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RESUMO

BORGES, M. C. L. Caracterizacdo da resposta imune de mucosas a colonizadores
iniciais da cavidade bucal em recém-nascidos a termo e pré-termo: um estudo
prospectivo. 2015. 86p. Tese (Doutorado). Faculdade de Medicina de Ribeirdo Preto,
Universidade de S&o Paulo, Séo Paulo, 2015.

Imunoglobulinas secretoras presentes nas superficies mucosas representam a primeira linha
de defesa do sistema imune adaptativo contra desafios infecciosos. A imunidade humoral
de recém-nascidos prematuros € diminuida em comparagdo a recém-nascidos a termo. A
identificacdo de antigenos de viruléncia de bactérias colonizadoras da cavidade oral pode
ajudar na investigacdo dos mecanismos de estimulacdo antigénica e desenvolvimento da
resposta imune de mucosa. No presente estudo, foram medidos o0s niveis de
imunoglobulina A (IgA) e M (IgM) na saliva e caracterizada a especificidade de IgA
contra antigenos de espécies de estreptococos da cavidade oral no inicio da vida. Foram
estudadas as respostas de anticorpos IgA especificos para espécies bacterianas pioneiras
(Streptococcus mitis , S. sanguinis , S. gordonii) e patogénicas (Streptococcus mutans) da
cavidade oral em criancas a termo (AT) e pré-termo (PT) em duas visitas: ao nascimento
(TO) e aos 3 meses de idade (T3). Salivas de 123 criangas (72 AT e 51 PT) foram coletadas
durante as primeiras 10h apds o nascimento (TO) e, novamente, aos 3 meses de idade (T3).
Os niveis de anticorpos IgA e IgM nas amostras salivares foram analisados por ELISA.
Um subgrupo de 26 criangas AT e 24 PT foram comparados com relagdo a padrfes de
especificidades de anticorpos contra diferentes antigenos de estreptococos, utilizando
ensaios de Western blot. Ndo houve diferenca significativa (p> 0,05) nos niveis salivares
de IgA e IgM entre o grupo de criancas AT e PT ao nascimento. Em T3, os valores médios
de IgA foram semelhantes entre os grupos e os niveis de IgM foram significativamente
maiores em PT que AT (p < 0,05). Os ensaios Western blot identificaram resposta positiva
de IgA para os estreptococos estudados na maioria das criancas, especialmente no grupo
AT . Houve algumas diferencas entre os grupos com relacdo a frequéncia de criancas com
resposta positiva a antigenos e intensidade da resposta IgA. Em geral, os antigenos de
estreptococos orais foram mais frequentemente detectados e as bandas foram mais intensas
no grupo de criangas AT quando comparados aos PT, especialmente em T3. Anélise
prospectiva de padrdes de IgA especifica para os antigenos de diferentes espécies de
estreptococos revelou um aumento na complexidade da resposta de anticorpos IgA do

nascimento (TO) até os 3 meses de vida (T3), tanto em PT quanto nos AT. O padrédo de



resposta de IgA aos antigenos dos estreptococos parece ser influenciado pela idade
gestacional, o que pode refletir o grau de maturidade do sistema imune de mucosa.

Palavras-chave: Streptococcus mutans,, IgA, IgM, saliva, prematuridade



ABSTRACT

BORGES, M. C. L. Salivary antibody response to streptococci in preterm and fullterm
children: a prospective study. Thesis (Doctoral). School of Medicine of Ribeirdo Preto,
University of Sdo Paulo, Brazil. 2015

Secretory immunoglobulins present in mucosa surfaces represent the first line of defense of
the adaptive immune system against infectious challenges. Preterm neonates humoral
immunity is diminished compared to fullterm newborns. The identification of important
antigens of virulence of oral species may help in the investigation of the mechanisms of
antigenic stimulation and the development of the mucosal immune response. In the present
study we measured saliva levels of immunoglobulin A (IgA) and M (IgM) and
characterized the specificity of IgA against antigens of several streptococcal species found
early in life. Salivary IgA antibody responses to bacterial species that are prototypes of
pioneer (Streptococcus mitis, S. sanguinis, S. gordonii) and pathogenic (Streptococcus
mutans) microorganisms of the oral cavity were studied in fullterm (FT) and preterm (PT)
children in two visits: at birth (T0) and at 3 months of age (T3). Salivas from 123 infants
(72 FT and 51 PT) were collected during the first 10h after birth (TO) and again at 3
months of age (T3). Salivary levels of IgA and IgM antibodies were analyzed by ELISA. A
subgroup of 26 FT and 24 PT children were compared with respect to patterns of antibody
specificities against different streptococci antigens using Western blot assays. No
significant differences (P>0.05) in salivary levels of IgA and IgM between FT and PT
babies were found at birth. At T3, mean slgA values were similar between groups and
salivary IgM levels were significantly higher in PT than FT (p<0.05). Western blot assays
identified positive IgA response to streptococci in the majority of children, especially in
the FT group. There were some differences between groups in relation to the frequency of
children with positive response to antigens and intensity of IgA response. In general, oral
streptococci antigens were more frequently detected and bands were more intense in FT
than in PT, especially in T3. Prospective analysis of patterns of saliva IgA against Ags of
different streptococcal species revealed an increase in complexity of the salivary IgA
antibody response from the first day of birth (TO) to T3 in PT and FT. The patterns of
salivary IgA response to streptococci antigens appear to be influenced by the gestational
age, which might reflect the level of immunological maturity of the mucosal immune

system. KEYWORDS: Streptococcus mutans, IgA, IgM, saliva, prematurity
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1. INTRODUCAO

O sistema imune de mucosa representa a primeira linha de defesa da resposta
imune adaptativa contra desafios infecciosos. A atividade antibacteriana nas secrecfes é
mediada, em parte, pela IgA secretora (IgAs) presente na saliva e outros fluidos corporais
(MCGHEE et al., 1992, RUSSELL et al., 1999, MICHETTI et al., 1992). Esta
imunoglobulina é capaz de controlar a microbiota oral através da reducéo da aderéncia de
bactérias na mucosa oral e na superficie dentéria.

A concentracdo de IgA na saliva é considerada, por alguns autores, como
indicador do desenvolvimento do sistema imune de mucosas em criancas (SEIDEL et al.,
2000, WAN et al., 2003), e ja foi observada associacdo entre reducdo transitoria dos
niveis de IgA detectados na saliva e aumento da susceptibilidade as infec¢des do trato
gastrointestinal (SEIDEL et al., 2000, WAN et al., 2003), reforcando a importancia da
maturacao do sistema imune de mucosas no combate as infeccdes.

A cavidade oral é a principal entrada de inimeros micro-organismos, entre
eles, o Streptococcus salivarius (SSA) e Streptococcus mitis (SMI) que sdo os principais
colonizadores precoces da cavidade oral. Apds a erupcdo dos dentes, novas espécies sao
encontradas na boca, tais como Streptococcus mutans (SM). No entanto, em algumas
populacBes altamente expostas a sacarose, estes micro-organismos ja sdo detectados antes
da erupcdo dos dentes deciduos. Streptococcus mutans é considerado o principal patégeno
associado a cérie dentéria, devido a sua capacidade de aderir e se acumular na superficie
dentaria, em presenca de sacarose, formando o biofilme dental que gera a producéo de altas
concentracdes de &cidos, os quais promovem a desmineralizacdo dos tecidos dentarios
(LOESCHE et al., 1993). Por outro lado, algumas das espécies pioneiras, como
Streptococcus mitis (SMI), Streptococcus gordonii (SGO) e Streptococcus sanguinis (SSA)
podem estar associadas a endocardite bacteriana (VACCA-SMITH et al., 1994).

Estes micro-organismos, comumente encontrados na cavidade bucal, no inicio
da vida, exibem diversos antigenos de viruléncia que determinam sua capacidade de
colonizagdo e manutencdo na cavidade bucal. A identificacdo destes antigenos de
viruléncia pode contribuir para a investigacdo dos mecanismos de estimulacdo antigénica e
do desenvolvimento da resposta imune de mucosa.

Alguns antigenos importantes de viruléncia destas espéecies foram previamente
descritos, tais como: 153 Kilodalton (kDa) de SGO e 170 kDa de SSA que séo
glicosiltransferases (Gtfs). VACCA — SMITH et al.,, 2000 e POULSEN et al., 1998
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sequenciaram uma IgAl-protease de Streptococcus mitis com 200kDa. SM possuem varios
antigenos de viruléncia, sendo os principais: uma adesina (Ag I/l1l) de 185 kDa, a
glicosiltransferase de 160kDa, e uma proteina de ligacdo a glucano B (GbpB) com 56 kDa
(DEMUTH et al., 1988; HANADA & KURAMITSU et al., 1988; MATTOS-GRANER et
al., 2001) .

Poucos estudos caracterizaram a ontogenia do sistema imune de mucosas em
criancas recém-nascidas e durante os primeiros anos de vida, especialmente a resposta
imune adaptativa contra estas espéecies e seus antigenos de viruléncia. Estudo prospectivo
realizado com criangas brasileiras entre 5 e 24 meses de idade, mostrou uma alta
complexidade de resposta de anticorpos IgA salivares contra antigenos bacterianas de SM
e SMI (NOGUEIRA et al., 2005; NOGUEIRA et al., 2007). Esses resultados sugerem que
as respostas positivas a estes antigenos de viruléncia poderiam modular a capacidade de
colonizagdo do SM, visto que criangas ndo colonizadas apresentavam altos niveis de
anticorpos especificos. Além disso, estudo realizado pelo nosso grupo mostrou altos niveis
de IgA especificos para antigenos de SM e SMI em amostras de saliva de neonatos. Nesse
mesmo estudo, criancas prematuras apresentaram niveis inferiores, quando comparadas a
criancas nascidas a termo (NOGUEIRA et al., 2012).

