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APRESENTACAO

Este trabalho faz parte de um estudo amplo, denominado DSAN-12m (Determinantes
socioambientais do neurodesenvolvimento de criangas aos 12 meses: Um estudo longitudinal
no Recbncavo Baiano), cujo objetivo é investigar os determinantes socioambientais do
neurodesenvolvimento de criangas aos 12 meses de idade em uma coorte de nascimentos no
Recodncavo Baiano.

Na presente tese foram avaliados o estado da arte atual quanto as relagdes entre a
ativacdo imunoldgica materna, doencas infecciosas crénicas/latentes pré-natais e o
neurodesenvolvimento. Além disso, foram elaborados dois manuscritos originais, que visaram
investigar o impacto de infeccBes durante o periodo gestacional, particularmente quando nédo
hd evidencias de doenca aguda, no crescimento fetal ao nascimento e no
neurodesenvolvimento infantil os 12 meses de idade.

Para melhor organizagdo, o texto foi dividido em um manuscrito de revisdo, que
apresenta o referencial tedrico e sistematiza as publicacdes sobre o tema da tese. Em seguida,
sdo apresentados dois manuscritos originais, seguidos por consideracdes finais, a fim de
manter a unidade do trabalho.

O primeiro manuscrito, intitulado “Impact of chronic toxoplasmosis in pregnancy:

association between maternal seropositivity for Toxoplasma gondii 1gG antibodies and fetal

growth restriction”, investigou as relacdes entre a prevaléncia de anticorpos especificos em
gestantes e alteracbes no desenvolvimento fetal ao nascimento. Destaca-se que este
manuscrito foi publicado no periddico ‘Parasitology Research’ (ISSN: 1432-1955, Fator de
impacto: 1,8) em dezembro de 2023 (APENDICE E).

O segundo manuscrito, com o titulo “Impact of Chronic Toxoplasmosis in

Pregnancy: Association between maternal IgG antibodies against Toxoplasma gondii and

neurocognitive development effects”, explorou a associagédo entre a prevaléncia de anticorpos
especificos em gestantes com alteracdes no neurodesenvolvimento de seus filhos aos 12
meses de idade. Esse manuscrito esta formatado de acordo com as normas do periédico
‘Parasitology Research’ e serd submetido para publicacdo apos as correcBes sugeridas pela
banca.

Por fim, estdo as consideracGes finais e as perspectivas futuras, integrando 0s
resultados desta tese e dos demais fatores determinantes socioambientais que tém efeito
adverso no neurodesenvolvimento infantil nesta coorte de nascimento realizada no Recéncavo
Baiano, o estudo DSAN-12m.



HIPOTESE

Dado a existéncia de um crescente corpo de evidéncias sobre a relagdo entre as
infeccBes maternas cronicas/latentes e alteragcbes no desenvolvimento infantil, levantamos a
hipdtese de que a soropositividade para anticorpos 1gG especificos durante a gestacdo pode
afetar o desenvolvimento infantil, com efeitos adversos tanto no crescimento fetal quanto no

neurodesenvolvimento.

OBJETIVOS

Objetivo geral

Investigar o impacto das infecgOes cronicas/latentes durante a gestagdo no crescimento
fetal e no neurodesenvolvimento infantil aos 12 meses de idade, considerando a exposicao
simultanea a diversos determinantes socioambientais, em uma coorte de nascimento no

Recbncavo Baiano.

Objetivos especificos

e Revisar sistematicamente a literatura a respeito as relacdes entre ativacdo imunoldgica

materna, doengas infecciosas cronicas/latentes pré-natais e o neurodesenvolvimento;

e Determinar a prevaléncia de soropositividade materna para anticorpos 1gG contra T.
gondii e citomegalovirus em gestantes de Nazaré e Aratuipe, Recéncavo Baiano;

e Verificar os fatores socioambientais associados a soropositividade materna para

anticorpos IgG especificos;

e Auvaliar a associacgao entre a soropositividade materna para anticorpos 1gG especificos

e restricdo no crescimento fetal;

e Testar a associacdo entre a soropositividade materna para anticorpos 1gG especificos e

alteragOes no neurodesenvolvimento infantil aos 12 meses de idade.
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RESUMO

A hip6tese da ativacdo imune materna sugere que a exposi¢cdo a um meio imunoldgico
materno alterado no Utero afeta o neurodesenvolvimento fetal. Embora diversos agentes
infecciosos estejam associados a um risco elevado de disturbios especificos, evidéncias
acumuladas sugerem que este processo, mesmo na auséncia de um episédio infeccioso agudo,
pode aumentar a suscetibilidade a uma ampla gama de patologias do sistema nervoso central
(SNC). Este estudo teve como objetivo revisar sistematicamente a literatura cientifica sobre as
associacGes entre a ativacdo imunoldgica materna induzida por agentes infecciosos,
particularmente nos casos em que a doenca aguda ndo estd presente, e as alteracfes
subsequentes no neurodesenvolvimento na populacdo humana. Revisamos e resumimos 0S
estudos publicados desde 1990. Os descritores utilizados foram relacionados as infeccdes
maternas e a desfechos no neurodesenvolvimento ou doenga mental; as principais bases de
dados da literatura médica foram acessadas. Foram revisados 61 artigos, dos quais 13 (21,3%)
discutiram a ativagdo do sistema imune materno mediada por infecgOes cronicas/latentes e a
associacdo com alteracdes no neurodesenvolvimento e/ou doenca mental. Estudos associam a
presenca de marcadores maternos, como anticorpos IgG anti-Herpes virus tipo 2, ao aumento
do risco de Transtorno do Espectro Autista. Além disso, ha evidéncias de associacdes entre
infeccdes maternas cronicas/latentes e risco aumentado de esquizofrenia, com destaque para
Herpes virus tipo 2 e Toxoplasma gondii. No entanto, a heterogeneidade dos estudos e a falta
de investigaches sobre a interacdo entre fatores genéticos e ambientais limitam a
generalizacdo dos resultados. A presente revisao sugere a importancia de monitorar e intervir
durante a gravidez em relagdo a infeccbes cronicas/latentes. Todavia, novos estudos
longitudinais sdo necessarios para entender melhor os mecanismos subjacentes e como
diferentes patdgenos influenciam o desenvolvimento neuroldgico, considerando também
fatores genéticos e ambientais.

Palavras-chave: Infeccdo materna, neurodesenvolvimento, ativacdo imunologica materna,
transtorno do espectro autista, esquizofrenia
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ABSTRACT

The maternal immune activation hypothesis suggests that exposure to an altered maternal
immune environment in utero affects fetal neurodevelopment. Although various infectious
agents are associated with an increased risk of specific disorders, accumulated evidence
indicates that this process, even in the absence of an acute infectious episode, can increase
susceptibility to a wide range of central nervous system pathologies. This study aimed to
systematically review the scientific literature on the associations between maternal immune
activation induced by infectious agents, particularly in cases where acute illness is not present,
and subsequent neurodevelopmental alterations in the human population. We reviewed and
summarized studies published since 1990. The descriptors used were related to maternal
infections and neurodevelopmental outcomes or mental illness; major medical literature
databases were accessed. A total of 61 articles were reviewed, of which 13 (21.3%) discussed
maternal immune system activation mediated by chronic/latent infections and its association
with neurodevelopmental alterations and/or mental illness. Studies associate the presence of
maternal markers, such as IgG antibodies against Herpes simplex virus type 2, with an
increased risk of Autism Spectrum Disorder. Additionally, there is evidence of associations
between chronic/latent maternal infections and an increased risk of schizophrenia, with
particular emphasis on Herpes simplex virus type 2 and Toxoplasma gondii. However, the
heterogeneity of the studies and the lack of investigations into the interaction between genetic
and environmental factors limit the generalization of the results. This review suggests the
importance of monitoring and intervening during pregnancy concerning chronic/latent
infections. Nevertheless, new longitudinal studies are needed to better understand the
underlying mechanisms and how different pathogens influence neurological development,
also considering genetic and environmental factors.

Keywords: Maternal infection, neurodevelopment, maternal immune activation, autism

spectrum disorder, schizophrenia.
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INTRODUCAO

O neurodesenvolvimento (ND) durante o periodo pré-natal € um processo complexo,
onde qualquer influéncia ambiental externa pode ser severamente prejudicial. As alteracfes
no ambiente intrauterino no decorrer da gestacdo podem levar a prejuizos no desenvolvimento
do cérebro fetal durante a etapa mais critica de seu desenvolvimento. Mediadores
imunol6gicos maternos conseguem atravessar a barreira placentaria podendo alterar direta e
indiretamente o ambiente uterino e, assim, influenciar o crescimento fetal e a neurogénese,
traduzindo-se em consequéncias prejudiciais a0 ND e a saude mental futura da prole
(Boulanger-Bertolus, Pancaro e Mashour, 2018; Han et al. 2021).

Ambientes insalubres com mas condi¢fes sanitarias aumentam a exposicdo aos
microrganismos, levando a infe¢Ges. Em razdo da possibilidade de transmissdo vertical e da
viruléncia desta categoria de contaminantes, as gestantes sdo monitoradas durante o periodo
pré-natal a fim de detectar precocemente possiveis infecgdes e implementar estratégias para
limitar o impacto na satde do recém-nascido (Miranda et al. 2012). Esses insultos ambientais
durante o periodo gestacional podem levar a alteragfes imunoldgicas e epigenéticas e
futuramente tornar a prole mais suscetivel a alteragdes do ND (Kundakovic e Jari¢, 2017).

A hipdtese da ativacdo imune materna (MIA) propde que a exposi¢cdo a um meio
imunolégico materno alterado no Gtero afeta o ND fetal (Estes & Mcallister, 2016). As
evidéncias sugerem que mediadores inflamatorios produzidos pela gestante em reposta a
presenca de um patégeno podem causar disturbios do desenvolvimento neurolégico no recém-
nascido, como: disturbios do espectro do autismo, comprometimento cognitivo, paralisia
cerebral, epilepsia e esquizofrenia (ESQ) (Jiang et al. 2018).

Os primeiros indicios de que infeccbes maternas durante a gestacdo poderiam
estar associadas a distirbios do ND em criancas e adultos surgiram apds a epidemia de
rubéola em 1964, onde foi observado um aumento significativo nas incidéncias de transtorno
do espectro autista (TEA) e de distdrbios comportamentais em individuos expostos durante o
periodo pré-natal (Minakova e Warner, 2018). Houve um novo aumento na preocupacdo com
transmissdo materno-infantil de agentes infectocontagiosos, apés o surto de virus Zika no
Brasil em meados de 2015 e o consequente aumento de bebés nascidos com microcefalia
(Rasmussen, 2016). Além disso, uma ampla gama de infec¢des maternas, incluindo infecgcoes
virais, bacterianas e protozodrias, sdo evidentemente associadas a um maior risco de
disturbios neurol6gicos e neuropsiquiatricos na prole (Minakova e Warner, 2018). Os

patégenos, como 0 TORCH (toxoplasmose, outros agentes, rubéola, citomegalovirus e herpes
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simples) e o virus Zika, podem infectar diretamente o feto através da transmissdo vertical
(Kovacs, 2020). No entanto, apesar destes agentes infecciosos estarem relacionados a um
maior risco de distarbios especificos, evidéncias crescentes sugerem que a MIA, mesmo na
auséncia de uma infeccdo aguda, pode aumentar o risco de um amplo espectro de doengas do
sistema nervoso central (SNC) em humanos (Knuesel et al. 2014; Han et al. 2021).

Estudos realizados no contexto da pandemia da COVID-19 demostram que as
respostas inflamatérias na placenta devido a infeccdo por SARS-CoV-2 durante a gravidez
foram associadas a alteragdes do ND na primeira infancia (Woods et al. 2022). Os bebés
expostos pré-natalmente ao virus exibiram pontuacfes mais baixas em habilidades motoras e
comunicagdo em comparagcdo com aqueles ndo expostos, refor¢ando a ideia de que a infec¢do
materna pode ter efeitos duradouros no desenvolvimento infantil (Shook et al. 2022; Dubey et
al. 2022).

Em modelos animais a administracdo de uma unica citocina inflamatoria em
roedores gréavidas é suficiente para induzir varios desfechos neurolégicos na prole, como:
déficits na memdria e na flexibilidade cognitiva, alteracbes motoras, aumento da ansiedade e
maior sensibilidade as anfetaminas (Jiang et al., 2018). Além de comprometer o ND, acredita-
se gque doencas infeciosas e a ativacdo a do sistema imune materno seja um dos principais
fatores de risco para partos prematuros. O aumento da producéo de citocinas pré-inflamatorias
tem sido associado & ativagdo uterina e nascimentos pré-termo (Cappelletti et al. 2016). Os
estudos preé-clinicos e as evidéncias epidemioldgicas sugerem que a infeccdo pré-natal e a
MIA subsequente podem resultar em alteracfes comportamentais na prole adulta.

Como relatado, muitas exposicOes diferentes foram associadas com alteragdes do
ND na prole, indicando que a hipotese da ativacdo imunoldgica materna, e ndo patdégenos
especificos, estd relacionada a modificacdes negativas no ND (Canetta e Brow, 2012). A
hipotese da MIA é reforgada pelo crescente nimero de evidéncias sugerindo que marcadores
imunolégicos comuns a uma grande variedade de patdgenos esta ligada as doencas do SNC na
prole adulta. Um estudo de coorte de nascimentos que investigou diversos patdégenos e sua
possivel relacdo com transtornos do ND demonstrou que a presenca de anticorpos 1gG anti-
Herpes simplex virus-2 (HSV-2) estava associada a um risco aumentado de TEA na prole
masculina, enquanto que, para presenca de anticorpos para Herpes simplex virus-1 (HSV-1),
rubéola, Toxoplasma gondii (T. gondii) e citomegalovirus (CMV) ndo foi encontrada essa
relacdo (Mahic et al. 2017).

A MIA pode explicar como diferentes patdgenos podem conferir riscos semelhantes

aos descendentes. Conhecer o0s determinantes associados as alteracbes no
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neurodesenvolvimento humano favorece a identificacdo precoce e possibilita a criacdo de
medidas de prevencdo mais eficazes. Portanto, o objetivo deste estudo foi revisar
sistematicamente a literatura cientifica que investigou as associacdes entre a ativacao
imunoldgica materna induzida por agentes infecciosos, particularmente nos casos em que a

doenca aguda ndo esta presente, e as alteracfes subsequentes no ND na populagdo humana.

METODOLOGIA

Realizamos uma revisédo da literatura cientifica nas bases de dados Medline (National Library
of Medicine, Bethesda, Maryland, EUA), Scopus (Elsevier, Oxford, Reino Unido), Scientific
Electronic Library Online (Sdo Paulo, Brasil), LILACS (Literatura Latino-Americana e do
Caribe em Ciéncias da Saude, Sdo Paulo, Brasil) e Web of Science (Thomson Reuters
Scientific, Clarivate Analytics, Boston, EUA). As buscas incluiram artigos publicados desde
1990 até marco de 2024; os seguintes descritores foram utilizados: infeccdo materna/maternal
infection; infeccdo pré-natal/prenatal infection; neurodesenvolvimento/neurodevelopment;
cognicdo/cognition;  ativagdo  imunoldégica  materna/maternal  immune  activation;
esquizofrenia/schizophrenia; transtorno do espectro autista/autism spectrum disorder;
psicoses/psychoses. Apenas artigos completos de pesquisa foram revisados, incluindo estudos
epidemiolégicos em humanos cuja avaliacdo esteja relacionada a alguma alteracdo no
neurodesenvolvimento em criangas de qualquer idade. Quatro tabelas foram criadas para
tabular as informacgfes encontradas. As Tabelas 1, 2 e 3 apresentam um resumo esquematico
dos estudos, mostrando suas caracteristicas gerais, como pais de origem, desenho do estudo,
populacdo de interesse, tamanho da amostra e exposicdo investigada. As Tabelas 4, 5 e 6
resumem os critérios diagndsticos; fonte, tipo e momento da amostra de exposi¢do; ajuste

para fatores de confusdo, e os principais achados de cada estudo.

RESULTADOS

Foram revisados 61 artigos publicados em lingua inglesa desde a década de 1990 os
quais reportam doengas infeciosas e alteragcdes de ND. No entanto, apenas 13 (21,3%)
atenderam aos critérios de inclusdo e de fato discutiram a ativacdo do sistema imune materno
mediado por infecgdes cronicas/latentes e a associacdo ou relacdo com alguma alteracdo no

ND e/ou doenga mental.
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Para melhor sumarizacdo dos estudos revisados foram criadas tabelas especificas para
as relagdes entre infeccbes maternas cronicas/latentes com o TEA, com a ESQ e com os
demais desfechos do ND.

As tabelas 1 e 4 reunem informac0es a respeito das caracteristicas dos estudos e seus
principais achados sobre a associacdo entre infeccdes cronicas/latentes maternas e o TEA.
Diversos estudos avaliados discutem se doencas infeciosas agudas pré-natais estdo associadas
ao desenvolvimento subsequente do TEA. No entanto, apenas trés publicacdes discutem sobre
uma possivel associacdo entre infeccBes maternas cronicas/latentes com o TEA nos
descendentes. O primeiro estudo revisado foi realizado na Noruega em 2017, envolvendo a
Autism Birth Cohort, que incluiu maes, pais e filhos recrutados entre 1999 e 2008. Os
resultados indicam que altos niveis de anticorpos IgG anti-HSV-2 no plasma materno estao
associados a um risco elevado de TEA na prole do sexo masculino. Em contraponto, néo
foram evidenciadas associagdes significativas entre TEA e anticorpos IgG para T. gondii,
virus da rubéola, CMV ou HSV-1 (Mahic et al. 2017). QOutro estudo, publicado no mesmo
ano, investigou a relacdo entre anticorpos maternos contra T. gondii e as chances de autismo
infantil na prole, evidenciando que niveis elevados de anticorpos IgM maternos contra T.
gondii estavam associados a uma diminuicdo significativa das chances de autismo infantil,
enguanto que, niveis baixos de anticorpos IgG maternos contra T. gondii foram associados ao
aumento das chances de autismo na prole. Este fato indica que uma forte resposta imunitaria
ao T. gondii pode proteger contra o desenvolvimento do autismo em criangas, enquanto que,
baixos niveis de 1gG maternos especificos contra este patdégeno pode ser um fator de risco
(Spann et al., 2017).

Seguindo a mesma linha dos estudos anteriores, nos quais a exposi¢cdo foi avaliada
através da determinacdo dos niveis séricos de anticorpos IgG especificos (CMV e HSV-2) na
gestante durante o periodo pré-natal, um estudo de coorte encontrou uma associacao
significativa entre a soropositividade materna para CMV e niveis mais altos de sintomas de
TEA em criancas, em analise multivariada. Em contraste, o estudo ndo encontrou uma
associacéo significativa entre soropositividade materna para o HSV-2 e sintomas de TEA em
criangas (Slawinski et al. 2018).

As tabelas 2 e 5 reinem informaces a respeito das caracteristicas dos estudos e seus
principais achados sobre a associacdo entre infec¢Bes cronicas/latentes maternas e a ESQ.
Foram incluidos nesta revisdo 4 estudos que, de fato, avaliaram se a presenca pré-natal de
marcadores imunes especificos a patégenos esta associada com maior a probabilidade de

filhos diagnosticados com ESQ. O primeiro estudo foi publicado em 2001 e consistiu de um
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caso-controle aninhado com 81 participantes, 54 controles e 27 individuos portadores de ESQ
ou outros transtornos psicoticos. Dos 27 casos de psicose, 13 foram diagnosticados
especificamente com esquizofrenia, sendo encontrada uma associacdo significativa entre
niveis elevados de imunoglobulinas séricas maternas anti-HSV-2 no parto e o
desenvolvimento subsequente de psicoses (incluindo ESQ) na prole. No entanto, nenhuma
associacdo significativa foi encontrada entre os desfechos e anticorpos para T. gondii, rubéola,
CMV ou HSV-1 (Buka et al. 2001).

Dois estudos encontram evidéncias de que a presenca de anticorpos 1gG anti-T. gondii
estd associado ao desenvolvimento de esquizofrenia subsequente. Em um estudo de caso-
controle aninhado de uma grande coorte de nascimentos foram quantificados os niveis de 1gG
anti-T. gondii, usando o teste de corante Sabin-Feldman e os resultados indicam que filhos de
maes com altos titulos de anticorpos (>1/128) tém uma razdo de chances ajustada de 2,61
(1IC95% = 1,00 — 6,82) para desenvolver ESQ ou transtornos do espectro da esquizofrenia
(Brown et al. 2005). Outra pesquisa, com 198 individuos diagnosticados com ESQ, verificou
que existe uma associacdo significativa entre a exposi¢cdo materna ao T. gondii e a0 CMV e 0
risco de esquizofrenia na prole. O estudo usou amostras de sangue neonatal em papel filtro
para quantificar os niveis de anticorpos direcionados contra 0s agentes infecciosos, 0 que
permitiu aos pesquisadores avaliar a exposi¢cdo materna durante a gravidez (Blomstrém et al.
2012).

O estudo de Cheslack-Postava e colaboradores, 2015 é o mais recente encontrado. A
pesquisa apresentou 0 maior numero de participantes em comparacdo com as anteriores, 963
casos com esquizofrenia (CID-10 F20) ou transtorno esquizoafetivo (CID-10 F25) e 963
controles pareados. Na analise ndo ajustada, anticorpos IgG anti-HSV-2 materno foram
associados aos casos (OR = 1,33, 1C95% = 1,03-1,72, p = 0,03), no entanto, apds ajustes por
covariaveis a associacao deixou de ser significante (OR = 1,22, IC95% = 0,93-1,60, p = 0,14).
As proporcbes de individuos soropositivos e 0s niveis médios de anticorpos contra C.
trachomatis foram semelhantes para casos e controles (Cheslack-Postava et al. 2015).

As tabelas 3 e 6 reunem informacges a respeito das caracteristicas dos estudos e seus
principais achados sobre a associacdo entre infeccBes crénicas/latentes maternas e demais
desfechos no ND. Foram incluidos nesta revisdo seis estudos. O estudo de Buka e
colaboradores (2001), previamente analisado por avaliar a ESQ como desfecho, também
investigou a relacdo entre as exposi¢cdes a anticorpos IgG especificos durante a gestacao e
outros desfechos no ND, especificamente transtorno bipolar, psicose breve e tipos nao

especificados de psicose. Os individuos cujos anticorpos maternos para HSV-2 excederam o
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75° percentil da amostra de controle tiveram uma razdo de chances de 3,4 para psicose;
aqueles cujos anticorpos maternos excederam o 90° percentil tiveram uma razdo de chances
de 4,4. O mesmo grupo de pesquisa realizou um novo estudo com uma amostra maior e
focado no risco de psicoses entre filhos de médes com evidéncia sorolédgica de infec¢do por
HSV-2. Neste levantamento, a infeccdo materna por HSV-2 aumentou significativamente o
risco de desenvolvimento de psicoses (OR= 1,6; IC95% = 1,1-2,3) (Buka et al. 2008).

Estudo realizado por Xiao et al. (2009) investigou a relacdo entre a infeccdo por
diferentes gendtipos de T. gondii e o risco de psicose em filhos adultos de maes que
apresentaram padrdes sorol6gicos consistentes com infeccdo por este parasita. Foi
demonstrado que os filhos de mdes com um padréo sorolégico consistente com infeccao por
Toxoplasma tipo | apresentava risco significativamente maior de desenvolvimento de psicoses
em comparacdo com as mées soronegativas (OR = 1,94; 1C95% = 1,08 - 3,46; p = 0,03). O
risco foi particularmente elevado para psicoses afetivas (OR =5.24; 1C95% = 1.67 - 16.5; p =
0.005). No entanto, ndo foram encontradas associacGes entre anticorpos maternos para 0sS
gendtipos (tipos Il e I11) e risco de psicoses na prole (Xiao et al. 2009).

