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RESUMO 

 

 

O período gestacional representa um momento importante para a mãe e filho, pois a 

exposição materna à antígenos microbianos pode determinar a colonização e desenvolvimento 

imunológico fetal. A cavidade bucal representa uma porta de entrada de inúmeras espécies 

bacterianas. Estas por sua vez, podem ocasionar doenças orais importantes, como a cárie 

dentária, sendo Streptococcus mutans (SM) o principal micro-organismo envolvido na sua 

etiologia. Estudos prévios demonstraram que neonatos apresentam anticorpos contra SM na 

saliva na ausência de níveis detectáveis deste micro-organismo, daí a necessidade de 

investigar a exposição antigênica na vida intrauterina. O objetivo do presente estudo foi 

avaliar a presença de SM e IL-6 e IL-10 em amostras de Líquido Amniótico (LA) e associar 

com dados clínicos. O estudo envolveu a participação de 26 mulheres com partos a termo e 

sem complicações gestacionais. Dados de saúde geral foram colhidos através de um 

questionário aplicado às participantes. As voluntárias foram examinadas oralmente, o CPOD 

foi calculado e salivas (SA) não estimuladas foram coletadas. A obtenção de LA foi realizada 

no Centro Obstétrico do MPHU durante as cesáreas estocadas em gelo. As amostras coletadas 

(SA e LA) foram encaminhadas ao Laboratório de Biologia Molecular da UNIUBE para 

análise laboratorial. A análise da presença de DNA de SM foi realizada por ensaios de PCR 

em tempo real com primers específicos. Os níveis de IL-6 e IL-10 foram realizados através de 

ELISA com kits específicos para estas interleucinas nas amostras de LA. Os resultados 

mostraram que 69,2% das amostras de LA apresentavam SM detectável, sendo que 65% das 

mulheres tinham a bactéria no LA e SA ao mesmo tempo. Houve uma associação positiva 

entre a presença de SM no LA e relato de não ir ao dentista frequentemente (p<0.05). Não 

houve diferença estatisticamente significante entre a frequência de LA com detecção ou não 

de SM e cáries ativas (p>0.05). No entanto, a os escores de CPOD das mulheres com LA 

positivo para SM foram superiores ao das mulheres sem SM detectável (p<0.05). Os níveis de 

IL-6 foram superiores ao de IL-10 no LA (p<0.05). Não houve diferenças significantes nos 

níveis de interleucinas entre amostras com SM detectável ou não no LA e nem mesmo com 

dados clínicos analisados (p>0.05). Os dados coletados permitiram concluir que o LA possui 

SM em níveis quantificáveis, provavelmente associados com a maior experiência de cárie, 

visto pelo maior índice de CPOD. Os níveis de interleucinas não estiveram relacionados com 

a presença de SM. A presença de SM no LA pode explicar a estimulação imune mucosa de 

crianças recém nascidas pela detecção prévia de anticorpos salivares contra SM.   
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ABSTRACT 

 

 

The gestational period represents an important moment for the mother and child, since 

maternal exposure to microbial antigens can determine colonization and fetal immune 

development. The oral cavity represents a gateway for numerous bacterial species. Those 

bacteria can cause important oral diseases, such as dental caries, in which Streptococcus 

mutans (MS) being the main microorganism involved in its etiology. Previous studies have 

shown that neonates have antibodies to MS in their saliva in the absence of detectable levels 

of this microorganism, hence the need to investigate antigenic exposure in intrauterine life. 

The aim of the present study was to evaluate the presence of MS and IL-6 and IL-10 in 

samples of Amniotic Fluid (AF) and to associate with clinical data. The study involved the 

participation of 26 women with term deliveries and without gestational complications. 

General health data were collected through a questionnaire applied to the participants. The 

volunteers were examined orally, the DMFT was calculated and unstimulated saliva (SA) was 

collected. The acquisition of LA was performed at the Obstetric Center of MPHU during 

cesarean sections and stocked on ice. The collected samples (SA and AF) were sent to the 

Molecular Biology Laboratory of UNIUBE for laboratory analysis. The analysis of the 

presence of SM-DNA was performed by real-time PCR assays with specific primers. The 

levels of IL-6 and IL-10 were performed by ELISA with specific kits for these interleukins in 

the AF samples. The results showed that 69.2% of the AF samples had detectable MS, and 

65% of the women had the bacteria in the LA and SA at the same time. There was a positive 

association between the presence of MS in AF and a report of not going to the dentist 

frequently (p <0.05). There was no statistically significant difference between the frequency 

of AF with or without detection of MS and active caries (p> 0.05). However, the DMFT 

scores of women with positive AF for MS were higher than that of women without detectable 

MS (p<0.05). IL-6 levels were higher than IL-10 in AF (p<0.05). There were no significant 

differences in the levels of interleukins between samples with detectable MS or not in AF and 

not even with clinical data analyzed (p>0.05). The data collected allowed us to conclude that 

the AF has SM in quantifiable levels, probably associated with the greatest caries experience, 

and seen by the highest DMFT index. Interleukin levels were not related to the presence of 

MS. The presence of MS in AF may explain the mucosal immune stimulation of newborn 

children by the previous detection of salivary antibodies against MS. 
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1. INTRODUÇÃO GERAL  

 

O líquido amniótico (LA) é um complexo e dinâmico líquido biológico que 

proporciona proteção mecânica, nutrientes e substâncias necessárias para o crescimento fetal e 

seu bem-estar, além de possuir efeito antimicrobiano (Underwood et al., 2005). É um 

biofluido que se encontra em contato permanente com o feto e tem sua composição variada de 

acordo com a evolução gestacional (Underwood et al., 2005). 