Reconhecidamente, 0s recém-nascidos tém uma maior incidéncia de
colonizagdo por varios micro-organismos quando comparados com adultos ou criangas
mais velhas, devido a imaturidade do sistema imunoldgico (CLAPP et al., 2006; KAUR et
al., 2007). Varios fatores podem influenciar o desenvolvimento eficaz de uma resposta
imune de mucosa, incluindo o estado nutricional, aleitamento materno, exposicdo a
antigenos, fatores genéticos e idade gestacional (MARUYAMA et al., 2009), o que
justifica que bebés nascidos prematuramente tenham susceptibilidade maior as infeccdes.

Desta maneira, devido a escassa informacdo sobre a resposta imune durante os
primeiros estagios de desafio bacteriano, o presente estudo analisou prospectivamente 0s
niveis de IgA e Imunoglobulina M (IgM) na saliva e especificidade de IgA contra
antigenos de espécies de estreptococos colonizadoras iniciais da cavidade bucal, ao

nascimento e apds 3 meses de idade, em recém-nascidos a termo (AT) e prematuros.
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2. REVISAO DE LITERATURA

2.1. Diversidade de estreptococos colonizadores da cavidade bucal no inicio da vida

Logo ap6s o nascimento, a crianga entra em contato com diversos micro-
organismos presentes no ambiente em que vive, principalmente através da mae e outras
pessoas com guem mantém contato. Alguns dos micro-organismos sdo transitorios, outros
se tornam residentes, como por exemplo, 0s estreptococos que representam a maioria das
bactérias que colonizam primeiramente a cavidade bucal.

Com um més de vida, espécies como Streptococcus mitis foram identificadas,
por meio de cultura, em criancas saudaveis (PEARCE et al., 1995), sendo essa a espeécie
de estreptococo oral mais frequentemente detectada em criancas de 1 a 5 meses de idade
(SMITH, TAUBMAN et al., 1990). Assim que o0s dentes comegam a erupcionar na
cavidade bucal, surgem novos sitios de colonizacdo e a microbiota oral torna-se
progressivamente mais complexa. A presenca de superficies dentais ndo descamativas é
suficiente para a colonizacdo por outras espécies de estreptococos orais, Streptococcus
gordonii  (TAPPUNI, CHALLACOMBE et al., 1993) e Streptococcus sanguinis
(CARLSSON et al., 1975). A colonizagéo inicial de SSA ocorre durante uma “janela de
infectividade”, por volta dos 9 meses de idade, estando relacionada significativamente com
a erupcdo do primeiro dente, que ocorre em uma idade mediana de 7,1 meses (CAUFIELD
et al., 2000).

Posteriormente, o periodo de 19 a 31 meses de idade é definido como a “janela
da infectividade de SM” (CAUFIELD et al., 1993; SMITH et al., 1998). A aquisigédo
inicial de SM pode ocorrer antes deste periodo de janela de infec¢do (19-31 meses),
especialmente em criancas brasileiras que sdo expostas a um elevado consumo de sacarose
e ao contato com a saliva de individuos altamente infectados (BERKOWITZ et al., 1980;
KOHLER et al., 1994; MATTOS-GRANER et al., 2001; TANNER et al., 2002; KLEIN et
al., 2004). As méaes parecem ser as principais fontes de infeccdo por estes microrganismos
(LI et al., 1995). Diversos outros fatores comportamentais, intrinsecos aos hospedeiros, e
ambientais podem influenciar na infecgéo inicial de SM (TANZER et al., 2001), como por
exemplo, variagdes nos habitos dietéticos, de higiene bucal e deficiéncias imunologicas.
Estudos dos fatores que influenciam a maturagdo do sistema imunol6gico de mucosas
ainda séo escassos (HAJISHENGALLIS et al., 1999; MICHALEK et al., 2002).
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2.1.1. Antigenos de viruléncia de estreptococos orais

A capacidade de causar infecgdo microbiana depende de inimeros antigenos de
viruléncia presentes nas superficies desses micro-organismos. O reconhecimento destes
antigenos e suas propriedades séo ferramentas importantes para se entender o processo de
colonizagdo da cavidade bucal. Alguns antigenos de viruléncia de estreptococos pioneiros
da cavidade bucal ja foram identificados. O antigeno de 153kDa de Streptococcus
gordonii, que é uma glicosiltransferase (Gtf), € importante no processo de colonizacdo do
endocardio, nos quadros de endocardite bacteriana, por mediar a aderéncia desta bactéria
ao endotélio humano (VACCA-SMITH et al., 1994). Além disso, estudos em modelos
animais mostraram que essa Gtf é responsavel pela capacidade do SGO persistir no
biofilme dentario (TANZER et al., 2008). VACCA-SMITH e colaboradores (2000)
purificaram uma Gtf de Streptococcus sanguinis com peso molecular de 170 kDa e
POULSEN e colaboradores (1998) sequenciaram uma IgAl-protease de Streptococcus
mitis com 200kDa.

Trés importantes antigenos de SM foram associados a capacidade desse
microrganismo aderir e acumular-se no biofilme dentério. Estes antigenos sdo a adesina
(Agl/ll) de 185 kDa , a glucosiltransferase de 160kDa que sintetiza glucano a partir de
sacarose, e a proteina de ligacdo a glucano B (GbpB) com 56 kDa (DEMUTH et al., 1988;
. HANADA & KURAMITSU et al., 1988; MATTOS - GRANER et al., 2001).

2.2. Resposta imune de mucosas contra a invasdo microbiana oral no inicio da vida

Logo ap06s 0 nascimento, as criangas sao expostas a muitos micro-organismos
presentes no ambiente e a individuos com quem mantém contato, principalmente as maes,
ja que a cavidade oral é a porta de entrada destes micro-organismos. A presenca de
resposta imunologica eficaz na cavidade bucal representa uma importante ferramenta
contra a invasdo, colonizacdo e patogenicidade das diferentes espécies microbianas.
Portanto, a capacidade do sistema imune responder aos desafios infecciosos durante o
estabelecimento da microbiota indigena constitui importante componente de defesa do
hospedeiro, ja que os niveis bacterianos podem ser controlados pelos anticorpos presentes
na saliva. Sendo assim, o entendimento dos componentes imunoldgicos inatos e

adaptativos da cavidade bucal pode fornecer importantes informacoes a respeito de como a
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indugédo de uma resposta imune direcionada pode ser efetiva contra um contato microbiano
inicial.

Reconhecidamente, deficiéncias do sistema imunol6gico inato e adaptativo
podem aumentar a susceptibilidade a agentes infecciosos (GLEESON et al., 1994, SEIDEL
et al., 2000, WAN et al., 2003).

A capacidade de resposta do sistema imune de mucosas a desafios infecciosos
durante o estabelecimento da microbiota indigena é importante para a defesa do hospedeiro
(MICHALEK et al., 2002; LAW et al., 2006; MARCOTTE et al, 1998) . Os anticorpos
produzidos no tecido linféide mucoso sdo transportados pelas barreiras epiteliais no limen
dos 6rgdos da mucosa. No intestino e nas vias aéreas, por exemplo, 0s anticorpos estdo na
superficie luminal do epitélio e inibem a entrada de micro-organismos inalados ou
ingeridos (ABBAS, 2008). A IgAS ¢ a principal imunoglobulina nas secre¢des e tem como
fungdo primordial a neutralizacdo de micro-organismos e toxinas através do bloqueio da
ligagdo dessas substancias a receptores celulares, atuando como primeira linha de defesa
adaptativa contra patdgenos das mucosas (MCGHEE et al., 1992; RUSSELL et al., 1999).

A saliva é um importante biofluido da cavidade bucal e desempenha varias
funcbes na manutencdo da homeostase da cavidade oral, na protecdo dos dentes contra a
carie e também na defesa contra a invasdo de micro-organismos. Além da presenca de
imunoglobulinas, existem outras proteinas com atividade antimicrobiana tais como a
lisozima, lactoferrina, lactoperoxidase, aglutininas, mucinas e, as histatinas, que sdao uma
familia de peptideos com atividade inibitéria sobre produtos bacterianos, e defensinas e
catelicidinas, peptideos antimicrobianos expressos por células epiteliais de mucosas (VAN
NIEUW AMERONGEN et al.; 2004).

Dentre as imunoglobulinas encontradas na saliva, as mais frequentes e de
maior importancia sdo IgA e IgM. A IgAS é a principal imunoglobulina nas secrecdes e
representa a primeira linha de defesa adaptativa contra patdgenos das mucosas (RUSSELL
et al., 1999), como por exemplo, contra enterobactérias e virus em homens e modelos
animais (MICHETTI et al., 1992). Estudos em criancas revelaram que praticamente toda a
IgA encontrada na saliva total de criancas esta na forma dimérica, associada a um
componente secretor (SMITH et al., 1989).

Os niveis totais de IgA tém sido considerados como indicadores do grau de
maturidade desse sistema imune. Criangas recém-nascidas apresentam niveis inferiores de

IgA quando comparadas a criangas mais velhas e adultos (FITZSIMMONS et al., 1994,
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GLEESON et al., 1995; BRANDTZAEG et al., 1998, SMITH et al., 1998, SEIDEL et al.,
2000, WAN et al., 2003).

Além disto, reducdes transitorias nos niveis de IgA detectados na saliva foram
associadas a maior susceptibilidade a infec¢bes do trato gastrointestinal (GLEESON et al.,
1994, SEIDEL et al., 2000, WAN et al., 2003), refor¢cando a importancia da maturacéo do
sistema imune de mucosas para a protecdo contra infecces.

