de final de semana? horas: Minutos:



Bloco 9 - Felicidade e depressao

Eu vou ler as préximas cinco perguntas e vocé vai me responder olhando para uma escala, que vai de 1 a 7 (mostrar escala
impressa a cada pergunta). Me diga qual o nimero desta escala que a descreve da melhor forma.

BOOOOOEC

O 1 quer dizer ndo muito feliz e o 7 muito feliz.

9.1 - Qual desses rostos mostra melhor como vocé se sentiu na maior parte do tempo, no Gltimo ano? ___
9.2 - De forma geral, Vocé se considera uma pessoa:

9.3 - Se comparando com a maioria dos seus colegas ou amigos, vocé se considera:

Questiondrio de Edimburgo

Diga a opc¢do (no) que melhor reflete como a Sra. tem se sentido nos ultimos 7 dias:

9.4 - Eu tenho sido capaz de rir e achar
graca das coisas.

9.5 - Eu tenho pensado no futuro com
alegria.

9.6 - Eu tenho me culpado sem razéo
quando as coisas déo errado.

9.7 - Eu tenho ficado ansiosa ou
preocupada sem uma boa razéo

9.8 - Eu tenho me sentido assustada ou
em panico sem um bom maotivo.

9.9 - .Eu tenho me sentido
sobrecarregada pelas tarefas e
acontecimentos do meu dia-a-dia.

9.10 -. Eu tenho me sentido tao infeliz

que eu tenho tido dificuldade de dormir.

9.11 - .Eu tenho me sentido triste ou
muito mal.

9.12 - .Eu tenho me sentido t&o triste que
tenho chorado.

9.13 - .Eu tenho pensado em fazer
alguma coisa contra mim mesma

1 - Como eu sempre fiz.

2 - N4o tanto quanto antes.

3 - Sem davida, menos que antes.

4 - De jeito nenhum.

1 - Sim, como de costume.

2 - Um pouco menos que de costume.

3 - Muito menos que de costume.

4 - Praticamente ndo

1 - Néo, de jeito nenhum.

2 - Raramente.

3 - Sim, as vezes.

4 - Sim, muito frequentemente.

1 - Sim, muitas vezes seguidas.

2 - Sim, as vezes.

3 —Raramente.

4 - N&o, de jeito nenhum.

1 - Sim, muitas vezes seguidas.

2 - Sim, as vezes.

3 - Raramente.

4 - Ndo, de jeito nenhum

1 - Sim. Na maioria das vezes eu ndo consigo lidar bem com eles.
2 - Sim. Algumas vezes ndo consigo lidar bem como antes.
3 - Ndo. Na maioria das vezes consigo lidar bem com eles.
4 - Ndo. Eu consigo lidar com eles tdo bem quanto antes.
1 - Sim, na maioria das vezes.

2 - Sim, algumas vezes.

3 - Raramente.

4 - Ndo, nenhuma vez.

1 - Sim, na maioria das vezes.

2 - Sim, muitas vezes.

3 - Raramente.

4 - N&o, de jeito nenhum

1 - Sim, a maior parte do tempo.

2 - Sim, muitas vezes.

3 - S6 de vez em quando.

4 - N&o, nunca.

1 - Sim, muitas vezes.

2 - As vezes.

3 - Raramente.

4 — Nao, nunca.
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Bloco 10 - Uso de alcool

10.1 — Vocé consumiu alguma bebida com dalcool desde que
engravidou, mesmo sem saber que estava gravida? ( )Sim ( )Ndo ( )NS ( )NR
Se sim aponte o tipo e a frequéncia
Tipo de bebida Nunca Por més Por semana Por dia
0 <loul 2 3 1-2 3-4 5-6 7 1 2 >3
11.1 a - cerveja
11.1b - Vinho
11.1 c - Destilados (caipirinha,
Ice, batidas, whisky)
11.1d - Outros
Bloco 11-Tabagismo
11.1 — Vocé fumava antes de engravidar? ( )Sim ( )Ndo ( INS ( )NR
11.2 - Se sim, continuou fumando quando soube que estava gravida? ()Sim( )Ndo ( )NA( NS ( )NR
11.3 - Quantos cigarros, em média, fuma por dia? ( JNA( )NS( )NR
11.4 - Seu marido/companheiro fuma? ( )Sim ( )Ndo ( )NS ( )NR
11.5 - Quantos cigarros por dia, em média, seu marido/companheiro fuma? ( JNA( )NS( )NR
11.6 —Alguém de seu convivio fuma diariamente? ( )Sim ( )Ndo ( INS ( )NR

Bloco 12 - Uso de drogas

12.1 — Vocé usou drogas desde que engravidou, mesmo sem saber que estava gravida? ( ) Sim ( )N&do ( )NS ( )NR

12.2 — Que droga utilizou?

12.2 a—Maconha ( )1etrim ( )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ( )NR
12.2 b - LSD ou acido () 12trim )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ( )NR
12.2 c- langa perfume ou Lolé ()19trim ( )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ()NR
12.2 d —Heroina ()12trim )22trim ( )32trim ( )todagestagdo ( )NA ( ) NS ( )NR
12.2 e—Crack ()12trim ( )22trim ( )32trim ( )todagestagdo ( )NA ( )NS ( )NR
12.2 f—Cocaina ()1etrim ( )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ( )NR
12.2 g - Cola de sapateiro ()12trim ( )22trim ( )32trim ( )todagestagdo ( )NA ( )NS ( )NR
12.2 h - Comprimidos para dormir ou

para ficar calma ()12trim )29trim ( )32trim ( )todagestagdo ( )NA ( )NS ( )NR
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12.2 i- Outra droga: ()12trim ( )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ( )NR

12.2i1- Qual? ()12trim ( )22trim ( )32trim ( )todagestacdo ( )NA ( )NS ( )NR

Bloco 13 — Saude Bucal

13.1 - Em geral, quantas vezes escova seus dentes por
dia?

( ) Ndo escovo diariamente ( )1 ()2 ( )=3 ( )NS ( )NR

13.2 — Utiliza fio dental diariamente?

( ) Nunca Uso ( ) N&o diariamente ( ) Diariamente ( ) NS ( ) NR

13.3 — Costuma sentir dor de dente diariamente?

( ) Nunca ( )N&odiariamente ( ) Diariamente( ) NS ( ) NR

13.4 — Sua gengiva sangra quando escova os dentes?

( )Nunca ( )N&odiariamente ( ) Diariamente( ) NS ( ) NR

13.4 - Ultima vez que foi ao dentista?

( )<6meses ( )entre6meseselano ( )>1ano( )NS ( )NR
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Bloco 14 — exposicao

14.1 — Moradia

14.1 - Qual o tipo de residéncia vocé mora? ( )casa ( )apartamento ( ) moradorderua ( )NS ( )NR

14.1 a —Se casa, qual o tipo de construgao?

( ) Tijolo revestido ( ) Tijolo ( )Taipa revestida com reboco ( ) madeira ( ) Material aproveitado ( ) NA ( ) NS ( )NR

14.1 b - Quantos comodos tem na residéncia?

14.1 c — Quantos cdmodos tem janelas e/ou basculantes?