No primeiro trimestre, o LA é composto por várias moléculas que passam facilmente 

pela membrana provenientes do plasma materno (Hasimoto et al., 1993). Ao final desta fase, a 

sua composição começa a mudar, passando a se assemelhar ao plasma fetal; equilíbrio esse 

conseguido através da pele fetal e de outras vias de troca, como a placenta e o cordão 

umbilical (Hasimoto et al., 1993). A produção de urina, a deglutição fetal e o exsudato 

alveolar passam a ser as vias fundamentais para a mudança na composição do LA a partir do 

segundo trimestre (Hasimoto et al., 1993). Há inclusive entrada preferencial pela placenta de 

produtos teciduais, como prostaglandinas e a prolactina, que passam direto para o LA, sem 

circular pelo sangue materno (Hasimoto et al., 1993). 

Tem sido amplamente refutada, em virtude das novas técnicas de sequenciamento 

metagenômico, a hipótese de que os recém nascidos são inicialmente estéreis e adquirem 

micro-organismos maternos vaginais e fecais somente quando iniciam o trânsito pelo canal 

vaginal, durante o trabalho de parto (Mackie et al., 1999). A investigação da presença de 

micro-organismos nestes ambientes, só é realizada quando há sintomas ou em algumas 

situações que podem levar a infecção como, por exemplo, a ruptura prematura de membranas 

ou dilatação cervical (Lee et al., 2007).  Existem evidências clínicas de que há micro-

organismos na placenta, sangue do cordão umbilical, líquido amniótico e mecônio em 

gestações a termo sem infecções evidentes (Bearfield et al., 2002; Steel et al., 2005; Jiménez 

et al., 2005, 2008; Stout et al., 2013; Aagaard et al., 2014). 

Espécies virais como citomegalovírus (Endo et al., 2009), papilomavírus (Rombaldi 

et al., 2009) e zika vírus (Calvet et al., 2016) puderam ser detectadas no sangue do cordão 

umbilical de bebês recém nascidos. Estudo de Jimenez e colaboradores (2005), em amostras 

de sangue de cordão umbilical, detectaram a presença de várias espécies bacterianas tais 

como: Enterococcus faecium, Propionibacterium acnes, Staphylococcus epidermidis e 

Streptococcus sanguinis. Curiosamente, estas espécies são naturalmente presentes em crianças 

desde os primeiros dias de vida (Favier et al., 2002; Martin et al., 2003) e em crianças 

predispostas, pode haver o desenvolvimento de infecções oportunistas por tais espécies 
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(Jimenez et al., 2005). A análise de mecônio de neonatos saudáveis apresentou níveis 

detectáveis de Enterococcus faecalis, Staphylococcus epidermides e Escherichia coli, 

sugerindo que ao contrário do que se pensava, esse material biológico pode não ser estéril 

(Favier et al., 2002) e refletem a exposição microbiana do ambiente intrauterino. 

 Estas evidências de influxo microbiano entre mãe e filho, suscitam diversas discussões 

a respeito da transferência de micro-organismos comensais detectáveis na mãe para o feto, 

como por exemplo, os albergados na cavidade bucal. A cavidade oral possui mais de 700 

tipos diferentes de bactérias, que de forma dinâmica, constituem a microbiota oral composta 

por micro-organismos transitórios e residentes. Estudos em modelos animais, de infecção 

ativa oral com micro-organismos comensais, permitiram a detecção de vários destes 

patógenos no feto e placenta (Lin et al., 2003; Boggess et al., 2005; Fardini et al., 2010). O 

sequenciamento de amostras de placentas mostrou que o microbioma placentário não se 

assemelha aos microbiomas vaginais ou intestinais, como se pensava anteriormente, pois é 

mais semelhante à microbiota oral normal, especialmente da língua e amígdala (Aagaard et 

al., 2014).  

 Patógenos orais, incluindo Streptococcus mutans e Lactobacillus casei, responsáveis 

pela doença cárie, podem estar presentes na cavidade amniótica (Morency et al., 2006; 

Gendrin et al., 2015), mas pouca informação e estudos longitudinais coesos abordam estes 

micro-organismos. Diferentemente dos micro-organismos periodontais, uma maior 

colonização por estes micro-organismos denominados cariogênicos resulta em uma menor 

incidência de partos prematuros (Dasanayake et al., 2005; Durand et al., 2009; Merglova et 

al., 2014).  

 A grande maioria dos estudos com gestantes e micro-organismos orais cariogênicos, 

especialmente Streptococcus mutans, envolve a transmissão destes micro-organismos da mãe 

para o filho, pois esta representa a principal fonte primária de infecção (Lapirattanakul et al., 

2008; Binks e Duane, 2015; Da Silva Bastos et al., 2015). Alguns estudos têm demonstrado 

que mães com elevadas concentrações de S. mutans salivares, tendem a ter filhos altamente 

infectados, sendo que as mães pouco colonizadas, têm filhos com baixos níveis detectáveis 

deste micro-organismo (Berkowitz e Jordan, 1975; Rogers, 1977; Kohler et al., 1983; Li e 

Caufield, 1995; Li et al., 2000; Redmo Emanuelsson e Thornqvist, 2001; Tanzer et al., 2001; 

Azevedo et al., 2014). As primeiras informações a respeito da possível transferência de 

bactérias envolvidas no biofilme dentário foram relatadas por Ivanyi e Lehner (1978) que 

constataram uma correlação significativa antígeno-específica existente entre as respostas 

proliferativas de linfócitos maternos e neonatais para uma variedade de antígenos bacterianos 
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do biofilme dental. Os autores sugeriram que os linfócitos fetais estavam sendo sensibilizados 

por um fator materno solúvel que atravessa a placenta. Posteriormente, Streptococcus mutans 

e Lactobacillus casei foram detectados na cavidade amniótica (Bearfield et al., 2002; 

Dasanayake et al., 2005; Morency et al., 2006). 