A exposicdo antigénica ambiental pode influenciar na ontogenia da resposta
imune secretora (MELLANDER et al., 1985; NAGAO et al., 1993). Maior frequéncia de
infeccOes respiratdrias causadas por Streptococcus pneumoniae, Haemophilus influenzae e
Moraxella catarrhalis, observada antes dos 2 anos de idade, tém sido associada a baixa
resposta de IgAS a antigenos especificos destes patdgenos (FADEN et al., 1994; FADEN
et al., 1995; YAMANAKA et al., 1993). Associacdes entre a especificidade de anticorpos
IgA e a aquisicdo inicial de patdgenos bacterianos sugerem que o sistema imune de
mucosas é capaz de modular o estabelecimento de patégenos nas mucosas nasofaringeas.
Por exemplo, um pico na resposta a um Antigeno potencialmente utilizdvel em vacinas
contra Haemophilus influenzae, a proteina de membrana externa (OMP) P6, foi detectado
em idade precoce (1 a 24 meses) entre criangas que apresentavam curta persisténcia de
colonizagdo por Haemophilus influenzae, enquanto que uma resposta fraca a este Antigeno
foi observada em criangas colonizadas por maior diversidade de cepas desta bactéria e por
periodos mais longos (FADEN et al., 1994; FADEN et al., 1995; YAMANAKA et al.,
1993). A persisténcia de colonizacdo recorrente por cepas de Haemophilus influenzae em
criangas susceptiveis a otite foi também associada a resposta imune soroldgica inadequada
ao antigeno OMP P6 na faixa etéria de 10 a 25 meses (YAMANAKA et al., 1993).

Vaérios autores estudaram as concentracdes de IgA na saliva de criancas nos
primeiros anos de vida. Estudo realizado com criancas recém-nascidas nas primeiras 24
horas de vida demonstrou que a concentracdo média de IgA salivar foi de 19.2ug/ml, sendo
que apos 2 a 10 dias de vida estes niveis aumentaram para 21.6pg/ml (SEIDEL et al.,
2000). WAN e colaboradores (2003) mostraram que ao nascimento os valores de
concentracdo de IgA em amostras salivares de bebés variaram entre 0.5 e 12.7ug/ml sendo
que estes niveis aumentaram gradativamente do nascimento (média=2.7 + 4.2ug/ml) aos
18 meses de idade (média=22.4 + 7.3ug/ml). Estudo previo, realizado pelo nosso grupo

(NOGUEIRA et al., 2012), demonstrou que ao nascimento, os niveis de IgA salivar eram
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2,5 vezes maiores em criangas a termo (mediana 1,09 pg/ml) quando comparadas a
criangas prematuras (mediana 0,78 pg/ml).

Nivel médio de 0,15ug/ml de IgA foi detectado na saliva de criancas brasileiras
de 6 meses de idade e esse nivel aumentou para 0,5ug/ml aos 18 meses de idade
(NOGUEIRA et al., 2005). Entre criancas na faixa etéria de 6,5 a 12 anos, a concentracao
média de IgA é bem mais alta 201ug/ml (GLEESON et al., 1995). Em adultos, as
concentracdes de IgA na saliva variam entre 72ug/ml e 410ug/ml, sendo que a crianca
atinge niveis semelhantes aos dos adultos aos 7 anos de idade (BRANDTZAEG et al.,
1989; WAN et al., 2003).

A IgM ¢ a segunda imunoglobulina mais encontrada na saliva. Niveis dessa
imunoglobulina foram detectados em somente 15% dos bebés de 1 a 6 meses de idade
(GLEESON et al., 1986, THRANE et al., 1987; SMITH et al., 1992). SMITH e
colaboradores (1989) demonstraram que os niveis de IgM em amostras salivares de
criancas diminuiram durante os primeiros 3 a 4 meses de vida, enquanto que 0s niveis de
IgA aumentaram. Deficiéncias na producdo de IgA parecem ser compensadas pela
producdo e secrecdo de IgM em criangas de maior idade e adultos (FERNANDES et al.,
1995, GLEESON et al., 1995). Entretanto, este mecanismo compensatério ndo foi
observado em outro estudo, em criancas durante os primeiros 2 anos de vida (GLEESON
et al.,, 1995). Em bebés nascidos prematuramente, a concentracdo média de IgM em
amostras salivares encontrada em um estudo foi de 5.5ug/ml, ligeiramente menor que de
bebés nascidos a termo, média= 6.6ug/ml (WAN et al., 2003). No estudo realizado em
criancas brasileiras, ndo houve diferenca nas concentracdes de IgM na saliva entre grupos
de criancas a termo e pré-termo (NOGUEIRA et al., 2012).

A imunoglobulina G (IgG) também esta presente na saliva, mas em pequena
quantidade, como reflexo da imunidade sistémica, ja que esta imunoglobulina vem do
plasma sanguineo, alcangando a cavidade bucal através do liquido crevicular encontrado na
interface entre o dente e a gengiva (RUSSELL et al., 1999). Estudo realizado na Australia
por WAN e colaboradores (2003) detectaram IgG na saliva de 61% dos recém-nascidos a
termo (AT) estudados e 56% dos recem-nascidos pré-termo (PT), sendo que ndo houve

diferenca significante entre seus niveis.
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2.2.1. Resposta imune de IgA especifica a microrganismos orais

A inducdo da resposta de IgAS na saliva contra SM poderia ser uma estratégia
auxiliar no controle da céarie dentaria (CHILDERS et al., 2002; RUSSELL et al., 1999;
CHILDERS et al., 1999). Poucos estudos investigaram o padrdo de resposta imune a SM
em criangas nos primeiros meses de vida, durante a aquisigdo inicial destes
microrganismos (SMITH et al., 1998; CAMLING et al., 1987; COLE et al., 1999),
considerada como a fase ideal para programas de controle de infec¢do por SM (RUSSELL
etal., 1999).

A maioria dos estudos nesta area foi realizada em populagdes com baixos indices
de cérie e baixa frequéncia de infeccdo por SM e sugerem que as criangas somente
desenvolvem um padrdo mais complexo de resposta imune adaptativa a antigenos de SM
(definido pela diversidade de antigenos reconhecidos por IgA salivar) a partir dos 2 anos
de idade, quando os niveis destas bactérias sdo detectaveis na cavidade bucal (SMITH et
al., 1998; COLE et al., 1999). Esta baixa complexidade de resposta a SM no primeiro ano
de vida ndo foi decorrente de deficiéncias na maturacdo do sistema imunologico das
criancas estudadas, uma vez que os padrdes de IgA especifica a antigenos de Streptococcus
mitis biovar 1 (SMi), um colonizador primario da cavidade bucal, revelaram alto grau de
complexidade (SMITH et al., 1998).

Embora estudos sugiram que a reducdo do risco de colonizacao bucal por SM ap6s
0s 2,5 anos de idade ocorra devido ao estabelecimento de uma microbiota comensal
competitiva nas superficies dentarias recém-irrompidas (CAUFIELD et al.,, 1993;
CAUFIELD et al., 2000; MATTOS-GRANER et al., 2001), pouco se sabe sobre o papel
da maturagéo do sistema imune de mucosas na colonizacdo pelo SM na cavidade bucal.

Vaérios estudos vém sendo realizados na tentativa de se encontrar proteinas capazes
de estimular a producdo de anticorpos IgA na saliva contra esses antigenos de superficie e
consequentemente reduzir e/ou prevenir a atividade cariogénica (CHILDERS et al., 2002;
CHILDERS et al., 1999; HAJISHENGALLIS et al., 1999; CHILDERS et al., 1994;
JESPERSGAARD et al., 1999; NOGUEIRA et al., 2008) . Resposta imune a GbpB tem
sido encontrada em muitas criangas, mesmo logo apds o nascimento (SMITH et al., 1998;
SMITH et al.,, 1997; SMITH et al., 2003), sugerindo o potencial imunogénico desta
proteina. Estudos com modelos animais mostraram que a imunizacéo oral ou nasal com
GbpB induziu imunidade protetora contra SM. (SMITH et al., 1997; SMITH et al., 1996).
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Um estudo realizado em Piracicaba — SP/Brasil, com populacdo de criancas
frequentadoras de todas a creches desta cidade, com idade entre 5-11 meses, revelou que
lactentes jovens (por volta dos 5 meses) ja apresentavam uma alta complexidade de
resposta de IgA aos antigenos de SM, e que as criangas infectadas por este patdgeno
apresentavam mais frequentemente IgA reativa a Gbpb, sendo que esta diferenga néo foi
observada entre 12 e 24 meses de idade (NOGUEIRA et al., 2005). A andlise da
patogénese molecular da cérie dentéria e a identificacdo de fatores de viruléncia de SM sao
importantes para o desenvolvimento de vacinas anti-carie (JESPERSGAARD et al., 1999).
Além disso, o entendimento da resposta imune de mucosas em uma idade mais precoce
(antes dos cinco meses) se faz necessario para a identificacdo da idade ideal para a
imunizacao.

Um estudo prévio do nosso grupo com a mesma populacdo do presente estudo,
revelou que, apesar de ndo se detectar, através de analise de checkerboard, a presenca de
SMI ou SM em amostras de saliva de recém-nascidos no primeiro dia de vida, a maioria
das amostras apresentava IgA especifica contra antigenos de SMI e SM (NOGUEIRA et
al., 2012).

2.3. Desenvolvimento do sistema imunol6gico em neonatos a termo e prematuros

Os linfocitos B sdo células importantes na resposta imune humoral e quando
ativados secretam anticorpos para combater 0s patdgenos por opsonizacdo (LIU E
BANCHEREAU, 1997). As imunoglobulinas IgM e Imunoglobulina D (IgD) s&o co-
expressas em linfocitos B imaturos. Apds a ativacdo desses linfocitos ocorre uma mudanca
de classe para expressar outro isotipo de anticorpo e eles perdem a expressao de IgD. Em
recém-nascidos, a capacidade de mudanca de classe esté reduzida, resultando em linfocitos
B que secretam principalmente anticorpos IgM. Isto por que esta mudanca de classe €
auxiliada pelos linfocitos T que ativam linfécitos B, através da ligacdo entre CD40 e CD40
ligante. Os linfocitos T de recém-nascidos apresentam reducdo na expressdo de CD40
mesmo quando ativados, resultando numa producéo reduzida dos anticorpos 1gG e IgA
quando comparados aos linfocitos B de adultos (NONOYAMA et al., 1995). E ainda maior
a reducdo na expressdo de CD40 e CD40 ligante em prematuros. O atraso na expressao
dessas moléculas pode diminuir significativamente a resposta imune adaptativa de recém-

nascidos prematuros, particularmente no que diz respeito as respostas de anticorpos contra
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varios componentes polissacarideos de bactérias colonizadoras e invasoras e vacinas
bacterianas conjugadas (KAUR et al., 2007).