Outra pesquisa previamente revisada investigou a relagdo entre a exposi¢cdo materna
cronica/latente a T. gondii, CMV, HSV-1 e HSV-2 e o risco de psicoses ndo afetivas,
incluindo ESQ, nos filhos. Nao foram encontradas associa¢des entre a exposicdo materna aos
agentes infecciosos e outras psicoses ndo afetivas (Blomstrém et al. 2012). Em 2015, o
mesmo grupo de pesquisa publicou um novo estudo que analisou amostras de sangue seco
neonatal de 199 casos de psicose ndo afetiva e 525 controles pareados, com foco em
individuos nascidos na Suecia entre 1975 e 1985. A pesquisa encontrou um risco relativo
aumentado para psicose ndo afetiva associada a infec¢cdo materna por T. gondii (RR = 2,1,
IC95% = 1,1 — 4,0), mas foi significativo apenas entre neonatos com baixos niveis de
proteinas de fase aguda (Blomstrém et al. 2015). Um estudo de caso controle oriundo de uma
coorte de nascimentos examinou se anticorpos maternos IgG anti-T. gondii estavam
relacionados as alteragBes na cognicgdo infantil e a transtorno bipolar nos filhos. A cognicédo
foi avaliada nas idades de 5 e 9-11 anos através do Peabody Picture Vocabulary Test e das
matrizes coloridas de Raven. O transtorno bipolar foi identificado a partir de base de dados. A
IgG materna para T. gondii ndo foi associada ao risco de transtorno bipolar ou a cognicdo
infantil (Freedman et al. 2016).
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DISCUSSAO

O presente estudo revisou sistematicamente a literatura sobre a ativacdo imune
materna induzida por infec¢Ges crénicas/latentes durante o periodo pré-natal e suas possiveis
associagdes com alteragbes no neurodesenvolvimento da prole. A relagdo entre a MIA e 0 ND
tem sido um tema de interesse crescente na pesquisa cientifica. A evidéncia acumulada sugere
que a exposicdo a mediadores inflamatorios durante a gestacdo pode ter consequéncias
duradouras, afetando ndo apenas o desenvolvimento neuroldgico, mas também a satde mental
das futuras criangas. A sistematizacdo dos estudos apresentados permitiu a identificar que as
infeccbes maternas, mesmo na auséncia de manifestacbes clinicas agudas, podem
desempenhar um papel significativo na predisposicdo para transtornos neuropsiquiatricos,
como transtorno do espectro autista e esquizofrenia.

Os mecanismos pelos quais a MIA influencia 0 ND s&o complexos e multifatoriais.
Estudos demonstraram que mediadores inflamatorios, como citocinas, podem atravessar a
barreira placentaria e alterar o ambiente intrauterino, prejudicando a neurogénese e 0
desenvolvimento cerebral. Por exemplo, a pesquisa de Jiang et al. (2018) aponta que a
exposicdo a citocinas inflamatorias em modelos animais resultou em déficits cognitivos e
comportamentais significativos na prole. Essa linha de investigacdo é corroborada por dados
epidemioldgicos que associam infeccBes maternas a uma variedade de distarbios
neurologicos, incluindo TEA e ESQ (Kundakovic e Jari¢, 2017; Boulanger-Bertolus, Pancaro
e Mashour, 2018). Além disso, estudo recente sugere que recém-nascidos de maes
soropositivas para anticorpos IgG anti-T. gondii possuem maior probabilidade de nascer
pequenos para a idade gestacional (p = 0,035). Esse achado sugere que a infeccdo materna
cronica por T. gondii também pode contribuir para maiores taxas de recém-nascidos com
restricdo de crescimento (Martinez et al. 2024).

Dentre os estudos que encontraram associagdes significativas entre infecgfes maternas
e TEA esta a pesquisa de Mabhic et al. (2017) que destacou altos niveis de anticorpos 1gG anti-
HSV-2 no plasma materno como um fator de risco para o desenvolvimento de TEA em filhos
do sexo masculino. Por outro lado, Spann et al. (2017) demonstraram que niveis elevados de
anticorpos IgM contra T. gondii estavam associados a uma diminuigdo das chances de
autismo, sugerindo uma relagdo protetora. Slawinski et al. (2018) ndo encontraram
associacOes significativas entre a soropositividade para CMV e sintomas de TEA, o que

destaca a variabilidade dos efeitos das infeccdes maternas e sugere que fatores como o tipo de
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patégeno, o0 momento da infeccdo e a resposta imunoldgica materna podem desempenhar
papéis criticos.

No que diz respeito a ESQ, todos os artigos revisados relatam alguma associacdo
significativa entre as infecgdes cronicas maternas e a ESQ nos filhos. Buka et al. (2001) e
Brown et al. (2005) encontraram associages significativas entre anticorpos maternos € o risco
de desenvolvimento de esquizofrenia, particularmente em relacdo ao HSV-2 e T. gondii,
respectivamente. Cheslack-Postava et al. (2015) em uma amostra mais abrangente demostram
que anticorpos IgG anti-HSV-2 materno estavam associados aos casos de ESQ (OR = 1,33;
IC95% = 1,03-1,72), no entanto, essa associacdo foi significativa apenas para 0 modelo néo
ajustado por covariaveis confundidoras.

Quanto aos demais desfechos avaliados, os estudos de Buka e colaboradores (2001,
2008) encontraram associaces significativas entre a infeccdo materna por HSV-2 e o
desenvolvimento de psicoses nos filhos. No primeiro estudo, foi observada uma razdo de
chances de 3,4 para 0 desenvolvimento de psicose em individuos com anticorpos maternos
para HSV-2 acima do 75° percentil, aumentando para 4,4 quando os anticorpos estavam acima
do 90° percentil. O estudo subsequente, com uma amostra mais substancial, confirmou que a
infeccdo materna por HSV-2 aumentou o risco de psicoses (OR = 1,6; 1C95% = 1,1-2,3). O
estudo de Xiao et al. (2009) mostrou que filhos de maes com infeccdo por T. gondii tipo |
apresentaram um risco significativamente maior de desenvolver psicoses (OR = 1,94; 1C95%
= 1,08 - 3,46), com um risco ainda mais elevado para psicoses afetivas (OR = 5.24; 1C95% =
1,67 - 16,5). Este fato pode indicar que cepas especificas ativam de forma diferente o sistema
imune materno. Em contraste, outros estudos ndo encontraram associagdes significativas entre
infeccBes maternas e desfechos neuropsiquiatricos. Blomstrom et al. (2012) ndo observaram
associacOes entre a exposicdo materna a T. gondii, CMV, HSV-1 e HSV-2 e o risco de
psicoses ndo afetivas. Freedman et al. (2016) também ndo encontraram associacdo entre
anticorpos maternos 1gG anti-T. gondii e o risco de transtorno bipolar ou alteragcbes na
cognicdo infantil, indicando que a presenca de anticorpos ndo necessariamente se traduz em
desfechos clinicos adversos nos filhos.

Embora esta revisdo da literatura tenha proporcionado uma visao abrangente sobre as
associacles entre infecces maternas e alteraces no ND, vérias limitagdes devem ser
consideradas. A heterogeneidade dos estudos em termos metodologicos, populacdes
analisadas, e tipos de infeccGes investigadas dificultam a generalizacdo dos resultados. Além
disso, a maioria dos estudos revisados ndo explorou a interacdo entre fatores genéticos e

ambientais que podem influenciar a suscetibilidade a desfechos negativos no ND. Diante do
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limitado nimero de trabalhos publicados e a auséncia de estudos com a populacéo brasileira,
0s autores deste artigo realizaram um estudo de coorte nascimentos que buscou investigar a
associacdo entre a prevaléncia de anticorpos especificos em gestantes (T. gondii e CMV) em
gestantes participantes do estudo DSAN-12m (Determinantes do Neurodesenvolvimento
Socioambiental aos 12 Meses - Uma Coorte de Nascimentos no Reconcavo Baiano) realizado
em dois municipios da regido do RecOncavo Baiano, no Brasil, com alteragbes do
neurodesenvolvimento de seus filhos aos 12 meses de idade (CAPITULO 3).

Todavia, os dados compilados nesta revisdo sistematica reforcam a hipo6tese de que a
MIA, induzida por infeccBes cronicas/latentes durante a gestacdo, estd associada a um maior
risco de transtornos neuropsiquiatricos na prole. Essa evidéncia reflete a importancia da
monitorizacdo e intervencdo durante a gravidez no que concerne as exposicdes a agentes
infecciosos. A identificacdo precoce de infeccBes maternas e a implementagdo de estratégias
para mitigar a inflamag&o podem ser cruciais para melhorar os desfechos negativos no ND
infantil. Novos estudos longitudinais que acompanhem a satude mental e o desenvolvimento
cognitivo de criangas expostas a diferentes perfis de infeccdo materna séo essenciais para
construir um entendimento mais abrangente sobre essa relacdo. Pesquisas futuras devem se
concentrar em entender melhor os mecanismos subjacentes a MIA e como diferentes
patdgenos podem influenciar o desenvolvimento neuroldgico de maneiras distintas. Além
disso, é fundamental investigar a interacdo entre fatores genéticos e ambientais que podem
modificar a resposta imunol6gica materna e, consequentemente, o risco de disturbios no ND

infantil.
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Tabela 1. Caracteristicas dos estudos sobre a associacdo entre infec¢des maternas e transtorno do espectro autista,
publicados entre 2017 e 2018.

Estudo Pais Desenho do n de controles n de casos de Exposicédo
estudo TEA investigada
Mahic et al. 2017 Noruega Coorte de 464 442 Anticorpos IgG
nascimento. maternos contra T.
gondii, virus da
rubéola, CMV,
HSV-1 e HSV-2.
Spann et al. 2017 China Estudo de caso- 874 874 Anticorpos I1gG e
controle aninhado. IgM maternos
contra T. gondii.
Avidez de IgG.
Slawinski et al. EUA Coorte - 82 Soropositividade
2018 longitudinal. materna para
CMV e HSV-2.

Tabela 2. Caracteristicas dos estudos sobre a associacao entre infeccfes maternas e esquizofrenia, publicados entre

2001 e 2015.
Estudo Pais Desenho do n de n de casos Exposicao investigada
estudo controles de ESQ
Buka et al. 2001 EUA Estudo de 54 13 Anticorpos 1gG maternos contra
caso- CMV, virus da rubéola, T. gondii,
controle parvovirus humano B19, HSV-1,
aninhado. HSV-2 e Chlamydia trachomatis.
Brown et al. 2005 EUA Estudo de 123 63 Anticorpos IgG maternos contra T.
caso- gondii.
controle
aninhado.
Blomstrom et al. Suécia Estudo de 524 198 Anticorpos IgG maternos contra T.
2012 caso- gondii, CMV, HSV-1 ou HSV-2.
controle.
Cheslack-Postava Varios Estudo de 963 963 Anticorpos IgG maternos contra
etal. 2015 paises caso- HSV-2 e Chlamydia trachomatis.
controle

aninhado.
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Tabela 3. Caracteristicas dos estudos sobre a associacdo entre infec¢des maternas e alteraces no
neurodesenvolvimento, publicados entre 2001 e 2015.

Estudo Pais Desenho do n de n de casos Exposi¢do investigada
estudo controles
Buka et al. 2001 EUA Estudo de 54 27 Anticorpos 1gG maternos contra
caso- CMV, virus da rubéola, T. gondii,
controle parvovirus humano B19, HSV-1,
aninhado. HSV-2 e Chlamydia trachomatis.
Buka et al. 2008 EUA Estudo de 554 200 Anticorpos IgG maternos contra
caso- HSV-2.
controle
aninhado.
Xiao et al. 2009 EUA Estudo de 618 219 Anticorpos maternos contra
caso- diferentes genotipos de T. gondii.
controle
aninhado.
Blomstrom et al. Suécia Estudo de 524 198 Anticorpos IgG maternos contra T.
2012 caso- gondii, CMV, HSV-1 ou HSV-2.
controle.
Blomstrom et al. Suécia Estudo de 525 199 Anticorpos IgG maternos contra T.
2015 caso- gondii, CMV, HSV-1 ou HSV-2.
controle.
Freedman etal. EUA Estudo de 255 85 Anticorpos IgG maternos contra T.
2016 caso- gondii.

controle.
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Tabela 4. Perfil dos resultados relatados em estudos sobre a associacdo entre infeccdes maternas e transtorno do espectro

autista, publicados entre 2017 e 2018

Estudo Critérios

diagndsticos

Fonte, tipo e

momento da

amostra de
exposicao

Ajuste para
covariaveis
confundidoras

Principais resultados

Mahic et al. 2017 Criangas com TEA
foram identificadas
por meio de triagem

com questionério
maernos.
Encaminhamentos
profissionais e
parentais de
participantes
suspeitos de ter TEA.
Vinculos com o
Registro de Pacientes
Noruegués.

Spann et al. 2017 Registro de alta

hospitalar e
ambulatorial da
Finlandia.
Slawinski et al. Escala de
2018 Responsividade

Social versao 2
(SRS-2).

Amostras de
sangue materno
foram coletadas

na metade da
gravidez (cerca
da 182 semana).

Os niveis de
anticorpos 1gG
contra T. gondii,
virus da rubéola,
CMV, HSV-1e

HSV-2 no
plasma foram
medidos usando
o sistema de teste
Zeus AtheNA
Multi-Lyte
ToRCH IgG
Plus.

Soros maternos
foram
prospectivamente
analisados a
partir de um
biobanco
nacional.

Soro materno
coletado durante
a primeira
consulta pré-
natal.

Idade materna no parto,
tabagismo materno
durante a gravidez,
paridade e nivel de

escolaridade materna.

Sexo da prole, idade
materna, idade
paternal, nimero de
partos anteriores, status
socioeconémico, idade
gestacional, peso ao
nascer e semana
gestacional da coleta de
sangue.

Idade materna, etnia,
nivel educacional,
paridade e sexo da

crianga.

Altos niveis de anticorpos IgG contra
HSV-2 no plasma materno na metade
da gravidez foram associados a um
aumento do risco de TEA em filhos
do sexo masculino, quando ajustado
para paridade e ano de nascimento da
crianca.

Baixos niveis de anticorpos 1gG
maternos contra T. gondii foram
associados a uma maior probabilidade
de TEA na prole.

Criancas cujas maes eram
soropositivas para CMV apresentaram
escores na SRS-2 de 3,6 a 4,2 pontos
mais altos em compara¢do com
aquelas cujas maes eram
soronegativas.

N&o houve associacdo significativa
entre soropositividade para HSV-2 e
sintomas de TEA nas criancas.
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Tabela 5. Perfil dos resultados reportados em estudos sobre a associacdo entre infecgdes maternas e esquizofrenia,
publicados entre 2001 e 2015.

Estudo Critérios Fonte, tipo e Ajuste para Principais resultados
diagndsticos momento da covariaveis
amostra de confundidoras
exposi¢do
Buka et al. DSM-IV* Amostras de Doenca mental Os filhos de maes com niveis
2001 sangue que materna, ganho de elevados de IgG total e IgM contra
foram obtidas peso, tabagismo HSV-2 apresentaram maior risco de
das mées no final duranteagravideze  desenvolver ESQ. N&do foram
da gravidez. As renda familiar, nivel ~ encontradas associacdes significativas
amostras foram educacional e entre  ESQ e anticorpos contra
analisadas para ocupacgéo no patégenos como T. gondii, rubéola,
imunoglobulinas nascimento. CMV ou HSV-1.
totais de classe
especifica e
anticorpos
especificos.
Brown et al. DSM-IV Amostras de soro Idade materna, etnia A razéo de chances ajustada para
2005 materno foram materna, status ESQ/transtornos do espectro

Blomstrém et
al. 2012

Cheslack-
Postava et al.
2015

DSM-1V, registros
de CID-9 e —10*

DSM-V ou registro
de CID-10

obtidas durante a
gravidez.

Os niveis
especificos de
1gG em amostras
de sangue seco
neonatal
arquivadas de
individuos e
foram
determinados por
imunoensaios.

Imunoensaios
mediram
anticorpos de
classe 1gG contra
HSV-2 em soro
de amostras
maternas
coletadas durante
a gravidez.

socioeconémico
materno e idade

gestacional da amostra

de soro.

Idade materna e
migragao.

Idade paternal,
provincia de
nascimento e

diagnéstico de ESQ

dos pais.

esquizofrénico para prole de mées
com altos titulos de anticorpos 1gG
contra T. gondii foi de 2,61 (IC 95% =
1,00-6,82).

Os niveis de 1gG direcionados a T.
gondii, correspondentes & exposi¢do
materna, foram associados a ESQ
subsequente (OR = 2,1, IC 95% 1,0-
4,5), assim como 0s niveis de 1gG
direcionados a CMV (OR=2.2, IC
95% 1,0-5,1), mas ndo a HSV-1 ou
HSV-2.

A soropositividade materna para 1gG
contra HSV-2 foi marginalmente mais
alta entre os casos do que entre 0s
controles (OR = 1,22, IC = 0,93-
1,60;). As proporcGes de sujeitos
soropositivos e 0s niveis médios de
anticorpos contra C. trachomatis
foram semelhantes para casos e
controles.

* Manual Diagnostico e Estatistico de Transtornos Mentais
** Classificagéo Internacional de Doencas
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Tabela 6. Perfil dos resultados reportados em estudos sobre a associacdo entre infecgdes maternas e alteragdes no
neurodesenvolvimento, publicados entre 2001 e 2015.

Estudo

Critérios
diagnosticos

Fonte, tipo e

momento da

amostra de
exposicao

Ajuste para
covariaveis
confundidoras

Principais resultados

Buka et al.
2001

Buka et al.
2008

Xiao et al.
2009

Blomstrom et
al. 2012

DSM-IV*

DSM-IV

DSM-1V, registros
de CID-9 and —10*

DSM-IV, registros
de CID-9 and —10*

Amostras de
sangue que
foram obtidas
das mées no final
da gravidez. As
amostras foram
analisadas para
imunoglobulinas
totais de classe
especificae
anticorpos
especificos.

Amostras de soro

materno foram

coletadas no final
da gravidez.

Anticorpos
maternos contra
T. gondii foram
medidos no final

da gravidez,

visando
polipeptideos
especificos dos
gen6tipos de T.
gondii (GRADS,
GRAG6 e GRAY).

Os niveis
especificos de
IgG em amostras
de sangue seco
neonatal
arquivadas foram
determinados por
imunoensaios.

Doenca mental
materna, ganho de
peso, tabagismo
durante a gravidez,
renda familiar, nivel
educacional e
ocupagao no
nascimento.

Educagdo materna e
tratamento parental
para transtornos
mentais.

Ano de nascimento,
sexo e etnia dos filhos.

Idade materna e
migragao.

Os filhos de mdes com niveis
elevados de IgG e IgM totais de
imunoglobulinas  apresenta  maior
risco de desenvolver doengas
psicoticas na idade adulta. Ndo foram
encontradas associacdes significativas
entre psicose e anticorpos maternos
contra T. gondii, rubéola, CMV ou
HSV-1.

Os filhos de mées com evidéncia
sorolégica de infeccdo por HSV-2
tiveram um risco significativamente
aumentado para o desenvolvimento de
psicoses (OR = 1,6; IC95% = 1,1-
2,3). Esse risco foi particularmente
elevado entre mulheres com alta
frequéncia de atividade sexual durante
a gravidez (OR = 2,6; 1C95% = 1,4—
4,6).

Mé&es com um padrdo soroldgico da
infeccdo cronica por T. gondii do tipo
I tiveram um risco significativamente
aumentado de ter filhos que
desenvolveram psicose, com uma
razdo de chances de 1,94 (IC95% =
1,08-3,46). O risco foi
particularmente  pronunciado para
psicoses afetivas, com uma razdo de
chances de 5,24 (IC95% = 1,67-
16,5).

N&o houve associagdes entre qualquer
um dos agentes infecciosos e psicoses
ndo afetivas.



Blomstromet  Registros de CID-9 Os niveis Né&o ajustado.
al. 2015 and —10* especificos de
IgG em amostras
de sangue seco
neonatal
arquivadas foram
determinados por
imunoensaios.

Freedman et Vinculos com bases Soros maternos Escores brutos foram

al. 2016 de dados, Teste de  coletados durante padronizados e as
Vocabulario por 0 terceiro idades combinadas.
Imagens de Peabody trimestre de
(PPVT) e Matrizes gravidez. A
de Raven (Raven). exposicao
especifica

investigada foi a
presenca de
anticorpos IgG
contra T. gondii.
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Psicose ndo afetiva foi associada a
infeccdo materna por T. gondii OR =
2,1 (1C95% =1,1-4,0)ouCMV OR
=1,7 (IC 95% = 0,9 — 3,3) apenas
entre neonatos com baixos niveis de
proteinas de fase aguda.

O titulo de anticorpos IgG maternos
contra T. gondii ndo foi associado a
um aumento do risco de transtorno
bipolar ou mudancas na cognigdo
infantil.

* Manual Diagndstico e Estatistico de Transtornos Mentais
** Classificagéo Internacional de Doencas
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Capitulo 2

Neste capitulo apresento o artigo "Impact of chronic toxoplasmosis in pregnancy:
association between maternal seropositivity for Toxoplasma gondii 1gG antibodies and fetal
growth restriction” que explora a relagdo entre a infecgdo cronica por T. gondii em gestantes
e o crescimento fetal, destacando a prevaléncia de anticorpos 1gG e suas implicacGes para a
salde neonatal.

A hipotese central do estudo é que a infecgcdo cronica por T. gondii em mulheres
gravidas esté associada a restrigdes no crescimento fetal, resultando em um aumento do risco
de recém-nascidos serem classificados como pequenos para a idade gestacional. Foram
avaliados a prevaléncia de anticorpos IgG contra T. gondii em gestantes e as possiveis
associacfes entre a soropositividade materna para T. gondii e o crescimento fetal,
considerando fatores socioeconémicos e demogréaficos. Este estudo foi realizado como uma
coorte de nascimentos, envolvendo gestantes e seus recém-nascidos. As participantes foram
recrutadas em dois municipios do Recdncavo Baiano, Brasil, e acompanhadas até o parto.

Os resultados do estudo sugerem que a infeccdo cronica por T. gondii em gestantes
esta significativamente associada a restricbes no crescimento fetal, ressaltando a importancia
de monitorar a salde materna durante a gestacdo para prevenir complicagbes no
desenvolvimento neonatal. Os achados enfatizam a necessidade de intervencgdes direcionadas
a populacdes vulneraveis, especialmente em areas com alta prevaléncia de infecgdes.

Este trabalho foi publicado no periodico ‘Parasitology Research’ (ISSN: 1432-1955,
Fator de impacto: 1,8) em dezembro de 2023 (APENDICE E).
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Highlights

e Chronic toxoplasmosis in pregnant women is related to socioeconomic vulnerability.

e Newborns of pregnant women seropositive for anti-Toxoplasma gondii antibodies are

more likely to exhibit intrauterine growth restriction.

e There is an association between maternal chronic infection with T. gondii and birth

weight adequacy.
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ABSTRACT

Insults caused by acute infections during the gestational period on fetal development are
known; however, new evidence suggests that chronic infectious diseases can also impact the
maternal immune status and lead to negative consequences for the neonate. This study
investigated the association between the prevalence of specific antibodies in pregnant women
and alterations in fetal development at birth. A follow-up study evaluated women during the
gestational period and their respective newborns at delivery time. The pregnant women were
tested for the presence of antibodies to infectious agents: Toxoplasma gondii (T. gondii),
cytomegalovirus (CMV), syphilis, human immunodeficiency virus (HIV), Hepatitis B, and C.
Semi-structured questionnaires were administered to the pregnant women at the time of
recruitment after obtaining informed consent. Detailed information about the newborns was
extracted from medical records. The seroprevalence of chronic T. gondii infection, as
determined by the presence of 1gG antibodies against the protozoan, was found to be 56.2%,
while the overall prevalence of CMV IgG antibodies was 96.3%. Non-primiparous pregnant
women from socio-economic classes less affluent groups and skilled working-class
individuals had higher chances of testing positive for specific T. gondii IgG antibodies.
Newborns classified as small for gestational age represented 12.9% of the total. Those born to
mothers seropositive for anti-T. gondii IgG antibodies were 9.4 times more likely to be born
small for gestational age (p = 0.035). The results suggest that chronic T. gondii infection may
contribute to higher rates of newborns with growth restriction. These findings add to a
growing body of evidence regarding the impact of chronic infectious diseases on intrauterine

fetal development.

Keywords: Small for gestational age, toxoplasmosis, pregnancy, serology, birth cohort.
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INTRODUCTION

Changes in the intrauterine environment during gestation can lead to impairments in
fetal development. Maternal immune mediators can cross the placental barrier and directly or
indirectly alter the uterine environment, thus influencing fetal growth and neurogenesis,
resulting in detrimental consequences for the future development and mental health of the
offspring (Boulanger-Bertolus et al. 2018; HAN et al. 2021). Genetic alterations and
environmental exposures such as smoking, toxic metals, pesticides, alcohol, medications, and
uterine infections are important causes of congenital disabilities. However, most structural,
behavioral, functional, and metabolic disorders present at birth have no known genetic or
environmental causes (Verma 2021).