 A disseminação de bactérias orais pela corrente circulatória é comum em pacientes 

submetidos a procedimentos dentais como exodontias, tratamento endodôntico e cirurgia 

periodontal (Li et al., 2000). Em gestantes a entrada de micro-organismos para a circulação 

seria facilitada pelos quadros de gengivites (Nierderman et al., 2013) devido as alterações 

hormonais decorrentes da gravidez (Offenbacker et al., 2006). Somados a isto, S. mutans pode 

estar associado à etiologia das endocardites bacterianas, devido a sua capacidade de causar 

uma bacteremia seguida pela adesão às células endoteliais (Kilian, 1982; Moreillon, 2004; 

Nakano et al., 2006, Nemoto et al., 2008). Ensaios longitudinais estabeleceram que escovação 

regular dos dentes com pasta fluoretadas esta associado com menor colonização por S. mutans 

e menores chances de cárie de infância (Plonka et al., 2013). 

 Neste sentido, as evidências literárias fortalecem a hipótese de que possa haver influxo 

de espécies bacterianas orais ou parte destas, por via hematogênica durante a gestação. Este 

estímulo bacteriano pode desempenhar um papel fundamental na estimulação ativa do sistema 

imune de mucosa de recém-nascidos e lactentes, tendo uma função biológica importante por 

apresentar uma coleção de antígenos que contribuem para a tolerância antigênica (Zaura et al., 

2014) e também pode ser uma importante ferramenta para o entendimento da presença de 

anticorpos salivares específicos contra estreptococos orais encontrados, em recém nascidos, 

logo no primeiro dia de vida (Borges et al., 2015). Os resultados de uma pesquisa recente com 

gestantes do presente estudo (Mendes et al., 2018) permitiram observar a presença de S. 

mutans em amostras de sangue do cordão umbilical mostrando que este micro-organismo 

pode ser detectado no ambiente intrauterino e ainda, que hábitos de higiene oral em mais de 3 

vezes ao dia podem colocar S. mutans na circulação pela permeabilidade da gengiva materna. 

Por outro lado, a maioria das amostras de colostro destas mesmas gestantes não apresentaram 

S. mutans, apesar de serem altamente colonizadas pela bactéria (Silva et al., 2019). 

 A produção de IgA específicos a determinados antígenos derivados de fontes 

alimentares e ambientais inicia-se antes do nascimento (Shah e Bapat, 2006). Foram 

encontrados IgA em salivas e mecônio de neonatos no primeiro dia de vida contra antígenos 

de E. coli (Mellander et al., 1986). Uma vez que o mecônio é formado a partir da 16ª semana 

de gestação e representa uma coleção de restos de células e secreções, bem como da ingestão 

de líquido amniótico, estes anticorpos são próprios do recém-nascido. Estudos prévios 
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revelaram que crianças recém nascidas apresentam anticorpos IgA salivares contra S. mutans 

e seus antígenos de virulência, independentemente da presença da bactéria na saliva da 

criança (Borges et al., 2015), o que sugere a presença de S. mutans no líquido amniótico, daí a 

importância da presente investigação. 

  As citocinas são peptídeos secretados pelas células da resposta imunológica inata e 

adaptativa e são as mediadoras de muitas funções dessas células (Kummar & Shafi, 2004) 

podendo ser produzidas durante a fase de ativação e fase efetora da imunidade para mediar e 

regular a resposta inflamatória e imunitária (Gallin et al., 1999). Estes peptídeos são liberados 

em resposta a micro-organismos e outros antígenos agressores, e atuam nas respostas 

envolvidas na inflamação e na imunidade do indivíduo. As diferentes citocinas podem ser 

enquadradas em diversas categorias, os interferons, interleucinas, fator estimulador de 

colônias (CSF), fator de necrose tumoral (TNF-α e TNF-β) e fator de crescimento (TGF-β). 

Podem ser pró e anti-inflamatórias, sendo que o desfecho final de um processo inflamatório 

dependerá do balanço entre elas. As citocinas pró-inflamatórias estimulam a inflamação, 

diretamente ou pela produção de outras citocinas, estando presentes em níveis elevados no 

sangue e soro durante a inflamação, sendo elas, a IL-1, IL-2, IL-6, IL-8, IL-12, TNF-α e IFN- 

γ (Meirovitz et al., 2010). As anti-inflamatórias: IL-4, IL-10 e IL-13 atenuam a inflamação 

pela restrição da produção de citocinas inflamatórias e aumentam a expressão dos receptores 

solúveis (Sarrouh et al., 2007).  

 A produção da IL-6 pode ser induzida facilmente por diversos estímulos como 

infecção viral, antígenos bacterianos, entre outros (Van damme et al.,1987; Fong et al., 1989; 

Ueno et al., 1989). Estudos em monócitos de neonatos mostraram que estímulos microbianos 

desencadeiam a produção de IL-6 por estas células em níveis similares aos produzidos por 

indivíduos adultos (Matsuzaki et al., 1990; Saito et al., 1990;  Yachie et al., 1990). Estudos 

recentes mostram altos níveis de IL-6 no sangue do cordão umbilical em recém-nascidos com 

sepse neonatal precoce, cujas mães tiveram corioamnionite (Yoon et al., 2000; Naccasha et 

al., 2001, Chiesa et al., 2003). Sendo assim, a IL-6 é um mediador inflamatório neonatal 

importante. Além disto, um estudo de Redwine e colaboradores (2000) demonstraram que 

crianças de 8 a 9 anos, que sofreram algum tipo de estresse apresentam aumento dos níveis de 

IL-6 na saliva se comparadas com aquelas não submetidas a estresse. Perda de sono parece 

estar associada com a diminuição nos níveis noturnos de IL-6, o que poderia resultar em 

alterações do sistema imunológico (Redwine et al., 2000).  