No Brasil, a frequéncia de criangas nascidas prematuramente € maior nas
regibes mais desenvolvidas do sudeste que em regides mais carentes como 0 nordeste
(BETTIOL et al., 2000; MONTEIRO et al., 2000; SILVA et al., 2001; ARAGAO et al.,
2003). Em Ribeirdo Preto (SP), nascimentos de PT aumentaram de 7,6% para 13,6% em
um intervalo de 15 anos, até meados da década de 90 (BETTIOL et al., 2000). Segundo
KRAMER e colaboradores (2000), mesmo uma pequena reducdo na duracdo da gravidez
estd associada com um aumento na mortalidade infantil. A evolucdo tecnoldgica da
medicina tem propiciado aumento na sobrevivéncia de criangas baixo peso ao nascer
(1500-2499 gramas) e de muito baixo peso ao nascer (500-1499 gramas), mas 0S custos
sociais tém sido muito elevados (HACK et al., 1994; SAIGAL et al., 2000).

Estd bem estabelecido na literatura que o sistema imune do recém-nascido €
imaturo e apresenta varias deficiéncias. Esta imaturidade esta presente tanto nas células da
resposta imune inata, com consequente reducdo na producdo de citocinas e fagocitose,
guanto na resposta adaptativa, com sintese reduzida de imunoglobulinas. Essas deficiéncias
sdo ainda mais acentuadas nas criangas nascidas prematuramente (SADEGHI et al., 2007;
KAUR et al., 2007). Dessa forma, todos os recém nascidos, em especial 0s prematuros,
apresentam risco aumentado de infec¢des quando comparados com criangas mais velhas e
adultos jovens (CLAPP et al., 2006) .

A potencial associacdo entre doenca periodontal materna e nascimento
prematuro é amplamente reconhecida (OFFENBACHER et al., 1996; LOESCHE et al.,
1997; HILL et al., 1998; DASANAYAKE et al., 2001; MCGAW et al., 2002). Estudos
mostram que infeccdes neonatais por estreptococos, em especial do grupo B, sao
adquiridas atraves da transmissdo materno-fetal e podem resultar em doencas com altas
taxas de mortalidade (JOHRI et al., 2006; JORDAN et al., 2008; PULVER et al., 2009).

Estudos para a caracterizacdo do sistema imune de mucosas em prematuros séo
ainda escassos, especialmente com relacdo a resposta imune especifica aos micro-
organismos orais. No inicio dessa década, SEIDEL e colaboradores (2000) mostraram que
a presenca e os niveis medianos de IgA salivar foram semelhantes entre criancas PT
(mediana=2,3 pg/ml) e AT (mediana=1.9ug/ml). No entanto, WAN e colaboradores
(2003), avaliaram salivas de criangas ao nascimento e aos 18 meses de idade e encontraram

algumas diferencas entre PT e AT, como a auséncia de IgA mais frequente em criancgas
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prematuras (69%) do que nas nascidas a termo (56%), o que ndo aconteceu com 0s niveis
de IgG e IgM. Portanto, existem algumas controvérsias a respeito da ontogenia da IgA em
recém nascidos, especialmente em criangas prematuras (HAYES et al., 1999).

Nosso estudo prévio demonstrou que 62,5% das criancas a termo e 50% das
pré-termo apresentavam IgA especifica aos antigenos de SM e SMI. Embora as respostas
de IgA especifica tenham sido detectadas com maior frequéncia para os antigenos de SMI,
quando comparados aos antigenos de SM, essas diferencas ndo foram significativas (Teste
de Mann - Whitney , p > 0,05). Com relacdo a intensidade das reacbes, em geral, as
criangas AT apresentaram maior intensidade de IgA especifica para todos os antigenos
testados, mas essas diferencas ndo foram estatisticamente significativas (teste de Mann-
Whitney, p> 0,2) (NOGUEIRA et al., 2012).

Ainda ha pouca informacdo sobre a colonizacdo bucal em prematuros. Os
estudos envolvendo prematuros foram realizados quando essas criancas se encontravam em
idades mais avangadas, e apresentavam defeitos na formacéo do esmalte dental, resultantes
de distarbios de mineralizacdo (FEARNE et al., 1990; SEOW et al., 1996; LAI et al.,
1997; SEOW et al., 1997; AINE et al., 2000; LAW & SEOW, 2006). Tais defeitos no
esmalte parecem contribuir para uma predisposicdo 26 vezes maior de coloniza¢do de SM
(WAN et al., 2003). Aos 24 meses de idade, 94% e 79% de criangas prematuras e nao
prematuras, respectivamente, eram colonizadas por este microrganismo (WAN et al.,
2003).

Outro fator responsavel pelo o aumento das taxas de infec¢bes nos prematuros
sdo o0s procedimentos invasivos comumente realizados, como 0 uso de -cateteres
intravasculares e a ventilacdo mecéanica. Apesar do intenso uso dos antibioticos, a taxa de
morbidade e mortalidade causada por infeccGes € alta em neonatos (MUSSI-PINHATA et
al., 2001). Assim, pesquisas buscando novos métodos de diagnéstico rapido, como testes
em amostras salivares, com alto grau de sensibilidade e precisdo, devem ser implementadas
para ajudar na deteccdo precoce de infecgdes microbianas em criangas recém-nascidas e
possibilitarem uma intervencdo mais apropriada e menos invasiva (CLAPP et al., 2006).

Neste sentido, torna-se necessdrio um estudo prospectivo de criangas
prematuras e a termo, a fim de se comparar os niveis de imunoglobulinas salivares e o
padréo de resposta especifica de IgA salivar contra antigenos de SM em criancas antes dos

5 meses de vida.
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3. OBJETIVOS

O objetivo do presente estudo foi avaliar o desenvolvimento de anticorpos
salivares, componentes do sistema imune de mucosas, durante o desafio antigénico
bacteriano inicial, em criancas nascidas a termo (AT) e pré-termo (PT) em um estudo
prospectivo envolvendo duas visitas: ao nascimento, com aproximadamente 10 horas de
vida (TO) e aos 3 meses de idade (T3).

Os objetivos especificos do estudo sdo:

a) Determinar as concentracOes salivares de anticorpos IgA e IgM ao nascimento e aos 3
meses de vida, em criancas nascidas AT e PT

b) Determinar os padrbes de especificidade dos niveis totais de IgA salivar para antigenos
de Streptococcus sanguinis (SSA), Streptococcus mitis (SMI), Streptococcus gordonii

(SGO) e Streptococcus mutans (SM) ao nascimento e aos 3 meses de vida.
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4. MATERIAL E METODOS

4.1. Delineamento de estudo

Este € um estudo prospectivo observacional realizado no Hospital das Clinicas
da Faculdade de Medicina de Ribeirdo Preto, Universidade de S&o Paulo, entre outubro de
2007 e maio de 2009. Cinquenta e um recém-nascidos PT saudaveis (idade gestacional <
37 semanas) e 72 recém-nascidos AT saudaveis foram incluidos na primeira avaliagdo
(TO).

A anélise prospectiva da resposta imune de mucosas foi realizada aos 3 meses
(T3) em 50 criancas (26 FT e 24 PT) provenientes do grupo inicial de 123 criangas. As
outras criangas nao compareceram para avaliacdo em T3, mesmo apés, pelo menos, 3
agendamentos consecutivos. A idade gestacional foi calculada com base no exame de
ultrassom realizado no primeiro trimestre da gestacdo, ou por meio da avaliacdo somatica
do recém-nascido utilizando o Método de CAPURRO e colaboradores (1978). O estudo foi
aprovado pelo Comité de Etica do Hospital das Clinicas da Faculdade de Medicina de
Ribeirdo Preto da Universidade S&o Paulo (ANEXO 1 - Processo nimero 2963/2007).
Todas as maes autorizaram a participacdo da crianga e assinaram o termo de consentimento
livre e esclarecido (ANEXO 2). Aos participantes da pesquisa foi garantido o direito de
interrupcdo da participacdo no estudo em qualquer momento, acesso aos resultados dos
exames clinicos e complementares, sigilo absoluto sobre 0s mesmos.

InformacBes sobre salde geral materna e dos recém-nascidos apds o
nascimento e no periodo gestacional foram obtidas através de entrevistas com a mée. As
criancas elegiveis para o estudo deveriam estar no alojamento conjunto e apresentando boa
saude geral. Com base nos dados coletados nas entrevistas, ndo foram selecionadas
criangas que apresentavam:

(1) idade superior a 10 horas de vida em TO e a 3 meses em T3;

(2) malformacdes congénitas;

(3) instabilidade cardiorrespiratoria;

(4) tratamentos prévios com corticGides ou antibioticos;

(5) sinais clinicos de infeccdo identificados;

Além disso, criangas que haviam sido amamentadas hd menos de 3 horas ndo foram
incluidas no estudo

As coletas das amostras salivares, ao nascimento (TO) foram realizadas no

alojamento conjunto pelas pds-graduandas Mariana Castro Loureiro Borges e Curi e Maria



Ldcia Talarico Sesso. Ap6s 3 meses da coleta inicial (T3), todas as maes participantes
foram convidadas para avaliagdo e nova coleta de amostra a fim de verificar a evolugdo do
desenvolvimento do sistema imune de mucosa e possivel colonizacdo microbiana oral. Esta
coleta e a avaliacdo da cavidade bucal foram feitas na Sala de Atendimento Clinico da
Fundacéo de Apoio ao Ensino, Pesquisa e Assisténcia (FAEPA) do HC-FMRP-USP pela
pos-doutoranda Ruchele Dias Nogueira (Cirurgid-Dentista). Outras informacfes sobre a
gestacdo e saude geral dos recém-nascidos foram obtidas através da analise dos prontuarios
clinicos.