14.1d - Existe manchas de mofo na sua residéncia?( )Ndo ( )Nasala ( )Nos quartos ( )Outro cémodo ( )NA ( )NS ( INR

14.1e — Tem quintal na residéncia? ( )Sim ( )Ndo ( )NA ( )NS ( )NR

14.1f — Algum familiar utiliza a residéncia como local de trabalho? ( )Sim ( )Ndo ( JNA ( )NS ( )NR

14.1f1 — Que atividade desenvolve? () Serralheria

( ) Pinturas e servigos automotivos () servigos de eletronica
( ) Grafica ()NA

( ) Cabeleireiro ( )NS

( ) artesanato ( )JNR

( ) sapateiro ( ) OUTROS

() marcenaria/carpintaria Outros qual?

14.1g— Sua casa foi reformada durante a gestagdo? ( )Ndo ( ) Sim, 12 trim ( ) Sim, 22tri ( ) Sim,32trim ( NS ( )NR

14.1h - Tipo de reforma? ( )Construgdo ( )pintura ( )aplicagdo piso laminado ( )sinteco ( )outro ( )NA ( )NS ( )NR

14.1i — Qual a fonte de agua de sua residéncia?

( ) rede de abastecimento ( ) Pogco ( ) reservatdrio comunitdrio ( )acumulo dachuva ( )Joutro ( )NA ( ) NS ( )NR

14.1j — O que utiliza para abastecer o fogdo de sua casa? ( ) gas ( ) querosene( )lenha ( )outro ( )NA ( )NS ( )NR

14.1k — Costuma fazer churrasco na sua residéncia? ( )Sim ( )Ndo ( JNA ( )NS ( )NR

14.1k1 — Utiliza carvdo? ( )Sim ( )Ndo ( )NA ( )NS ( )NR

Por Més Por semana Por dia

0 1 2 3 1-2 | 3-4 | 5-6 7 1 2-3 >3
14.1k2 — Com que

frequéncia faz churrasco?

14.11 — Existe algum destes locais na mesma quadra/quarteirdo de sua residéncia?

( )oficina de pintura ( )posto de gasolina ( )fabrica de plasticos ( )fabrica de isopor ( )outro( )NA( INS ( INR
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14.2 Produtos utilizados no domicilio

Faz uso dos produtos abaixo na sua residéncia? Se sim assinale a frequéncia?

N Por Més Por semana

Produtos que utiliza 0 2 | 3|12 3-4 5-6 | 7 | Durante a gestacdo a frequéncia modificou?
14.2a - Inseticida spray ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2b— Inseticida elétrico ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2c - Outros inseticidas

quimicos ( )N@o ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2d-inseticidas

naturais (citronela) ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2e- Desinfetante

(pinho bril, veja) ( )N3o ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2f - Desengordurante

(veja para cozinha) ( )N3o ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2g - Cloro ( )N3o ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2h - Agua sanitéria ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2i - Cloroforme ( )N&Go ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2j - Lisoforme ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR
14.2k - Outros produtos ( )Ndo ( )Diminuiu ( )aumentou ( )NS ( )NR

14.2k- Faz uso de repelentes para o corpo durante a gesta¢do? ( )Sim ( )Ndo ( )JNA ( )NS ( )NR

14.21 — Qual a marca/nome?

14.2m - Cultiva algum tipo de planta, alimentos, jardim?( )Sim ( )Ndo ( )NA ( )NS ( )NR

14.2n — Utiliza algum produto para evitar pragas nas plantas, alimentos ou jardim? ( )Sim ( )Ndo ( )NA ( )NS ( )NR

14.2n1 — Que tipo de produto?( )Natural ( ) quimico ( )Na ( )NS ( )NR

14.20 — Quantos dias faz que vocé utilizou inseticida em casa? ( JNS ( )NR ( )NA

14.2p - Vocé utilizou algum remédio para piolho recentemente? ( )sim( )ndo( )NR ( ) NS

14.2p1 — Quantos dias faz que vocé utilizou remédio para piolho? ( JNS ( )NR ( )NA

14.2q - Utiliza algum produto para animais de estimagao? ( )sim( )ndo( )NR ( ) NS

14.2q1 - Se sim, qual?

()NS ( )NR ()NA

14.292 - Quantos dias faz que vocé utilizou a ultima vez? ( NS ( )NR ( )NA
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14.3 - Utensilios de cozinha

14.3a —Utiliza potes de plastico para esquentar comida no micro-ondas ou banho maria? ( )Sim ( )Ndo ( )NS ( )NR

14.3al — Se sim quantos dias por semana? ( )Todos os dias ( )3 a 4 dias/semana ( )1a2dias/semana( )NA( )NS ( )NR

14.3b — Que tipo de panelas utiliza?( )teflon ( )aluminio ( )ferro( ) barro ( )Ceramica ( )Inox ( )NA( )NS ( )NR

14. 3b1 —Se outro tipo, qual?
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14.4 — Dieta (frutas, legumes e verduras)

Fale sobre a frequéncia de consumo dos alimentos listados abaixo

Ndo consome Por més

Por semana

Por dia

Organicos

Tipos

0 <1 2 3 1-2 3-4

5-6

2

23

Sempre

As vezes

Nunca

NA

FRUTAS

14.4a - Abacaxi

14.4b — banana

14.4c - laranja

14.4d - maga

14.4e - mamao

14.4f - manga

14.4g - Meldo

14.4h - Melancia

14.4 i - maracuja

14.4j - Morango

14.4 k - Uva

14.41 - Outros

LEGUMES E
VERDURAS

14.4m - Abobora

14.4n - Abobrinha

14.40 - Alface

14.4p — Aipim
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14.4q — Batata

14.4r - Brocolis

14.4s - Cenoura

14.4t - cebola

14.4u - Couve flor

14.4v - Couve

14.4x - Pimentado

14.4y - Pepino

14.4z - Quiabo

14.4ab - Repolho

14.4ac - outros
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14.5 — Dieta (carnes)

Fale sobre a frequéncia de consumo dos alimentos listados abaixo

Tipo

N3o consome

Por més

Por semana

Por dia

Organicos

0

<1 2 3

3-4 5-6

2

23

Sempre

As vezes

Nunca

NA

14.5a — carne suina

14.5b - Carne bovina magra (patinho, musculo)

14.5c — Carne bovina com gordura (alcatra, Contra file,
picanha)

14.5d - figado Bovino

14.5e - Lingua

14.5f — Coragdo Bovino

14.5g — Carne de frango

BOVINA E SUINA E FRANGO

14.5h — pele do frango

14.5 i — Visceras do frango (coragdo, moela, figado)

14.5j - Outros

14.5k - Anchova

14.51 - Arenque

PEIXE

14.5m — Atum fresco ou congelado

14.5 n — Atum em lata

14.50 - Corvina
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14.5p - Dourado

14.5q -Namorado

14.5r - Pescada

14.5s - Panga

14.5t - Sardinha

14.5u - Salm3o

14.5v - Tainha

14.5x - Tilapia

14.5y - outros
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14.6 — Dieta (frutos do mar, embutidos e ovos)