 A IL-10 é produzida pelos linfócitos B e T “helper” tipo 2 (Th2) e pelos monócitos e 

possui uma função inibitória da proliferação dos linfócitos T “helper” tipo 1 (Th1) e da 



 

13 

 

produção de IFN-γ e IL-2, IL-1β, IL-6, IL-8, IL-12 e TNF-α. A função dos macrófagos como 

células apresentadoras de antígenos também é inibida pela IL-10 por meio da diminuição da 

expressão dos antígenos do complexo de histocompatibilidade de classe II, da molécula de 

adesão intercelular tipo 1 e da expressão do CD23. O aumento nos níveis de IL-10 

encontrados no plasma e sangue do cordão umbilical de recém-nascidos prematuros avaliados 

para sepse foi associado à mortalidade, sendo considerado como um dos primeiros 

indicadores de prognóstico de sepse (Romagnoli et al., 2001; Cancelier et al., 2009). 

 Um estudo prévio mostrou que neonatos apresentam níveis de interleucinas tituláveis 

em salivas sem evidências de detecção de micro-organismos que pudessem estimular uma 

resposta imune própria (Sesso et al., 2014). Os níveis médios e a frequência de detecção de 

citocinas IL-6 e IL-10 em amostras salivares de recém nascidos foram significativamente 

maiores ao nascer do que após 3 meses de vida, especialmente em prematuros (Sesso et al., 

2014), o que pode sugerir então que sejam derivadas no líquido amniótico.  

 Os dados encontrados até o momento mostram que o recém nascido possui anticorpos 

contra S. mutans circulantes derivados do sangue do cordão umbilical (Sesso et al., 2017) e 

salivares (Borges et al., 2015), que representam uma estimulação local. No entanto, há 

necessidade de se investigar o influxo de S. mutans através do líquido amniótico, que por sua 

vez, podem desempenhar um papel fundamental na estimulação ativa do sistema imune de 

mucosa do descendente.  

 A investigação da presença de S. mutans e citocinas no LA poderia ser uma 

importante ferramenta para o entendimento da presença destes componentes salivares 

encontrados em recém nascidos logo no primeiro dia de vida. Somados a isto, a abordagem 

sobre a investigação precoce sobre os agentes etiológicos associados a cárie é de interesse 

mundial, já que esta doença continua sendo um grande ônus para a saúde pública de bebês, 

pré-escolares e crianças que frequentam escolas primárias nos países desenvolvidos e menos 

desenvolvidos, sendo o maior ônus suportado por crianças das comunidades desfavorecidas 

(Kemoli et al., 2013). A cárie na primeira infância é o termo usado para descrever a cárie 

dentária em crianças com 71 meses ou menos (Zafar et al., 2009). É considerada uma doença 

com alta incidência entre as condições crônicas da infância e é cinco vezes mais frequente que 

a asma (Bagramian et al., 2009). Diante do exposto, a hipótese do presente estudo é a de que 

puérperas  com alta experiência de cárie e níveis detectáveis de SM salivares possam 

apresentar mais frequentemente a bactéria no LA e níveis mais elevados de IL-6. 

 

 



 

14 

 

2. OBJETIVOS 

  

 O objetivo geral do presente estudo foi o de investigar a associação entre a detecção 

de SM e de interleucinas (IL-6 e IL-10) no LA de mulheres que tiveram gestações sem 

intercorrências e a presença de SM na saliva e dados clínicos. Os objetivos específicos 

incluíram: 

- Avaliar a presença de SM no LA e na SA 

- Associar a presença de SM nas SA e LA com informações coletadas em 

questionários; 

- Correlacionar a presença SM nas SA e LA com a experiência de cárie materna; 

-  Comparar os níveis de DNA do SM detectado no LA e SA;  

- Quantificar os níveis de IL-6 e IL-10 e comparar entre as gestantes com SM 

detectável no LA e SA. 
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3. CAPITULO 1 - ARTIGO CIENTÍFICO 

Segundo as Normas da The Journal of Maternal-Fetal & Neonatal Medicine (ANEXO 1) 
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ABSTRACT 

 

The gestational period represents an important moment for the mother and child, since 

maternal exposure to microbial antigens can determine colonization and fetal immune 

development. The oral cavity represents a gateway for numerous bacterial species. Those 

bacteria can cause important oral diseases, such as dental caries, in which Streptococcus 

mutans (MS) being the main microorganism involved in its etiology. Previous studies have 

shown that neonates have antibodies to MS in their saliva in the absence of detectable levels 

of this microorganism, hence the need to investigate antigenic exposure in intrauterine life. 

The aim of the present study was to evaluate the presence of MS and IL-6 and IL-10 in 

samples of Amniotic Fluid (AF) and to associate with clinical data. The study involved the 

participation of 26 women with term deliveries and without gestational complications. 