Unhealthy environments with poor sanitation conditions increase exposure to
microorganisms, leading to infections. Due to the possibility of vertical transmission and the
virulence of this category of agents, pregnant women are monitored during the prenatal period
to early detect potential infections and implement strategies to limit the impact on the
newborn’s health (Miranda et al. 2012). These environmental insults during gestation can
result in immunological and epigenetic changes, making the offspring more susceptible to
various insults in the future (Cattane et al. 2020).

Intrauterine growth restriction and preterm birth are the leading causes of perinatal
mortality found in almost 10% of pregnancies (Nardozza et al. 2017). The INTERGROWTH-
21st study developed a standardized fetal growth curve for international use. For this purpose,
pregnant women from different ethnicities and regions were followed in a multiethnic and
multicenter population-based cohort study, including countries such as Brazil, England,
Oman, Italy, the United States, China, India, and Kenya (Villar et al. 2014). According to this
classification, newborns (NBs) can be classified as small for gestational age (SGA),
appropriate for gestational age (AGA), and large for gestational age (LGA) (Papageorguiou et
al. 2018).

During the gestational period, there are dynamic changes in maternal and fetal
immune responses that depend on the stage of pregnancy or development (Kollmann et al.
2017; Pazos et al. 2012). Despite the well-known deleterious effects of certain congenital
infections, many pathogens fail to reach the fetus due to the powerful physical barrier
provided by the placenta that protects the developing baby (Arora et al. 2017). One possible
explanation for the mechanisms involved in fetal development disorders associated with

different pathogens, even without vertical transmission, is that cytokines originating from
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maternal inflammatory processes can cross the placenta and affect crucial stages of fetal
development (Zhou 2012).

In addition to compromising neurodevelopment, infectious diseases, and maternal
immune system activation are believed to be one of the main risk factors for preterm births.
The increased production of pro-inflammatory cytokines has been associated with uterine
activation and preterm births (Cappelletti et al. 2016). Studies suggest a relationship between
maternal immune activation and disturbances in neonatal development. Maternal chronic
infection with human immunodeficiency virus 1 (HIV-1) and hepatitis B has been shown to
lead to higher concentrations of cytokines in umbilical cord blood and altered fetal immune
responses, indicating that maternal immune responses can impact the fetus (Bunders et al.
2014; Hong et al. 2015).

The "TORCH" pathogens encompass a variety of infectious agents known to cause
congenital disabilities. They include protozoa (Toxoplasma gondii), bacteria (Treponema
pallidum), and viruses (rubella, cytomegalovirus, human herpesvirus, HIV, enteroviruses,
parvovirus B19, and Zika virus) (Coyne and Lazear 2016). In addition to congenital
disabilities, infections by these pathogens can cause various complications in pregnancy,
including miscarriage, fetal growth restriction, and preterm birth (Cappelletti et al. 2016;
Pereira et al. 2014). There has been increased concern about maternal-infant transmission of
infectious agents after the Zika virus outbreak in Brazil in mid-2015 and the subsequent
increase in babies born with microcephaly. A recent study revealed important information
about the influence of this virus on infant neurodevelopment, even in neonates with average
head size. The neurological development of 29 infants without microcephaly but with in-utero
exposure to the virus was evaluated using the Bayley Neurodevelopmental Assessment scale,
and 34% showed some form of impairment (Faical et al. 2019).

Animal models of these infections indicate that pregnancy complications can be
mediated by the immune response induced by the pathogen (Yockey and lwasaki 2018).
Regardless of whether clinically detectable infection is present or not, elevated concentrations
of cytokines, including interleukin (IL)-6, IL-1, IL-8, and tumor necrosis factor (TNF) in
amniotic fluid or cervicovaginal region, are predictive factors for prematurity (Agrawal and
Hirsch 2012).

Maternal immune status can indeed affect fetal development. In the case of "TORCH"
infections, some common neurological defects observed include microcephaly, cranial
calcifications, ventriculomegaly, ocular defects, and sensorineural hearing loss (Coyne and

Lazear 2016). Many of these presentations, such as microcephaly, are similar across
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pathogens, including cytomegalovirus, rubella, Toxoplasma gondii, and Zika virus
(Devakumar et al. 2018). The similar clinical presentation across a variety of viral and
protozoal pathogens suggests the presence of a common mechanism.

Understanding the determinants associated with alterations in human development
facilitates early identification and enables the creation of more effective preventive measures. In
this regard, Horta and Wehrmeister (2017) emphasize the importance of cohort studies as they
provide an opportunity to evaluate the consequences of exposures occurring at different stages of
the life cycle, allowing the identification of critical periods and the possibility of measuring the
cumulative effect of various exposures.

While several studies show an association between congenital infections and various
health issues in NBs, few studies have investigated whether immune status against certain
specific agents can silently impact fetal development. Therefore, this study aimed to
investigate the association between the prevalence of specific antibodies in pregnant women
who participated in the DSAN cohort study (Determinants of Socioenvironmental
Neurodevelopment at 12 Months -A Birth Cohort in the Reconcavo Baiano) conducted in two
municipalities in the Recdncavo Baiano region of Brazil, with alterations in fetal development
at birth.

METHODS

Study Design and Population

This cohort study evaluated pregnant women and their respective children at birth.
Pregnant women up to 24 weeks of gestation were invited to participate in the study. The
project was conducted in collaboration with the primary care network in the municipalities of
Nazaré and Aratuipe, Bahia, Brazil. The pregnant women were investigated for antibodies
against infectious agents, including T. gondii, cytomegalovirus, syphilis, HIV, Hepatitis B,
and C.

Participants were fully informed about the study's objectives and methods, providing
informed consent by signing the Free and Informed Consent Form (FICF). In the case of
participants under 18 years of age, their legal guardian was consulted, and both the guardian
and the underage participant signed the FICF and Assent Form, respectively. The Ethics
Committee of the Federal University of Bahia approved the study under protocol number
3.246.555 on April 5, 2019. The project is partially funded by the Research for SUS Program
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(PPSUS) of CNPg/FAPESB, Call notice no. 2/2020, request number 4393/2020, and by the
CNPq Universal Call, process No. 421550/2018-0.

Data Collection Procedures

Biological samples

A trained phlebotomist, used a standard venipucture technique, collected blood from
the cubital vein using vacuum tubes. A gel separator tube without anticoagulant (BD
Vacutainer® SST™ - Yellow) was used for serum sample centrifugation at 3,000 rotations
per minute for 10 minutes; all samples were adequately labeled, packaged, and transported to
the Faculty of Pharmacy at the Federal University of Bahia (UFBA). The serum samples were
transferred to 5-mL tubes and kept at -20°C (freezer) until processing.

Serological tests were performed using a chemiluminescence microparticle
immunoassay to search for IgG and IgM against Toxoplasma gondii and cytomegalovirus
infections (Abbot®, Sdo Paulo - Brazil) using the Architect i1000SR automation equipment
(Abbot®, S&0 Paulo - Brazil). Specimens with concentration values > 3.0 IU/mL are
considered reactive for 1gG antibodies to T. gondii, indicating chronic infection. For CMV,
samples with concentration values > 6.0 AU/mL are also considered reactive for IgG
antibodies.

Immunochromatographic tests designed for diagnostic purposes were used to
determine the presence of total antibodies against HIV, Treponema pallidum, and hepatitis C,
following the same methodology for detecting hepatitis B surface antigen (Abbot®, Sao Paulo

- Brazil).

Socioeconomic data, newborn assessment, and fetal anthropometry

Semi-structured questionnaires were administered to pregnant women during
recruitment and after signing the informed consent form. The Interviewers conducted the
questionnaire on socioeconomic status (based on family possession and income), general
cultural habits, educational level, occupational history, work during pregnancy, and other
evaluations. The socioeconomic level, stratified into five categories from A to E, was defined

based on the criteria of the Brazilian Association of Population Studies (Brasil, 2008).
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Detailed information about the newborn at birth, including sex, ethnicity, birth weight,
delivery method, and gestational age at birth, were extracted from medical records. The
APGAR score and fetal anthropometric data (considered here as the child’s birth outcome)
were also collected from the medical records to assess possible associations with the
investigated biomarkers.

The INTERGROWTH-21st Project fetal growth curve (VILLAR et al. 2014,
PAPAGEORGUIQU et al. 2018) was applied to estimate the adequacy of birth weight for
gestational age. The newbornes (NBs) were classified as small for gestational age (SGA)
when the birth weight (in grams) for completed gestational age was below the 10th percentile
and large for gestational age (LGA) when equal to or above the 90th percentile. The

remaining NBs were classified as appropriate for gestational age (AGA).

Data analysis

After data tabulation, frequency, central tendency, and dispersion measures were
analyzed. The choice between parametric and non-parametric tests was based on the
Kolmogorov-Smirnov normality test. The Binomial test for a proportion was used to obtain
confidence intervals for the proportions. The Student's t-test was applied to compare the
means of parametric variables. Binary logistic regression analysis was used to identify risk
factors associated with T. gondii infection and CMV infection. To investigate possible
associations between seropositivity for anti-T. gondii 1gG and seropositivity for anti-CMV
IgG with birth-related data, multivariate logistic regression modeling was performed. The
odds ratio (OR) was obtained by exponentiating the Beta obtained in the multivariate model.
The model was adjusted for maternal height and maternal weight during the prenatal period.
The accepted level of statistical significance for all tests was p < 0.05. Descriptive and
comparison statistical analyses were performed using SPSS® version 26.0 for Windows, and
graphs were generated using GraphPad Prism® version 8.0.2.
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Figure 1 presents the flowchart detailing the recruitment of study participants. The

study included 136 pregnant women with an average age of 26.8 years £ 0.5 years. Of the

total, 26 (41.6%) resided in the municipality of Aratuipe. Most self-identified as Afro-

descendants (94.7%), and 38.2% were in their first pregnancy. Most were classified as

belonging to social classes D-E (51.2%). Most pregnant women had completed middle and/or

high school (73.0%), while 2.3% reported being illiterate. There was a frequency of 17.4% of

reported previous miscarriages. Regarding their homes, a significant portion did not have

access to potable water (18.2%), and 40.2% did not reside on a paved street (Table 1).

Pregnant women recruited in Nazaré n =139
Pregnant women recruited in Aratuipe n =104

Total of pregnant women recruited n = 243

|

Loss to follow-up or refusals in Nazaré n =58
Loss to follow-up or refusals in Aratuipe n =48
Total loss to follow-up n =106

Participants in the project n =137

Main reasons for losses:
Difficulties in contact;
Moved away;

High-risk delivery;

Interrupted pregnancy.

|

Main reasons for losses:

Deliveries occurred in another
maternity;

Births occurred in Nazaré n =44

Births occurred in Aratuipe n =22

Total of collected information n =66

Information not recorded in

/ medical records.

|

Newborns in the study n =66

Pregnant/postpartum participants in the study n =136

Fig 1. Recruitment flowchart.
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The overall seroprevalence found for chronic T. gondii infection was 56.2% (95% CI,
47.8% - 64.2%), and for anti-CMV 1gG antibodies, it was 96.3% (95% CI, 91.7% - 98.4%).
Three pregnant women tested positive for anti-T. pallidum antibodies and one pregnant
woman tested positive for antibodies against the hepatitis C virus (Figure 2). No pregnant
woman tested positive for anti-HIV antibodies or the presence of the hepatitis B surface
antigen.

In order to investigate a possible association between the categorized composite scores
of Bayley-Ill and IgG anti-T. gondii antibody positivity, a multivariate logistic regression

analysis was performed, crude odds ratio was used. A significant association (p = 0.049) was
observed between the number of pregnancies and T. gondii infection, with non-primiparous
women being more likely to have chronic T. gondii infection. Pregnant women and/or their
family members classified as belonging to social classes D-E and C2 had a higher likelihood
(3.19; 95% CI, 1.2 - 8.47) of testing positive for 1gG anti-T. gondii antibodies. The data are
presented in Table 2. Notably, some risk factors related to T. gondii infection, such as being
older age and consuming untreated water, did not show a significant relationship with 1gG
anti-T. gondii antibody positivity (Table 2). No significant associations were found when
investigating the relationship between the evaluated determinants and chronic CMV infection.

Table 3 describes the neonatal characteristics of the study participants. Information
from 66 neonates was obtained. 54.5% of the NBs were male, and 86,7% were classified as
African-Brazilians. Concerning the deliveries, 42.4% occurred via cesarean section, and the
majority took place at Luis Argolo Maternity Hospital (61.2%) in the neighboring
municipality of Santo Anténio de Jesus, Bahia. The gestational week at the delivery time had
an average of 39.1 (£0.2) weeks. 12.9% of the NBs were classified as SGA and 11.3% as
LGA. The overall mean APGAR score at one minute was 8.1 points.

Table 4 summarizes the results when comparing seropositivity for 1gG anti-T. gondii
and the characteristics of the NBs using multivariate logistic regression analysis, adjusted
odds ratio was used. The variables of prenatal maternal weight and height were used to adjust
the multivariate model. Associations between seropositivity for IgG anti-CMV and birth-
related outcomes were also evaluated.

It was observed that NBs whose mothers had chronic T. gondii infection were 9.4
times more likely (95% CI, 1.18 - 88.1) of being born small for gestational age (p = 0.035).
The other characteristics related to the NBs did not show a significant relationship with

maternal seropositivity for IgG anti-T. gondii (Table 4).
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There were no significant associations between the characteristics of the NBs and
seropositivity for 1gG anti-CMV.

Biomarker Frequency (Cl95%)
IgG anti-T. gondii 56.2% (47.8% - 64.2%)
1IgG anti-CMV 96.3% (91.7% — 98.4%)
1IgG anti-Sifilis 2.2% (0.7% - 6.2%)
100 1IgG anti-HCV 0.7% (0.1% - 4.0%)

50+

Seropositivity frequencies (%)

T 1
1gG anti-T. gondii IgG anti-CMV Sifilis Hepatite C

Fig 2. Prevalence of 1gG antibodies against T. gondii, CMV, syphilis, and hepatitis C.
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Table 1 — Sociodemographic characteristics of participating pregnant women in the study.

TOTAL (n = 137)

Mean (x SD)
Age (years) 26.8 (£0.5)
Minimum 15.0
Maximum 39.2
Variable n (%)
Place of residence
Nazaré 80 (58.4)
Avratuipe 57 (41.6)
Ethnicity
White 4 (3.0)
African Brazilian 126 (94,7)
Yellow 3(2.3)
Education
Iliterate 3(2.3)
Elementary | complete 19 (14.6)
Complete Elementary |1 40 (30.1)
Medium complete 57 (42.9)
Graduated 14 (10.5)
Socioeconomic classification
D-E 66 (51.2)
C2 41 (31.8)
C1 18 (14.0)
B2 3(23)
B1 1(0.7)
Previously pregnant?
Yes 81 (61.8)
No 50 (38.2)
Previous miscarriage?
Yes 23 (17.4)
No 109 (82.6)
Gestational planning?
No 91 (68.9)
Yes 41 (31.1)
Have a cat as a pet?
No 102 (77.9)
Yes 29 (22.1)
Does any family member's
occupation involve activities in
agriculture?
Yes 55 (44.7)
No 68 (55.3)
Have they paved the house street?
No 53 (40.2)
Yes 79 (59.8)
Residential water supply
Avrtesian well 23 (18.2)
Piped 103 (81.8)
Water treatment
Not treated 77 (59.2)

Treated (Filtered/boiled) 53 (40.8)
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Table 2 - Socioenvironmental determinants of participating pregnant women being positive
serology for IgG antibodies against T. gondii based on logistic regression models.

1gG anti-T. gondii

IgG anti-T. gondii

positive negative OR (CI1 95%) p-value
n (%) n (%)
Age range 0.260
15 to 26 years 36 (48.0) 33 (57.9) Ref.
27 years or older 39 (52.0) 24 (42.1) 1.49 (0.74-2.98)
Ethnicity 0.934
Black 70 (94.6) 56 (94.9) Ref.
Nonblack 4 (5.4) 3(5.1) 0.94 (0.20 — 4.36)
Multiparous 0.049*
No 22 (30.6) 28 (47.5) Ref.
Yes 50(69.4) 31 (52.5) 2.05 (1.01—4.20)
Previous miscarriage? 0.555
No 59 (80.8) 50 (84.7) Ref.
Yes 14 (19.2) 9(15.3) 0.76 (0.30-1.91)
Education 0.116
Complete high school or higher 35(52.7) 36 (61.0) Ref.
Elementary school 11 or lower 39 (47.3) 23 (39.0) 0.57 (0.29 - 1.15)
Socioeconomic classification 0.020*
C1/BIA 7(9.9) 15 (25.9) Ref.
D-E/C2 64 (90.1) 43 (74.1) 3.19 (1.2-8.47)
Have a pet? 0.638
No 31 (43.1) 23 (39.0) Ref.
Yes 41 (56.9) 36 (61.0) 1.18(0.59 - 2.38)
Does any family member's occupation
involve activities in agriculture? 0.282
No 27 (40.3) 28 (50.0) Ref.
Yes 40 (59.7) 28 (50.0) 1.48(0.72-3.03)
Piped water? 0.643
Yes 57 (78.1) 48 (81.4) Ref.
No 16 (21.9) 11 (18.6) 0.82 (0.35—1.93)
Water treatment 0.159
Treated 25 (34.7) 28 (48.3) Ref.
Not treated 47 (65.3) 30 (51.7) 1.39 (0.88—2.21)

* Statistically significant association

Statistical tests: Univariate logistic regression.

Ref. - Reference group.
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Table 3 — Sociodemographic and anthropometric characteristics of neonates included in the

study.

Total (n =66)
Variable n (%)
Sex
Female 30 (45.5)
Male 36 (54.5)
Ethnicity
White 6 (13.3)
African Brazilian 39 (86,7)
Type of delivery
Vaginal 37 (56.1)
Cesarean 28 (42.4)
Residence 1(1.5)
Place of birth
Nazaré’s Maternity 18 (26.9)
Luis Argolo Hospital 41 (61.2)
Other 8 (11.9)
Adequacy of weight for gestational age
SGA 8 (12.9)
AGA 47 (75.8)
LGA 7(11.3)
Variable Mean (= SD)
Gestational age (weeks) 39.1 (x0.2)
Minimum 32.0
Maximum 41.0
Number of prenatal consultations performed 9.8 (£0.6)
Minimum 3
Maximum 17
Weight at birth (g) 3285.1 (+59.29)
Minimum 1744
Maximum 4900
Length at birth (cm) 47.8 (+0.4)
Minimum 32
Maximum 54
Head circumference (cm) 34.2 (£0.2)
Minimum 28
Maximum 38
Chest cage circumference (cm) 33.8 (x0.3)
Minimum 26
Maximum 40
Abdominal circumference (cm) 32.5 (x0.8)
Minimum 24
Maximum 39
APGAR scored in 1st minute 8.1 (0.1)
Minimum 6
Maximum 9
APGAR scored at 5th minute 9.2 (£0.1)
Minimum 8
Maximum 10
Percentile 55.7 (£3.5)
Minimum 6.2
Maximum 99.5
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Table 4 — Characteristics of newborns and positive maternal serology for IgG anti-T. gondii

l9G a'?jt.'.'T' 1gG anti-T. gondii
gonar negative OR (C1 95%) p-value
positive n (%)
n (%)

Gestational week of delivery 0.670
Term (37 weeks or more) 27 (90.0) 27 (93.1) Ref.
Preterm (up to 37 weeks) 3(10.0) 2 (6.9) 0.67 (0.10 — 4.31)

Weight at birth (g) 0.597
2501g or more 32 (94.1) 31 (96.9) Ref.
Up to 2500 g 2 (5.9) 1(3.1) 0.52 (0.04 — 5.99)

Length at birth (cm) 0.803
51cm or bigger 5 (16.1) 6 (18.8) Ref.
Up to 50 cm 26 (83.9) 26 (81.2) 1.21 (0.27 - 5.38)

Brain perimeter (cm) 0.192
Bigger than 34 cm 17 (70.8) 16 (66.7) Ref.
Up to 33 cm 7(29.2) 8 (33.3) 0.36 (0.07 — 1.68)

Chest cage circumference (cm) 0.912
Bigger than 32 cm 18 (81.8) 19 (90.5) Ref.
Upto 31 cm 4(18.2) 2(9.5) 0.87 (0.08 — 9.26)

Abdominal circumference (cm) 0.645
Bigger than 32 cm 6 (60.0) 5(83.3) Ref.
Upto 31 cm 4 (40.0) 1(16.7) 0.48 (0.02 — 10.65)

Adequacy of weight for gestational age 0.035*
AGA/LGA 23 (76.7) 31 (96.9) Ref.
SGA 7 (23.3) 1(3.1) 9.4 (1.18 - 88.1)

APGAR scored in 1st minute 0.956
Seven or higher 23 (95.8) 20 (95.2) Ref.
Upto6 1(4.2) 1(4.8) 0.92 (0.05 — 16.06)

antibodies based on multivariate logistic regression models

* Statistically significant association

Statistical tests: Multivariate logistic regression.

Adjustment covariates - Maternal pre-natal weight and maternal pre-natal height.
Ref. - Reference Group
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DISCUSSION

The study investigated the socio-environmental determinants associated with the
presence of specific antibodies against teratogenic pathogens in pregnant women enrolled in
the DSAN-12M birth cohort study being carried out in the Recdncavo Baiano region in
Brazil. Additionally, these pregnant women were assessed for the potential influence of
specific 1gG antibodies on fetal development characteristics. The frequency of small-for-
gestational-age NBs in the study population was associated with the prevalence of IgG
antibodies against T. gondii.

The study participants generally exhibited socio-environmental characteristics that
classify them as socioeconomically vulnerable to poor sanitary conditions. The
seroprevalence for T. gondii infection was 56.2% (95% CI, 47.8% - 64.2%) among pregnant
women. This frequency is relatively similar to results from other studies involving pregnant
women in the Brazilian population. A study conducted in the State of Bahia, specifically in
Ilhéus in the southern region of the state, with 726 pregnant women aged between 13 and 44
years, found a prevalence of 72.3% for IgG antibodies against T. gondii. The same study
reported a frequency of 95.2% for IgG antibodies against CMV and 97.0% for antibodies
against the rubella virus (Costa et al. 2018). Another study reports that T. gondii infection in
pregnant women residing in the municipality of Ponta de Pedras, Marajé Archipelago, State
of Pard, has a prevalence of 68.3%, with advanced age, contact with soil, and residing in
urban areas being risk factors associated with seropositivity (Morais et al. 2020). A survey
with spatial analysis of Toxoplasma infection in rural and peripheral neighborhoods of Juiz de
Fora, Minas Gerais, showed that 44.4% exhibited seropositivity for IgG antibodies against
Toxoplasma gondii, and this rate increased to 68.3% when considering only participants from
rural areas (Antinarelli et al. 2021).

A study conducted between 2013 and 2017 assessed the prevalence of T. gondii
among two distinct populations of women of childbearing age in Siena (Tuscany, central
Italy) and Bari (Apulia, southern lItaly), along with a group of pregnant women in Bari in
2016-2017. This study revealed a significantly higher seroprevalence of T. gondii in Bari
compared to Siena (22.4% vs. 12.4%), with a noticeable age-related trend. Among the tested
pregnant women, a low prevalence of T. gondii infection (13.8%) was observed (Fanigliulo et
al., 2020). In a systematic review with a meta-analysis examining global, regional, and

national seroprevalence of T. gondii in pregnant women, it was found that the global
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seroprevalence among pregnant women stood at 38.4%, with a higher prevalence in Latin
America and the Caribbean (Bigna et al., 2020).

The variation in toxoplasmosis prevalence can be explained by the influence of
different factors, such as environmental conditions, cultural practices, dietary habits, and
hygiene (Wilking et al. 2016). The seroprevalence found for toxoplasmaosis in this study can
be attributed to environmental factors, considering that the climate in the region of the
Reconcavo Baiano, Brazil, is hot and humid, which favors the dissemination of the infection.
Additionally, the low coverage of proper sanitation facilities contributes to waterborne
contamination.

The prevalence found for CMV (96.3%) is consistent with that observed by other
authors. A study with pregnant adolescents conducted in the northern region of Brazil found a
frequency of 96.3% for anti-CMV IgG antibodies (Guerra et al., 2018). Considering the
characteristics of the studied population, the high frequency of CMV antibodies may also be
related to socioeconomic factors. Economically disadvantaged populations, lacking basic
sanitation and housing conditions, are more susceptible to the virus's spread, leading to higher
seroprevalence (Oliveira et al. 2002).

The high frequency of cesarean deliveries among the study's pregnant women (42.4%)
stands out. The World Health Organization (WHO) recommends that the rate of cesarean
sections should be between 10% and 15% of the total number of deliveries in a health service
(World Health Organization 2018). New evidence suggests that babies born by cesarean
section experience different hormonal, physical, and bacterial exposures and these changes
may subtly impact neonatal physiology (Sandall et al. 2018).