Fale sobre a frequéncia de consumo dos alimentos listados abaixo

Tipo

Nao consome

Por més

Por semana

Por dia

Organicos

0

<1 2

3-4 5-6

2

23

Sempre

As vezes

Nunca

NA

14.6a — camarao

14.6b - Mexilhdo

14.6¢ —Siri

14.6d - Lula

14.6e - caranguejo

FRUTOS DO MAR

14.6f — polvo

14.6g — Ostra

14.6h outros

14.6 i — Salame

14.6j - Presunto

14.6k - Linguica

14.6l - Mortadela

Embutidos

14.8m — Peito de peru

14.9 n — Blanquet

14.100 - outros

14.11p —Ovos de galinha
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14.7 — Dieta (fastfood e ultra processados)

Fale sobre a frequéncia de consumo dos alimentos listados abaixo

Tipo Ndo consome Por més Por semana Por dia Organicos
0 <1 2 1-2 3-4 5-6 2| 23 Sempre As vezes Nunca NA
14.7a — pipoca de micro-ondas

ju " 14.7b — hamburguer industrializados

> 3

g g 14.7c — alimentos aquecidos na propria

S § embalagem prontos para consumo (lasanha,

% s nhoque, estrogonofe, sopa)

[N

14.7d — Sanduiches fastfood
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14.8 — Dieta (Cha de ervas)

Fale sobre a frequéncia de consumo dos alimentos listados abaixo

Tipo Ndo consome Por més Por semana Por dia Organicos
0 <1 2 3 1-2 3-4 5-6 7 (1|2 23 Sempre As vezes Nunca NA
14.8a — Cha verde
14.8b — Cha preto
14.8c — Mate
(%]
2
O | 14.8d —erva Cidreira
14.8e - Hortela
14.8f - outros
14.9 — Dieta (graos)
Fale sobre a frequéncia de consumo dos alimentos listados abaixo
Tipo Ndo consome Por més Por semana Por dia Organicos
0 <1 2 3 1-2 3-4 5-6 7 11}2| 23 Sempre As vezes Nunca | NA
14.9a — arroz branco
" 14.9b — arroz integral
3
& | 14.9c —feijao
14.9d —ervilha
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14.9 e - Milho

14.9 f - lentilha

14.9 g - canjica

14.9 h - outros

14.10 — Fonte de abastecimento de dgua para consumo

14.10 a — Qual a fonte de abastecimento de sua dgua na sua residéncia?

( ) rede publica ( ) carro pipa ( ) pogo ou nascentes ( )agua dachuva ( ) reservatdrio comunitario

14. 10 b — Utiliza filtro para a 4gua de consumo?

( )Filtro de barro ( )filtro de carvao ativado ( )filtro ndo sei informar o tipo ( )N&o, direto da bica ( )N&o, dgua mineral ( )N&o, apenas fervida ( )N&o, apenas clorada ( ) NS ( ) NR
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Bloco 15 - Caracteristicas do pai bioldgico (respondido pela gestante)

Entrevistador responde — O pai esta presente no momento? ( ) Sim ( ) Nao

15.1 - Pode informar o nome do pai do bebe? ( ) Sim ( ) Nao

15.2 - Se sim seguir para 15.3, se ndo por que ndo? ( ) Ndo sei o nome ( ) N&o gostaria de falar

15.3 — Nome do pai:

15.4 - Qual a idade dele?

15.5—-Qual a cor dele? ( )Preto ( )Pardo ( )Branco (

JAmarelo ( )indigena( )NS ( )NR

15.6 — Até que ano/série ele frequentou a escola?

(

(

) Nunca estudou

) Ensino Fundamental

) 12 ano (antigo CA)

) 22 ano (antiga 12 série)
) 32ano (antiga 22 série)
) 42 ano (antiga 32 série)
) 52 ano (antiga 42 série)
) 62 ano (antiga 52 série)
) 72 ano (antiga 62 série)
) 82 ano (antiga 72 série)
) 92 ano (antiga 82 série)
) NS

) NR

) NA

) Ensino Médio
) 12 ano

) 22 ano

) 32ano

) NS

) NR

) NA

( ) Ensino Superior
() Completo

() Incompleto

( )NS
() NR
() NA

) Pés graduacgao
) Especializagdo
) Mestrado

) Doutorado

) NS

) NR

) NA

15.7 — El trabalha?

()Sim ( )Ndo ( )NS ( )NR

15.7 a—Em que tipo de atividade ele desenvolve?

15.7 b — Trabalha nesta atividade ha quantos anos?

15.8 — Se mudou de atividade, qual a atividade anterior

15.8 a — Trabalhou nesta atividade por quanto tempo em anos?

15.9 - Teve asma ou bronquite?

()Sim ( )Ndo ( )NS ( )NR

15.10 — Ele Fuma?

( )Nunca ( )Nopassado( )Fuma ( )NS ( )NR

15.10 a — Se fumou no passado, parou a quanto tempo?

() meses

( )anos( )NA ( )NS ( )NR

15.11 b — Se fuma atualmente, fuma quantos cigarros por dia?

( YNA( JNS ( )NR

15.12 — Consome bebidas alcodlicas?

()Sim ( )Ndo ( )NS ( )NR
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Nunca Por més Por semana Por dia
Tipo de bebida 0 <loul 2 3 1-2 3-4 5-6 7 1 2 >3
15.12 a - cerveja
15.12 b - Vinho
15.12 c - Destilados (caipirinha, Ice,
batidas, whisky)
15.12 d - Outros
15.13 — Consome outro tipo de droga? ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 —Quetipo ?
15.14 a - Maconha ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 b - LSD ou acido ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 c - langa perfume ou Lolé ( ) Nunca ( )Nopassado ( )atualmente ( )NS ( )NR
15.14 d - Heroina ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 e - Crack ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 f - Cocaina ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 g - Cola de sapateiro ( )Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 h - Comprimidos para dormir ou para ficar calmo ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 i - Outra droga ( ) Nunca ( ) Nopassado ( )atualmente ( )NS ( )NR
15.14 i1 - Qual?
Bloco 16 - Informagdes da carteira da gestante
16.1 — Data da Ultima menstruagdo: / / 16.2 — Primeiro peso da m3e: kg
16.3 — Altura da mae: cm
Vacinas 12 dose () 22 dose (b) 32 dose (c) Reforco (d) J& vacinada (e)
16.4 -

()Sim( )N&o ( )lgn | ( )Sim( )N&o ( )lgn

Antitetanica

( )Sim( )N&o ( )ign

( )Sim( )N&o ( )ign

( )Sim( )N&o ( )ign

16.5 - . i . - . - . : | |
Hepatite B ()Sim( )N&o ( )ign | ( )Sim( )N&o ( )ign | ( )Sim( )N&o ( )ign | ( )Sim( )N&o ( )ign | ( )Sim( )N&o ( )ign
16.6 - _ -

Influenza ()Sim ( )N&o ( )ign _ ] _ :

16.7 - ( )Sim( )N&o ( )ign | ( )Sim( )NZo ( )ign | ( )Sim( )NZo ( )ign | ( )Sim( )NZo ( )ign ]
Triplice g g . )