Esse estudo é parte de projeto de pesquisa intitulado RESPOSTA IMUNE DE
MUCOSAS EM NASCIDOS PRE-TERMO (PT) E DE BAIXO PESO AO NASCER
(BPN) desenvolvido pela pdés-doutoranda Dra Ruchele Nogueira, sob supervisao da Profa
Dra Virginia Paes Leme Ferriani. Resultados iniciais desse projeto foram publicados no
artigo Salivary IgA antibody responses to Streptococcus mitis and Streptococcus mutans in
preterm and fullterm newborn children. Arch Oral Biol. 2012 (6):647-53 (ANEXO 3).

4.2. Coleta de saliva

Amostras de saliva total ndo estimulada foram coletadas com uma pipeta
Pasteur graduada de polipropileno estéril. As amostras foram transferidas para tubos de
1,5ml e colocadas imediatamente em gelo, sendo 10ul de solugcdo 250mM de EDTA
adicionados, obtendo-se uma concentragdo aproximada de 5mM, para inibir a acdo de
IgAl proteases e prevenir a formacdo de complexos Ig-mucinas (FITZSIMMONS et al.,
1994). A saliva foi clarificada através de centrifugacdo a 13.000 rpm em microcentrifuga
(Eppendorf, EUA) refrigerada (4°C) por 5 minutos e, a seguir, congelada a —70°C. As
amostras salivares foram coletadas pelo menos 3 horas ap6s a primeira mamada da manha

para evitar coleta de componentes ndo salivares.

4.3. Analise dos niveis salivares de imunoglobulinas: 1gA e IgM - ELISA

Placas de 96 pocos (Costar, EUA) foram sensibilizadas com uma solucéo de
anticorpo 1gG de cabra anti-IgA humana purificado (Zymed, EUA) na concentracdo de
2ug/ml, diluido em tampéo | (carbonato-bicarbonato pH 9.6), durante incubagdo por 2,5
horas a 37°C, seguida de incubacdo a 4°C durante 14 a 16 horas. A seguir, as placas foram
lavadas em Lavador de ELISA (Thermoplate, BR) durante 3 minutos, por 3 vezes, com
tampéo Il (contendo 0,9% cloreto de sodio, 0,05% Tween 20 e 0,02% azida sodica). Os
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pogos foram entdo bloqueados com 100ul de tampéo Il (fosfato de sodio, 1% albumina
bovina, pH 7.5), durante 1 hora, sob agitacdo, em temperatura ambiente.

Apds nova série de lavagens com tampdo Il, 100ul das amostras salivares
diluidas 1:200 em tampao Ill foram adicionadas por poco em triplicata e as placas foram
entdo incubadas durante 2 horas a temperatura ambiente e sob agitagéo. Dilui¢Ges seriadas
de IgA humana purificada (Calbiochem, EUA) nas concentragdes de 2,0; 1,0; 0,5; 0,25,
0,125, 0,0625, 0,0312ug/ml, e de duas amostras de saliva controle de adultos e uma de
crianca foram aplicadas em duplicata as placas, para determinacdo de uma curva de
concentracdo de IgA humana e controle de reprodutibilidade dos ensaios.

Apos incubacdo com as salivas e padrdo de IgA purificada, as placas foram
lavadas por 3 vezes durante 3 minutos com tampdo Il. Adicionaram-se 100ul/poco de
solucdo 1:500 de anticorpos IgG de camundongo anti-lgA humana (Sigma, EUA) e as
placas foram incubadas por 2 horas em temperatura ambiente, sob agitacdo e, a seguir,
lavadas e posteriormente incubadas com 100ul/pogo de solugdo 1:10.000 de anticorpos
IgG de cabra anti-lgG de camundongo conjugado com biotina (Sigma). As placas foram
entdo incubadas por 2 horas em temperatura ambiente, sob agitacdo e, a seguir, lavadas
como descrito anteriormente. Posteriormente solugdo de estreptavidina conjugada com
fosfatase alcalina (Sigma) diluida a 1:500 em tampdo Il foi aplicados nos pocgos e
incubados por 18 horas em temperatura ambiente.

Apdbs nova série de lavagens, as reacdes de ELISA foram reveladas pela
incubacdo com substrato p-nitrofenilfosfato (Zymed), foi diluido em tampéo IV (contendo
0.2M carbonato de s6dio, 0.2M Bicarbonato de sddio e 0,02% cloreto de magnésio, pH
9.8). Esta reacdo, com o substrato, foi desenvolvida por 20, 40 e 60 minutos em
temperatura ambiente e as absorbancias (Asisnm) medidas em leitor de ELISA (BioRad-
EUA). Os niveis de IgM na saliva foram determinados em todas as amostras coletadas,
seguindo-se 0 mesmo protocolo acima para IgA. No entanto, utilizaram-se anticorpos
monoclonais de camundongo 1gG1 anti-IgM humana (Zymed), nas dilui¢es 1:500. Curvas
padrdo foram obtidas, utilizando-se amostras de IgM humana purificada (Calbiochem) nas
concentragdes de 2,0; 1,0; 0,5; 0,25, 0,125, 0,0625, 0,031ug/ml. Como controles negativos,
foram utilizados pocos das mesmas placas nédo sensibilizados e pogos sensibilizados, mas
ndo incubados com saliva. Os valores médios de absorbancia dos controles negativos
foram descontados dos valores da absorbancia das amostras testadas. Uma curva de

concentracéo de IgA e IgM por unidade de ELISA foi determinada a partir das reag0es das
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amostras de IgA e IgM purificada. Estas curvas foram utilizadas para determinacdo das
concentragdes de IgA e IgM nas amostras de saliva.

4.4. Andlise das concentracdes de proteinas das amostras salivares

Para controle da interferéncia de variacGes do fluxo salivar nos niveis totais de
IgA, as quantidades de IgA salivar determinadas nos ensaios de ELISA foram
normalizados pelas concentracBes de proteina das amostras de saliva testadas. Para isto, as
concentracdes de proteinas salivares foram determinadas através do método de Bradford,
utilizando-se os reagentes do kit de Bradford (Biorad). Resumidamente, 1ml de saliva
clarificada diluida (1:161) em agua destilada foi misturada a 1ml de reagente de Bradford
em cubetas pléastica descartavel. Apds incubagdo a temperatura ambiente durante 5
minutos, as absorbancias das amostras (Asgsnm) foram medidas em espectrofotdmetro
digital (Thermo Scientific, EUA). Uma curva padrdo, de concentracdo de proteinas, foi
obtida a partir da medida das Asgsnm de 5 diluicbes seriadas de BSA (Sigma) em
concentragOes entre 10 a 1,25mg/ml. A linearidade das reagOes foi determinada a partir da
equacdo de regressdo linear da curva de BSA (r=0,9996, y=0,0375x+0,0194), a qual foi
utilizada para determinacdo das concentracdes de proteinas das amostras salivares. Como
controle negativo utilizou-se volumes de dgua destilada iguais aos das amostras de saliva

diluidas. Os ensaios foram realizados em triplicata.

4.5. Ensaios para analise da complexidade de resposta de IgA contra antigenos de SM,

SMI, SSA e SGO.

4.5.1. Preparacdo de antigenos bacterianos.

Os padroes de reatividade de anticorpos IgA contra antigenos de SM (UA159),
SMI (ATCC506), SGO (ATCC10558) e SSA (ATCC29667) foram utilizados para 0s
ensaios de Western blot. Os antigenos foram extraidos de culturas destes microrganismos
em caldo Todd Hewith (Difco) obtidas apds incubacgdo a 37°C durante 48 h. Células de
15ml das culturas com absorbancias ajustadas para Agoonm=1 foram entéo separadas através
de centrifugacdo a 1.000 x g a 4°C. A seguir, o sobrenadante foi desprezado e os
precipitados de células acrescidos de agua destilada e de tampéao desnaturante 0,25M Tris
HCI pH 6.8 (contendo 8% SDS, 20% de ditiotreitol 1M, 30% de glicerol e 0,2% de azul de
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bromofenol) na propor¢cdo de células de 1ml de cultura para 15ul de H,Od e 15ul de
tampé&o desnaturante. As suspensoes celulares foram entdo fervidas durante 5 minutos para
extracdo das proteinas e inativacdo de proteinases. A seguir 0s extratos foram
imediatamente colocados em banho de gelo e congelados a —70° C. A padronizagéo das
concentragOes de antigenos destes extratos foi determinada através de quantificacdo das
proteinas pelo método de Bradford, como descrito anteriormente. Para monitoramento do
padrdo de antigenos destes extratos, aliquotas dos mesmos foram analisadas em géis de

poliacrilamida-SDS corados com Coomassie Blue R 250.

4.5.2 Andlise da complexidade da resposta de IgA salivar contra antigenos

bacterianos em ensaios de Western blot.

Os padrdes de antigenos bacterianos que foram selecionados (Tabela 1) foram
comparados entre criancas nascidas a termo e prematuras. Os experimentos de western blot
foram realizados com aliquotas das salivas estocadas a -70°C. Para isto, 16 microgramas de
proteinas das preparac@es de antigenos descritas no item 4.5.1 foram separadas por 3 horas
a 24 mA/gel em géis de poliacrilamida-SDS a 6% e preparados com auxilio de sistema de
mini-géis Mini Protean Il (BioRad). Apos separacdo eletroforética das proteinas nos géis
em duplicata, um destes foi corado com Coomassie Blue R250 (Sigma, USA) para analise
do padrdo dos antigenos separados e o outro foi transferido para uma membrana de
nitrocelulose (BioRad, USA) durante 1,5h a 50V constantes, com auxilio de aparato Mini
Trans Blot (Bio Rad, USA) e posteriormente corada com Red Ponceau, para verificacao da
transferéncia. PadrGes de pesos moleculares pré-corados (BioRad) foram incluidos em
todos os géis.