General health data were collected through a questionnaire applied to the participants. The 

volunteers were examined orally, the DMFT was calculated and unstimulated saliva (SA) was 

collected. The acquisition of LA was performed at the Obstetric Center of MPHU during 

cesarean sections and stocked on ice. The collected samples (SA and AF) were sent to the 

Molecular Biology Laboratory of UNIUBE for laboratory analysis. The analysis of the 

presence of SM-DNA was performed by real-time PCR assays with specific primers. Levels 

of IL-6 and IL-10 were performed by ELISA with specific kits for these interleukins in the 

AF samples. The results showed that 69.2% of the AF samples had detectable MS, and 65% 

of the women had the bacteria in the LA and SA at the same time. There was a positive 

association between the presence of MS in AF and a report of not going to the dentist 

frequently (p <0.05). There was no statistically significant difference between the frequency 

of AF with or without detection of MS and active caries (p> 0.05). However, the DMFT 

scores of women with positive AF for MS were higher than that of women without detectable 

MS (p<0.05). IL-6 levels were higher than IL-10 in AF (p<0.05). There were no significant 

differences in the levels of interleukins between samples with detectable MS or not in AF and 

not even with clinical data analyzed (p>0.05). The data collected allowed us to conclude that 

the AF has SM in quantifiable levels, probably associated with the greatest caries experience, 

and seen by the highest DMFT index. Interleukin levels were not related to the presence of 

MS. The presence of MS in AF may explain the mucosal immune stimulation of newborn 

children by the previous detection of salivary antibodies against MS. 

 

 

Keywords: Streptococcus mutans, amniotic fluid, caries 
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Introduction 

Childhood caries is a common infectious disease that remains one of the most common morbidities 

worldwide and may lead to several problems of public health for children due to lost of tooth and 

malocclusion, malnutrition, phonetic issues, low self-esteem and possible systemic interactions. 

The severity of this disease impacts the oral health-related quality of life of preschool children 

(Firmino et al., 2016). Brazil has a population highly exposed to S. mutans, in which children, 

with 5 to 11 months of age, have high levels of S. mutans in saliva (Alves et al., 2009). So, early 

prevention procedure should be used immediately after birth, especially against colonization by S. 

mutans, which is considered the primary etiological agent of dental caries (Loesche et al., 1975) 

due to its ability to adhere and to accumulate on tooth surface, forming the dental biofilms.  

The mucosal immune response is the important source of oral protection; there are evidence that 

salivary IgA against antigens of S. mutans: Glucan binding protein B, glicosyltransferase C and 

Antigen I/II is associated to modulation of S. mutans infection, because high level of IgA reactive 

to those antigens were found in children with S. mutans undetectable in the oral cavity at 5-11 

months of age (Nogueira et al., 2005). Detectable levels of salivary IgA antibodies reactive to S. 

mutans were detected in children within the first hours after birth (Nogueira et al., 2012), before 

the first breastfeeding. Furthermore, the salivary IgA antibody specificities to S. mutans virulence 

antigens appear to be influenced by the newborn gestational age at birth (Borges et al., 2015), 

which might reflect the level of immunological maturity of the mucosal immune system.  

In order to clarify the role and development of mucosal immune response in neonates, these 

findings supported further study about the investigation of those mucosal antibodies and the 

microbial sources of stimulation from mother and intra uterine environment. The analysis of 

perinatal and intrauterine exposition to S. mutans needs to be investigated. Recently, few samples 

of colostrum presented S. mutans (Silva et al., 2019), excluding the immediate immune 

stimulation by the breastfeeding. The analysis of umbilical blood showed that the majority of 
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samples analyzed had S. mutans detectable, showing that it can be transferred during intrauterine 

life by the blood (Mendes et al., 2018). Several other microorganisms had been detected in the 

placenta, umbilical cord blood, amniotic fluid and meconium in term birth, without any signal of 

infection (Aasparg et al., 2014). These findings have fundamentally changed the understanding of 

gut microbiota acquisition and its role in human development and the traditional view of human 

microbiome acquisition of “sterile womb paradigm” and supports studies about the “in utero 

colonization hypothesis” (Perez-Munhoz et al., 2018). Particularly in relation to bacteria 

colonizing the placenta, evidence has been presented suggesting hematogenous spread of 

organisms from the mother to the amniotic cavity (Aasparg et al., 2014; Han et al., 2006; Fardini 

et al., 2010). Recent study with sequencing of humans’ placentas showed that the microbiome of 

those samples were more similar to normal oral microbiota, especially the tongue and tonsil, than 

the vaginal or intestinal microorganisms, as previously described (Aasparg et al., 2014).  

Cytokines are peptides secreted by cells of immune response to regulate the activation and effector 

phases of inflammatory response (Clapp, 2006). Proinflammatory cytokines, such as: IL-6, IL-8, 

IL-12, IFN-γ, stimulates the inflammation (Meirovitz et al., 2010), while the anti-inflammatory, 

IL-10, attenuates the inflammation by restricting the production of inflammatory cytokines and 

increase expression of soluble receptors (Sarrouh et al., 2007). These peptides can be released in 

response to microorganisms (Rang et al., 2001) and are important in controlling the response to 

antigenic challenges. Studies focused the analysis of cytokines in samples of amniotic liquid 

(Holst et al., 2005; Jacobsson et al., 2005), showing a positive correlation between the increases of 

proinflammatory cytokines, particularly IL-6 with prenatal intrauterine infection (Holst et al., 

2005) and preterm birth (Holst et al., 2005; Jacobsson et al., 2005). A previous study showed that 

neonates have detectable interleukin levels in saliva without evidence of detection of 

microorganisms (such as S. mutans and S. mitis) that could stimulate their own immune response 

(Sesso et al., 2014), suggesting that those cytokines were remain of amniotic fluid. 
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Since amniotic fluid is a biofluid composed of several molecules that pass through the fetal 

membrane from the maternal plasma, it is swallowed during intrauterine life and the placental 

microbiome resembles the oral (Aaspard et al., 2014) so there is a need to investigate the 

immunological components and microbiological effects of this biofluid that are associated with 

the oral development of the neonate. Here, we investigated the presence of S. mutans and IL-6 and 

IL-10 in the amniotic fluid from voluntaries with term gestation and associated with clinical oral 

data.  