Exames realizados durante a gravidez. Anotar preferencialmente do cartdo ou, se

momento da entrevista.

tiver, de exames que estejam com a mée no

Exame (a)

Data (b)

Resultado (c)

16.8 - ABO-RH ()Sim ( )N&o ( )ign
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16.9 - Hb (Hemoglobina) ()Sim( )N&o ( )ign
16.10 -.Ht (Hematdcrito) ()Sim ( )N3o ( )ign
16.11 - Glicemia de jejum ( )Sim( )NZo ( )ign
16.12 -VDRL ( )Sim( )N&o ( )ign
16.13 - Urina 1 (EQU) ()Sim ( )N3o ( )ign
16.14 - Urina 2 (urocultura) (' )sim ( )N&o ( )ign
16.15- Anti HIV ( )Sim( )N&o ( )ign
16.16 - HBsAgQ ()Sim( )N&o ( )ign
16.17 - Toxoplasmose A (IgG) ()Sim (' )N&o ( )ign
16.18 - Toxoplasmose B (IgM) ()Sim ( )N3o ( )ign
16.19 - Combs. Indireto ()sim ( )NZo ( )ign

Ultrasonografia (anotar no méximo trés, comecando pelo ultrassom mais precoce)

16.21 — Ultrasson 1

16.22 — Ultrasson 2

16.23 — Ultrasson 3

a-Foi realizado?

( )Sim( )N&o ( )ign

( )Sim( )N&o ( )lign

( )Sim( )N&o ( )lign

b. Data

c. IGDUM

d. IG USG

e. Peso fetal

f. Placenta

g. Liquido

h. CCN

i. DiaBi

j. outro

Consulta n°

16.24 -Consulta 1

16.25 —Consulta 2

16.26 —Consulta 3

16.27 —Consulta 4

16.28 —Consulta 5

a — foi
realizada

( )Sim( )Nao ( )ign

( )Sim( )N&o ( )ign

( )Sim ( )N&o ( )ign

( )Sim( )N3zo ( )ign

( )Sim ( )Nao (
)ign

b. Data

c. IG semanas

d. Peso

e. IMC

f. Pressdo
arterial

g. Edema

h. Altura
uterina (cm)

Apresentacdo
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i. BCF

j. Movimento
fetal
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Anexo Il - Formulario de Relato de Caso do Recém-nascido
MATERNIDADE ESCOLA DA UFRJ

Formulario do RN

Dados do recém-nascido

Informacdes gerais

Nome: Prontuario da crianca:
Nome da Mae: Prontudrio da mae:
Endereco de residéncia durante gestacdo: Bairro:

Passou algum periodo da gestacdo em outro endereco? [ ] Sim [ ] Ndo - Se sim, especificar o endereco e
bairro: Bairro:

Data do parto: / / Sexo: [ ] Masculino [ ] Feminino [ ]Indeterminado

Idade gestacional (DUM):___ semanas ___dias

Idade gestacional (US):___ semanas ____dias USG( )lo.trim USG( )2o.trim USG( )3o.trim

Idade gestacional (CAPURRO):___ semanas ___ dias IG (NEW BALLARD):___ semanas ___dias

Classificacdo quanto a idade gestacional: [ ] Pré-termo [ ] Termo [ ] Pés-termo

Crescimento intrauterino foi considerado: [ ] Normal [ ] Anormal

Trabalho de parto e liquido amniético:

[ ] gestagdo interrompida deliberadamente, por parto induzido ou cesarea, antes do inicio do trabalho de parto
[ ]trabalho de parto anterior a rotura da bolsa amniética

[ ]trabalho de parto sucedeu a rotura da bolsa amnidtica. Tempo de Bolsa rota ( horas ) :

Liquido amniético : Limpido [ ] Meconial [ ] Purulento [ ] Oligodramnia [ ] Adramnia [ ] Polidramnia [ ] Normodramnia [ ]

Tipo de parto: [ ] Normal (Vaginal) [ ] Férceps [ ] Ceséreo, indicagdo:

Circular de corddao : Sim[ ] N&o [ ] Placenta: peso
Intercorréncia perinatal? [ ] Sim [ ] Ndo — Se sim, qual: [ ] Hipdxico-isquémico [ ] Hemorragia intracraniana

[ ] Tocotraumatismo (especificar): [ ] hemorragia conjuntival ; [ ] lesGes de pele; [ ] ferimentos cortocontusos de
partes moles; [ ] bossa serossanguinea; [ ] céfalo-hematoma; [ ] fratura de clavicula; [ ] parestesia braquial e facial

[ ] Outros, especificar

indice de Apgar: ‘19 min: ‘59 min: ‘109 min: ‘

Reanimacdo na Sala de Parto: [ ] Ndo [ ]Sim - bolsa e méscara ( )intubacdo[ ] MCE[ ] Drogas| ] ‘

Drogas usadas na sala de Parto:

UTI-Neonatal: [ ] Sim [ ] Ndo Evolugdo: [ ] alta hospitalar [ ] 6bito. Data __/ /
Ocorreu 6bito ? [ ] Sim [ ] Nao - Se sim, classificar de acordo com um dos grupos de Wigglesworth:

[ 1 Grupo 1 — Malformacgdo congénita (grave ou letal / potencialmente letal)
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[ 1Grupo 2 — Morte fetal anteparto

[ 1Grupo 3 — Morte intraparto (‘asfixia’, ‘anéxia’, sofrimento fetal agudo ou ‘trauma’)
[ 1 Grupo 4 — Imaturidade/ prematuridade

[ 1Grupo 5 — Infecgdo

[ 1 Grupo 6 — Outras causas especificas de morte. Qual?

[ 1Grupo 7 — Causa externa. Qual?

[ 1 Grupo 8 — Morte subita
[ 1 Grupo 9 — Nao classificada

Exame fisico ao nascer

Peso (g): Estatura (cm): Perimetro cefalico: Classificagdo:

,___cm AIG[ ] PIG[ ]GIG[ ]

D1 (12 a24h devida ) : PC (xx,x cm)

Presenca de malformacgodes: [ ] Sim [ ] Ndo - Se sim,especificar:

[ ]Aparelho cardiocirculatério [ ] Aparelho respiratério [ ] Aparelho digestivo [ ] Aparelho osteomuscular
[ ]10rgdos genitais [ ] Sistema nervoso central

Descreva a malformagdo encontrada:

Houve outros achados clinicos? [ ] Sim [ ] Nao

Se sim,especificar:

Disturbios infecciosos : [ ] Sim [ ] Ndo Registrar sorologias maternas em observagdes

[ ]1Sepse neonatal [ ] Meningite [ ] Outros:

[ ]TORCH. Especificar : [ ]Hepatite B(HbsAg )
[ ]Rubéola(lgM:__ IgG: ) [ ICMV (IgM:___1gG:__ ) [ ]Herpes(lgM:__ IgG:_ )
[ THIV(antiHIV:___ ) [ ] Toxoplasmose (IgM:__IgG:__) [ ]Parvovirus B19 (IgM:__IgG:_ )
[ ]SsSifilis: VDRL ( Sangue): VDRL (LCR) FTAAbs

RX ossos longos:

[ 1Zika ( ) [ ]1Dengue ( ) [ 1Chikungunya ( )

Disturbios hematolégicos : [ ] Sim [ ] Nao
[ 1Anemia -valor minimo da hemoglobina [ ]lctericia - valor maximo da BT
[ ]!Incompatibilidade ABO [ ]Incompatibilidade Rh [ ] Exsanguineotransfusdo

[ ]Policitemia [ ]Plaguetopenia [ ]Leucopenia
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[ ]Outros:

Disturbios endocrinometabdlicos : [ ] Sim [ ] Ndo
[ ] Hipoglicemia neonatal [ ]Erroinato do metabolismo [ ] Hipotireoidismo congénito

[ ]Hiperglicemia neonatal [ ] Disturbio eletrolitico. Especificar:

[ ]Outros:

Disturbios respiratérios: [ ] Sim [ ] Ndo

[ ]Taquipneia transitéria [ ] Doenca de membrana hialina [ ] Displasia broncopulmonar
[ ]Sindrome de aspiracdo meconial [ ]1Pneumonia

[ ]Hipertensdo pulmonar (HPPRN) [ ] Pneumotdrax [ ] Hemorragia pulmonar

[ ]Ventilagdo mecanica invasiva [ ]Ventilagdo mecanica ndo-invasiva

Disturbios neuroldégicos : [ ] Sim [ ] Nao
[ ] Encefalopatia hipdxico-isquémica [ ]Hemorragia intracraniana [ ] Convulsdo neonatal

[ ]Leucomalacia periventricular [ ]Outros:

Disturbios gastrointestinais : [ ] Sim [ ] Ndo
[ ]Enterocolite necrosante [ ] Hemorragia digestiva [ ]Colestase

[ ]Outros:

Disturbios cardiocirculatério: [ ] Sim [ ] Nao
[ ]Parada cardiorrespiratdria [ ]Chogque com uso de aminas [ ] PCA

[ ] Cardiopatia Congénita. Especificar :

[ ]Outros:

Exames de imagem significativos : [ ] Sim [ ] Nao

Tipo de exame: data darealizagdo: __ / /
Resultado:
Tipo de exame: data darealizagdo: ___ / /

Resultado:
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Triagem neonatal :

Teste do Reflexo Vermelho: [ normal O duvidoso [ alterado Conduta:

Triagem para Cardiopatia Congénita Critica (Sp0O2): [ normal [ alterado Conduta:

Triagem Auditiva (EOA): [ normal [J alterado Conduta:

Triagem Metabdlica: [ ambulatorial [J colhido Data:

EXAME FiSICO COMPLETO

Peso: g  Estatura:_ cm  Perimetro Cefalico: _ cm
ANTROPOMETRIA
Classificagao: LJAIG OPIG UOGIG
COR: UCorado [Palido [Pletérico
PELE E MUCOSAS CIANOSE: (JAusente [Periférica [1Central ICTERICIA: [JAusente [IPresente
LESOES/SINAIS CUTANEOS:
[Bossa serossanguinea [JCefalohematoma Local:
SUTURAS: ONormais [Cavalgamento [Diastase
FONT. ANTERIOR: [Plana [JAbaulada [IDeprimida Medida:
CABECA E PESCOCO FONT. POSTERIOR: [Palpavel [IN&o palpavel Medida:
PALATO INTEGRO: OSim [Nao
ORELHAS NORMOIMPLANTADAS: USim [Nao
CLAVICULAS INTEGRAS: [Sim [Nao OUTROS:
APARELHO RITMO: ORegular lrregular Frequéncia: ___ irpm DESCONFORTO: [JAusente [Leve
RESPIRATORIO COModerado [OlIntenso AUSCULTA: [ONormal [JAnormal:
RITMO: O Regular O Irregular Frequéncia: __ bpm
APARELHO

AUSCULTA: O Normal O Anormal:

CARDIOVASCULAR
PULSOS FEMURAIS: [ONormal [JAnormal:

ASPECTO: [OPlano [OGloboso [Distendido [Escavado
ABDOME COTO UMBILICAL: O2A+1V O1A+1V [OOutros:

OUTROS:

GENITALIA: OMasculina OFeminina OIndiferenciada
) TESTICULOS TOPICOS: [Sim [Nao:

GENITOURINARIO . .
ANUS PERFURADO: [OSim [ONao MECONIO: OSim [[ONao

DIURESE: [OSim [INao OUTROS:

COLUNA INTEGRA: OSim [Nao:
OSTEOARTICULAR
BARLOW: [Negativo [Positivo =~ ORTOLANI: [INegativo [Positivo
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MEMBROS: normais [1 alterados [J

NEUROLOGICO

ATITUDE: OFlexdao dos 4 membros [Extensdo dos 4 membros [Outros:

MOTILIDADE: OHipoativo [OTremores/Abalos [Convulsées [Paralisias

TONUS: ONormal [Hipotonia [JHipertonia

REFLEXOS:

PRESENTE

ESBOCADO

AUSENTE

Moro

Preensao palmo-plantar

Busca
Succao
MALFORMACOES [ 1Sim [ ] Ndo
Data: Responsével (assinatura e carimbo):
/ /

OBSERVACOES:
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Anexo Il - Formuléario de Relato de Caso — Seguimento

MATERNIDADE ESCOLA DA UFRI
Me o Fansioa: || [__|-1_—_|
Ficha de seguimento NAO PREENCHER
1- Dados da crianca
| Informagdes gerais
Momme: Prontudrio da erlanga:
Nome da Mie: Prontudrio da mie:

Enderego (houve mudanca de enderego ? | | NSo [ ] Sim. Novo endernego :

ATENCAD: EM CASO DE MUDANCA DE ENDERECO, PREENCHER NOVAMENTE O QUESTIONARIO EXPOSICAD

Celular : e-mail :

Facebook :

Data do nascimento: _ f f Sewo: [ | Masculing [ ] Feminino [ Jindeterminado

Idade gestaclonal: _ semanas __ dias| | Pré-termo | ] Termo [ | Pds-termo [ | AIG [ | PG | | GIG

Malformacdo congénita: [ ) ndo () sim. Qual?

1.1 Lista de problemas (periodo neonatal e seguimento):
PERIODO NEONATAL Data de inicio | Status

1.1.2 Investigatso especializada:
Exame Data Achados principais
Taste do refless vermelho - (alta) |

Caso alterado, conduta e achados
Triagem Auditiva (EQA) - |alta) P |
Caso alterado, conduta e achados

Triggem Meonatal T |
Caso alterado, conduta e achados

Triagem para Cardicpatia Congénita F )
Critica (Sp0Z)
Caso alterado, conduta e achados

U5 transfontanela

L o L i L e
T L N L L




2- EwposicBo amblental da Crianga

2.1 Moradia

2.1.1 - Qual o tipo de residéncia? | ) casa | ) apartamento | ) moradorderua [ JNS | ] NE

2.1.1 a - %e casa, qual o tipo de construcio?| ) Tijolo revestide [ | Tijole [ )JTalpa revestida com reboco | ) madeira [ |
Material aproveltado [ ) Material aproveitado | JNA | JMNS [ JMNR

1.1b - Quantos cdmaodos tem na residéncia?