As membranas de nitrocelulose contendo os antigenos bacterianos foram entéo
bloqueadas através de incubacdo a 4°C “overnight” com tampdo de bloqueio TBST
(100mM Tris com 10% Tween) pH 7.5 contendo 5% de leite desnatado. A seguir, as
mesmas foram incubadas com as salivas diluidas 1:100 no mesmo tampé&o durante 2 horas,
a temperatura ambiente e sob agitacdo. Como controles negativos, membranas duplicata
foram incubadas apenas com TBST mais 5% de leite e como controle positivo, as
membranas foram incubadas com saliva de um adulto cujo padrdo de resposta aos
antigenos estudados ja havia sido estabelecido anteriormente (Nogueira et al., 2007) Apds
6 lavagens de 5 minutos cada com TBST pH 7.5, as membranas foram incubadas por 2
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horas sob agitacdo a temperatura ambiente, com de anticorpo purificado de cabra anti-IgA
humana conjugado com peroxidase (Zymed, USA), diluido 1:4000 em TBST com 5% de
leite. Nova série de 6 lavagens durante 5 minutos cada foi entdo realizada. A seguir, as
reacbes com anticorpo secundario foram reveladas usando-se o0 sistema
quimioluminescente ECL (Amersham Pharmacia).

As bandas de antigenos reconhecidos por IgA salivar foram detectadas através
da exposicdo de filmes de raios X (Kodak) as membranas durante 5 minutos. Apés a
revelacdo dos filmes sensibilizados, imagens digitais de alta resolu¢do dos mesmos foram
capturadas em scanner de densitometria (BioRad GS-700, Imaging Densitometer), para

obtenc¢éo das medidas de intensidade das bandas reativas.

Tabela 1. Antigenos bacterianos estudados

Espécies de Bactérias Antigenos Peso Molecular (kDa)
Streptococcus mitis (SMI) IgAl-protease 202 kDa
Streptococcus gordonii (SGO) Gtf 153 kDa
Streptococcus sanguinis (SSA) Gtf 170kDa
Streptococcus mutans (SM) Ag /11 185 kDa
Gtf 160 kDa
GbpB 56 kDa

IgAl-protease: Imunoglobulina Al-protease
Gtf: Glicosiltransferase

GbpB: Glucan binding protein B

Ag I/11: Antigeno /11
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5. ANALISE ESTATISTICA

Associacdes entre as concentracfes de IgA, IgM e proteinas totais e padrdes de
resposta de anticorpos foram analisadas através da Correlagdo de Spearman. Comparacoes
das frequéncias de criancas com diferentes anticorpos IgA especificos e o nimero médio
de bandas de IgA especificas aos antigenos foi também determinado e realizada
comparacao entre 0s subgrupos de criancas PT e AT através do Teste do qui-quadrado e
Mann-Whitney. As diferencas entre os valores de densitometria das bandas reativas aos
diferentes antigenos entre os grupos de criancas PT e AT foram analisadas por teste de
Mann-Whitney, e entre as visitas através do teste de ANOVA. O valor de p<0,05 foi

considerado estatisticamente significativo.
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6. RESULTADOS

6.1. Populacéo do estudo.

As caracteristicas demograficas dos 123 neonatos incluidos ao nascimento
estdo listadas na Tabela 2. A idade gestacional média foi de 34 semanas e 4 dias para
criancas PT (intervalo: 33 - 36 semanas e 6 dias) e 39 semanas e um dia para o grupo AT
(intervalo: 37 semanas e 2 dias - 40 semanas e 6 dias). A idade gestacional média e
comprimento ao nascer, como esperado, foram significantemente diferentes entre criancas
PT e AT (p<0,05). Cor da pele, sexo e peso ao nascer nao foram diferentes entre os grupos
(p>0,05).

Tabela 2. Caracteristicas demogréficas das criancas incluidas no estudo ao nascimento
(média + DP).

Criancas  pré- Criancas a p
termo termo valor
(PT: n=51) (AT: n=72)
Idade gestacional (semanas) 345122 39.1+1.4 <0.005°
Peso ao nascimento (Kg) 23%0.3 3205 0.232
Comprimento ao 442 +21 491 +24 <0,01*
nascimento (cm)
Sexo M/F 22/29 37/35 0.324
Cor da pele B/N 40/11 51/21 0.356

*Mann-Whitney, p<0.05
B = Branca N = Negra; M = Masculino, F = Feminino

6.2. Niveis de IgA, IgM e proteinas nas amostras salivares ao nascimento e aos 3 meses de vida

As imunoglobulinas A e M foram detectadas nas salivas de todos
0s 123 recém-nascidos AT e PT incluidos nesse estudo. Em TO, os niveis médios de IgA,
IgM e a concentragdo de proteina nas amostras de saliva (n = 123) foram 2,39 ug /ml (x
7,59), 1,53 pg/ml (£ 4,54) e 9445 pg/ml (£ 870,2), respectivamente. Houve uma
associacdo positiva entre os niveis de IgA e IgM em ambos os grupos (correlacdo de

Spearman: r> 0,7, p <0,001) e entre as concentracdes de IgA e IgM e amostras de proteinas
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totais (correlacdo de Spearman: r> 0,81, p <0,001 e r = 0,72, p <0,001, respectivamente,
para IgA e IgM).

Os niveis de IgA, IgM e das proteinas totais em amostras de saliva de AT e PT
analisados prospectivamente estdo listados na Tabela 3 e Figura 1. A Figura 1 mostra a
variacdo dos niveis de imunoglobulinas e proteinas. A Figura 2 mostra os niveis medios de
IgA (A) e IgM (B) e os valores normalizados pela quantidade de proteinas em amostras de
saliva de 50 (24 de PT e 26 FT) criancas que participaram de todo o periodo de
acompanhamento de trés meses (TO e T3). Ndo houve diferenca (P>0.05) dos niveis
salivares de IgA e IgM entre bebés AT e PT ao nascimento. Em T3, os valores médios de
IgA foram similares entre os grupos, e os niveis de IgM foram significativamente maiores
no grupo PT do que AT (P<0,05). No entanto, estes valores ndo diferiram quando
normalizados pelas proteinas (p>0.05). A analise prospectiva dos niveis salivares de IgA e
IgM mostrou aumento estatisticamente significativo em ambos os grupos (p<0,01), quando
comparados o0s valores ao nascimento (TO) e aos 3 meses de vida T3 (Figura 2).

Tabela 3. Concentracdes de IgA, IgM e concentracdo total de proteinas (em ug/mL) na
saliva de criangas nascidas a termo e pré-termo, ao nascimento (T0) e aos 3 meses (T3).

Valores estdo expressos em medianas (valores minimos e maximos).

TO T3
PT AT PT AT
n=24 n=26 P n=24 n=24 P
Niveis de IgAS 0,78 07 0g 2% 310 42
mediana (limites) (0-1245)  (015-1038) '~ (081-2342)  (0,81-21,53)
Niveis de IgM 0,47 037 4 801 213 4o
mediana (limites) (0,03-994) (009511 ' (073-2656)  (0,14-244)
Niveis de Protein 914,31 785,59 457,49 288,05
r;ezisan: (“:’niss (257,56- (3843- 011  (156,43- (147,35- 0,07
2020,71)  2161,77) 1750,98) 1275,95)
IgAS/prot 0,10 014 4 084 095 o4
mediana (limites) (0-078)  (001-1,67) ' (009971)  (022-1081)
0,05 0,06 1,17 0,82
lgM/prot 0102 (001042 9 (0161336) (007501 ¥

mediana (limites)

* Mann-Whitney, p<0.05
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Figura 1 — Concentracbes de IgA e IgM na saliva, e concentragdes normalizados pelas
proteinas em criancas a termo AT e pré-termo PT, ao nascimento (TO) e aos 3 meses de
vida (T3) (n=50). As barras horizontais representam as medianas.
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Figura 2. Niveis médios de IgA (A) e IgM (B) e niveis corrigidos pela concentragdo de

proteinas nas amostras salivares ao nascimento (TO) e aos 3 meses de idade (T3).
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A Tabela 4 mostra as caracteristicas demograficas e os niveis de IgA e IgM

salivar, medidos ao nascimento, das criancas que participaram da avaliacdo prospectiva

(n=50) e daquelas que ndo comparecerem em T3 (n=73). Ndo houve diferencas

estatisticamente significantes entre estas criancas nos dados apresentados na Tabela 4

(p>0.05).

Tabela 4. Caracteristicas demograficas e niveis de IgA e IgM salivar ao nascimento das

criangas incluidas (26 AT e 24 PT) e das que ndo participaram da avaliacdo prospectiva,
aos 3 meses de idade (46 AT e 27 PT)

AT PT
I NI p I NI p
n=26 n=46 n=24 n=27
|dade
gestacio 39+12 39,2+ 0.9 348+ 34,7 % 0.8
nal 1,4 1,6 1,2
(sema
nas)
Peso ao 3,1+ 31+ 0.8 23+ 23+ 0.8
nascimento 0,6 0,5 04 0,3
(Kg)
Comprimen
to ao 489 + 48,5+ 03 46,3+ 443 + 0.5
nascimento 2,5 2,2 6,3 1,3
(cm)
Sexo M (%) 10 27 0.1 7(29,2) 15(56) 0.2
(38,5) (58,7)
Cor da pele 15 26 03 20 20 0.3
Branca (%) (57,7) (56,6) (83,3) (74,1)
IgA em TO 2,00 £ 2,56 + 1,40 + 1,57 + 0.1
2,42 3,25 0.3 2,43 2,23
0,98 + 12+ 0.5 14+ 1,+23 0.5
IlgM em TO 1,2 57 2,6

* Mann-Whitney AT= a termo PT=pré-termo I=incluidas NI= nio incluidas
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6.3. Deteccdo de IgA especifica aos antigenos bacterianos nas amostras salivares.

Para andlise da complexidade da resposta de IgA salivar aos antigenos
bacterianos foram realizados ensaios de western blot em amostras de 50 criancas (26 AT e
24 PT). Exemplos de imuno-ensaios realizados em amostras de saliva, representativos de
criancas PT e AT contra antigenos de SM, SMI, SGO e SSA em TO e T3 estdo

demonstrado na Figura 3.