 

Material and Methods 

Thirty-nine healthy women, who were admitted at term to the Department of Obstetrics at the Mario 

Palmeiro University Hospital after a clinically normal pregnancy, were enrolled in the study. 

Clinical records were collected and examined in order to verify that the criteria were fulfilled. 

Inclusion criteria were: healthy mothers without alcohol consumption and smoking, no 

complications during pregnancy and delivery, full term deliveries (above 39 weeks of gestation), 

without using medications, such as: corticosteroids, antibiotics and anti-inflammatories. Informed 

consent was obtained from all the patients according to the protocol approved by the Committee 

for Ethical Issues in Human Research at the University of Uberaba (ANEXO 2 - CAAE 

62821616.1.0000.5145). Informed written consent was sought for their participation in the study. 

General demographic details were collected from the women through a previously developed 

administered questionnaire. A total of 26 voluntaries were eligible to participate in the study. 

Thirteen did not participate of study because gave up continuing (n=3), started using antibiotics or 

anti-inflammatories (n=5), were edentulous (n=2), smokers (n=3).  

Questionnaires collected information during the gestation period including age, level of education 

(primary, secondary, high school and university), general health (yes or no), dental visit frequent 

(yes or no), brushing frequency (one to two or more than 3 times in one day), dental treatment 
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during the gestation (yes or no), smoking (yes or no), alcohol consumption (yes or no), 

treatment/medication (yes or no).  

Samples collections  

On the day before caesarean section unestimulated saliva samples and Amniotic Fluid (AF) was 

taken from women attending for elective caesarean section. Amniotic fluid samples were obtained 

after spontaneous rupture of the membranes or by transvaginal amniotomy. The fluid was 

transported in ice in a sterile polystyrene tube to the laboratory where the fluid was divided into 

aliquots. A portion of the amniotic fluid was sent to the research laboratory for microbiologic 

evaluation. The remaining fluid was immediately centrifuged at 500g to 800g for 10 min with the 

supernatant stored at - 70 ° C for future evaluation of cytokine concentrations. 

 

Dental Caries Assessment 

The results of the clinical dental examination were recorded employing the decayed, missing, and 

filled teeth (DMFT) index, where “D” (decayed) denotes the present number of teeth with 

untreated and active caries, “M” (missing) expresses how many teeth are missing and have been 

extracted due to caries, and “F” (filled). 

Detection of S. mutans in the samples 

DNA was extracted with the PowerLyzer PowerSoil DNA Isolation Kit (MO-BIO, Carlsbad, CA, 

USA) according to the manufacturer’s instructions. Firstly, the samples were incubated with 20 

mg ml-1 lysozyme (Sigma, Tokyo, Japan) solution; containing 50 mM Tris-HCL (Sigma, pH 8.0) 

and 20 mM EDTA (Sigma), and incubated at 37oC for 30 min. Samples were immediately 

transferred to eppendorf tube containing bead Solution. After were vortexed for 2 min to ensure 

the release of bacteria to the suspension, which was then transferred to a PowerLyzer Glass Bead 

Tube (MOBIO). The concentration of the purified PCR product was measured with a NanoDrop 

2000 spectrophotometer (Thermo Scientific). Sm479F/R primer pair (Sm479F: 5′-
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TCGCGAAAAAGATAAACAAACA-3′ and Sm479R: 5′-GCCCCTTCACAGTTGGTTAG-3′) 

that is highly specific and sensitive for identification of S. mutans in mixed DNA samples was 

purchased from Invitrogen (Tokyo, Japan). The StepOne™ Real-Time PCR System (Thermo 

Fisher Scientific) performed quantitative-PCR. Each reaction tube contained reaction mixture, 

including 6.5 µL SYBR Green Master Mix (Roche, Ilhois, USA), 1µL of each primer, 4.5 µL de 

ultrapure water e 2µL of DNA extracted from samples. The cycling conditions were 45 cycles of 

15 s at 94°C for denaturation, 30 s at 56°C for annealing, and 30 s at 72°C for extension followed 

by a melting curve analysis of the qPCR product. Two qPCR reactions were performed for all 

samples. To positive control was used DNA from Streptococcus mutans (UA159). 

 

Quantification of Cytokines Using Elisa 

Amniotic Fluid concentration of IL-6 and IL-10 were determined by ELISA commercial kits 

(Sigma) in according to the manufacturer's instructions. All tests were performed in triplicate with 

samples diluted 1:200. The ranges of the sensitivity standard curve of the ELISA kits were 4.7–

150 pg/mL for IL-10 and 1.4-1340 pg/mL for IL-6. 

 

Statistical Analysis 

Analyses were performed using a computer statistics program (SPSS 13.0, SPSS Inc. Chicago, IL, 

USA). Detection frequencies were compared using Chi-square analysis or Fisher Exact test. 

Differences in the fluorescence intensity, levels of interleukin and DMTF were calculated by 

ANOVA with post hoc Bonferroni’s analysis. The correlation between SM DNA detection and 

data of interview and caries experience were tested by Pearson analysis. A P value <0.05 was 

considered statistically significant.  
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Results 

In total, 26 women with singleton pregnancy were admitted in the study. The ethnicity mix 

comprised 14 Caucasian, 4 Asian and 8 Afro women with a mean age of 27 years. The mean 

gestation period was 39.3 weeks and the mean weight at delivery was 3656 grams. All were 

singleton births with 13 males and 13 females. None women were primigravidae, smoking, 

alcohol consumption, treatment/medication during the gestation. No evidence of infective 

morbidity was found among the newborns.  