The NBs participating in the study had an overall mean length of 47.8 cm at birth, and
12.9% were classified as SGA. Fetal growth restriction occurs when the fetus fails to achieve
its intrinsic growth potential. It may be related to common mechanisms involving various
factors (such as placental pathology, infections, and genetic constitution) (Gordijn et al.
2018). Infections during the prenatal period can activate inflammatory processes, leading to
the release of cytokines, increased oxidative stress, and cellular apoptosis, which may impact
placental and fetal growth (Kesavan and Devaskar 2019).

The present study found no associations between maternal 1gG anti-CMV antibodies
and neonatal characteristics. However, neonates of mothers seropositive for IgG anti-T. gondii
antibodies were 9.4 times more likely to be born small for gestational age (p = 0.035). A
meta-analysis study on perinatal outcomes in congenital T. gondii infection showed that the

infected patient group had a 4.5 times higher chance of intrauterine growth restriction and a



49

4.9 times higher likelihood of fetal anomalies, such as ventriculomegaly, intracranial and
hepatic calcifications, and ascites (Li et al. 2014). A large cohort study of 740 Hispanic
women living in the United States found a frequency of 22.4% for IgG anti-T. gondii
antibodies. Seropositive pregnant women had a higher incidence of babies born small for
gestational age and an increased prevalence of spontaneous abortions and preterm births
(Mutka et al. 2023).

A large-scale study evaluating the impact of chronic T. gondii infection on the history
of spontaneous abortion, pregnancy complications, and neonatal outcomes found no
differences between seropositive and seronegative pregnant women for APGAR at one minute
(p = 0.544), gestational age at birth (p = 0.491), birth weight (p = 0.257), or birth length (p =
0.232) (Mocanu et al. 2022). In contrast, a study in the Czech Republic with 1,733 parturients
showed a higher prevalence of preterm birth (p = 0.019) and low birth weight (p = 0.006) in
women with chronic T. gondii infection. The odds of preterm birth were 1.7 times higher, and
for low birth weight was 1.9 times higher in women with chronic toxoplasmosis (Hurt et al.
2022). This study corroborates with other evidence regarding the impact of T. gondii infection
on fetal development when not in its acute form. Pregnant women with chronic toxoplasmosis
show slower fetal development estimated at the sixteenth week of pregnancy and longer
gestations (Flegr et al. 2005; Katikova and Flegr 2007). In school-age children in the same
region as the current study, a seroprevalence of 43.7% for T. gondii was observed, and there
was a significant association with rule-breaking behavior (Martinez et al. 2020).

This study has some limitations. The main one is its small sample size, as the
participants represent only 38.8% of the estimated sample size based on the birth rates in the
two municipalities. However, it was possible to identify associations between chronic
exposure to T. gondii and the investigated outcomes. The study had important strengths, such
as the region's serological evaluation of different prevalent pathogens. Moreover, the study
design allowed for assessing multiple exposures and outcomes and discerning the temporal
relationships between pathogen exposure and fetal growth outcomes.

Indeed, several factors can significantly influence fetal growth, which is determined
by the combination of several variables, such as socioeconomic status, genetic influence,
environmental factors, nutritional status, etc. Given the challenges in evaluating all possible
determinants that play a role in fetal growth, the results observed in this study suggest that
maternal chronic infection by T. gondii may contribute to babies with smaller birth sizes.

However, several other elements are involved in these effects.
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CONCLUSIONS

The results of this study demonstrate that pregnant women residing in the
municipalities of Nazaré and Aratuipe, Bahia, Brazil, have a high prevalence of chronic
infection by Toxoplasma gondii and cytomegalovirus.

Multivariate regression analysis showed that chronic T. gondii infection in pregnant
women may contribute to uterine growth restriction. The data found in this study suggest that
chronic toxoplasmosis in pregnant women is associated with a higher frequency of small-for-
gestational-age newborns. Associations between chronic toxoplasmosis and lower fetal
growth have been identified, regardless of maternal weight and height. The present study
found no relationships between CMV infections and birth characteristics.

It was observed that pregnant women with chronic infection by this parasite are 9.4
times more likely to have small-for-gestational-age babies. This finding confirms that chronic
infections during the gestational period may be important determinants of intrauterine fetal

development.
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Capitulo 3

Neste capitulo € apresentado o segundo manuscrito original intitulado "Impact of
Chronic Toxoplasmosis in Pregnancy: Association between maternal 1gG antibodies
against Toxoplasma gondii and neurocognitive development effects” que aborda um estudo
que avaliou as associagOes entre a soropositividade para anticorpos IgG anti-T. gondii e anti-
citomegalovirus em gestantes e os desfechos neuropsicoldgicos em seus filhos aos 12 meses
de idade

A hipotese central do estudo é que a presenca de anticorpos IgG maternos especificos
podem estar associadas a déficits no neurodesenvolvimento infantil, mesmo na auséncia de
transmissdo direta do parasita. Os objetivos do estudo incluiram a investigacéo da prevaléncia
de anticorpos 1gG contra T. gondii e citomegalovirus em gestantes e a avalicdo da influéncia
dessas exposicdes no desenvolvimento neuropsicologico de seus filhos aos 12 meses de idade.
Trata-se de uma coorte de nascimentos, envolvendo a avaliagdo de mulheres gravidas e seus
bebés aos 12 meses.

O desenvolvimento neuropsicolégico das criancas foi avaliado utilizando as Escalas
Bayley de Desenvolvimento Infantil e de Lactentes, terceira edi¢cdo (Bayley-11l), que mede
varias areas do desenvolvimento, incluindo cognicdo e linguagem.

Os resultados do estudo sugerem que a soropositividade materna para anticorpos 19G
anti-T. gondii esta significativamente associada a pontuac@es mais baixas na escala cognitiva
da Bayley-III.

A relacdo causal entre a infeccdo materna cronica por T. gondii e o atraso no
desenvolvimento cognitivo das criangas aos 12 meses ndo foi evidenciado anteriormente, o
que pode nortear novas linhas de pesquisa.

Este estudo destaca a importancia de monitorar a saide materna durante a gestacao e a
necessidade de intervengbes precoces para identificar e tratar possiveis atrasos no
desenvolvimento neurocognitivo associados a infeccdo por T. gondii. Além de reforcar a
relevancia de estratégias de saude publica focadas na prevencdo de infec¢bes durante a

gravidez, visando melhorar os resultados de saude para mées e filhos.
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Highlights

e Maternal chronic T. gondii infection is linked to neurocognitive development at 12
months.

e Newborns of mothers with high 1gG against T. gondii show lower cognitive scores.

e Maternal IgG anti-T. gondii may be linked to lower language scores in newborns.
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ABSTRACT

Toxoplasmosis presents notable hazards in the context of pregnancy, impacting the health of
the mother and the neurodevelopment of the fetus via immune reactions and possible vertical
transmission. The maternal immune response from chronic Toxoplasma gondii (T. gondii)
infection may negatively influence fetal neurodevelopment. This research evaluated the
association between the seroprevalence of chronic T. gondii and cytomegalovirus infection in
pregnant women and the neuropsychological development of their children at 12 months of
age. A follow-up study evaluated women during the gestational period and their respective
infants. The pregnant women were tested for the presence of antibodies to infectious agents:
T. gondii, cytomegalovirus (CMV), syphilis, human immunodeficiency virus (HIV), hepatitis
B and C. Semi-structured questionnaires were administered to the pregnant women at the time
of recruitment after obtaining informed consent. Detailed information about the newborns was
extracted from medical records. At 12+3 months of age, the infant's neurodevelopment was
assessed using the Bayley-lll Scales of Infant and Toddler Development by a trained
specialist under the supervision of a neuropsychologist. The seroprevalence of IgG anti-T.
gondii was 58.4%, and IgG anti-CMV antibodies was 96.4%. A statistically significant
association was found between maternal IgG anti-T. gondii levels and lower scores on the
Bayley-I1l cognition scale, with a non-standardized Beta coefficient of -0.078 (95% ClI, -
0.144 to -0.013), accounting for 35.1% of the variation in this outcome. These results suggest
that chronic maternal T. gondii infection, even without vertical transmission, may be
associated with subtle changes in the child's cognitive development. Therefore, monitoring
and early intervention are essential to identify and address possible delays in childhood
neurodevelopment related to chronic maternal toxoplasmosis.

Keywords: Toxoplasmosis; neurodevelopment; pregnancy, Serology; birth cohort
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INTRODUCTION

Toxoplasmosis, caused by the parasite Toxoplasma gondii, is a significant concern
during pregnancy due to the risk of vertical transmission and subsequent adverse outcomes for
both the mother and the fetus (LI et al. 2014; Bigna et al. 2020). Maternal immune response,
particularly 1gG antibodies, is crucial role in combating the infection and influencing the risk
of transmission to the fetus (Gomez-Chavez et al. 2019). Chronic toxoplasmosis in pregnancy
has been associated with neurocognitive deficits and developmental abnormalities in
offspring, highlighting the importance of understanding the relationship between maternal
IgG antibodies against T. gondii and neurocognitive development (Freedman Et Al. 2016;
Nufiez et al. 2022).

Pregnant women exhibit increased vulnerability to specific infections and may
manifest a more pronounced advancement of the illness in contrast to non-gravid individuals
(ABU-RAYA et al. 2020). Such susceptibility can be attributed to the physiological and
immunological alterations inherent to the gestational period (Deshmukh & Way, 2019).
During the prenatal period, pregnant women require close monitoring to promptly identify
potential infections and deploy strategies to restrict the impact on the infant's health (Miranda
et al. 2012).

Many factors can influence childhood neurodevelopment, such as brain
malformations, prematurity, infections, early childhood malnutrition, and maternal obesity
(Oldenburg, O'shea & Fry, 2020). Perinatal inflammation plays a significant role in adverse
neurodevelopmental outcomes, contributing to conditions like cerebral white matter damage,
cerebral palsy, cognitive impairment, attention-deficit/hyperactivity disorder, and autism
spectrum disorder (Jiang et al. 2018). Factors such as socioeconomic inequities, maternal
obesity, infections, fetal growth restriction, neonatal sepsis, necrotizing enterocolitis, and
prolonged mechanical ventilation are associated with perinatal inflammation (Han et al.
2021).

Maternal immune activation (MIA) significantly impacts fetal brain development,
altering key processes and increasing the risk of neurodevelopmental disorders (\Woods et al.
2023). Studies show that exposure to MIA during pregnancy can lead to changes in fetal brain
cytokine balance, dysregulation of placental function, and altered epigenetic regulation of
neurodevelopmental pathways, impacting neurogenesis, neuronal migration, and cortical
lamination (Mcewan, Glazier & Hager, 2023). Activating of the maternal immune system
could elucidate fetal developmental disorders linked to various pathogens, even without

vertical transmission. Maternal inflammatory processes give rise to cytokines capable of
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traversing the placental barrier and influencing critical stages of fetal development (Zhou,
2012).

Maternal chronic infection by T. gondii has been associated with the host's immune
system modulation, resulting in MIA that could negatively impact fetal neurodevelopment
(Nufiez et al. 2022). This immune reaction can modify the environment within the uterus,
potentially interrupting crucial processes involved in the fetus brain development (Hwang et
al. 2018). Furthermore, chronic toxoplasmosis in pregnant women has been associated with
adverse pregnancy outcomes, such as an increased occurrence of small-for-gestational-age
(SGA) infants, which may have implications for neurocognitive advancement. (Martinez et al.
2024).

Detection of developmental delay in children at an early stage is essential in
identifying those needing intensive monitoring and intervention services. The Bayley Scales
of Infant and Toddler Development, Third Edition (Bayley-1ll), is frequently employed to
evaluate the developmental advancements of young children. It assesses growth in five key
areas: cognition, language, motor skills, social-emotional abilities, and adaptive behavior
(Anderson & Burnett, 2017).

Maternal chronic infection with T. gondii might result in maternal immune activation,
impacting fetal neurodevelopment and potentially leading to adverse outcomes. The timely
identification of developmental delays through tools such as the Bayley-Ill is essential for
prompt intervention. Therefore, this study aimed to investigate the associations between the
prevalence of specific antibodies in pregnant women who participated in the DSAN cohort
study (Determinants of Socioenvironmental Neurodevelopment at 12 Months -A Birth Cohort
in the Reconcavo Baiano) conducted in two municipalities in the RecOncavo Baiano region of

Brazil, with neurodevelopmental changes in their children at 12 months of age.
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METHODS

Study Design and Population

This cohort study evaluated pregnant women and their respective babies at 12+3
months of age. Pregnant women up to 24 weeks of gestation were invited to participate in the
study. The project was conducted in collaboration with the primary care network in Nazaré
and Aratuipe, Bahia, Brazil. The pregnant women were investigated for antibodies against
infectious agents, including T. gondii, cytomegalovirus, syphilis, HIV, Hepatitis B, and C.

Participants were fully informed about the study's objectives and methods, providing
informed consent by signing the Free and Informed Consent Form (FICF). In the case of
participants under 18, their legal guardian was consulted, and both the guardian and the
underage participant signed the FICF and Assent Form, respectively. The Ethics Committee
of the Federal University of Bahia approved the study under protocol number 3.246.555 on
April 5, 2019. Complete study design and recruiting strategies are published elsewhere (Bah
et al. 2023)

Data Collection Procedures

Biological samples

A trained phlebotomist used a standard venipuncture technique to collect blood from
the cubital vein using vacuum tubes. A gel separator tube without anticoagulant (BD
Vacutainer® SST™ - Yellow Cup; Nova Jersey, EUA) was used for serum sample
centrifugation at 3,000 r.p.m. for 10 minutes. All samples were adequately labeled, packaged,
and transported to the immunology laboratory of the Faculty of Pharmacy at the Federal
University of Bahia (UFBA). The serum samples were transferred to 5-mL tubes and kept at -
20°C until processing.

Serological tests were performed using a chemiluminescence microparticle
immunoassay to search for IgG and IgM against Toxoplasma gondii and cytomegalovirus
infections (Abbot®, Sdo Paulo - Brazil) using the Architect i1000SR automation equipment
(Abbot®, S&o Paulo - Brazil). Specimens with concentration values > 3.0 IU/mL are

considered reactive for 1gG antibodies to T. gondii, indicating chronic infection. For CMV,
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samples with concentration values > 6.0 AU/mL are also considered reactive for IgG
antibodies.

Immunochromatographic tests designed for diagnostic purposes were used to
determine the presence of total antibodies against HIV, Treponema pallidum, and hepatitis C,
following the same methodology for detecting hepatitis B surface antigen (Abbot®, Séo Paulo
- Brazil).

Socioeconomic data, newborn assessment, and anthropometry

Semi-structured questionnaires were administered to pregnant women during
recruitment and after signing the informed consent form. The Interviewers conducted the
questionnaire on socioeconomic status (based on family possession and income), general
cultural habits, educational level, occupational history, and other evaluations. The
socioeconomic level, stratified into five categories from A to E, was defined based on the
criteria of the Brazilian Association of Population Studies (Brazil, 2008).

Detailed information about the newborn at birth, including sex, ethnicity, birth weight,
delivery method, and gestational age at birth, were extracted from medical records. The
anthropometric data was also collected from the medical records.

The INTERGROWTH-21st Project fetal growth curve (Villar et al. 2014;
Papageorguiou et al. 2018) was applied to estimate the adequacy of birth weight for
gestational age. The newborns (NBs) were classified as small for gestational age (SGA) when
the birth weight (in grams) for completed gestational age was below the 10th percentile and
large for gestational age (LGA) when equal to or above the 90th percentile. The remaining

NBs were classified as appropriate for gestational age (AGA).

Neurodevelopmental assessment

At 12+3 months of age, the infant's neurodevelopment was assessed using the Bayley-
I11 Scales of Infant and Toddler Development by a trained specialist (DCO) under the
supervision of a neuropsychologist (NC). This instrument assesses five developmental
parameters in children aged 1-42 months: cognition, language (receptive and expressive
communication), motor skills, and socio-emotional and adaptive behavior. Each of these five
subscales provides a composite score that indicates the child's performance level in that

specific developmental domain. These composite scores have a mean of 100 and a standard
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deviation of 15, allowing comparison of the assessed child's performance with normative
population data (Del Rosario et al. 2020).

For categorical analysis of the Bayley-I1l composite scores, a cutoff point of 85 points
was considered. Composite scores below 85 (1 standard deviation below the normative mean)
indicate a risk for developmental delay in that specific domain (Johnson, Moore & Marlow,
2014).

Data analysis

After data tabulation, frequency, central tendency, and dispersion measurements were
analyzed. The choice between parametric and non-parametric tests was based on the
Kolmogorov-Smirnov normality test. The Binomial test for a proportion was used to obtain
confidence intervals for the proportions. Multivariate logistic regression modeling was
applied to investigate possible associations between anti-T. gondii IgG and anti-CMV IgG
seropositivity with neuropsychological development scores from the Bayley Il scale. The
odds ratio (OR) was obtained by exponentiating the beta quotients obtained in the
multivariate model. The model was adjusted for gestational week of birth and adequacy of
birth weight for gestational age. Multivariate linear regression modelling by stepwise was
used to evaluate the association between Bayley-111 composite scores and maternal titers of
anti-T. gondii 1gG and anti-CMV 1gG. The model was adjusted for gestational week at birth
and adequacy of birth weight for gestational age (percentile). The adjusted R? was used to
determine the percentage of variance in the data explained by the model, and the non-
standardized beta coefficient was used to indicate the strength of the association between the
predictor variables and the outcome variables. The accepted level of statistical significance for
all tests was p < 0.05. Descriptive and comparison statistical analyses were performed using
SPSS® version 26.0 for Windows (IBM Inc. Massachussets, USA).
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RESULTS

Figure 1 presents the flowchart detailing the recruitment of study participants. The
study included 137 pregnant women with an average age of 26.8 years + 0.5 years. Of the
total, 80 (58.4%) resided in Nazaré. Most self-identified as Afro-descendants (94.7%), and
38.2% were in their first pregnancy. Most were classified as belonging to the lower social
classes D-E (51.2%). Most pregnant women had completed middle or high school (73.0%),
while 2.3% reported being illiterate. 29 (22.1%) pregnant women reported having cats as pets.
There was a frequency of 17.4% of reported previous miscarriages. Regarding their homes, a
significant portion did not have access to potable water (18.2%), and 40.2% did not reside on
a paved street (Table 1).

Pregnant women recruited in Nazaré n = 139

Pregnant women recruited in Aratuipe n = 104

o Main reasons for losses:
Total of pregnant women recruited n =243

« Difficulties in contact:
l o Moved away:

o [ligh-risk delivery;
Loss to follow-up or refusals in Nazarén = 38 /

e Interrupted pregnancy.
Loss to follow-up or refusals in Aratuipe n = 48

Total loss to follow-up n = 106

Participants in the study n= 137

l / Main reasons for losses: \

e Delivery oceurred in
another matemity.

Births occurred in Nazaré n = 44 . -
o Information not recorded
Births occurred in Aratuipe n ~ 22 in medical records.

Total of collected information n = 66

J

Pregnant women participants in the study n= 137
Newboms in the study n= 66

Newborns with neurodevelopment assessment n= 56

Fig 1. Recruitment flowchart.



Table 1 — Socioenvironmental determinants and serological status of pregnant women
participating in the study.

Socioenvironmental data TOTAL (n =137)
Mean (x SD)
Age (years) 26.8 (£0.5)
Minimum 15.0
Maximum 39.2
1gG anti-T. gondii 140.1 (x23.2)
Minimum 0
Maximum 1000
1gG anti-cytomegalovirus 110.9 (£8.7)
Minimum 0
Maximum 250
n (%)
19G positive
anti-T. gondii 80 (58.4)
anti-cytomegalovirus 132 (96.4)
Place of residence
Nazaré 80 (58.4)
Avratuipe 57 (41.6)
Ethnicity
White 4 (3.0)
African Brazilian 126 (94,7)
Yellow 3(2.3)
Education
Iliterate 3(2.3)
Elementary | complete 19 (14.6)
Complete Elementary Il 40 (30.1)
Medium complete 57 (42.9)
Graduated 14 (10.5)
Socioeconomic classification
D-E 66 (51.2)
C2 41 (31.8)
C1 18 (14.0)
B2 3(2.3)
Bl 1(0.7)
Previously pregnant?
Yes 81 (61.8)
No 50 (38.2)
Previous miscarriage?
Yes 23 (17.4)
No 109 (82.6)
Gestational planning?
No 91 (68.9)
Yes 41 (31.1)
Have a cat as pet?
No 102 (77.9)
Yes 29 (22.1)
Residential water supply
Artesian well 23 (18.2)
Piped 103 (81.8)
Water treatment
Not treated 77 (59.2)
Treated (Filtered/boiled) 53 (40.8)
Have they paved the house street?
No 53 (40.2)

Yes 79 (59.8)

67
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The overall seroprevalence found for chronic T. gondii infection was 58.4% (95%-ClI,
46.7% - 64.4%), and for anti-CMV 1gG antibodies, it was 96.4% (95%-CI, 91.8% - 98.5%).
(Table 1). Three pregnant women tested positive for anti-T. pallidum antibodies and one
pregnant woman tested positive for antibodies against the hepatitis C virus. No pregnant
woman tested positive for anti-HIV antibodies or the presence of the hepatitis B surface
antigen.

Table 2 describes the neonatal characteristics of the study participants. Information
from 66 neonates was obtained. 54.5% of the NBs were male, and 86.7% were classified as
African-Brazilians. Regarding deliveries, 42.4% occurred via cesarean section, and most
occurred at Luis Argolo Maternity Hospital (61.2%) in the neighboring municipality of Santo
Antonio de Jesus, Bahia. The gestational week at the delivery time had an average of 39.1
(£0.2) weeks. 12.9% of the NBs were classified as SGA and 11.3% as LGA.

Table 2 — Sociodemographic and anthropometric characteristics of newborns included in the
study.

Total (n = 66)
Variable n (%)
Sex
Female 30 (45.5)
Male 36 (54.5)
Ethnicity
White 6 (13.3)
African Brazilian 39 (86,7)
Type of delivery
Vaginal 37 (56.1)
Cesarean 28 (42.4)
Residence 1(1.5)
Place of birth
Nazaré’s Maternity 18 (26.9)
Luis Argolo Hospital 41 (61.2)
Other 8 (11.9)
Adequacy of weight for gestational age
SGA 8 (12.9)
AGA 47 (75.8)
LGA 7 (11.3)
Variable Mean (+ SD)
Gestational age (weeks) 39.1 (0.2)
Minimum 32.0
Maximum 41.0
Weight at birth (g) 3210.9 (x£73.01)
Minimum 1744
Maximum 4192
Length at birth (cm) 47.8 (x0.4)
Minimum 32
Maximum 54
Percentile 55.7 (£3.5)
Minimum 6.2
Maximum 99.5
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Upon reaching 12+3 months of age, the infants included in the study were assessed
using the Bayley-11l scales. The Mean (£ SD) of composite scores is presented in Table 3.
The socio-emotional scale had the highest mean score of 127.3 (x1.6), while the lowest was

from the adaptive behavior scale with 93.8 (x1.7).

Table 3 — Composite scores of Bayley-Il1 scales of infant included in the study.

Variable Mean (= SD)
Cognition scale 111.6 (£1.7)
Minimum 80
Maximum 140
Language scale 105.1 (£1.9)
Minimum 77
Maximum 138
Motor scale 104.3 (£1.1)
Minimum 82
Maximum 118
Socio-emotional scale 127.3 (+1.6)
Minimum 95
Maximum 140
Adaptive behavior scale 93.8 (x1.7)
Minimum 66
Maximum 128

To investigate a possible association between the categorized composite scores of the
Bayley-I1l (cut-off = 85 points) and the positivity for IgG anti-T. gondii or 1gG anti-CMV
antibodies, a multivariate logistic regression analysis was performed using the adjusted odds
ratio. The variables gestational week of birth and adequacy of birth weight for gestational age
were used to adjust the multivariate model. The categorized composite scores of the Bayley-
I11 subscales did not show a significant relationship with maternal seropositivity for IgG anti-
T. gondii (Table 4). There were no significant associations between the composite scores and

maternal seropositivity for IgG anti-CMV.