1.1 £ - Quantos coimodos tem janelas efou basculantes?

1.1 d— Existe manchas de mofo na sua residéncia® JMio [ JMa sala | JNos guartos | j0utro chmado | WA [ JNS | INR

1.1 e - Tem guintal na reshdéncia? | )Sim | JMSo [ JMA [ JNS | MR

1.1 f- Algum familiar utiliza a residéncia como local de trabalho? [ JSim [ NS0 [ JNA | NS [ JNE

} Pinturas e servigos automotivos
) Grafica

} Cabaleireiro

) artesanato

| sapateino

} miarcenaria/carpintaria

[ }Serralheria

[ }servicos de eletrdnica
[ JNA

[ N5

[ JNR

| JOUTROS

Outros gual?

1.1 g — 0 gue utiliza para abastecer o fogio de sua casa? | Jgdc | Jguercsene| )lenha | Jowtro | JHA | JMS [ JNR

1.1 b~ Costumna fazer churrasco na sua residéncla? [ JSim | JNSo [ JNA [ JNS [ JNR

2
2
2
2
2
2.1.1 f1 - Que atividade desenwvolve?
{
{
{
{
{
{
2
2
2

1.1 - Utlliza carvBo? [ )Sim | JM3o [ JMA | NS [ MR

For Més

Por semana

For dia

2.1.1 |- Com que Q 1 2 3 1-2

3-4 | 56 7 1

2-3

=3

frequéncia faz churrasco?

2.1.1 |k~ Exicte algum destes locais na mesma guadra/quarteirio de sua residéncia?
[ Joficing de pintura | |posto de gasolina [ [fabrica de pldsticos [ Jfabrica de sopor [ joutro [ PNAL JMNS | INR

2.2 - Fonte de abastecimento de 4gua para consumo

2.2 &= Qual a fonte de abastecimento de
sua dgua na sua residéneia?

[ }rede publica | }carropipa | ) pogo ou nascentes [ |
dgua da chuva | ) reservatdrio comunitario

2.2 b - Utiliza filtro para a 4gua de consumao ¥

{ JFiltra de barro | )filtro de carvBo ativado | |filtro n8o sel inforrmar o tipo | JN&o, direto da bica
[ JN&o, dgua mineral | N30, apenas fervida | JN&o, apenas dorada | JNS | ) NR

2.3 Uso de dloool durante a lactagio

2.3.1 - Vocd consume alguma bebida com dleool desde que
engravidou, mesmo sem saber que estava gravida?

[ )Sim | )MSo | NS [ )NR

5e sim aponte o tipo e a frequiéneia

Tipo de bebida Munca Par més POF SEMana Por dia
a <l oul z 3 1-2 3-4 5-6 7 1 2 =3
2.3.1 a- cerveja
2.3.1 b - vinhao
2.3.1 ¢ - Destilados
(caipirinha, lce, batidas,
whisky)
2.3.1 d - Outros
2.4 Exposicho ao tabaco - passive
2.4.1 - Vocé fumava antes de engravidar? { J5%m [ JMBo [ NS | MR
2.4.1 & Se sim, continuon fumando quando soube que estava | | J5im [ Mo | JMA | NS | JNE
gravida?
2.4.1 b- Quantos cigarros, em média, fuma por dia? [ INA [ NS | JNR
2.4.1 ¢- Seu marido/companheiro fuma? { JSim [ JM8a | NS | MR
2.4.1 d- Quantos cigarros por dia, em média, seu [ INa [ NS [ MR
marida/companheiro fuma?
2.4.1 e-Alguém de seu convivio fuma diarlamente? { J5im [ JMBa | NS | MR
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2.5 Uso de drogas durante a lactagdo

2.5.1 - Viped usou drogas desde gue engravidou, mesmo serm saber que estava gravida? | ] Sim | ] No [ JNS | | NR

2.5.2.2 = Que droga utiliza?

2.5.2 a = Maconha [ J1wvezsem ([ )2-3wvezessem ([ )diaramente [ JMA { JNS [ | NR
2.5.2b - L5SD ouw addo [ Jlwezsem | )2-3vezessem | )|diarfamente [ JMA | NS [ JNR
2.5.2 ¢ - langa perfume ou Lol { J1lwezzem ([ )2-3verescem ([ ]diaramente | JMA | J NS [ | NR
2.5.2d = Heraoina [ }lwezsem ([ )2-3veressem ([ )diariamente | JMA | JNS [ I NRE
2.5.2e - Crack [ }1lwezsem ([ )2-3wvezessem ([ )diaramente [ JMA { JNS [ ] NR
2.5.2 f = Cocaina [ Jlwezeem ([ )2-3 vezessem | )| diaramente [ JMA | NS [ | NR
2.5.2 g - Cola de sapateiro [ J1wvezsem ([ )2-3wvezessem ([ )diaramente | JMA | JNS [ ] NR
2.5.2 h - Comprimidos para dormir ou [ Jlwezsem ([ )2-3vezessem [ ]diariamente [ JMA | J N5 [ |NR
para ficar calma

2.5.2i - Dutra droga: [ }1lwezsem ([ )2-3wvezessem ([ )diaramente [ JMA { JNS [ ] NR
2.5.2i1- Qual? [ }1lwvezsem ([ )2-3wezessem [ )diaramente | JMA { JNS [ | NR

2.6 - Utensilios de corinha

2.6.1 —Utiliza potes de pléstico para esquentar alimentos para 8 crianga no micro-ondas ou banho maria? | )Sim

[ NS [ INR

{ NS

2.6.1 _a— Sesim quantos dias por semana? | JTodos os dias |

|3 a4 digsfsemana | ) 1a2diasfsemana | JMA[ JMNS [ IMR

.2.6.1 b — Que tipo de panelas utlliza?] jteflon [ Jaluminie | ) ferro [ ) barro [ ) Cerdmica { ) Inox { JNA[ JWS | JNR

2.6.1b1 -5e outro tipo, qual?

2.6.1 ¢ Utiliza chupetas? | )Sim [ JNEo [ JNA [ NS [ JNR

2.6.1 .1 5e sim, coma esteriliza as chupetas ¥ micro-ondas | )

panela outra for ma

Panelas com agua fervendo | | tipo de

2.6.1d Utiliza mamadeiras? | )Sim | NS0 | JNA | JNS [ JNR

2.6.1 d1 Se sim, coma esteriliza as mamadelras ? micro-ondas | )

panela outra for ma

Panelas com agua fervendo | ] tipo de

2.7 Produtos utilizados no domicilio

2.7.1 Far uso dos produtos abaiwo na sua residéncia? Se sirm assinale a frequéncia?

Produtos gue utiliza

M

Por Més

Par semana

o

2 3

1-2 3-4

5-6

2.7.1 a - Insetickda spray

2.7.1 b Inseticida elétrico

2.7.1 ¢ - Dutros insatickdas guimicos

.71 d-inseticidas naturals (citronela)

2.7.1 & Desinfetante (pinho bril, veja)

271 f - Desengordurante (veja para
cozinha)
2.7.1g - Clorg

2.7.1 h - Agua sanitdria

2.7.10 - Cloraforme

2.7.1 | — Lisofarrme

2.7.1 k - Dutros produtos

2.7.1 |- Faz uso de repelentes para o corpo na crianga? | JSim [ NS0 [ JNA [ JNS [ JNR

2.7.111 - Qual a marca/nome?