SM SMI SSA SGO SM SMI SSA SGO SM SMI SSA SGO SM SMISSA SGO SM SMISSA SGO SM SMI SSA SGO
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™ - - 1
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—— . :
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T0 T3 T0 T3 T0 T3 .
Criancas a termo

Figura 3. Especificidade de IgA salivar contra antigenos de Streptococos mutans (SM),
Streptococos mitis (SMI), Streptococos sanguinis (SSA) e Streptococos gordoni (SGO) em
3 criangas a termo (AT) e 3 criangas pre-termo (PT), ao nascimento (T0) e aos 3 meses de

vida (T3). PadrGes de pesos moleculares (em kDa) estdo indicados a esquerda.
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A Tabela 5 apresenta as frequéncias de criancas com IgA detectaveis aos
antigenos especificos, e 0 nimero de bandas de IgA especifica aos antigenos com pesos
moleculares de 153 kDa de SGO , 170 kDa de SSA, 202 kDa de SMI e 185, 160 e 56 kDa
de SM no grupo de criangcas AT e PT, ao nascer e aos 3 meses. Nota-se que a frequéncia de
criangas que apresentaram resposta IgA positiva para estes antigenos bacterianos, variou
bastante. Cabe destacar que pelo menos 50% das criancas AT e PT apresentaram resposta
positiva para antigenos das espécies SSA e SMI ao nascimento e aos 3 meses. Além disso,
pelo menos 50% das criancas PT apresentaram resposta IgA especifica para antigenos de
SGO e também para SM em ambas avaliacGes.

A andlise dos resultados obtidos ao nascimento mostrou que a frequéncia de
IgAS para o antigeno de 170 kDa de SSA foi maior nas criancas PT, e para 0 antigeno
185kDa de SM foi maior no grupo AT (p< 0,05). Na avaliacdo aos 3 meses, de uma forma
geral, a resposta de IgA para antigenos em criangas AT foi mais frequente e complexa do
que no grupo de criangas PT. IgA especifica para os antigenos 153 kDa de SGO, 202 kDa
de SMI e 160 kDa de SM foi mais frequentemente encontrada em criancas AT do que entre
os PT (p<0,05). Alem disso, a frequéncia de criancas e 0 numero médio de bandas de IgA
contra SSA foram significativamente maiores no grupo de criangas AT quando
comparadas as PT (Qui-quadrado, p<0,05 , e Mann-Whitney, p < 0,05).
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Tabela 5. Comparacdo da frequéncia de criancas que apresentaram IgA especifica na saliva
para antigenos de S. gordonii (SGO), S. sanguinis (SSA), S. mitis (SMI) e S. mutans (SM),

nos grupos de criangas pré-termo (PT) e a termo (AT) e o nimero médio de antigenos

reconhecidos em cada grupo.

Antigenos

Numero (%) de criancas com IgA especifica positiva na saliva

PT (n=24)
TO T3

AT (n=26)
TO T3

Streptococcus gordonii (SGO)
153 KDa Ag

NUmero médio de bandas
reativas £ DP

Streptococcus sanguinis (SSA)

170 KDa Ag

Numero médio de bandas reativas +
DP

Streptococcus mitis (SMI)

202 KDa Ag

Numero médio de bandas reativas *
DP

Streptococcus mutans (SM)

185 KDa Ag

160KDa Ag

56KDaAg

Numero médio de bandas reativas *
DP

13 (54,1%) 12 (50%)
6 (25%) 4 (16,6%)°

19+3.2 1,8+3.2

15(62,5%) 13 (54,1%)"
6 (25%)’ 5 (20,8%)
22+25 20+£29°

14(583%) 12 (50%)
3(125%)  5(20,8%)
25+36 28440

c

13 (54,1%) 12 (50%)
1(4,1%)° 2 (8,3%)

2 (8,3%)"
1(4,1%) 1(4,1%)
11+13 1,0+ 1,2

15 (41,6%) 17 (65,3%)
8 (30,7%) 11 (42,3%)"

1,719 1817

20 (76,9%) 21 (80,7%)"
4(154%)  7(26,9%)
31+£34 35+35°

19(73%) 18 (69,2%)
6(23%) 14 (53,8%)°
38+43 415%32

12 (46,1%) 13 (50%)

3(11,5%)°  5(19,2%)
4(154%) 8(30,7%)"
0 3 (11,5%)
16+22  20£23

aDiferenca significativa entre grupo PT e AT; Qui-quadrado: p<0.05, q: 3.9
bDiferenca significativa entre grupo PT e AT; Qui-quadrado: p<0.05, q: 4.0
‘Diferenca significativa entre grupo PT e AT; Qui-quadrado: p<0.05, g: 5.8
dDiferenca significativa entre grupo PT e AT; Qui-quadrado: p=<0.05, q: 3.9
®Diferenca significativa entre grupo PT e AT; Mann-Whitney: p<0.05
fDiferenca significativa entre grupo PT e AT; Qui-quadrado: p<0.05, q: 9.5

aDiferenca significativa entre grupo PT e AT; Qui-quadrado: p<0.05, g: 11;3



6.4. Intensidade da resposta especifica de IgA aos antigenos bacterianos nas amostras salivares.

Medidas de densitometria de cada banda especifica de IgA foram realizadas
para determinar a intensidade de reacGes IgA aos diferentes antigenos. Houve variagdo nas
intensidades e no nimero de bandas reativas de IgA especifica aos antigenos bacterianos
estudados entre as criancas de ambos os grupos, quando comparados os dois periodos do
estudo, ao nascimento e aos 3 meses de vida (Figura 4).

200000 - SGO SSA SMI SM
18000,0
16000,0
14000,0
12000,0
10000,0
8000,0

6000,0

Média de intensidade de IgA

4000,0
2000,0

0,0

PT AT
Grupos de criangas

PT AT

O B
W 1o Y T3

=

*Mann-Whitney, p<0.05
Figura 4. Intensidade das reac6es de IgA (médias) aos antigenos de SGO, SSA, SMI e SM

em criancas pré-termo (PT) e atermo (AT) ao nascimento (T0) e aos 3 meses (T3).
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Apos a andlise dos dados de intensidade, ficou claro que alguns antigenos
como os de SSA , SGO e SMI foram mais fortemente reconhecidos pelas criangas. Em
geral, as criancas AT apresentaram maior intensidade de resposta IgA especifica para todos
0s antigenos testados, quando comparadas as criancas PT, mas essas diferencas ndo foram
estatisticamente significativas (Mann-Whitney, p> 0,2), em ambas as visitas. A analise
prospectiva mostrou que, no grupo PT, a intensidade média de resposta de IgA a SM, SGO
e SSA foi significantemente maior aos 3 meses, do que ao nascimento (Figura 4, ANOVA ,
P<0,05). Ao analisar o grupo de criancas AT, a intensidade total de IgA especifica para 0s
antigenos ndo foi significantemente diferente em TO quando comparado a T3 (Figura 4 ,
ANOVA , P >0,005).

A intensidade média de resposta de IgA salivar a cada um dos antigenos das
diferentes espécies de estreptococos testados estd demonstrada na Figura 5. Em TO, ndo
houve diferenca na intensidade da resposta de IgA para os antigenos especificos entre o0s
grupos. Aos 3 meses (T3), a média da intensidade da resposta de IgA para o Ag 202 kDa
de SMI foi significativamente mais elevada em criangas AT, em comparacdo com as PT
(ANOVA, p< 0,05). Quando as respostas de TO e T3 foram comparadas, as criangas PT
apresentaram resposta significativamente maior de IgA a 185 kDa de SM em T3 (ANOVA,
p< 0,05). Além disso, a intensidade média de resposta de IgA a 202 kDa de SMI no grupo
de criangas AT foi significativamente maior em T3 (ANOVA , p< 0,05).
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Figura 5 — Intensidade média de IgA contra os antigenos especificos, comparando o grupo

de criancas prematuras (PT) e a termo (AT), ao nascimento (TO) e aos 3 meses de vida

(T3).

*Mann-Whitney, p<0.05

**ANOVA, p<0.05
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7. DISCUSSAO

O presente estudo avaliou a ontogenia dos anticorpos presentes na saliva nos
primeiros meses de vida por meio da determinacdo dos niveis de IgA e IgM em criancas
nascidas AT e PT, ao nascimento (T0) e aos 3 meses de vida (T3). Um total de 123
criangas participaram da avaliagdo ao nascimento e 50 delas foram avaliadas
prospectivamente aos 3 meses. Além disso, analisou-se a complexidade da resposta IgA,
medida pelo nimero de bandas reativas e intensidade de resposta, contra microrganismos
colonizadores iniciais da cavidade bucal (Streptococcus sanguinis, Streptococcus gordonii
e Streptococcus mitis) e Streptococcus mutans (principal agente etiolégico da cérie
dentéria).

Em ambos os grupos (AT e PT) os niveis de imunoglobulinas salivares
aumentaram do momento do nascimento aos 3 meses de idade. Em relacdo aos niveis de
IgA, houve um aumento de 3,0 e 2,4 vezes em PT e AT, respectivamente. Os niveis de
IgM também aumentaram de TO para T3, sendo que esta diferenca foi significantemente
maior nas criancas PT.

Estudo prévio do nosso grupo, mostrou que niveis salivares de IgA e IgM séo
detectados em recém-nascidos no primeiro dia de vida (NOGUEIRA et al., 2012), a
exemplo do que havia sido observado em estudos realizados em outros paises (SEIDEL et
al., 2000; WAN et al., 2003; MARUYAMA et al., 2009). Além disso, observou-se que 0s
niveis de IgA em prematuros eram significativamente menores do que 0s encontrados em
recém-nascidos a termo (NOGUEIRA et al., 2012), sugerindo diferencas no
desenvolvimento do sistema imunoldgico adaptativo de mucosa em criangas nascidas com
diferentes idades gestacionais.