Table 4 — Composite scores of Bayley-111 and positive maternal serology for IgG anti-T.
gondii antibodies based on multivariate logistic regression models
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1gG anti-T. gondii

IgG anti-T. gondii

positive negative OR (CI 95%) p-value
n (%) n (%)

Cognition scale 0.541
> 85 points 34 (94.4) 18 (90) Ref.
< 85 points 2 (5,6) 2 (10) 0.53 (0.07 — 4.08)

Language scale 0.678
> 85 points 35 (97.2) 18 (90) Ref.
< 85 points 1(2.8) 2 (10) 0.61 (0.06 — 6.36)

Motor scale faid
> 85 points 35 (97.2) 20 (100) w*
< 85 points 1(2.8) 0

Socio-emotional scale fala
> 85 points 36 (100) 20 (100) el
< 85 points 0 0

Adaptive behavior scale 0.490
> 85 points 29 (82.9) 16 (80) Ref.
< 85 points 6 (17.1) 4 (20) 0.34 (0.02 — 7.24)

* Statistically significant association
** Not calculated

Adjustment covariates — Gestational week of birth and adequacy of birth weight for gestational age.

Ref. - Reference Group

The results in Table 5 show the relationship between maternal 1gG titers for anti-T.
gondii antibodies and developmental outcomes in children, using composite scores from the
Bayley-I11 assessment tool. Multivariate linear regression models were employed, considering
adjustment covariates: gestational week of birth and birth weight adequacy (percentile). The
results indicate a statistically significant association between maternal 1gG titers and cognitive
scale composite scores, with a non-standardized Beta coefficient of -0.078 (95%-Cl, -0.144 —
-0.013). This finding suggests that cognition scale composite scores decrease by
approximately 0.08 points for every unit increase in maternal 1gG titers. The adjusted R2
suggests that maternal 1gG titers explain 35.1% of the variation in cognition scale composite
scores after adjustment for covariates.

The analysis also found a borderline association between maternal IgG titers and
language scale composite scores, with a non-standardized Beta coefficient of -0.075 (95%-Cl,
-0.152 — 0.002), and a p-value of 0.056. Although not statistically significant at 0.05, the
negative coefficient suggests elevated maternal 1gG titers for anti-T. gondii may be associated
with lower language scale composite scores. The associations with motor, socio-emotional,
and adaptive behavior scale composite scores were not statistically significant (Table 5).
There were no significant associations between the composite scores and maternal 1gG titers
for anti-CMV.



Table 5 — Composite scores of Bayley-11l and maternal 1gG titers for anti-T. gondii antibodies

based on multivariate linear regression models.
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Adinetad p2  NON-standardized C1-95% p-value
Beta coefficients
Cognition scale 35.1% -0.078 -0.144--0.013  0.025*
Language scale 14.4% -0.075 -0.152 - 0.002 0.056
Motor scale 3.9% -0.031 -0.071-0.010 0.122
Socio-emotional scale 4.7% -0.014 -0.097 — 0.069 0.707
Adaptive behavior scale 14.4% -0.031 -0.095-0.033 0.303

* Statistically significant association

Adjustment covariates — Gestational week of birth and adequacy of birth weight for gestational age (percentile).



72

DISCUSSION

The findings of this study provide evidence that chronic maternal infection with T.
gondii may be associated with adverse outcomes in child neurodevelopment, particularly
concerning cognitive function. Even though no significant association was observed between
maternal 1gG seropositivity for T. gondii and odds of low performance in neurodevelopment
domains of the Bayley-lll scales, the multivariate linear regression modeling revealed a
statistically significant association between maternal anti-T. gondii 1gG titers and cognitive
composite scores. Furthermore, it was found that there is a potential link between elevated
levels of maternal 1gG to T. gondii and decreased composite scores on the language scale.

The pregnant women participating in the study demonstrated socio-environmental
attributes that categorize them as socioeconomically challenged and living in inadequate
sanitary conditions. The prevalence of T. gondii infection among pregnant women was 58.4%
(95%-Cl, 46.7% - 64.4%). This rate is quite comparable to findings reported in previous
studies focusing on Brazilian pregnant women. The prevalence demonstrates notable
variations across diverse regions, with reported rates ranging from 49.2% to 75.1% (Lopes et
al. 2009; Ribeiro, Mutis & Fernandes. 2008). Various factors, including age, educational
attainment, income level, animal exposure, and dietary practices impact the infection
rate(Avelar et al. 2017; Messina et al. 2019; Antinarelli et al. 2020). Although acute infection
is infrequent, the issue of vertical transmission continues to be a significant apprehension
(Kohler et al. 2022).

The findings of the current study imply a populace characterized by a relatively
elevated frequency of cesarean deliveries (42.4%) and a variety of neonatal sizes, including a
significant number of SGA (12.9%) and LGA (11.3%) infants. Moreover, the racial/ethnic
makeup of the study population suggests a predominantly Afro-Brazilian ethnical
composition (86.7%). The rate of cesarean sections in Brazil ranks among the highest
globally. Various determinants, such as socioeconomic variables, risk classification, and type
of service (private or public), contribute to this occurrence (Dias et al., 2022).

At 1243 months of age, the infants’ neurodevelopment was assessed using the Bayley-
Il scales. The results suggest the infants had relatively socio-emotional solid development
but lower scores on the adaptive behavior scale compared to the other domains assessed by
the Bayley-Ill instrument. This finding could indicate potential challenges in the infants'
ability to effectively adapt to their environment and engage in self-care behaviors at this stage

of development. The cognitive, language, and motor scores averaged close to 100. It is
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important to note that the Bayley-1ll scale has moderate predictive validity for cognitive
outcomes in children. However, it may not identify all children at risk of future cognitive
deficits (Spencer-Smith et al. 2015).

The present study found no associations between maternal anti-CMV 1gG antibodies
and composite scores of the Bayley-11l. Nevertheless, the findings indicate that for each unit
of maternal anti-T. gondii IgG titers increase, the composite scores of the cognitive scale
decrease by approximately 0.08 points. This result suggests that higher levels of maternal 1gG
antibodies against T. gondii, indicative of chronic infection, may be associated with poorer
cognitive performance in 12-month-old children. The adjusted RZ suggests that 35.1% of the
cognitive scale composite scores variation can be explained by maternal 1gG titers and the
adjustment covariates (gestational age at birth and birth weight adequacy). These findings
corroborate with previous studies that have linked chronic maternal toxoplasmosis to
neurodevelopmental deficits in children. MIA triggered by chronic T. gondii infection may
alter critical neurodevelopmental processes such as neurogenesis, neuronal migration, and
cortical lamination, thereby increasing the risk of neurodevelopmental disorders (Bergdolt &
Dunaevsky, 2019; Vlasova et al. 2021).

A study with animals that investigated the impact of MIA due to prenatal infection on
offspring's psychiatric disorders, focusing on the association between T. gondii and
schizophrenia, found that exposure to the parasite before gestation produced maternal
pathogenic antibodies that can recognize fetal brain mimotopes and lead to neurochemical and
behavioral alterations in the offspring (Nufiez et al. 2022). In contrast, a study using a
population-based birth cohort to investigate the association between maternal T. gondii,
offspring bipolar disorder, and childhood cognition, assessed through the Peabody Picture
Vocabulary Test and the Raven Matrices, found no significant associations between maternal
IgG antibody titers and either offspring bipolar disorder or childhood cognition (Freedman et
al 2016).

Although few studies directly investigated the relationship between chronic maternal
infection by T. gondii and its effects on neurodevelopment, there is evidence of an association
between the parasite and the leading psychiatric disorders, such as schizophrenia and bipolar
disorder, highlighting its potential role as a risk factor in the development of these conditions
(Nayeri et al. 2020; Xiao et al 2018). A study carried out a comprehensive review to
synthesize existing preclinical and clinical evidence on the association between T. gondii
infection and significant psychiatric disorders, suggesting that in addition to MIA, the parasite
can induce dopaminergic signaling pathways in the brain, which can lead to psychotic

episodes (Barros, Miranda and Teixeira, 2020).
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While no substantial association was found between maternal anti-CMV IgG
seropositivity and Bayley-I1l scores, it is essential to consider that maternal CMV infection
could impact fetal neurodevelopment. Further studies are needed to elucidate maternal CMV
infection’s role in childhood neurodevelopment.

A limitation of this study is the relatively small sample size, especially assessing
neonatal outcomes. Furthermore, neurocognitive assessment was performed only in a single
visit at 12 months of age. Future studies with larger samples and longitudinal assessments of
neurodevelopment at different ages are needed to confirm and deepen these findings. Another
important consideration is that chronic maternal T. gondii infection does not always result in
vertical transmission or adverse outcomes for the fetus. Factors such as the parasite’s strain,
parasite’s load, the timing of infection during pregnancy, and the maternal immune response
can influence the risk of transmission and fetal outcomes (LI et al. 2014).

Despite these limitations, this study contributes to understanding the potential
association between chronic maternal T. gondii infection and adverse outcomes in child
neurodevelopment. These findings reinforce the importance of monitoring and early detection
of maternal infections during pregnancy to minimize adverse impacts on the child's
development. Early identification of developmental delays using instruments such as the
Bayley-11l is essential for implementing intensive follow-up interventions and services.
Furthermore, health education and preventive measures, such as washing fruits and vegetables
properly and cooking meat adequately, can help reduce the incidence of toxoplasmosis during

pregnancy.
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CONCLUSIONS

In conclusion, this study suggests that chronic maternal T. gondii infection, even
without vertical transmission, may be associated with adverse outcomes in child
neurodevelopment, especially concerning cognition. These findings highlight the importance
of monitoring and early detection of maternal infections during pregnancy to minimize
adverse impacts on child development. Future studies with larger samples and longitudinal

evaluations must confirm and deepen these results.
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CONSIDERACOES FINAIS

Alguns dos resultados obtidos nesta pesquisa confirmam dados obtidos em outros
estudos, contribuindo assim para a generalizacdo do conhecimento a respeito do tema. Além
disto, sdo apresentados resultados inéditos que podem nortear novas linhas de investigacao.

Estudos epidemioldgicos longitudinais com seres humanos, como este, corroboram
para fortalecimento da hipdtese de que infec¢cbes maternas, mesmo na auséncia de doenca
aguda, estdo associadas a desfechos negativos na prole. A partir dos resultados, foi possivel
identificar uma associacdo entre a infeccdo materna cronica por T. gondii e alteracbes no
crescimento fetal e no desenvolvimento neurocognitivo aos 12 meses idade. Esses achados
sugerem que a soropositividade materna para anticorpos 1gG anti-T. gondii pode contribuir
para a ocorréncia de bebés pequenos para idade gestacional e com menor escores cognitivos
mensurados pela escala Bayley-lll. Desataca-se que o desenho do estudo, uma coorte de
nascimentos, permite sugerir relacdes causais entre as exposicdes e os desfechos, ja que
atende a alguns dos preceitos de causalidade de Hill, sobretudo a temporalidade, ja que
avaliamos o perfil infeccioso materno e o desfecho no bebé aos 12 meses de idade.

A infeccdo por T. gondii apresenta-se como uma patologia negligenciada no &mbito da
salde publica brasileira, porém resultados como estes que avaliam as relagdes entre a infecgdo
materna cronica assintomatica e desfechos negativos nos respectivos filhos, podem sugerir um
maior impacto deste parasito na satde da populagéo brasileira do que o postulado atualmente.

Apesar dos desfechos investigados possuirem multiplas causas possiveis, 0s estudos
em animais de experimentacdo e os estudos epidemiol6gicos, como este, sugerem que a
infeccdo cronica pelo parasito deve ser considerada. Assim, medidas profiléticas que busquem
reduzir a taxa de transmissdo do T. gondii, ou ainda, o tratamento de individuos
assintomaticos, podem ser medidas necessarias para reduzir a elevada frequéncia de

alteragdes no desenvolvimento infantil.
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PERSPECTIVAS FUTURAS

Os resultados aqui descritos nos fornecem informacdes base para aprofundarmos o nosso
conhecimento a respeito da exposicdo a anticorpos IgG anti-T. gondii durante a fase
gestacional, seus efeitos no crescimento fetal e no neurodesenvolvimento. Este estudo ainda

prossegue através da:

e Marcacdo de um evento de salde para apresentacdo dos dados gerais do projeto e
possiveis encaminhamentos.

e Continuidade no acompanhamento das criangas para verificar novos desfechos
negativos na saude.

e Expanséo do estudo de coorte de nascimentos para outras localidades.
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neurodesenveolvimento infantil Bayley |Il edicao. Amostras de sangue, cabelo e unha des pés

da crianga serdo coletadas para avaliar @ exposicae corrente. Os dados seréo analisados por

métodos de regressao mullivariados linear @ ndo-knear para avaliar as assocfagdes entre as
exposicbes e os desfechos no neurodesenvohvimento. Os resultados esperados desse estudo

ajudarao as pofiticas publicas da saude materno-infantil, conhecer as stuacdes de exposigac

quimica que podem ler Implicacdo direta na sadde fetal, assim como esclarecer como a

fransmissao verbical de infecgbes preveniveis gue podem ter sequelas no recém-nascido

Objetivo da Pesquisa:

Objetivo Pnmario

Investigar quais determinantes socioambientals tem efeifo significativo no neurodesenvolvimento das
cnancas aos 12 meses de idade em uma

coorte de nascimento ne Recdncavo Baiano

Objelivo Secundario

« Avaliar a exposicao amblental das gestantes aos metais e acs agroldxicos selecionados medindo seus
niveis em matrizes ambientais (poeira

doméstica) e blolbgicas (sangue,, unna. cabelo e unha dos pés) « Avallar a exposicdo pré-natal dos
necnalos aos metais e aos agroldxicos. madindo

seus nivess no sangue do corddo umbilical ao nascimento e em oulras matnizes biolégicas {cabelo & unha
dos pés aos 12 meses apés o

nascimento) « Avaliar a possivel exposi¢ao matemo-fetal a agentes infeciosos através da avaliacae do peril

| Enderego:  BARAQ DE JEREMOABO 147

Balrro:  ONDINA CEP: 40170-115
| UF: BA Municipio: SALVADOR
Telefone: (71)3283-6902 Fax: (71)3283-6918 Eemvail:  ceplas@ufbe br
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sorolégico da méae e do bebé aos 12

meses.« Descrever os deferminantes socioambientais polencialmente associados de risco de maior
expasigao (socioecondmicas, demograficas,

habitos culturals) acs contaminantes selecionados {metais, agrotéxicos, microrganismo). « Avaliar efeitos no
crescimento felal associados @ expesigao intra-utenna com dados antropomelncos e escala Apgar coletados
no momento do parto. » Avaliar

o neurodesenvolvimento das criangas,

e seus delerminantes (socioecondmicas, demograficas e anlropométricas). usando a Escala Bayley aos 12
meses de vida .« Investigar a associagao

entre a soroprevaléndia para os diferentes marcadores de infecgdes potencialmente teratogénicas e as
caracterisboas do neurodesenvaolvimento aos

12 meses de dade « Invesligar a assoclacao entre a exposicdo individual In utero aos contaminantes
selecionados e ¢ neurodesenvolvimentoe aos 12

meses de dade, tlendo em conta possivels interacdo entre sles

Avaliacdo dos Riscos e Beneficios!

Riscos:

Os nscos fisicos s&o minimos, relativos a coleta de amostras biciégicas Possibilidade de hematoma no
local da pungdo para coleta de sangue

Porém_ estas ativdades ja fazem parte da bateria de exames pré-natais que as voluntanas do estudo
passardo

Risco de constrangimento durante a aplicagao de questionancs para classificacéo socioecondmica ou sobre
viciéncia urbana. Para minimizar {ais

impaclo procuraremos usar da nasso melhor julgamento para abordar essas quesldes e que ndo implique
em menosprezar as voluntanas do esludo.

Beneficios'

Enderego;  BARAD DE JEREMOABO 147

Balrro:  ONDINA CEP: 40170-115
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Sa0 inameros os beneficios direto para as voluntanas do estudo. Elas terdo um diagnostico mais
abrangente de possivess infecges antes do parto,

tendo assim a possibilidade de ser implementado tratamento. evitando a infecao vertical.

Ter avaliado a exposicdo a importantes agentes ambientals. Com ta conhecimento, mudangas de atitudes
podem ser tomadas para dimmnuir a

exposicao a contaminantes. Por exemplo, usar detemninadas panelas de ceramica vitnficadas para cozinhar
e servir, Evitar ou mudar a origem de

determinados alimentos pois podem estar contaminados com metais ou agrotdxicos. Por fim, ter um
diagnéstico do neurodesenvolvimento do recémnascido, que se indicade, medidas de medhor estimulagao
podem ser recomendadas para que & crianga recupere o desenvolvimente adequado

Comentarios e ConsideracGes sobre a Pesquisa:

O presente estudo possui relevancia para a saude publica, uma vez que abordara deierminantes
socioambientais e o neurodesenvolvimento de criangas alé 12 anos no Recéncavo Balano
Consideracdes sobre os Termos de apresentacio obrigatéria:

Todos atendidos

Recomendacbes:

Recomendacdes anleriores atendidas nesla versdo

Conclusdes ou Pendénclas e Lista de Inadequacdes:

Nada consta a respeito de pendéncias

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

[ Tipo Documento | [ Postagem Autor Siluacao

Informagdes Bascas| PB INFORMAEES BAS|CAS Do P [ 12/03/2019 Acello

do Projeto | ROJETO 1224544 pdf 11.3624

Brochura Pesquisa | Brochura,_| DSANY'Mv"' pdf 12/03/2019 |Jose Anfonio Aceito
112847 |Menezes Flilho

TCLE / Termos de | Termo_de_AssenimentoV2 pdf 12/03/2018 |José Antonio Aceito

Assentimento / 112646 |Menezes Filho

lficati
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Ausdncia Termo_de_AssentmentoVZ pdf 1240372018 |José Antonic Aceito
= 11:2646 _|Menezes Filho
TCLE / Termos de | TCLEV2 pdf 12M372019 | José Antonio Acello
Assentimento / 112611 |Menezes Filho
Justificativa de
| Ausencia =
Projeto Detathado / | Brochura_DSANTIM_v2 pdf 12/03/2018 | José Antonio Aceilo
Brachura 11:1213  |Menezes Filho
nvestigador ,
Folha de Rosto Folha_de_Rosto.pdf 301072018 |Jose Antonio Aceifo
140533  |Menezes Filho
Orgamento Orcamento. docx 26/10/2018 |José Antonic Aceiie
095229 |Menezes Filho
Declaracao de TermoAnuenaa_de_Campo_Aratupe pd  29/10/2018 |José Antonio Acello
Instituicdo e f 094343 | Menezes Filho
Dedlaracao de Termo_de Anuencia_de_Campo_Nazar| 29/10/2018 |José Antonio Aceito
Instituigdo e e pdf 09:4321 |Menezes Filho
@
Dedaragao de TermodeConcessaoMalernidade pdf 281072018 | Jesé Anlonio Acello
Instituicdo e 094128 |Menezes Filho
nfraestiulu _ : _
Declaracao de Termo_de_Confidencialidade_signed.pd| 29/10/2018 |José Antonio Aceilo
Pesquisadores f 093832 |Menezes Filho
Deciaragao de Declaracao_de_Nao_Coleta pdf 26/10/2018 | José Antonio Acello
Pesquisadores 04 37.37 | Menezes Filho
Declaracgéo de Declaracao_Instituicao_Copart_Ficcrnz | 29/10/2018 | Jose Antonio Aceifo
Instituigdio e pdf 09:3629 |Menezes Filho
Infraesirutura
Dedclaragio de Declaracao_Instiluicao_Copart_UCSalp| 231072018 |Jesg Anlonio Aceilo
Instituicdo e df 09:3439 |Menezes Filho
Infraesintura
Cronograma Cronograma docx 29/1072018 |Jose Antonio Aceito
- A F o
Dedclaracao de Termo_Compromisse_Pesquisadorpdl | 29/10/2018 |Jesé Antonio Acello
Pesquisadores 089.08.36 | Menezes Filho
Declaracao de AutorizacaolnstProponente pdi 28/1072018 |Jose Antonio Aceito
Instituicdo e 090708 |Menezes Filho
Unfraesiniiug
Situagdo do Parecer:
Aprovado
Necessita Apreciacdo da CONEP:
Nao
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SALVADOR, 05 de Abril de 2019

Qo ™

Assinado por:

Ana Leonor Pardo Campos Godoy
(Coordenador({a))
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APENDICE B — Termo de Consentimento Livre esclarecido

. . . Q\.’E\Nyl"?’l/
Universidade Federal da Bahia — /ﬁ
Faculdade de Farmddia Q\n)
Laboratério de Toxicologia Fioch —gi)

Termo de Consentimento Livre e Esclarecido
De acordo com as Mormas da Resolugdo n® 466, do Conselho Macional de Sadde de 12 de
dezembro de 2012.

Titulo da Pesquisa: "Determinantes socioambientais do neurodesenvolvimento de criangas aos 12
meses: Uma coorte de nascimento no Recdncavo Baiano — (Estudo DSAN-12M)"

Investigador principal: Prof. Dr. José Antonio Menezes Filho.
Instituigdes participantes da pesquisa: Universidade Federal da Bahia; Universidade Catdlica do
Salvador;, Fundagdo Oswaldo Cruz.

Estamos convidando a senhora {ou sua filha)! como voluntiria, para paticipar da
pesquisa. Meste estudo pretendemos avaliar os fatores sociais e ambientais que podem alterar o
desenvolvimento do sistema nervoso do bebé ainda na fase fetal. Pretendemos também avaliar a influéncia
de agentes infecciosos (virus, bactérias e outros) no neurodesenvolimento da crianga avaliado aos 12
meses de vida. A senhora ndo é obrigada a participar da pesquisa, e poderd se afastar dela a
qualquer tempo, sem qualguer prejuizo de sua relagdo com os pesquisadores ou com as
instituigdes locais de salde (como a Unidade de Atencgdo Basica do seu municipio). Todas as
informacgdes pessoais serdo sigilosas, os resultados de suas analises serdo fornecidos
unicamente a senhora, e sua identidade ndo serd revelada em qgualquer publicagdo resultante
deste estudo. Os exames e procedimentos aplicados serdo gratuitos, ndo havendo qualguer
custo. A sua participacdo também serd de forma voluntaria, portanto ndo ira receber dinheiro por
isso. Antes de assinar este termo, a senhora deve entender as informagies sohre a
pesquisa e fazer todas as perguntas que achar necessario.

O problema investiyado sdo os possiveis impactos de condigdes externas ds guais as
gestantes estdo expostas durante a gestdo do bebhé& que pode interferir no desenvolvimento do
sistema nervoso das criangas. As criancgas serdo avaliadas ao nascer e aos 12 meses de idade.
Avaliaremos o impacto das desigualdades sociais que tém grande peso na sadde das
populagies, especialmente para crianga ainda em formacgdo. Por exemplo: acesso a dagua
tratada, esgotamento sanitario, habitar perto de lixdes, etc. Essas desigualdades tornam o
organismo mais propenso as agressdes externas. Além das consequéncias para a gestante, a
exposigdo ainda na fase uterina a contaminantes quimicos ou bioldgicos pode ter consequéncias
para o resto da vida da crianga. Recentemente, houve um surto no MNordeste brasileiro de
microcefalia devido & infecgdo materna pelo virus Zika. Populagies em condiges de
vulnerabilidade podem estar expostas a mdltiplos agentes ao mesmo tempo, sendo seus efeitos
observados nos individuos mais vulneraveis. A regido do Recdncavo Baiano, desde mais de
gquatro séculos & produtora de varias culturas (cana de aclcar especialmente) e nas dltimas
décadas muitas indistrias tém se instalado, sobretudo ao redor da Baia de Todos os Santos.
Atividades com grande uso de metais pesados, assim como agrotdxico tem sido reportadas em
toda regido.

O cérebro & um drgdo alvo comum para os metais pesados, os agrotdxicos, e alguns
microrganismos cujas acgdes podem afetar diferentes fungdes de acordo com o elemento em
gquestdo, embora algumas areas {por exemplo, auditiva, visual, motora, memadria e
comportamento) possam ser prejudicadas por todos mencionados acima. Durante a gravidez,
dada as demandas do feto por minerais e outros nutrientes para o seu crescimento, muitos
contaminantes tém absorgdo facilitada, atravessando a placenta mais facilmente e a barreira gque
protege o Sistema Nervoso ainda em formacgdo. Nesse contexto, temos o objetivo de avaliar os
determinantes socioambientais que podem interferir no neurodesenvolvimento das criancas ainda
na fase uterina.