2.7.1m - Cultiva algum tipo de planta, alimentos, jardim? [ )5 [ JMSa | JMA (|

JNE | JNR

2.7.1 ml = Utiliza algum produto para evitar pragas nas plantas, alimentos ou jardim? | )5im [ W30 [ JMA [ JNS | JNR

2. 7.1 m2 - Que tipo de produto?] JNatwral | Jguimico [ JNA [ JNS [ JNR
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2.8 Dieta da Crianga

im 2m Im Am 5m am
2.E.1 Lejte { )58 [ 15mM [ 15mM [ 15IM [ }5Im { ) Sind
materno exclusive | [ | MAD [ I HAD [ 1HAD [ JNAD [} MAD | I NAD
2.8.2 Oferece chd | | ) 5IM NELT NELT [ 15IM WEL NELE
QLUAL OUAL OUAL OLAL, QuAL QuAL
Quantas vezes Quantas vezes Quantas vezes Quantas vezes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ JNAD [ | NAD L [ 1 NAD [ ) NADH | ) NAD
2.8.2 Férmula WELE e e [ 15IM WEL N
preserita pelo [ ) NAD [ 1 NAD [ 1 HAD [ ] NAD [ ) MAD [ ) NAD
médico
2.E.3 Lejte { ) 5ina [ ]5mM [ ]5mM [ 15IM [ }5Im { ) Sind
materns & outro auaL qQuaL qQuaL QAL QuaL QuaL
alimento Quantas vezes Quantas vezes Quantas vezes Ouantas vezes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ ) NAD [ | NAD [ | HAD [ ] NAD [ ) MAD | ) NAD
2.E.4 Oferece { )58 [ 15mM [ 15mM [ 15IM [ }5Im { ) Sind
dgua Quantas vezes Quantas vezes Quantas vezes Quantas vezes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ INAD [ | NAD [ | HAD [ 1 NAD [} NAD | I NAD
Leite de vaca { ) 5ina [ ]5IM [ ]5IM [ 15IM [ }5Im | ) 5ind
QUAnNtas veres Quantas vezes Quantas vezes Quantas vezes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ INAD [ 1 NAD [ 1 NAD [ 1 NAD [ ) NAD | ) NAD
Paplnha NELX [ ]15m [ ]15m [ 15IM [ }5IM NEL
Industrializada Quantas vezes Quantas vezes Quantas vezes Quantas vepes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ I NAD [ | NAD [ | HAD [ 1 NAD [ ) NADH | ) NAD
Frutas { ) 5ina [ ]5IM [ ]5IM [ 15IM [ }5Im | ) 5ind
auaL qQuaL qQuaL QAL QuaL QuaL
Quantas vezes Quantas vees Quantas vezes Quantas vezes Quantas vezes Quantas vezes
por dia: por dia: por dia: por dia: por dia: por dia:
{ INAD [ 1 NAD [ 1 NAD [ 1 NAD [ ) NAD | ) NAD
Legumes/verduras | | ) SIbd NELT NELT [ 15IM WEL NELE
QUAL OUAL OUAL QUIAL, QuAL, QuUAL

Quantas vezes
por dia:

Cuantas vepes
por dia:

Quantas vezes
por dia:

OQuantas vezes
por dia:

Quantas vezes
por dia:

Quantas vezes
por dia:

{ INAD [ 1 NAD [ 1 NAD [ 1 NAD [ ) NAD | ) NAD
Outro Alimento ET [ 15M [ 15M NE NEY REE

QUAL QUAL OUAL QAL QuaL QUAL

Quantas vezes Quantas vezes | Quantas wezes Quantas vezes Quantas vezes Quantas vezes

por dia: por dia: por dia: por dia: por dia: por dia:

{ yNAD [ | NAD [ 1 NAD [ 1 NAD [ ) NADH | ) NAD
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3.0 Alteracoes clinicas

SEGUIMENTO Data do Observagio Data do OhbservagSo Data dio Observagbo
evento / evento) evento/
e idade idade

Respiratario

Bronguiolite

Broncoespasmo

Fneumonia

Otite média aguda

Rinite alergica

Cardiometabdlico

Sobrepeso

Obesidade

Hipercolesterolemia

Hipertrigliceridemia

Diabetes

Hipotireoidismo

Hipertens3o arterial

Cardiopatia
congénita

Meurologico

Crise convulsiva febril

Epilepsia

Dutros :

Eczema

Imunodeficiéncia.
Expecificar .

Alergia alimentar.
Expecificar

Anemia




166

3.1 Internagbes :

3.1.2Internagdo:1| |sim 2.[ ]nSo [ somente ocorréncias referentes ao periodo interconsultal
a.1) Causa principal: ClD-10:

a.2) ldade: meses a.3) Tlpo: 1.| | pronto atendimento/emergéncia 2.[ | eletiva/ambulatorio

3.1.3 Iinternacdo:1.[ Jsim 2. |nSo | somente ocorréncias referentes ao periodo interconsulta)
a.1) Causa principal: CD-10:
a.2) ldade:

meses a.3) Tlpo: 1.[ | pronto atendimentofemergéncia  2.| | eletivafambulatdric

4.0 Lista de desfechos no seguimento:
PRESENTES NA DATA DA CONSULTA E NO PERIODO INTERCONSULTA

4.1 DESFECHOS RESPIRATORIOS

Data da Observacho Datada Observagio Data da Observagio
eansulta consulta consulta
fod o fod

Congestdo [ IM&c][ ]Sim [ IMEa| ]Sim [ IMEc| | Sim

niasal ldade : Idade : Idade :

Coriza [ IM&a] ]Sim [ IMEa] ]Sim [ M3 ]Sim
Idade : Idade : Idade :

Espirro [ IM&c] ]Sim [ IMEa| ]Sim [ IMEc| | Sim
Idade : Idade : Idade :

Tosse [ IM&a] ]Sim [ IMBa| ]Skm [ IMBa | ]Sim
Idade : Idade : Idade :

Estridor [ IM&3a] ]Sim [ IMBa] ]Skm [ IMBa | ]Sim
Idzde : Idade : Idade :

Sibilos [ IMN&o[ ]Sim [ MM3a[ ]Sim [ INBa[ ]Sim
Idade : Idade : Idade :

Estertores [ N3] ]Sim [ IMBa] ]Sim [ M3 ]Sim
Idade : Idade : Idade :

Otalgia [ IM&c] ]Sim [ IMEa| ]Sim [ IMEc| | Sim
Idade : ldade Idade :

4.2 DESFECHOS CARDIOMETABOLICOS
4.2.1 NASCIDO A TERMO

Idade Data da Peso Escore I | Comprimento | Escore Z PesofComp Escore 2
consulta
Mascimento i
1 més '
3 meses '
& meses '
Idade Data PC Escore I IMiC Escore I Cireunf. do brago Escore I
Mascimento i !
1 més i
3 meses '
& meses i/




4.2. DESFECHOS CARDIOMETABOLICOS/4.2.2 NASCIDO PREMATURO

dade Data da Idade Idade Peso Eseore 2 | Comp. | Escore I | Pesof/Comp | Escore 2
consulta | Cromobigica | Corrigida

Mascimento f !