 

Detection of SM in AF and salivas 

Firstly, bacterial DNA was detected by 16S rDNA directed real time PCR, with either one or both 

sets of universal primers used, in 21/26 of the amniotic fluid samples. SM was detected in the AF 

of 18/26 of patients (Table 1). Twelve of 26 of patients demonstrated infection with SM DNA in 

both AF and saliva, but the difference was not significant (Figure 1, p>0,05). 

No association was found between the frequencies of women with detection of SM DNA in AF as 

regards age, level of education, general health, frequent dental visits (Table 1, p>0.05). On the 

other hand, women that related to no visit frequently the dentist have more samples of amniotic 

fluid with microbial DNA detectable (Table 1, Fisher Exact test, p=0.007).  

 

Levels of DNA SM in AF and salivas 

The mean intensity of fluorescence emitted in CT (in unity of fluorescence) of SM DNA detected in 

the AF and in salivas were 205481 (SD:142751) and 182193 (SD:47154) respectively (p>0.05). 

Comparison between groups of SM DNA detected or not in AF showed that there were a 

statistically difference in the levels of fluorescence emitted in samples of salivas, because these 

levels were higher in women with S. mutans detected in the amniotic fluid (Figure 2, p<0.05). 
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Caries Experience and SM DNA detection in saliva and AF 

The presence of active caries were found in 38.5% (10/26) and S. mutans detectable in saliva in 

57.7% (15/26) of women. The prevalence of the presence of both caries and S. mutans in saliva, 

caries alone, and S. mutans alone was 23.1% (6/26), 15.4% (4/26), and 34.6% (9/26), respectively. 

In addition, 26.9% (7/26) of women did not have both caries and S. mutans in saliva. There were 

no difference in the detection of active caries between women with SM DNA detection or nor in 

the AF (Figure 3 p>0.05).  

The experience of caries represented by DMFT scores was from 3 to 20. Figure 4 presents the 

DMFT scores of each woman by detection of SM DNA in the amniotic fluid. The mean of DMFT 

of women with SM DNA detected in AF was the double of values found in women with SM no 

detected in AF (10.5 ± 4.8 vs 5.1± 2.3, p=0.0073). There were positive correlation between DMFT 

and Intensity of fluorescence of SM DNA detection in AF and saliva (p<0.05 and r>0.39).  

 

Cytokines concentrations  

The distributions of cytokine levels in AF samples of mothers with SM DNA detection or not in are 

shown in Figure 5. All samples of AF presented IL-6 and IL-10. The mean levels of IL-6 showed 

were significantly higher than IL-10 in the AF (p<0.05; mean: 1795,54 ± 1918,23 vs 55,04 ± 

41,67). Comparison of cytokine levels in the groups of women with SM DNA detected in the AF 

or not had no significant difference for both cytokines (Figure 5, p>0,05). Pearson correlation 

reveals no correlations between IL-6 and IL-10 and DMFT and clinical data (p>0.05, r<0,01).  

 

 

Discussion 

This study investigated the presence of genetic material of SM in amniotic fluid from mothers at 

delivery and compared with clinical data and levels of interleukin 6 and 10 and caries experience. 
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The results showed that SM DNA can be detected in the majority of AF samples (n=18, 69.2%), 

but there were not a positive correlation in the detection between detection of SM in saliva and 

active caries. On the other hand, the presence of SM in the AF was related to frequent visit to the 

dentist and caries experience. 

In this study, 80% of the AF samples were found to be positive for microorganisms by using 16S 

rDNA PCR, which contributes to the hypothesis that the uterine cavity has a normal flora. The 

presence of SM in AF corroborates the findings of recent studies, in which several 

microorganisms could be isolated in samples of umbilical cord blood, amniotic fluid, and in the 

placenta with no clinical or histological evidence of infection or inflammation in the mother-child 

pairs (Stout et al., 2013; Aagaard et al., 2014) and refute the idea that the intrauterine environment 

is free of microorganisms and that fetuses acquire microorganisms only when they started transit 

through the vaginal canal and subsequently through contact with maternal skin (Mackie et al., 

1999). Metagenomic analysis of placental specimens has revealed the existence of a microbiome 

in the placenta with taxonomic profiles similar to those described in the oral environment, where 

periodontopathogenic bacteria are relatively abundant in placentas of healthy pregnancies 

(Aagaard et al., 2014; Prince et al., 2014).  

The results in this study indicate that the majority of samples (69,2%) have S. mutans found in the 

AF as like were detected previously (Bearfield et al., 2002). Although in the case of S. mutans, 

absence from the saliva, 65% of voluntaries had the bacteria in both samples, showing the bacteria 

in AF may have an oral origin. Several routes of bacterial access to the placenta, including 

ascension from the lower genital tract, entry through the mother’s bloodstream, or active transport 

of microbes by immune cells from the gut or oral cavity (Perez-Munhoz et al., 2018). Although 

that the placenta is considered a barrier to protect the fetus from microbial pathogens that invade 

the blood stream of the mother (Robbins & Bakardjiev., 2012).  
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Admittedly, SM is a common microorganism in the oral microbiota and is associated with the 

formation of dental caries. The earliest colonization frequently observed in the Brazilian babies 

(Alves et al., 2009) and the presence of salivary IgA against SM from infants at birth (Borges et 

al., 2015) can be due to exposition and swallowing of AF during intrauterine life.  