Serdo convidadas as gestantes no primeiro exame pré-natal dos municipios de Aratuipe e
Mazaré das Farinhas. Pretendemos medir os niveis de metais pesados (chumbo, arsénico,
cadmio, mercdrio e manganés) na poeira depositada nas casas de cada participante. Para tal fim,
pedimos autorizagdo para colocar pequenos amostradores descartaveis no quarto onde dorme a
gestante. Serd necessario coletar amostras de sangue, urina, cabelo da regido da nuca e unha
dos pés das gestantes para analisarmos a exposigdo a agrotdxicos organoclorados, herbicidas e
fungicidas {(Mancozeb), a metais pesados (As, Hg, Mn e Pb), niveis de cortisol ho cabelo e
sorologia para agentes infecciosos (virus, bactérias e outros) da gestante. No momento do parto,
sera coletado sangue do corddo umbilical, uma fragdo do tecido placentario (ambos pelas
equipes de obstetricias das matermidades) e os dados do parto e do bebé serdo acessados a
pattir do prontudrio médico. Apds parto, em momento oportuno, serd coletado uma amostra do

!N o caso da gestante ser menor que 18 anos.
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leite materno {colostro) pela equipe de obstetricia das maternidades. Visitas serdo
realizadas as casas das gestantes para avaliagdo do desempenho intelectual materno antes do
parto e avaliagdo do neurodesenvolvimento do bebé& aos 12 meses pela equipe da
neuropsicologia, usando testes adequados. Amostras de cabelo da regido da nuca, unha dos pés
e de sangue da crianga serdo coletadas aos 12 meses de idade para avaliar a exposigédo
extrauterina aos contaminantes ambientais. Amostras do leite materno serdo coletadas nas
visitas apds o nascimento. Apds avaliagdo, qualquer desvio da normalidade, serd imediatamente
informado e o0s pais encaminhados ao Programa de Salde da Familia do Municipio
cotrespondente com todos os resultados dos exames para serem devidamente acompanhados. A
coleta sera feita com material descartavel, @ vdcuo na veia cubital no brago por profissional
extrernamente habilitado para coleta em criangas peguenas. Mo momento da pungéo a crianga
sentira dor passageira, podendo ocorrer eventualmente, em alguns casos, leve hematoma. Caso
ocorra, sera aplicado um gel para ajudar a reabsorgdo. No local serd colocado curativo adesivo.
Uma pequena mecha de cabelo {cerca de 1 cm) serd coletada na regido da nuca e acondicionada
em sacos de coleta. Serd usada tesoura cirdrgica de ponta redonda, sendo higienizada entre os
voluntarios. Aparas das unhas dos dedos dos pés serdo coletas com auxilio de cortador de unha
{tipo Clipper com receptdculo) e acondicionados em sacos de amostragem devidamente
identificados com cddigo e iniciais do participante. Todos os protocolos serdo aplicados (a
depender do momento) nas consultas pré-natais, maternidade ou nas casas da participante, néo
havendo nenhuma despesa para a senhora. As amostras receberdo um cddigo gue estara
relacionado & identificagdo de cada dupla mée-beb&, sendo de conhecimento somente da
coordenagdo do projeto. As amostras serdo armazenadas devidamente no Laboratdrio de
Toxicologia (FF/UFBA) e poderdo ser utilizadas na pesquisa para avaliar a co-exposicdo a outros
metais.

A gestante ou seu responsavel responderd a questionarios durante entrevistas sobre
dados socioecondmicos gerais, frequéncia alimentar, violéncia urbana, etc.. Usaremos do nosso
melhor julyamento para ndo constrangé-las com guestdes sobre posse para classificagédo
socioecondmica. Psicdlogos ou estudantes de psicologia aplicardo testes especificos para avaliar
o desenvolvimento do sistema nervoso da crianga, assim como questionario especifico sobre
alguns habitos dele e da familia. Estas informagdes sdo muito importantes como diagndstico e
para o sucesso desta pesquisa. Tais resultados ajudardo o Municipio a desenvolver medidas
psicopedagdgicas para resgatar possiveis funcies que tenham sido comprometidas nas criangas,
ter melhor controle das condigies sanitarias e da contaminagdo ambiental, assim definir politicas
pablicas que visem a promover a sadde materno-infantil.

O Termo é emitido em duas vias, sendo uma das vias deste termo com nosso contato
para a senhora. Pode tirar suas dividas sobre o projeto e sua participagdo, agora ou a gqualquer
momento. Eventuais danos decorrentes da pesquisa poderdo ser passiveis de indenizacéo.

Em caso de duvida, procurar o pesquisador ou CEP nos enderecgos:
e Laboratdrio de Toxicologia — Faculdade de Farmacia-UFBA Av. Bardo de Jeremoabo s/n

Campus de Ondina, 40115-179, Salvador, Bahia. Tel.: (71)3283-6960

e Comité de Etica em Pesquisa (CEP): Escola de Enfermagem-UFBA Campus Universitario

do Canela, Salvador, Bahia. Tel. {71) 3283-7615

Pesquisador

Declaro gue fui devidamente explicada dos objetivos, riscos e beneficios da minha
participacdo (ou da minha filha) na pesquisa. Fui informada gue ndo receberei dinheiro por
participar como voluntaria, que serd mantido o sigilo das minhas informagdes e que poderei a
gqualguer momento me retirar, juntamente com meu filho ou filha da pesquisa sem qualguer
constrangimento.

T Paricipante da Pesquisa/Responsavel Legal
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Termo de Assentimento
De acordo com as Mormas da Resolugdo n® 466, do Conselho Nacional de Sadde de 12 de
dezembro de 2012,

“océ estd sendo convidado(a) como voluntariofa) a participar da pesquisa "Determinantes
socioambientais do neurodesenvolvimento de criangas aos 12 meses: Uma coorte de
nascimento no Recdncavo Baiano — (Estudo DSAN-1ZM)". Neste estudo pretendemos avaliar os
fatores sociais e ambientais que podem alterar o desenvolvimento do sisterma nervoso do seu futuro filho.

O motivo que nos leva a estudar esse assunto € que as desigualdades sociais, o estresse pré-natal,
as infecctes e outros contaminantes ambientais {como metais pesados e agrotdxicos) podem alterar o
desenvolvimento do sistema nervoso do seu futuro filho. Os cientistas ja sabem que estes fatores podem
causar danos {as vezes irreversiveis) no desenvolimento do feto, da criangas cujas consequéncias
atrapalham a gqualidade de vida adulta e na velhice.

Para este estudo adotaremos os seguintes procedimentos: primeiro 0s seus pais ou responsaveis
dardo autorizagdo, depois vamos fazer entrevista com vocés sobre os habitos gerais, condigies de moradia,
sobre problemas na sua comunidade para avaliar os pardmetros de desigualdades. Vamos fazer exames
soroldgicos (sobre Zika, Dengue e Chikungunya), de sangue, de urina, de cabelo, das unhas e do leite
materno para saber quais sdo as concentragdes dos contaminantes no seu organismo e do seu futuro filho.
Coletaremos também alguns dados das suas consultas pré-natais. Depois uma equipe de fisioterapeuta e
psicdlogos vai aplicar diversos testes para avaliar o desenvolvimento do sistema nervoso do seu filho e a
sua capacidade de raciocinio, atengéo e memadria; como se fossem jogos de quebra-cabega.

“océ e seus paisndo terdo nenhum custo ou despesas, nem receberd dinheiro para participar. Vocé
serda esclarecido(a) de qualquer coisa que desejar e estara livre para participar ou recusar-se. O seu
responsavel podera retirar 0 consentimento ou interromper a sua participagdo a qualquer momento. Yocé
participa se quiser e a recusa em participar ndo tem problema e vocé contihua nossa amiga e pode
colaborar de outra forma com nossa equipe. A sua identificagdo sd nds do projeto saberemos, isso se
chama confidencialidade. Seu nome ndo aparecera em nenhuma publicacdo. Este estudo apresenta risco
minimo, ou seja, na hora da coleta de sangue, vocé ndo pode puxar o brago, pois pode formar um
hematoma, a dor de uma picada de agulha passa rapido. Caso ocorra, colocaremos um gel para acelerar a
reabosorgéo.

Os resultados estardo a sua disposicédo quando finalizado. Seu nome ou o material que indigue sua
participagdo ndo sera lberado sem o seu consentimento e permissdo do seu responsavel. Os dados e
instrumentos utilizados na pesquisa ficardo arquivados com o pesquisador responsavel por um periodo de 5
anos, e apds esse tempo serdo destruidos. Este termo de assentimento foi impresso em duas vias, sendo
gque uma copia serd arquivada pelo pesquisador responsavel, e a outra serd entregue a voceé.

Em caso de divida, procurar o pesquisador ou CEP nos enderegos:
e Laboratdrio de Toxicologia — Faculdade de Farmacia-UFBA Av. Bardo de Jeremoabo s/n
Campus de Ondina, 40115-179, Salvador, Bahia: Tel.: 3283-6960
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Pesguisador

Declaro que fui devidamente explicado sobre os objetivos, riscos e beneficios da minha
participagdo na pesquisa. Fui informado(a) gque ndo receberei dinheiro por participar como
voluntario(a), que serd mantido o sigilo das minhas informagdes e gue poderei a gualguer
momento me retirar da pesquisa sem qualquer constrangimento.

“oluntario(a)

" pr



APENDICE D — Questionario sociodemogréfico

Universidade Federal da Bahia

v Faculdade de Farmacia ox
: Laboratdrio de Toxicologia i

Questiondrio Socioeconémice - Projeto DSAN-12

Entrevistador: Data da Entrevista: _J/_J/_ Horédriode inicio:

Nome completo do responsadvel:

Nome completo da gestante:

Documento de identidade (RG/CT/ CNH):

Apelido:

Codigo(s) da participante:

Coletade amostras: ( ) Sangue ( )Cabelo ( JUnha ( ) Urina 77?2777

Endereco completo (com CEP):

Telefone para contato:

Coordenadas geograficas (GPS): O: 53

IDENTIFICACAOD

1.5exo { Ymasculino { Jfeminino

2.Data de nascimento AR Idade: anos.

3.Etnia ( Jbranca { Jnegra | ( )Parda [ { )outras

4. Quempreenche este questiondrio? { ) A gestante ( ) Companheiro ( ) Paiou Mie ( ) Outro:
5. ASramora com quem? {( ) Marido { JPais { )SécomalMie ( )S6comoPal { )Outro:

6. Quem estd cuidando de vocé atualmente? ( ) Marido ( ) Pais ( )56 coma Mie

7. Qual é seu estado civil: ( ) Solteira ( ) Casadalegalmente ( )Unido estdwel (56rmeses)

( Viawva ( ) Separada ou divorciada

8. Hd quantos anos que mora neste doricilio?: ..,

E propria ( ) oualugada { )?
9. ASrajd engravidou quantas vezes? ...

10. Tem quantosfilhos vivos?...

11. Quantaspessoas moramna sua casa (incluindo vocé mesmo)? ___adulto(s) __ crianca(s)

12.Quantos cdmodostémna sua casa? ___ quarto(s) __ sala(s) ___ cozinha(s)

13.Quais e guantas destes itens a sua familia possui?

TV £ o [ L1 [ E] [ )4 oumais
Radio [ Jo [ )1 [ )2 [ 13 [ )4 oumais
Banheiro o [ [ [ )3 [ J4oumais
Carro/automsvel [ [l [ [NE [ )4 oumais
Motocid eta [ ]o [E [ [ )3 [ J4oumais
Empregado mensalista [ [ ])1 [ )2 [ 13 [ ]4 oumais
Maquina de lavar (o (1 )2 [ L)% oumais
Secadara roupa [ ]o [ 11 [ )2 [ )32 [ )4 oumais
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Lavalouca (o [ [ )2 [ )3 ()4 oumais
Yideocassete £ /ou DVD [ ]o [ 11 [ )2 [ 13 [ )4 oumais
Micoroomputador [ Jo (n [ )2 [E] [ )4 oumais
Geladeira Lo [ L) £33 [ )toumais
Freezer (independ ou parte dageladeira duplex) [ Jo [ )1 [ )2 [ )3 [ )4 oumais
Micro-Ondas [ [ )1 [ )2 [ )3 [ )4 oumais

14. 8 dguautilizada neste domicilio é proveniente de

| { ) Encanada { ) Outromeio Qual?

15. Considerando otrecho darua do seu dormicilio, vocé diria que arua é:

I { ) Asfaltada/Pavimentada

( ) TerrafCascalho

16. Grau de escolaridade da Sra

18.Grau de escolaridade do PAI do seufilho

( ) AnalfabetofFundamental I incompleto (12 a 42 série)
() Ensino FundamentalI completo/ Fundamental IT
incompleto

( ) Ensino FundamentalII /Médio (colegial) incompleto
( ) Ensino Médio completo (regular ou témico)/
Superiorincompleto

{ ) Ensino superior cormpleto (faculdade)

() Analfabeto/Fundamental [ incormpleto (1* a 42 série)
{ ) Ensino Fundamental I corapleto/Fundamental II
incompleto

( ) Ensino Fundarmental II/ Médio (colegial) incompleto
( ) Ensino Médio completo (regular outécnico)/
Superiorincompleto

( ) Ensino superior completo (faculdade)

17. Profissio da MAE (atual ou passada)

(Titulo do cargo)

19, Profissio do PAI (atual oupassada)

(Titulo do cargo)

20, Otrabalho de alguémentre vocés dois envolve atividades ern olariait ( )Y Pai ( ) Mae ( ) Membro da Famnilia

Qual? .

21.Estd envolvidana distribuigdo de cerdrmicas? ( JNdo ( ) Sim

22.Quantas pessoas colaboramnarenda farniliar total?

23,4 suafamiliarecebe bolsa-familia?

24. Rendamensal total dafamilia e saldrio minimo (valor aproximado nio incluido a bolsa fariliar) :

R ALS

I ) Até meio | { )Entremeioe ] { )Entrele2 |( )Entre2e5 | { JAdmadeS
25.48 dguautilizada neste domicilio € proveniente de
I ( ) Encanada | ( ) Outromeio Qual?
26. Considerando otrecho darua do seu domicilio, vocé diria que arua é:
I { ) Asfaltada/Pavimentada ( ) TerrafCascalho
27. Cozinha
Quem cozinha ern casa: { )&Sra [ ( JParceiro | { JMfe | ({ JOutras |
Tiposde copos () Metal () Plastic { ) Vidro ( ) Ceramica (Dethales)

Tipos de travessa, panelas, pratos,

() Metal () Plastic { ) Vidro ( ) Ceramica vitrificada
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Utensilo de cozinha (Garfos, Colher) (Y Metal () Plastic { ) Vidro ( ) Outro (Dethales)
Containerpara agua () Metal () Plastic { ) Vidro { ) Ceramica (Dethales)
Fontes de dgua potdvel ( ) Torneira ( JOutro  _ (Dethales)
Origem dos ingredientes para cozinhar | ( JIngredienteslocal () Mercearia ( ) Supermercado _
(Dethales)
28.Hd quantos anos a criangamoranestalocalidade? anos.
29,4 Sra ja foi hospitalizadana suawvida? { ) Sim vezes. ( J)Nio

Qualfoi o motivo?..w..

30, A crianga teve/term algum problema de saide? ( ) Sim Qual? ( )Nio
31.A criancatoma algum me dicamento? () Sim Qual? ( JNio
32. Comentdrios que ache vilido sobre sua gestagio ou desenvolvimento da crianga
33.4 Sra fuma? (cigarro e/ou maconha)
( ) Nunca I { JAswvezes [ ( ) Frequentemente I { )Sempre
Nimero de cigarros/semana:
34. & mie consuma bebida alcdolica?
{ ) Nunca | { Jhswvezes | { ) Frequentemente I { ) Sempre
Numero de latas (350 mL) ou doses/ semana:
35. & mie consurma qualquer tipos de drogas (cocaina, cola de sapateiro, arack..)?
{ ) Nunca l { )Aswvezes l { ) Frequentemente | { ) Sempre

Qual:

Tabagisrmo no doricilio (ou em outro ambiente que a Sra costurna p assar muito tempo)

36, Quem fuma em casa: { INinguém(sewivGUEM, | ( ) Parceiro| ( ) Mie ouPai | { )Outras
ENCERRE D QUESTIDN ARIT)

37. Quantos cgarros seu ____ cigarros { JNS/NR
| parceirofuma fdia

38. Quantashoraspor diao | ____ horas ( )NS/NR
parente costuma ficar emcas|

com vocé

39, OPAI da crianga fuma ____cigarros { JNS/NR
quantos cigarros/dia

40, Quantashoraspor diao | ____ horas ( JNS/NR
Pai costurna ficar emcasa

com ofilho

Data finaldaentrevista: __/_/ Horario de Términe: ____hs

Encerre o questionario e agradeca a participacdo.

Existe alcuma observacio a ser feita por parte do entrevistador?
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Abstract

Insulis cansed by acute mfections during the gestational period on fetal development are known; however, new evidence
suggests that chronie infectious diseases can also impact the maternal immune status and lead 10 negative consequences
for the necaste. This study investigated the association between the prevalence of specific antibodies in pregnant women
and alterations in fetal development at birth. A follow-up study evaluasted women during the gestational period and their
respective newborns at delivery time. The pregnant women were tested for the presence of antibodies 10 infectious agents:
Tavoplasma gondn (T gondii), cytomegalovirus (CMV), syphilis. human immunodeficiency virus (HIV), hepatitis B and C.
Semi-giructured questionnaires were administered o the pregnant women at the time of recruitment affer obtaining informed
consent, Detailed information about the newborns was extracted from medical records. The seroprevalence of chronic T
vondii infection, as determined by the presence of IgG antibodies against the protozoan, was found to be 56.2%, while the
overall prevalence of CMYV IgG antibodies was 96.3%, Non-primiparois pregnant women from socio-economic classes,
less afffuent groaps, and skilled working-class individuals had higher chances of testing positive for specific T. gomadii 12G
antibodies. Newborns classified as small for gestational age represented 12.9% of the total, Those born to mothers seropost-
tive for anti-17 gondit IgG antibodies were 9.4 times more fikely to be born small for gestational age (p =035}, The results
suggest that chronic ' gondii infection may contribute {0 higher rates of newborns with growth restriction. These findings
add 1o 2 growing body of evidence regarding the impact of chronic infections diseases on intrauterine fetal development.

Keywords Small for gestationnl age - Toxoplasmosis - Pregnancy « Serology - Birth cohort

Sectson Editor: Xing-Qann Zhi Introduction
mml xOptasosis in proghint women is relited to (.‘hnngw in the intranterine environment during gesta-
sociveconoms: vulnerability. tion can lead to impairments in fetal deveélopment. Mader-
» Newbarns of pregs positive for anti- Tovoplasma nal immuyne mediators can cross the ptacental barrier and
:’;’:ﬂ“{:“:’t‘“’“* are more likely to exhibit intrautering growth directly or indirectly alter the uterine environment, thus
® Thore 15 an sssoctotion between moteenal cheonke infection with nflencing tetal growth and neurogenesis, resulting in det-
¥: pomdii and binth weight adequacy. rimental conseguences for the future development and men-
tal health of the offspring (Boulanger-Bertolus et al. 2018;
5 Victor Oterv Martnax HAN et al. 2021). Genetic alterations and environmental
Vicharoteeo] @ hotmesl com exposires soch a3 smoking, 1oxic metals, pesticides, aleohol,
! Graduate Progrum in Pharmacy. College of Pharmocy, medications, and uterine infections are impertant canses of
Fedeml University of Bahia, Salvador, Bahia, Brazsl congenital disabilities, However. most structural, behavioral,
* Labogtory of Toxicology. Collegs of Pharmsey, Feden] functional, and metabolic disorders present at birth have no
University of Bohia, Salvador, Bahia, Brazil known genetic or environmental ¢auses (Verma 2021,
' Graduate Program m Public Health, Fedsmi University Unheaithy envircaments with poor sanitation conditions
of Bahin. Salvador, Bahia, Brazl merease exposere (o microorganisms, leading 1o infections.
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Due to the possibility of vertical transmission and the viru.
lence of this category of agents, pregnant women are moni-
tored during the prenatal period to early detect potentinl
infections and implement strategies te Jimit the impact on
the newborn's health (Miranda et al. 2012). These environ-
mental insults during gestation can result in immunological
and epigenetic changes, nwoking the offspring more suscep-
tible to various insults in the future (Cattane et al. 2020),

Intrauterine growth restriction and preterm birth sre the
leading canses of perinatal mortality found in almest 10% of
pregnancies (Nardozza et al, 2017). The INTERGROWTH-
21st study developed a standardized fetal growth curve for
international use, For this purpese, pregnant women from
different ethnicities and regions were followed in o multieth-
nic and multicenter population-based cohort study, ncluding
countries such us Brazil, England, Oman, Italy, the USA,
China, India, and Kenya (Villar et al. 2014), According to
this classification, newborns (NBs) can be classified as small
for gestational age (SGA), appropriate for gestational age
{AGA), and large for gestational age (LGA) (Papageorgiion
etal. 2018).

During the gestational period, there are dynamic changes
in maternal and fetal immune responses that depend on the
stage of pregnancy or development (Kollmann et af. 2017,
Pazos et al. 2012). Despite the well-known deleterions
effects of certain congenital infections, many pathogens
fail 1o reach the fetus due 1o the powerful physical barrier
provided by the placenta that protects the developing baby
(Arara et al. 2017). One possible explanation for the mech-
anisms involved in fetal development disorders associated
with different pathogeas, even without vertical transmission,
is that cytokines originating from maternal inflammatory
processes can cross the placenta and affect crucial stages of
fetal development (Zhou 2012).

In addition to compromising neurodevelopment. infec-
tious diseases and maternal immune system activation are
belieyed to be one of the main risk factors for preterm births,
The increased production of pro-inflammatory cytokines
has been associated with uierine aclivation and preterm
births (Cappelletti et al. 2016), Studies suggest a relation-
ship between maternal immune sctivation and disturbances
in neonatal development. Maternal chronic infection with
human imounodeficiency virs 1 (HIV-1) and hepatitis B
has been shown to lead to higher concentrations of cytokines
in umbilical cord blood and altered fetal immune responses,
indicating that maternal immune responses can impact the
fetns (Bunders et al, 2014; Hong et al, 2015).

The “TORCH™ pathogens encompass o variety of infec-
tious agents known 10 cause congenital disabilities. They
include protozea (Toxoplusma gondir), hacteria (Treponema
pallidum). and virses (rubella, cytomegalovirus, human
herpesvirus, HIV, enteroviruses; parvovires B19, and Zika
virus) (Coyne and Lazear 2016), In addition to congenital
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disabilities, infections by these pathogens can cause vark-
cus complications in pregnancy, including miscarriage, fetal
growth restriction, and preterm birth (Cappelletti et al, 2016;
Pereira et al. 2014). There has been incressed concern about
maternal-infant transmission of infectious agents after the
Zika virus outbreak in Brazil in mid-2015 and the subse-
quent increase in babies born with microcephaly, A recent
study revealed important information about the influence
of this virus on infant neurodevelopment, even in neonates
with average head size, The nevrological development of
29 infants without microcephaly but with in viero exposire
to the virus was evaluated using the Bayley Neurodeyvelop-
mental Assessment scale, and 34% showed some form of
imprairment (Faigal e al, 2019).

Animal models of these infections indicate that preg-
nancy complications can be mediated by the immune
response induced by the pathogen (Yockey and Iwasaki
2018). Regardless of whether clinically detectable infec-
tion is present or pol, elevated concentrations ol cytokines,
including interleukin (IL)-6, IL-1, [L-8, and tumor necro-
sis factor (TNF) in amniotic fluid or cervicovaginal region,
are predictive (nctors for prematurity (Agrawal and Hirsch
2012).

Maternal immusne statis can indeed affect fetal develop-
ment. In the case of “TORCH” infections, some common
neurological defects observed include microcephaly, cranial
calcifications. ventriculomegaly, oculsr defects, and senso-
rineural hearing loss (Coyne and Lazear 2016). Many of
these presentations, such as microcephaly, are similar scross
pathogens, including cytomegalovirus, rubells, Tocoplasma
gondii, and Ziks virus (Devakumar et al. 2018 ). The similar
clinical presentation across a variety of viral and protozoal
pathogens suggests the presence of a common mechanisni.

Understanding the determinants associated with alteea-
tions in human development facilitates early identifica-
tioa and ennbles the creation of more eflective preventive
measures. In this regard, Horta and Wehrmeister (2017)
emphasize the importance of cohort studies as they provide
an opportunity to evaluate the consequences of exposures
oceurring at different stages of the life cycle, allowing the
identification of eritical periods and the possibility of meas-
uring the cumulative effect of various exposures.