Alta !

1 més [

3 meses !

B meses r !

Idade Data da Idade Idade PC Eseore| IMC | Eseore| Clrcunf. do brago | Escore 2
consulta | Cronolégica | Corrrigida z z

Mascimento r

Alta !/

im ot

im Pl

B m !t

4.3 DESFECHOS NEUROLOGICOS
Escala 1 més 2 reses 3 Meses 4 mMeses 5 meses B meses
Data da consulta I I If
Denver Il *
Pessoal -Social
Olha a face B[ JF] ICT INOLJRI) | FLIFERCT MO IREE | P{IFERCT IMOLIRI) | PfDFLICTH MO IRL] | POOFLICE MO IRE | BT BF] JCT INOY R[]
Sorrl em resposta | PLIFDICTINOLIRI) | PLIFDRCTINOLIRIN [ PIFERCTINOUIRID [ PLIFLICE MO IR | PEIFLICE MO RO | BLIFLICT O] IR
sorrl P JFL JCT INCLIRI) | PLIFE PCLIMOLJRIN | POOFERCTIMQLIRI) | PODFLICH PNOTIRL | POOFLICT PMO] DRI | BTIFLJCT MO IRT
espontaneamente
Olha a prdpria PLOFDBCT IMOL IR | PLIFE RCT WL IRIY | PEIFDBC] IMOL IR | P DL DCT PO JRE | POOFLTICT NS DRI | BT IF JET PO IR
mao
Esforca para Pl IFDIC] INOL IR | PLIFE BCT MO JREN | P{JFEBCT IO IRI) | PfFLICT PNO] R[] | PROFLICT PNO RL) | BT BF] JCT RO IR

pegar brinquedo

Alirmenta-se FIIFTICI INOL IR | POIFERCTINOL RN | P OFEBCI NG IRID | P OFDICT WG] JR[ | P DFLICE PNO IRD | PLIFL JET NG R[]
sozinha

Bate palminhas Pl FD BC] INOL JRI) | PLIFDRCT INOLJRIN | POOFDBC] INOL JRID | P]OFICT NGO IR | PEOFLICE PN JRED | PR ICT N JRD]
Indica desajo PLIFDBC] INOLJRI) | PLIFDRCT INOL JRIN | POOFDRC] QL JRI) | P]OFLICT MO IR | POOFLICH NG JRED | PR JCT WO JRT]
D& Techau PLIFDIC] INQLIRI) | PLIFREL INOLJRIN | POOFDRE] ML IRID | POOFCICH MO IR [ PEJFLICH NG JRED [ PEIFLICT WO JRD
Maotor Fima-

adaptative

Segue até linha FLIFLICI INOL IR | PUIFERCIIMOL RN | PEOFERCIINOE RN | P]JFLICT MO RE [ PEOFLICE INO DRI | PLFLICT MO DRI
miédia

Segue passando PLIFLICI ML IR | POIFEBCIINCLIRIN | PLOFEECIINOLIRIN | PLOFLICT MO RD | POOFLICE PN BRI | PLOFLICT MO IR
pela linha média

Agarra chocalho PLF] JE] IN@LIRE) | POIFD BCTIMQLIRI) | PR IFD BC] ISQL IRE) | P]DFLJEE PG IR | POOFD IS NG IR | PLOF JCT NG R[]
Maos juntas PIFDBC] INOLIRI) | PLIFT BT INOT JREN | PAFD BC] ISOL JRE) | P DFL IC] DNOJ R[] | POFLICE DNOJ IRI | PLF] ICT INOY JR]D
Segue 18D PLIFLICIIMOL R | PEIFERCEINOL IR | P D] RCIINO[RI) | P]JELIC] MO JRE | PEOFLICE INOT DRI | PLF]JC] MO DRI
Olha uva passas | PLIFLRC]INOLJR] | PUIFTRCIINCL (BT | B OFTDCTINC] JRD) | P OFCICT NG IRD) | PTOFTICENGLIRD | B[ OF] ICT NG IR
Alcanga FLIFD I INQLIRI) | PLIFDBET INOLJRIN | POOFDBE] ML IRID | POOFCICT MO IR | PPFCICH PNCEJRED [ PIFLICT WO JRI

Procura pomgam

PLIFLIC] INO[ IR

PLIFLIC] MO RIS

PLIFLIC] MO JRI]

PLIFLICE MO R

PLIFLICE PN JRTI

PLIFLICT O 1R[]

AGATTa UV PAssa

P IF] JE] IO IR

P O] IC] N R

P{ ] BE] N TR

P[IFLICT WO IR

PLIFLICT N IR

PLIFLICTINOT IRT

Passa cubo de FIIFTBC] IMOLIRI) | PLIFD BCT INOL IREN | PEIFD BCT ISCLIREY | P DFLICT DNO] TR | PFLICE DNO] IRI | PLF ICT PNOY JRTD
uma mio para

outra

Pega 2 cubos PLIFLICI IMQL IR | PLIFERCT MO JRDN | POOFEBC] M) JRI) | PDFLICH INOTIRL | POFLICE MO IRL | BT IR JCT MO IRT
Agarra com FIFD B IMOLIRI) | PLIFD BCI INOL IREY | PEIFD BCT IO JREY | P JFLICT DNO] TR | PEF[ICE PNOJ IRI | PLF ICT PNO] JRTD

pobegar dedos
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* Denver, assinalar: P = Passou; F = Falha; NO = NSo teve oportunidade ; R = Recusou fazer o teste ; C=
Cautela (resultados F ou R situados entre o Percentil 75-90% das criangas); &= Atraso (resultados F ou R
situados totalmente & esquerda da linha da idade- nesse easo, pintar & o final do re ulg

Interpretagio: NORMAL (Menhurm ATRASO & no masimo um CAUTELA Retestar na praxima consultal);
SUSPEITO{ Duas ou mals CAUTELAS efou um ou mals ATRASOS.Encaminhar para avallagio especializada):NAO
TESTAVEL|{Um ou mals itens classificados como R (recusa) localizados totalmente & esquerda da linha da
idade ou mais de um localizado entre o Percentil 75%-90%..

OBS : Itens MO ndo s30 considerados na II'I'[E[EI"ET&EQIEI do teste

Observacbes

ANEMAR AS SEGUINTES ESCALAS PREENCHIDAS A ESTE FRC:
- CURVAS DE CRESCIMENTO
- GRAFICO DE DENVER Il
- CALENDARIO DE VACINACAOD

ENCAMINHAMENTOS E/OU CONDUTAS ( SE NECESSARIOS)

AT ENCAMINHAMENTO CONDUTA PEDMATRA/CARIMEO

RESPONSAVEIS PELOS ATENDIMENTOS

DATA ALUND 1 ALUND 2 OUTRD PEDIATRA/CARIMEBO
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