Data collected from oral health and hygiene habits in the interview showed that number of 

brushings and dental treatment during the gestation did not associate to the presence of SM in the 

LA. On the other hand, women that frequented regularly the dentist office had less to have 

bacteria in the AF; i.e, 83% of women with SM detected in the AF did not frequent the dentist 

regularly. 

The fluorescence obtained in CT represents the levels of DNA found in the samples. The results 

show that salivas have higher levels of SM than AF, which is expected, because the oral cavity is 

the environment of SM. Besides this women with detectable SM in AF had higher levels of 

bacteria in saliva. Comparison of clinical exams, especially the detection of actives caries and 

calculate of DMFT, with the detection of SM in the AF showed that the presence of active caries 

was not related to the detection of SM in the AF, but the experience of caries, by the DMFT score 

was correlated positively with detection of bacteria in the AF.  

Although IL-6 can be induced by various stimuli, such as bacterial antigens, viral infections, and 

many others (Van Damme et al., 1987; Fong et al., 1989; Ueno et al., 1989), the results did not 

allow to relate the presence of IL-6 and IL-10 with the detection of SM in the AF, since there was 

no statistically significant difference (p> 0.05) between the groups of detectable SM or not, 

suggesting that this bacterium is not capable of inducing a significant inflammatory response in 

AF.  

It is well established that intra-amniotic infection or intra-amniotic inflammation is associated with 

adverse pregnancy and neonatal outcomes (Romero et al., 2014; Lee et al., 2007; Combs et al., 

2014). Amniotic fluid IL-6 has been traditionally considered as the markers for the identification 
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of intra-amniotic inflammation (Lee et al., 2007; Romero et al., 1993; Jun et al., 2000). However, 

patients with intra-amniotic inflammation without detectable microorganisms have similar 

outcomes to those with intra-amniotic inflammation associated with the presence of 

microorganisms (Romero et al., 2014; Lee et al., 2007; Combs et al., 2014; Chaemsaithong et al., 

2016). Therefore, a key issue in determining outcome is the presence or absence of inflammation. 

Interestingly the interleukin levels found are consistent with those presented by Sesso et al (2014), 

who demonstrated a concentration of IL-6 higher than IL-10 in saliva from babies at birth. 

In conclusion, the present results reinforces the theory that there are bacteria or part of them 

circulating in the intra uterine life, without causing an early interruption of gestation. This study 

opens a range of discussions on the transfer mechanism of oral microorganisms detectable 

between mother and fetus, which could contribute to installation of these bacteria in the newborn 

or even stimulate a mucosal immune response against its installation. SM was detected in a several 

samples of AF especially in women with high caries experience.  
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FIGURES 

 

Figure 1. Number of samples with detected SM DNA or not in salivas of women with 

microbial DNA detected or not in the amniotic fluid  
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Figure 2. Intensity of fluorescence obtained in salivas samples of mothers with Microbial 

DNA detection in the AF (amniotic Fluid) or not.  
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Figure 3 Number of samples with detected actives caries or not of women with microbial 

DNA detected or not in the amniotic fluid  
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Figure 4 . Distribution of decayed, missing, and filled teeth (DMFT) by detection of SM in 

the samples of amniotic fluid.  
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Figure 5. Levels of Interleukin 6 and 10 in samples of AF with SM DNA detected or not in 

the amniotic fluid 
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TABLE 

 

Table 1. Demographic and clinical characteristics of the women with respect to the presence 

and the absence of Microbial DNA detected in the amniotic fluid 

 
Amniotic Fluid p-value 

Parameter Recorded  SM DNA detection  

(n = 18) 

SM DNA not 

detection 

(n=8) 

 

Race/Ethnicity Cohort  

no Caucasian, n (%) 

  

8 (45) 

 

4 (50) 

 

0.86 

Caucasian, n (%)  10 (55) 4 (50)  

Mean Maternal Age (SD)  28.1 (6.7) 22.5 (4.5) 0.06 

Levels of education  

Primary /Secondary, n (%) 

  

5 (28) 

 

2 (25) 

 

High School, n (%)  10 (56) 5 (63) 0.93 

University, n (%)  3 (16) 1 (12)  

Dental visit frequent     

Yes, n (%)  3 (17) 6 (75) 0.007 

No, n (%)  15 (83) 2 (25)  

Dental Treatment during the 

gestation 

 
  

 

Yes, n (%) 

No, n (%) 

 2 (11)  

16 (89) 

0 (0)  

8 (100) 

0.55 

Number of brushing times in 

one day 

1 to 2 (n) % 

  

 

10 (56) 

 

 

5 (63) 

 

 

1.00 

over 3 (n) %  8 (44) 3(37)  
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4. CONSIDERAÇÕES FINAIS e CONCLUSÕES 

 

 Os resultados do presentes estudo reforçam a teoria de que as bactérias orais ou parte 

delas circulam na vida intrauterina, sem causar interrupção precoce da gestação. Este estudo 

abre uma série de discussões sobre o mecanismo de transferência de microrganismos orais 

detectáveis entre mãe e feto, o que poderia contribuir para a instalação dessas bactérias no 

recém-nascido e estimular uma resposta imune da mucosa contra sua instalação, o que 

justifica a presença de IgA salivar contra SM logo após o nascimento.  

 A presença de SM foi detectada em várias amostras de Líquido amniótico 

independentemente da detecção de cárie ativa materna, mas esteve associada a uma maior 

experiência de cárie e menor frequência de controle da doença, devido a não visita periódica 

ao dentista. 

 Os níveis de citocinas não estiveram relacionados com a infecção por SM e nem 

mesmo com dados de saúde geral, hábitos ou exame clínico.  
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6. ANEXOS 

ANEXO 1 - NORMAS DA REVISTA 
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