While several stidies show an association beiween con-
genital infeetions and various health issves in NBs, few stud-
ies have investigated whether immune status against certain
specific agents can silently impact tetal developrient, There-
foee, this study simed to investigate the association between
the prevalence of specific antibodies in pregnant women
who participated in the DSAN cohort study (Determinants
of Socivenvironmental Neurodevelopment at 12 Months -A
Birth Cohort in the Recfincavo Baiano) conducted in two
municipalities in the Recdneavo Baiano region of Brazil,
with alterations in fetal development st birth,
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Methods antibodies against HIV, Treponema pallidin, and hepatitis

C. fellowing the same methodology for detecting hepatitis
Study design and population B surface antigen (Abbot®, Sio Paulo, Brazil),

This cohiort study evaluated pregnant women and their
respective chifdren at hirth. Pregnant women up 1o
24 weeks of gestation were invited to participate in the
study, The project was conducted in collaboration with the
primary care network in the municipalities of Nazaré and
Aratuipe, Bahia, Brazil. The pregnant women were inves-
tigated for antibodies against infections agents, including
T gondii, eytomegalovirus, syphilis, HIV, and hepatitis
Bamd C.

Participants were fully informed about the study’s
objectives and methods, providing informed consent by
signing the Free and Informed Consent Form (FICF). In
the case of participants under I8 years of age, their legal
guardian was consulted, and both the guardian and the
underage participant signed the FICF and Assent Form,
respectively. The Ethics Committee of the Federal Uni-
versity of Bahia approved the study under protocol num-
ber 3.246.355 on April 3, 2019. The project 18 partially
funded by the Research for SUS Program (PPSUS) of
CNPq/FAPESB, Call notice no. 2/2020, request number
439312020, and by the CNPg Universal Call, process No.
4215500201 8-0.

Data collection procedures
Biological samples

A trained phichotomist used a standard venipucture tech-
nique; collected blood from the cubital vein using vacuum
tbes, A gel separalor tube withoul anticoagulant (BD Vacu-
tainer® SST™-Yellow) was used for serum sample centrifu-
gation at 3000 rotations per minute for 10 min; all samples
were adequately labeled, packaged, and transported to the
Faculty of Pharmacy at the Federal University of Bahia
(UFBA). The serum samples were transferred to S-ml. tubes
and kept at = 20°C (freezer) until processing.

Serological tesss were performed using a chemilumines-
cence microparticle immunoassay to search for 12G and 1gM
against Toxoplasma zondii and cytomegalovirus inlections
(Abbot®, Sao Paulo, Brazil) using the Architect i1000SR
antomation equipment (Abbot®, S40 Paulo, Brazil). Speci-
mens with conceatration values = 3.0 IU/mL are considensd
reactive for 1gG antibodies to T gondis, indicating chreaic
infection. For CMV, samples with concentration values > 6.0
AU/mL are also considered reactive for IgG antibodies,

Immunochromategraphic tests designed for diagnos-
tie purposes were used to determine the presence of total

Socloeconomic data, newborn assessment, and fetal
anthropometry

Seml-structured questionnaires were administered o
pregnant women during recruitment and after signing the
informed consent form, The interviewers conducted the
questionnaire on socioecononiic status (based on family
passession and income), general cultural habits, educa-
tional level, occupational history, work during pregnancy,
and other evaluations, The sociceconomic level, stratified
into five categories from A to E. was defined based on the
criteria of the Brazilian Association of Population Studies
(Brasil 2008}

Detailed information about the newborn at hirth, includ-
ing sex, ethnicity, birth weight, delivery method. and gesta-
tional age at birth, were extracted from medical records. The
APGAR score and fetal anthropometric data (considered
here as the child's birth outcome ) were also collected from
the medical records (o sssess poassible associations with the
investigated biomarkers.

The INTERGROWTH-21st Project fetal growth curve
(VILLAR et nl. 2014; PAPAGEORGUIOL et al. 2018) was
applied (0 estimate the adequacy of birth weight for gesta-
tional age. The newborns (NBs) were classified as small
for gestational age (SGA) when the birth weight (in grams)
for completed gestational age was below the 10th percentile
and large for gestational age (LGA) when equal 1o or above
the 90th percentile. The remaining NBs were classified as
appropriate for gestational age (AGA L

Data analysis

After data tabulation, frequency, central tendency, and
dispersion measures were analyzed. The cheice between
parametric and non-parametric tests was based on the Kol-
mogorov-Smirnov normality test, The binomial test for a
propeetion was used to obtain cenfidence interyals for the
proportions. The Student’s r-test was applied to compare the
means of parametric variables. Binary logistic regression
analysis was used to fdentify risk factoes associated with T
wendii infection and CMV infection. To investigate passible
associations between seropositivity for anti-T gondir I1gG
and seropositivity foe anti-CMV IgG with birthirelsted data,
multivariate logistic regression modeling was performed.
‘The odds ratio {OR ) was obtained by exponentiating the beta
obtained in the multivariate model. The model was adjusted
for maternal height and maternal weight during the prenatal
period, The accepted level of statistical significance for all
ests was p < 0.05. Descriptive and compirisen statistical
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analyses were performed using SPSS® version 26.0 for Win-
dows, and graphs were genecated psing GraphPad Prism®
version 802,

Results

Figure | presents the Nowcharnt detailing the recruitnient ol
study participants. The study included 136 pregnant women
with an average age of 26.8 years +0.5 years. OF the Lotal,
26 (41,6%) resided in the municipality ol Aratufpe, Most
self-identified as Afro-descendants (94.7%), and 3829
were in their Hire pregnancy, Most were classitied as belong-
g 10 social classes D-E (51.2%), Most pregoam women
had completed middle and/or high school (73,0%), while
2.3% reported being illiterate. There was a trequency of
17.4% of reported previous miscarriages. Regarding (heir
Bomes, a signilicant portion did net have aecess 10 potable
water (182%), and 40.2% did ot reside on a paved strect
(Table 1),

The vverall seroprevalence found for chronic 7. gondii
infection was 56.2% (95% CI, 47.8-64.2%), and for anti-
CMV G antibedies, it was 96,35 (955 CI, 91.7-98.4% ).
Three pregnant women tested positive for anti-T, pallidum

Pregnae women recryded m Nasaré 8 = 139
Pregnane women recruted m Aratape o « 104
Totel of pregeast women recruted a = 243

l

antibixdies and one pregoant woman tested positive for anti-
bodies against the hepatitis C virus (Fig. 2). No preguant
woman testes) positive for anti-HIV. antibodies or the pres-
ence of the hepanits B surface antigen.

In order 1o investigate a possible association between the
socioenvironmental determinants and 126G anti-7. gondii
antibody positivity, a univariate l0gislic regression analysis
was perfornred, and crwde odds ratio was used. A significant
association (p=0.049) was observed between the number of
pregnancies and 7, gondii infection, with noa-primiparous
women being more fikely (0 have chromic 7, gondii infection.
Pregnant women and/or their family members classitied as
betonging 1o social classes D-Eand C2 had a higher likeli-
hood (3.19; 95% CI, 1.2-8.47) of esting posinive for IgG
anti-7, gondii antibodies, The data are presemed in Table 2.
Notably, some risk lactors refated 1o T, gondid infection, such
as being odder age and consuming untreated water, did not
show a significant relationship with 1eG anti-7. gondii anti-
body paositivity (Table 2). No significant associations were
found when investigating the refationship between the evalu-
ated determinants and chronic CMV infection, '

Table 3 describes the neonatal characterisiies of the study
participans. Information from 66 neonaies was oblained.
54.5% of the NBs were male, and 86,7% were classified

Main ceasons for losses
Défficulties & contact;

Loss to folow-op or refissals o Nazaré n = 5§
Loss to folow-ep of refissals @ Amsipe o = 8§
Total Joss to follow-up o~ 106

Particpanty o the project = 137

Moved away,

|

Beths occured in Nazard o =44
Beths occwred i Arstupe =22

Total of coliected dformation o = 66

l

Py e s

i the study n = 136

Newborus in the stody a = 66

Fig. 1 Recryitment Bowehir
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Table 1 Scciodemographic charne of participaing preg as African-Brazilians, Concerning the deliveries, 42.4%

women in the stdy ceenrred via cesarean section, and the majority took place

TOTAL (v=137y Luis Argolo Maternity Hospital (61,2%) in the neighbor-
Mean (45D} ing muricipality of Santo Antdnio de Jesus, Bahin. The ges-

A (years) 26:8(=0.5) tational week at the delivery time had an average of 39,1
Mintmam 15.0 (£0.2) weeks, 12.9% of the NBs were classitied as SGA and
PR 192 11.3% as LGA. The overall mean APGAR score at 1 min

Viciskle R{%) was 8.1 points,

PMace of nesidence Table 4 summarizes the results when comparing sero-
Nizaré 0584} positivity for [2G anti-T. gondii and the chareteristics of
Anutuipe 57 (41.6) the NBs using multivariate logistic regression analysis;

Etlinicity adjusted odds ratio was used. The variables of prenatal
White $(3.0) maternal weight and height were used to adjust the multi-
African Beazilian 126(04.7) variate model. Associations between seropositivity for IgG
Yellow 12 anti-CMV and birth-related outcomes were also evaluated.

Education It was observed that NBs whose mothers had chronic
Iliiterate 123 T. gondit infection were 9.4 times more likely (95%
Flementary 1 complete 19 (14.6) Cl, 1.18-88.1) of being born small for gestational age
Complete lementury 11 4000.1) (=0.035). The other characteristics related to the NBs did
Madiam complete 57 (42.9) not show 4 significant relationship with maternal seroposi-
Cirndisted 14(105) tivity for IgG anti-T gondii (Table 4).

Sotiveconamic clasigeitive There were no significant asscciations between the char-
DE 661512 acteristics of the NBs and seropositivity for 12G anti-CMV,
€2 41318
1 18 (14.0]

n 3¢ ;_,) : Discussion
Bl 107y

Previously peegnant? The study investigated the socio-environmental determi-
Yes &1 (61.8) nants associnted with the presence of specific anfibodies
No 50(38.2) against teratogenic pathogens in pregnant women enrolled

Previous miscarriage? in the DSAN-12 M hirth coliort study being carried out in
Yes 23 (17.4) the Recdncavo Baiano region in Brazil. Additionally, these
No 108 82,6 pregnant women were assessed for the potential influence

Gestatioeal plasning? of specific 1gG antibodies on fetal development characteris-
No o1 (68.9) tics. The frequency of small-for-gestational-age NBs in the
Yes FIREIR D) study population was associated with the prevalence of IgG

Fave a cat as a pet? antibodies against 7. gondii.

No 102(77.9) The study participants generally exhibited socio-envi-
Yes 2221) ronmental characteristics that classify them as socio-
Does any family member's cocupatl activities in ngrienl- economically vulnerable o poor sanitary conditions. The
mre! ) seroprevalence for T yordii infection was 56.2% (93% CL
Yes 3T 47.8-64.2%) among pregnant women. This frequency is

No 68(55.3) relatively similar 10 results from other studies invelving

Have thay paved the bonse steoet? pregnant women in the Brazilian population. A study con-
No S340.0) ducted in the State of Bahia, specifically in [lhéus in the
Yes 79 (39.8) southem region of the state, with 726 pregnant women aged

Rastdential watee zopply between 13 and 44 years; found a prevalence of 72.3% for
Ariesian well 23 (182) IgG antibodies against I gandii, The same study reported
Pipad 103 481.8) a trequency of 95.2% for IgG sntibodies aginst CMV and

Water teeatment 97.0% for antibodies against the rubella virus (Costa et al.
Noe treated 77592} 2018). Another study reports that T, gondii infection in
Treated (Altered/bailed 33 (40.8) pregnant women residing in the municipality of Ponta de

Pedras, Maraj6 Archipelago, State of Pard, has a prevalence
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Fig.2 Prevalence of Ig( anti-
bodies aguinst T gondli, CMV,

syphils, and hepatins ©

Table2 Sccioenviconmental
Jeserminants of participating
pregnint womsen being positive

serulogy for IgQ antibodaes
against T pondil bused on
logiane regression models
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Table3 Scciodemogmphic und unthropametnic ch istics of  of 68.3%, with advanced age, contact with soil, and residing

neonates included in the stady in urban areas being risk factors associated with seropositiv-

Totl (1= 66) ity (Morais et al. 2020). A survey with spatial analysis of

Variihie n (%) Toxeplasma miection m rural and pesipheral neighborhoods

Set of Juiz de Fora, Minas Gerais, showed that 44 4% exhibited
Pemale 30(45.5) seropositivity for [2G antibodies against Toxoplasma gondii,
Male 265 (S4.5) and this rate mereased 10 68,3% when considering only par-

Ethnicity ticipants from rural areas (Antinarelli et al. 2021),

White 6(133) A study conducted between 2013 and 2017 assessed the
African Brazilian 29486,7) prevalence of 7' gondii among two distingt populations of

Type of deliveey women of childbearing age in Siena (Tuscany, central Ttaly)
Vaginal 27 (56.1) and Bari {Apulia, southern laly), along with a group of
Cesarean W (424) pregnant women in Bari in 2016-2017, This study revealed
Residence 115 = significantly higher seroprevalence of 7. gordii in Bari

Place of hirth comparted to Siena (22.4% vs. 12.4%), with & noticeahle
Nazaré's Maternity 18{26.9) age-related trend. Among the tested pregnant women, o low
Luis Argoko Hospital 41161.2) prevalence of T gondit infection (1 3.8%) was observed (Fan-
Other B(119) ighiulo et al. 2020). In a systematic review with & meta-anal-

Adequacy of weight for prstational ags ysis examining global, regional, and national seropeevalence
SGA 80129) of I gondii in pregnant women, i was {ound that the global
AGA 47(75.8) seroprevalence among pregnant women stood at 38.4%, with
LGA Ta1L3) a higher prevalence in Latin America and the Caribbean

Vanabie Mzan (+ SD) (Bigna et al. 2020),

Gestanonal up= (weeks) 3.1 =0.2) The variation In toxoplasmosis preyvalence can be
Minimuen 320 explained hy the inflience of different factars, such as envi-
Maximum 410 ronmental conditions, cultural practices, dietary habits, and

Number of presatal cossultations pecformed 98 (=00 hygiene (Wilking ¢t al, 2016), The seroprevalence found for
Mimmen 3 toxoplasmasis in this study can be attributed to environmen-
Masinum ” tal factors, considering that the climate in the region of the

Weight at biclh (5) /LX) Reedneavo Baiano, Brazil, is bot and humid, which favoss
Mirdmen 1784 the disseminstion of the infection, Additionally, the low cov-
Meximum A900 erage of proper sanitation facilities contributes to waterbarne

Lzngth at birth icm) 478 (=204, contimination.

MiRoday 32 The prevalence found for CMV (96,3%) is consistent with
i ey 3 that vbserved by other authors. A study with pregnant ado-
Howp circuniyymce () :‘2 202) lescents conducted in the nortbern region of Brazil found a

frequency of 96.3% for anti-CMV IgG antibodies (Guerra

Cmuum::anumb :i. 0 et al. 2018). Considering the characteristics of the studied
w“':‘m_' . 5% , population, the high frequency of CMV antibodies may also
i ;o be refated to soci'monoqic factors. Economically disad-

Abdominal circumfersoce (em) 3251208) Wﬁd Populations, Im“.lx basks ”tflmfon 7 houslng
Mk 2% conditions, are more susceptible to the virus® spread. Jeading
Maximum 3 to higher seroprevalence (Oliveira et al, 2002).

ABGAR scorediin 150 it 8.1 a00) The high frequency of cesarean deliveries among the
Misiromat 6 study’s pregnant women (42.4%) stands cut. The World
Maxtniim 9 Health Organization (WHO) recommends that the rate

APGAR sconed at-Sth minuts 92¢=01) of cesarean sections should be between 10 and 15% of
Mindmias 3 the total number of deliveries in a heslth service (World
Mazimtm 0 Health Organization 201% ). New evidence suggests that

Percentile 557 (=5) babies born by cesarean section experience different
Mitimm 62 hormoenal, physical, and bacterial exposures and these
Maximum w5 chunges may subtly impact neonatal physiology (Sandall

et al. 2018).
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m‘ Ch istics of newd and positive maternal serology for 1gG anti-T. gondlf antibodies based on mullivariate logistic regression
s
18G ano-T' gomadll 12G wtl-T. gondél OR (€1 95%) p-viloe
postlave negative
n{% ni{%
Gestatiooal week of delivery 0.670
Term (37 weeks or more ) 27 (0.0 27931 Ret
Praterm (up to 37 weeks ) 3¢1000) 2{69) AT (10331
Weight at birth () 0.597
2501 g o¢ mose 320 31969 Ref
Upto2500 g 2{5.9) [REN Y] (L52 100e-5.99)
Length at birth (cm ) 0.803
31 cm or begper Sa61) 6(18.8) Red
Upto S0em 26839 26(81.2) 121 (0.27-5.38)
Bruin perimeter (cm ) 0.592
Bigger than 34 cm 17(70.8) 16 (66.7) Ret
UptoXMem 7(29.2) YRR 036 (07— 1.68)
Chest cage circumference {cm) 0.912
Bigger than 32 ¢ 18(81.8) 19 (90.5) Rt
Upto 3l cm 4{182) 295 087 (08-9.26)
Abdoainal ciscumiensnce (cm ) 0.645
Bigaer than 32 cen 6 (60.0) LR U Ref
Upto 3l em 440,09 1 16,7y 028 (002~ 10.65)
Adequocy of weight for gestational age 0.035%
AGALGA 23767 31 (96,9) Ref
SGA 7233 (REN ) G4 (1LIB-8&T)
APGAR scored in Lst minute 0.956
Seven o Mghes 23 (W58 20(95.2) Ret
Upto& 1142 1 (438) 092 (0.05-1606)
*Seatistically sigmificant L

Statistical fests: multivanate logistic regression

Adjustunent covanstes —msernal pre-natal waight sed maremal pee-natal hesght

Ref. refecence groop

The NBs participating in the study had an overall mean
length of 47.8 cm at birth, and 12.9% were classified as
SGA, Fetal growth restriction occurs when the fetus {ails
10 achieve its intrinsic growth potential. It may be related

to common mechanisms involving various factoes (such ss.

placental pathology, infections, and genetic constitution)
{Gordijn et al, 2018), Infections during the prenatal period
canactivate inflammatory processes, leading to the release
of cytokines, increased oxidative stress, md cellular apopto-
318, which may impact placental and fetal growth (Kesavan
and Devaskar 2019).

The present study found no associations between maternal
I2G anti-CMV antibodses and neonatal chisrmctenstics. However,
necaates of mothers seropositive for 196G anti-7" ganditantibod.
ies were 9.4 times more fikely to be bom small for gestational

£ Springer

age (p=0035), A meta-analysis study on perisatal cotcomes in
congenital 11 gondii infection showed that the infected patient
group had a 4.5 times higher chanee of intrautering growth
restriction and 2 4.9 times higher likeliood of fetal ancmalies,
such as ventriculomegaly, infracranial and hepatic calcifications,
andd ascites (Liet al, 2014). A large cotiont study of 740 Hispanic
women lving in the USA foand a frequency of 22.4% for I1gG
anti-T. pondii antibodies. Seropositive pregnant wormen had &
higher icidence of babies born small for gestatiomal age and
an increased prevalence of spontaneces abortions and preferm
births (Mutka et al. 2023),

A large-scale study evaluating the impact of chronic T
gondii infection on the history of spontaneous abortion,
pregnancy complications. and neonatal cutcomes found no
differences between seropositive and seronegative pregnant
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women for APGAR at | min (p=0.544), gestational age at
birth (p=0.491), birth weight (»p=0.257), or birth length
(p=0,232) (Mocanu ¢t al. 2022}, In contrast, a study in
the Czech Republic with 1733 parturients showed a higher
prevalence of preterm birth (p=0.019} and low birth weight
{p=0,006) in women with chronic I gondii infection, The
odds of preterm birth were 1.7 times higher, and for low
birth weight was 1.9 times higher In women with chronic
texoplasmesis (Hurt et al. 2022). This study corroborates
with other evidence regarding the impact of 7' gondsi infec-
tion an fetal development when not in its acute form. Preg-
nant women with chronic toxoplassmaosks show slower fetal
development estimated at the sixteenth week of pregnancy
and longer gestations (Flegr et al. 2003; Kafikovi and Flegr
2007). In school-age children in the same region as the
current study, a seroprevalence of 43.7% for I gondil was
observed, and there was a significant association with rule-
breaking behavior (Martinez et al, 2620).

This study has some limitaticns. The main one is its small
sumple size, us the participants represent ondy 38, 8% of the esti-
mated sample size hased on the birth rates in the two municipali-
ties. However, it was possible to identify associations between
chironic expesune to 1 gandii and the investigated outcomes. The
study had impoetant strengths, such as the region's serclogical
evaluation of different prevalent pathogens. Moreover, the study
design alkonved foe assessing multiple exposures and cutcomes
and discerning the tempoeal relationships bween pathogen
exposure and fetal growth outcomes.

Indeed, several factors can significantly influence fetal
growth, which s determined by the combination of several
variables, sich as sociceconomic statss, genetic influence,
environmental factoes, mutritional status, ete. Given the chal-
lenges in evalusting all possible determinmirs that play a role
in fetal growth, the resalts observed in this study suggest
that maternal chronic infection by 11 gondii may contribute
to babies with smaller birth sizes, However, several other
elements are involved in these effects.

Conclusions

The results of this study demoastrate that pregnant women
residing in the municipalities of Nazaré and Aranaépe, Bahia,
Brazil, have a high prevalence of chronic infection by Toxo-
plasme gondii and cytomegalovirus
Multivanate regression analysis showed that chronic
I° gordi: infection In pregnant women may contribute to
uterine growth restriction. The data found in this stady
-suggest that chronic toxoplasmosis in pregnant women is
associated with a higher frequency of small-for-gestational-
age newborns. Associations between chronic toxoplasmo-
sis and lower fetal growth have been identified, regard-
less of maternal weight and height, The preseat study

feund no relationships between CMV infections and birth
characteristics,

It was observed that pregnant women with chronic infec-
tiom by this parasite are 9.3 times more likely 1o have small-
for-gestational-age habses: This finding confirms that cheonic
infections during the gestational period may be impostant
determinanis of intranterine fetal development,
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ARTICLEINFO AESTRACT

Bt by Roterio O, Locchini Toxopl sis | hnwdslulbemmmofmncy mp-mngthebnl&o(ﬂvmﬁnmddu
develog of the fetus via The
Keywords: mspomefmmehmmcfmhmgondlﬁpﬂn)mfemmwywﬂvdy“ e feral devel
Texoplesmcnia ﬁume.chcwlmd&eummmbdwemrhemmrdmmofchomcrmwcymm
Neurodevelopencnt i in preg and the peychological develop of thedr children at 12 manths of age. A
mm follow-up study evaluated women during the gestational period and their respective infants. The pregnant
women were tested for the g of antibodies to infections agents: 1. gondn, cytomegaloviras (CMV), syphilis,
bumnmmmdeﬁacncyvu‘us(lm hepatitis Band C mnedmfamdmnbom&embomsvmcm
from medical rds. At12=3 ths of age, the infant’s devel d using the Bayley-1lI
ScnluoﬂnfmdeoddchevdapmeubylmwnmklimdlnmwA
lly significant was found between maternal IgG anti-7. gondu levels and lower scores on the
Hayley-lll cognition scale, with a nonstandardized p-coefficent of - 0.078 (95 %-CE (1,144 to - 0.013), ac-
cmnngforB.:ln&bennmnmm:mmmmdum&mwcmfw
even without verneal may be ciated with subtle changes in the child’s cognitive
develop ‘Theref g and early intervention are essential to identify and address passible delays
in childhood develop related to chronic maternal toxoplasmaosts.
L. Introduction mpm&kumdkubmdabumﬂm&mofﬁm

Twoﬂumgmsdbytb:panm‘mmMunng-

hiohliohs of 1,

ding the relationship b
moem:llgOannbodwapm:T gudu:u\lnanocoym:vedﬁdop-

nificant g preg v due to the rick of vertical trans- ment (Freedman et al | 2016; Nufes et al, 2022)

and oub fnrbodadmmod:ﬂamhhc Pregnan: hibie i 1 vulnerability to specific in-
fenn(L:-;L.,OH Bigna et 2l 2020). M: 1 poaze, fectionzs anud may manifest 3 more po 1 ad of the
particularly IgG antibodies, iz crucial role in combating the infection and illneco in contrast to non-gravid individuals (Abe-Raya =t 2l 2020).

the ridk of transmizsion to the fetus (Comez-Chaves et al |
20189). Chronic toxoplazmogis in pregnancy has been associated with
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logical alterations i to the gestational period (Deshmuld xnd
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n.ﬂl‘;).Durme:beprmmlpenmi.m equire cloze Bai egion of Bracil with Jevelog | changes in their
ing to promptly identify p fectionz and deploy strate- children at 12 months of age.

gies to restrict the impact on the infant’s health (Miranda =t 2l 2012).

Many factors can influence childhood newrodevelopment. such as
trition, and matemmal obesity {Oldenburg =t al, 2020). Perinatal
mﬂmplayu ngmﬁammlemadvcnemum!mbmul

. ing to condizions like cerebeal white matter damage,

5 | l 5' W-- i T i 3 Idmt !"FE’.:E: ll,

Fzorder, and ans P dizorder (Jiang =t 2l 2013). Pactorz

K i ineuits § obasity, fidacs fotal

growth ict 1 zepais, g litiz, and pro-
] iy TR 1 with perinatal infl

ton (Han et 2l 2021

Matemal immune activation (MIA) significantly impacts fetal brain
development, altering key procemes and increasing the rick of neuro-
developmental disorders (Woods =t 3l | 2023). Studies chow that expo-
zure to MIA during pregnancy can lead to changes in fatal brain cytokine
balance, dyu:gulmofplmnlﬁ:nmnla!md q;apnn:
mguht\mof 3
mmﬂmymmlmnllmmanm(’-lcﬁmeri 2023).

Activating of the mmmﬂdehodmfml&vd—
opnem:.ld'nudunlinkedm ious p genz, even vertical
tranomizcion. Maternal inflammastory give rise to cytokines

proceszez
capable of raverzing the placental barrier and influencing critical stages
of fetal development (Thou, 2012).

M. I chronic infe by T. gondii has been ascociated with the
hoot'z immune system modulation, resulting in MIA that could nega-
ﬁ\'e.l'_v' 1p fenl Jevelor (‘u.'li:xe'e al, 20'“).111:.m

involw *mthefeﬂmhmda‘elm
(Hwang et al., 2018). Purth h B in pregr
mhsbemmmdm:hdmnpnmmmd:u
an ncrexsed ocamrence of ma.ll-fnrguunmﬂ-age (SOA) infants,

PSS H

which may have impli z for a1
(Martinez et al | 2024).
Theh ¥ ep mTpdum&caouanmég
) immumne gystem, i g fetal neurod
pl hani i P cmrmlltmchrli-\,
h ized by the releace of inflammatory cytoldnes that can crozs the

placenta and affect fetal brain development (Comes-Chiaves =t al
mlqlhuﬁcmmmlmmfwmleﬂm&g

! antibodies that gnize fetal brain structizres
3 1 , . 3 Iting in chicaniacs) and behaviacal

2, Methods
2.1. Seudy design and population

Thiz cohort study eval i preg; and their respective
babiez 2t 12 + 3 of age. Pregnant women up to 24 weeks of
gestation were I 1 o particip mtbgm!yﬁeptqectwu
conducted in collaboration with the p v care ck in Nazaré and
Amxpe,hhn.ﬁn:d.ﬂgmwmmmmmdfum-
tibodies against infectious agents, including 7. gondii, cytomegalovirus,
syphiliz, HIV, Hepasitis B, and C.
wvizit, conducted at Primary Health Care Unitz. ALl women who agreal to
participate were included in the study. Pregnancies with multiple ges-
tationz and those with newboms classified az having experienced birth
distress, as determined by the obstetric team, were excluded from the
"

mepmmﬁﬂynimdaba:xhevmdy:obgmmxn!
methods, providing i d by zigning the Free and Informed
Corzent Poem (FICF). Lntb:caaeofpamnpmxzunie:ls their legal
guandian was consulted, and both the guardian and the underage
pasticipant signed the FICF and Ascent Porm, respactively. The Ethics
Committes of the Federal University of Bahia approved the study under
pm:ooolnmbuS 446.5550&Ap¢115,2019 Ccmpleumniydaxgnand

are publizh shere (Bah =t 2l | 2023)

2.2 Data collection procedures
2.2 1. Bislogical samples

A B 1 w13 m'==' 4 i = S 0
coﬁmﬂodﬁm&emhdmunmsmmb&AgdW
tube with i lant (BD V! r® SST™ - Yellow Cup; Nova
Jeszey, BUA)m\mdfo:nmumplemmﬁgmnmrp.m.
for 10 min All samples were ad 1y labeled, packaged, and tranc-
pumjm&mmndogyhbumyddu?xuhvofﬂurmxyutbg
Pederal University of Bahia (UFBA) The serum sxmiples were transferred
to 5-ml tubes and kepe at 20 °C until processing.

Serological tests were perf | wsing a chemilumi
mampamdemoan:ymaeathoclgO:ndlgMagmtTm
plasma gondii and cy galovi 12 (Abbot®, 530 Paulo -
M)WMMMLIMMW(AM

dyiuncmmtheoﬁﬂpnng(‘»une’cu. 2022). Study has chown that Sao Paulo - Brazil). 5 with values » 3.0 IU/mL

the seropocitivity for anti-T. gondii g0 may be associated with behaw- are conzidered falgo ibodies to T. gondiz, indicating chronic

nralwobhm:mchddm,mmdutmmmdnﬂmmmy infaction. Ror CMV, samples with ion values > 6.0 AU/mL are
rfere with critical p such a= ! and also idered ive for 130 antibodiec

migration, leading to al - o) paychological develog ’ X phic test: designed for diagr purp

(Martines =t al | 2020). wemmedmdmn:mﬂz of total antib odi HIv,
D ion of Jevel I delay in children at an exrly omage iz Twpaﬂdm:ndhepamc,bﬂmvmgtheumemdwdobgy

mnalmuimnf}mg:hmemalmgmmmgmdm
mmmkykvxal&oﬂnmandTodﬂuDevdopmﬂm
Third Bdition (Bayley-lll), iz frequendy emploved to evaluate the
&vdopmmnlﬂmnfymgchﬂ&mhumgzmhm
mgﬂ,anlﬂapnveb&:\w(-\mle..oum&mm

M. ic inf wxdanldam:duxuukmmm;l
immune activation, impacting fetal neurodevel amlpotntnl}y
leading to adv 'I’heu.mdyxdanﬁuuanof‘ log

for d ng hep B surface (Abbot®, 530 Paulo - Brazil).
222 8 ic data, newborn t, and anthropometry
Semi I questionnaire: were alminiztersd to preg

dunng' and after zsigning the infe i form.

(Mmmmwww].mlwhbm
echaumallevel.oc:upamalhmy and other evaluations. The so-

«Hm&:wghhod:athﬁn&dzy-ﬂlumﬂfumt
mmmMae,rhnmdyamdbmv igate the
the pre of zpecific antibodies in preg: who
partcipated in the MAN cohort study (Determinantz of Socio-
i I N at 12 Months -A Birth Cohort in the
Recéacavo Baimo) conduced in two icipalities in the Reconcavo

n

level, otrazified into five categories from A to E, waz defined
bazed on the criteria of the Brazilian Association of Population Studies
(Brazil. 2008).

ethicity, birth weight, delivery method, and g I age at birth,
were extracted from medical iz, The anthrop ic dats waz alzo
collected from the medical records.
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The INTERGROWTH-21zt Project fetal growth curve (Villar et a2l
2014) was applied to eati the adequacy of birth weight for gesta-
tional age. The newborns (NBe) were classified az small for gestational
age {SGA) when the birth weight (in grams) for completed gestational
qewbdﬂw&l%mﬂkﬂh@hgﬁﬁ“dmw}

The

when aqual to or above the 90th p il g NBa were
clazsified az appropriate for gesta I age (ACA).
223. Neurodevel i

Axl"kSm:dnof:ge,dmmhmn Jevel i

mm:hcﬂ:ylev-macaluoflnﬁmandTo&IuDevdomby:
ln:nedwpe:uhx(DG))mia:hewpermmofa poy

Nerctaicolegy 106 (2015) 10-16

mexsurements were analyzed. The choice b par ic and non-
parametric testz was based on the Kol Smi wality test.
MWMkapmm:mdwobmncmﬂdmcem-
tervalz for the prop Multivariate logistic rege modeling
waz applied o & poczible amociations b anti-T. gondii
lgOmeh—C\{V!gO socitivity with hological develop-

wammduhyleyﬂlaule.ﬂuo&hm(omwuobmnd
by exponentiating the beta quotients obtained in the multivariate model.
Them!dwxaljumllugemdmkofbuﬂxu‘ladeqmyof
birth weight for gestational age. Multivariate linear regr mhl-
hngbympwmwmmdco \ the sation b 11
omp mamlmnema!umotmTMlsOmem

(NC). This & ﬁu' log mdnl-
dren aged 1-42 th i language (recep tive and preszi
communication), mnhﬂn,mdu.. jiomal and adapti
behavior. Bach of these five subscal a comp score that

mdxam:bednhﬁp«fmmlevelmduzwdaehmd

1g0. The model waz adjusted for gastational week at birth and adequacy
of birth weight for gestational age (percentile). The adjustad R* waz used
to determine the percentage of variance in the data explained by the
model and the non-standandized beta coefficient was usad to indicats

i Theze compos mhﬂwamﬁnoflOOanda d
deviation of 15, allowing ison of the d child's perfor-
mw&mmm&m&n@ghuwetﬂ 2021

For categorical analyziz of the Bayley-111 compocite scores, a cutoff
point of 85 pointz waz conzidered. Composite scores below 85 (1 stan-
mental delay in that specific domain (Johreon et al | 2014).

2.5 Dato analysiz

After data tabulation, frequency, central tendency, and di

{4

Pregnant women rocrusted m Nazard n =~ 139
Pregnant women recruated m Aratuipe n = 104
Total of pregnant wonven recruited n = 243

l

ixbles. The accep ilgwlof ’ligniﬁunaforall
tests waz p < 0.05. Descriptive and comp statistical were
pcfamamgm“mzsohwmaammmm
chuzsets, USA).

8. Resultz

Fig. 1 presents the fowchart detiling the recruitment of study
participantz. The study included 137 pregr with an average

age of 26.8 yearo £ 0.5 years. Of the total, 50 (53.4 96) resided in Nazare.
Moct zelf-identified ac Afro-descendants (94.7 %), and 33.2 % were in

Main reasons for losses:

« Difficultics in contact.
o Moved away,
o High-nsk delivery:
= Interupled progeancy.

Loss 10 follow-up or refusals in Nazaré n =~ 58 /

Loss 10 follow-up or refiusals in Aratuipe n = 4%

Total loss to follow-up n = 106
Participants in the study n~ 137

l

Main reasons for losses:

o Delivery occurred in

Births occurred m Nazaré n = 44
Births occumed in Aratuipe n = 22
Total of collected information n =~ 66

another malemity,

© Informatson not recorded
in medical reconds

P

Fregaant women participants in the study n - 137
Newboms in the study n= 66
Newbarms with nourodevelopment assessment n = $6

Fig. 1. Recrutment flowchart.
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Mﬁmpupmy.m:mdmiﬁedxhb@ngmhm
social classes D-B (51.2 %). Most preg leted
muldlgorh@szodﬁsolm,whk Sumponmlbmgxﬂm%

(22.1 %) preg P mspet:.ﬂxa!wua
&equencyofﬂ-i%of ported previ gea. Regarding their
homes, a = pocmcbdmtb:veancmmpouﬂgm

(18.2 %), and 40.2 % did no¢ reside on a paved streez (Table 1).

The 1l l found for chronic T. gondif infection waz
S53.4% (95%C, 467% - 64.4 %), and for anti-CMV 1g0 antibodies, it
waz 96.4 9 (95 96-CI, 91.8 9 - 93.5 %) (Table 1). No participant tected
positive for the p of 1gM antibodies againzt T. gondii and CMV.
Three pregnant women tested pocitive for anti-T. pollidum anttbodies
hepatitic C virua. No pregnant woman tested positive for anti-HIV

Newretedcology 106 (2025] 10-16

antibodies or the p of the hepatitiz B surfs

Txh.e-hmbe:d:enmmlchncmmdrbemhpm
pant. Information from 66 neonates war obtained. 54.5 9% of the NB:
mmﬂgd%?%mdmﬁﬁdu%&:ﬁﬁmm
deliveries, 42.4% d via 3 amlmuoccuna!a:
hnnAxgdoMaum;tyHupul(Gl ”%)xnlhene.@:bonns
of Santo Anténio Je Jesus, Bahia The gestational week at the delivery
time had an average 0f 59.1 (£ 0.2) weeks. Only two (3.4 %) of the births
were preterm, occizring before the gestational age reached 36 weels.
12.9 % of the NBz were claszified a0 SOA and 11.3 % 23 LOA

Upon reaching 12 4 3 monaths of age, the infanty included in the
study were asseased using the Bayley-1IT scales. The Mean ( 4 5D) of
omposite ocores is pr Iin Table 3. The socio-emotional scale had
the highest mean scare of 127.3 (4 1.6), while the lowest was from the
adaptive behavior scale with 93.8 (4 1.7).

Table 1 To investigate 3 poczible amociation between the categorized com-
s I d and serological status of pregn posits scores of the Bayley-I11 (cut-off =~ 85 points) and the positivity for
participating in the study. lgOm—T gwuhclgOann—Qd\'amboﬁu.:mluvambpm
Socienvirommental data TOTAL (s = 137) egr fysis was p d weing the adjuatad odds ratio. The
iabl i weekofbnnhudadequxyoihrdtwudntu
A yonii :3::_::) gcmmlagemmdwxﬁ;mdnm!mmﬂﬂza&-
STiabmnds 5.0 Mommmofthe&#ﬁﬂwdadm:bw:
Matinium 39.2 significant with seropocitivity for g0 anti-
130 unti-T. goadil 1401 (+23.2) T. gondii (Table 4). Mmmmﬂmmb&mh
s 9 ite ccores and itivity for IgG ant-CMV.
190 mat-eymoanispihontes :m(e&.ﬂ m:em!anza.::dwwd:exdanmhpbemmm:“gO
Minksmn 0 titers for ant-T. gondii antibodies and devel 1 in chil-
Maslmum 250 &mmmmxwﬁmh!qkyﬂlmmd
= n (%) X3 ],mm. eor were mpgm] mnxle:ug
r;"ff‘p-ﬂl 80 (58.4) dj : of bi aad s ade-
an-cymoscgaioning 132 (96.4) quacy (percendle) The muln indicate 2 otatistically rzignificant
Place of rexidence
Nesaré 80 (58.4)
Arutufpe 57 (41.5) Table 2
e Sociodemagraphic and anthrop % of newbomns included in
White 4(3.0) the study.
Altscan Brazilian 126 (34.7)
Yellow 323 Total (n = 66)
Educution Variable n (%)
Mliserste 323 Sex
Elestary | coanplese 19(14.5) Fezsale 30(45.5)
Complete Elessentary I 40(30.1) Male 36(54.5)
MeSam complete 57 (42.9) Pthnicity
Gradusied 14010.5) White 6(13.3)
Sodoecuncmsic clasification Alrican Brasilian (@67
DE 6 (51.2) Type of delivery
[~ 3 41(31.8) Viginal 37 (56.))
L} 18 (14.0) Cesarean 28 (42.4)
B2 3(23) Residesoe 1(1.5)
Bl 1 0.7 Mace of birth
Previcusly pregnsnt? Nocrawré's Materuity 18(26.9)
Yeu 81 (51.8) Lais Asgalo Hospital 41 (61.2)
No 50 (38.2) Crther B(1LM
Previces miscarringe? Adeguacy of weight for gestaticen] uge
Y 23017.4) SGA B(12.9
No 109 (22.6) AGA <7 (75.8)
Gestusional planning? LaA 7013
No 91 (88.9) Preterm bisth (< 36 weeks)
Yeu 41 (31.0) No 57 (96.6)
Have u cal ss pet? Yo 2(3.9)
No 102 (77.9) Variable Mean ( + SD)
Y 29(221) Gestaticnal age (weeks) 3.0 (=42)
Residential water sapply Sisieeom 320
Maviszats 410
Astesian well 23 (182) Weight at birth (g) 32109 (£73.01)
Pipesd 103 (1.8 Mt 1744
Water treatment Masimam a2
Length ot birth (an) TA(+04)
Not treated 77 (50.2) Mizasom 32
Treuted (Filtered/boiled) 53 (a0.3) Sanismcen 54
Have they paved the howse street? Percentile 557 (+15)
No 53 (80.2) Moseum 62
Yeu 7% (50.8) Magiemam ”ns
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Table 3
Compesite scores of Bayley.lll scales of infant incloded i the
stody.

Newroooxicolagy 106 (2015) 10-16

Table s
c«npocumsduquulmdmwungﬁnmfnrmnr gondu ant-
bodies based on iate linear regr

Vurinbie Mean ( = SD) Adjusted  Noo-smadardized a95% P
3
Cagnition scale 161D s az iz msicouss acicue
Misism 50 Cognition senle 351 % - 0078 ~0.144 - 0,025
Mugisan 140 -0.033
Language scale 1051 (1.9 lanpesge scale  14.4% ~0075 -0152- 005
Migimum ™ Q002
Muxiean 158 Motor scule 3.9% ~-0.031 ~0.071 - 0122
Motoe scule 043 =11 a010
Misism 82 Socio- LT% -0014 ~0.097 - oz
Mgz 118 emotionsl scale 0069
Socio-emotional scale 1273 (£1.6) Adaptive 14.4% ~0.031 ~0.095 - 030
Migizsun *s belsavior scale Q033
Musiman 140 — - —
Adaptive behavior wale 03.81{+17) A  week of bisthmnd adaquacy of birth swelght
Misi e 73 fussunmdqe(pamnﬂlc).
Matissan 128 Statistically significant association.
"Mtcdcn:md mmmnmaﬂyagmﬁmﬁ:ﬂzo).ﬂunmmng-
Adj 1 week of birth and adequacy of nificane mpozite scores and matemal Ig0
hmhwdghtfcxmulnge. titers for anti-CMV.
Ref. - Reference Group
4. Discusaion
Table 4 = - - .

The findings of thiz study provide evidence that chronic matemal
tmpomexmudﬂrqum.ndponmmundxmbgfotlgcm . ion with T i may be ixted with g in
T. gondii antibodies based on mul L B infaction - gondii asoocia adverce omes

child neurodevelopment, particularly concerning cognitive fumction
TyOaeti-Y. gondlt - tyd aeul Y. ox{a > Even though no significant association was observed between matemal
posdnan 9 (’:)am"' oW s lgO asvpounvuvtotT gondii and odds of low performance in neuro-
- _ Jomai dmmwnmmnmm
-ak‘ e g Jeling led 3 Iy cignificant association be-
~ 85 poiats 24.(94.9) 18 (90) Ret. mmmlam-?’ Mlﬁmﬂmwm
< 85 points 2056 2(10) 0.53 Purthermore, it was found that thereizap ial link b i
an7 - levels of matemal 1gG to T. gondi and decreased compocite scores on the
408 1 1
Language soale 0678 X amn o its
85 poiats 35(07.2) 18 (50) Rel. The pregamnt wo r_v'f'd*md&'ww
< 8S poiats 1(2.8) 200 0.6) them 2z zocioeconomically
(006 - chaﬂqed:ndhmmmadeqummmymhmﬂupum
£36) X of T. gondii infection among pregnant women waz 58.4 % (95 %-Cl,
Motor dotbe ‘ 46.7 % - 644%].Thnnnenqumcmnﬂgmnn&ng=mpormlm
> BS points 35(.2) 20 (100) - 2 &
< 85 points § (283 o pr studias focuzing on B pregr Thep
Soto . demonstrates bl ions across diverse reg; md: ported
emotional rateo ranging from 49.2 % to 75.1 % (Lopes =t al | 2009, Ribeiro et al
:‘;M 55 ¢iow 206663 ~ 2008). Various factors, including age, educational atainment, income
Rl o o level, animal expocure, and dietary practices impact the infaction rate
Adaptive 0490 (Avelar et 2l 2017; Messina et al, 2019; Antinasrelli et al, 2020).
behavice seale anm&mmuﬁw&moimﬂdm
> BS poinn 29(82.9) 16 (80) Rel. continues to be 3 significant apprehension (Folles =t 2l 2022). In
o a7 40 - Brazil, the Bel atrain of T. p&nhmmwm
7.26 ciated with outbreaks and & inh imale Although
odacrdmalhnm,mdlnm&m:ndm,hmﬂmb&nﬂm
tified, they are less common and present different level: of virulence
b l 1gG titers and cog scale (Carneiro et al | 2013; Boto et al | 2023).

scores, with a non-standardized Beta coefficient of 007'8(95%-01
~0.144 - - 0.015}. Thiz finding suggests that cognition scxle

m&xing:ofdzmmdymp&yapopulxedunnumdbya

mmwwawmhmmtmem
mmllgommmsumlk‘mggmdnxmnﬂlgom

deliveries (42.4 %) and 2 va-
netvoimdn:u,mduﬁng significant number of SCA (12.9 %)
and LOA (11.3 %) infantz. Moreover, the racial/ethnic makeup of the
study population suggest: a predominantly Afro-Brazilisn ethnical
compocition (06.7 %). The rate of cesarean sections in Brazil ranks

explain 35.1 9% of the variation in cogr omp: scores after
adjustment for covariates.

The analyziz also found 2 borderline iation b 1
Ig0 dters and L g= ocale composite scores, with 3 non-standardized

Beta coafficient of —0.075 (95 9%-CI: - 0.152 - 0.002), and a p-value of

0.056. Although not statistically zignificant at 0.05, the negative coef-
ficient suggests elevated matemal 1gG titers for anti-T. pldumvae

1g the highest globally. Various determinants. such as sociceco-
nomic variables, rick clamification, and type of service (private or
public), ibute to thiz (Diaz et al, 2022).

At 12 £ 3 monthz of age, the infants’ neurodevelopment was
umdunngdubayl»mmls.mmulnuwdzuimuu

associated with lowerl ge scale comp scores. The
with motor, socio wal, and adaptive behavior scale

3 B&Jdmhp:mtbuklowemondx

socic-
1 o ks

rom

N scale I to the other domainz aoseszed by the

=
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dleu{xmz .\hh!vmeﬁﬁ:hvdyxhptwthurwmd
in gelf-care behaviors at thiz stage of develop The cogr
guage. and motor scores averaged close to 100. It iz important to note

that the Bayley-1Il zcale has moderate predictive validity for

outcomes in children However, it may not identify all children at rick of
future cognitive deficits (Spencer-Omith =t al | 2015).

The present study found no asociations between matemal ans-CMV
Ig0 antibodies and scores of the Bayley-Ill. Nevertheless, the
ﬁndmgmdmedu:fareuhwmofmmmalngwﬂ:lgGum
increace, the compocite scores of the cognitive acale &
:ppcunmﬁdvowpommThnmu}xxugguuduxhghulmkof
matermnal IgC antibodies against T. gonds, in ive of chronic infe L
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the imp of 1g and early detection of | infe
g Juring ¥ to mini adverce imp on the child's develop-
, Lan- m&&dyxdﬁhﬁamd&mbmd&hy:wmmm
:udz:..theBavl:y-m:a ial for imp g intenzive followwup
i andm-u‘ . health ed anul preven-
tive es, such 2 tnnnandvege(alienpopedyaml

king meat adequatel mhelp Juce the & P
5. Conecluzions

In conclusion, thiz study suggest: that chronic maternal T. gondii

infecti mmﬁmtwﬂdmmmhnmmdm&h

may be associatad with poores cognith £ in 12: h-old
Mmmmmn‘mmﬁnﬁlﬁdﬁecmwxak

omp scores c:nbeexphmedbvmm'n.\llgonmnmd
the adj covari (gestational age at birth and birth weight
adequacv)'l’hmeﬁnlmg: = wi:hr_ ious studies that have
i i level 1 deficits
mchkhliAu\ggculbychm:Tgmdnmfacnmmyﬂ:c
PO such az
mmm,mdoomt:l i i then:kofneu—
1 dicord (Be:vdo.'nn]l).uuc mky, 2019; Vissova
nxl.:OZlL

Annu&yvdth:nim:kdamhwmﬁsamddzhnpmofmduem
mbm?gauhmlxhaophmn,!mmddntupmmm
the

adverae outcomes in child neurod
WMWWthmM
exrly detection of ng preg ini
alverze impacs on child develop Puture studi m:hlxgernm-
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mdmﬂzywmpstdedwuha&ndeduphnamnofthemiy
purpoce, procedurez, potential ricks, and benefizz. Participants were
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andtbelealmgpwtham&aonlen such a2 schizophrenia and bipol
dizorder, highlighting itz potential role az a rick factor in the develop-
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and clinical evid iati T. gonds i
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