Sabe-se que linfocitos T de recém-nascidos tem expressdo reduzida de CD40
ligante mesmo quando ativados (NONOYAMA et al.,1995). Além disso, linfécitos B de
sangue de corddo de recém-nascidos AT, e principlamente de PT, apresentam menor
expressdo de CD40, quando comparados a linfécitos B de adultos, o que resulta em
diminuicdo da producdo de anticorpos 1gG e IgA e diminuicdo significativa da resposta
imune adaptativa de recém-nascidos prematuros, o que pode resultar em susceptibilidade
maior a infeccBes por bactérias e resposta diminuida a vacinas bacterianas (KAUR et al.,
2007).
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Estudo prévio, mostrou que a populacdo brasileira é altamente exposta a
microrganismos orais (ALVES et al., 2009), sendo que algumas espécies, como SMI, SGO
e SSA colonizam a cavidade bucal, logo ap6s 0 nascimento, sem causar nenhuma doenca
local especifica. No entanto, sabe-se que estes micro-organismos podem causar
endocardite bacteriana (VACCA-SMITH et al., 1994). Alguns antigenos de viruléncia ja
descritos para essas espécies sdo: 153kDa- Gtf de Streptococcus gordonii (VACCA-
SMITH et al., 1994), 170 kDa-Gtf de Streptococcus sanguinis (VACCA-SMITH et al.,
2000) e 202 kDa-1gA1-protease de Streptococcus mitis (POULSEN et al., 1998).

Por outro lado, a colonizagdo precoce por Streptococcus mutans representa um
grande problema por ser essa bactéria responsavel pelo desenvolvimento de céaries. SM ¢
um micro-organismo que tem habilidade para se acumular em biofilmes e produzir acidos
que destroem a superficie dentaria. Varios antigenos de viruléncia importantes para essa
acdo ja foram descritos: o Agl/ll de 185 kDa, Gtf de 160kDa e a GbpB com 56 kDa
(DEMUTH et al., 1988; . HANADA & KURAMITSU et al., 1988; MATTOS - GRANER
et al., 2001). Estes antigenos sdo frequentemente estudados como alvos para elaboracdo de
vacinas anti-carie, e anticorpos IgA especificos contra estes microrganismos presentes na
saliva podem ser essenciais para o controle da infecgdo pelo SM.

Neste sentido, avaliamos também no presente estudo a especificidade da IgA
contra estas bactérias orais.

Nossos resultados mostram a presenca de anticorpos IgA reativos a Vvarios
antigenos destas bactérias, jA& ao nascimento. Interessante destacar que em estudo anterior
do nosso grupo, ndo se conseguiu demonstrar a presenca dessas espécies de bactérias orais
em criancas recém-nascidas, por meio da técnica de checkerboard (NOGUEIRA et al.,
2012). A mesma pesquisa foi realizada aos 3 meses, utilizando-se a mesma técnica, e ainda
assim, nenhuma das criancas apresentou niveis detectaveis de SMI, SSA, SGO ou SM
(BORGES et al., 2014).

A presenca destes anticorpos, na auséncia de colonizacdo pelas bactérias orais,
poderia, a principio, ser consequente a estimulacdo antigénica por meio da amamentacdo,
jaque DNA bacteriano de estreptococos, estafilococos, bactérias lacticas e bifidobactérias
ja foi detectado em amostras de leite humano (PETRECHEN et al., 2015, MARTIN et al.,
2007; BEARFIELD et al., 2002). Mas é pouco provavel que estes anticorpos encontrados
nas primeiras 10 horas de vida , tenham sido produzidos pelos recém-nascidos, ja que esse

tempo ndo é suficiente para que ocorra todo o processo de absorgdo e processamento
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antigénico, selecdo de células B, diferenciacdo em plasmdcitos, secrecdo de anticorpos e
transferéncia endossomal para o Ilimen das glandulas salivares.

Uma outra explicacdo seria a de que estes anticorpos seriam residuos de IgA do
leite materno, mesmo que as amostras tivessem sido coletadas 3 horas apds a
amamentacdo. No entanto, analises comparativas entre o perfil de resposta de IgA da saliva
de algumas criangas com as do colostro das respectivas maes mostrou que a maioria dos
antigenos que eram mais frequentemente reativos nas amostras das criangas nao foram
reconhecidos pelo leite materno (NOGUEIRA et al., 2012).

Outra hipotese seria a de que a transferéncia de antigenos bacterianos da mée
para o recém-nascido ocorre através do sangue do corddo umbilical, durante a gestacéo.
Alguns estudos na literatura sugerem que 0s recém nascidos ndo sdo completamente
estéreis e que existe um efluxo de bactérias comensais de mae para filho (MARTIN et al.,
2003). JIMENEZ et al. identificaram, em amostras de sangue do corddo umbilical, a
presenca de E. faecium, Propionibacterium acnes, Staphylococcus epidermidis e
Streptococcus sanguinis. Curiosamente, estas espécies estdo presentes em criancas desde
0s primeiros dias de vida e sdo geralmente consideradas como organismos comensais em
criangas saudaveis, embora em algumas delas possam causar infecgdes oportunistas
(MARTIN et al., 2003; JIMENEZ et al., 2005). Outros estudos mostraram, em recém-
nascidos, a presenca de citomegalovirus (ENDO et al., 2009) e papilomavirus
(ROMBALDI et al., 2009) em amostras de sangue de corddo umbilical. Desta forma, as
espécies de bactérias testadas no presente estudo poderiam ter sido apresentadas ao feto na
vida intra-uterina e, assim, estimulado o desenvolvimento do sistema imune de mucosa. No
entanto, tanto quanto sabemos, ndo ha relato de resposta humoral especifica para as
espécies de bactérias testadas no presente estudo, em sangue de corddo umbilical.

A analise prospectiva da especificidade da resposta de IgAS nas criancas do
presente estudo mostrou que, de maneira geral, respostas a antigenos de estreptococos orais
foram mais frequentemente detectadas e de maneira mais intensa no grupo de AT, quando
comparado ao de PT, especialmente em T3. Dentro de cada grupo (PT e AT), os padrdes
de IgA contra antigenos de diferentes espécies estreptocécicas revelaram um aumento na
complexidade da resposta destes anticorpos nos primeiros 3 meses de vida.

Estudo recente, realizado com as mesmas criangas, mostrou que 0s niveis de
citocinas IL-6, IL-10, 1I-12 e IFN-y foram maiores e diferentes em PT do que em AT ao
nascimento (SESSO et al., 2014).
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Estudos recentes demonstram que o aleitamento materno pode suprimir esta
falta de anticorpos proprios do neonato, ja que amostras de colostro apresentam elevados
niveis de IgA contra os principais antigenos de SM, especialmente contra GbpB
(PETRECHEN et al., 2014).

Estudos anteriores, com criancas de 5 a 24 meses de idade, fortemente expostas
a S. mutans, mostraram um padrdo complexo de IgA especifica aos seus antigenos
(NOGUEIRA et al., 2005, NOGUEIRA et al., 2007), sugerindo que as respostas aos
antigenos de viruléncia, especialmente contra GbpB, cedo na vida, podem influenciar a
capacidade destas bactérias em colonizar a cavidade oral. Mais especificamente, a resposta
de IgA salivar para GbpB pode modular a infecgdo por SM.

Nossos resultados sugerem que, embora o sistema imune de mucosas esteja em
desenvolvimento, existe producao propria de IgAS do recém nascido, especialmente contra
bactérias colonizadores iniciais.

Em resumo, 0s nossos resultados mostram aumento nos niveis de anticorpos
IgA e IgM salivares do nascimento até os 3 meses de vida, em criangas nascidas a termo e
pré-termo. A resposta de IgA especifica aos antigenos de estreptococos foi complexa e
intensa, especialmente para os antigenos de SSA e SMI. Houve vérias diferencas nos
padrdes de resposta de IgA entre os grupos. Embora as criangas AT tenham apresentado
uma maior frequéncia de resposta positiva para antigenos principalmente em T3, a
intensidade da resposta IgA ndo aumentou entre as visitas. Por outro lado, nos PT, a
frequéncia de criangcas com resposta positiva aos antigenos diminuiu, mas a intensidade da
resposta aumentou significativamente ao se comparar as amostras colhidas no momento do
nascimento (TO) e aos 3 meses de idade (T3). Dessa forma, os padrdes de resposta de IgA
salivar parecem ser influenciados pela idade gestacional, o que pode refletir o grau de
maturidade do sistema imune da mucosa.

Acreditamos ser importante a continuidade da investigacdo do padrdo de
resposta imune a microrganismos orais em criancgas de baixa faixa etéria, ja que essa é uma
fase ideal para programas de controle de infeccdo, especialmente contra SM.

O presente estudo permitiu concluir que:

- Niveis totais de IgA e IgM na saliva de criangas nascidas a termo e pré-termo aumentam

do nascimento aos 3 meses de idade.
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- IgA salivar especifica contra diferentes antigenos de estreptococos orais foi mais
frequentemente encontrada em criancas a termo do que PT, principalmente aos 3 meses de
vida.

-A intensidade da resposta IgA salivar especifica contra diferentes antigenos de
estreptococos orais aumentou significativamente do nascimento aos 3 meses de vida no
grupo de criangas prematuras e ndo no grupo de criangas a termo.

- A idade gestacional pode influenciar o desenvolvimento da resposta imune mediada por

IgA na saliva nos primeiros 3 meses de vida.
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ANEXOS

ANEXO 1 (Autorizacdo do Comité de Etica em Pesquisa do HC-FMRP/USP)
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Prezada Senhora,

O trabalho intitulado ¢“RESPOSTA IMUNE DE
MUCOSAS EM NASCIDOS PRE-TERMO (PT) E DE BAIXO PESO AO
NASCER (BPN)”, foi analisado pelo Comité de Etica em Pesquisa, em sua
2532 Reunido Ordinaria realizada em 27/08/2007, e enquadrado na
categoria: APROVADO, bem como o Termo de Consentimento Livre e
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ANEXO 2 (Termo de Consentimento Livre e Esclarecido aplicado as mées antes da
coleta de saliva)

Termo de informacéo e consentimento para a participacdo em pesquisa clinica

Titulo: CARACTERIZACAO DA RESPOSTA IMUNE DE MUCOSAS A
COLONIZADORES INICIAIS DA CAVIDADE BUCAL: INFLUENCIA DA
PREMATURIDADE

Pesquisadores:

Mariana Castro Loureiro Borges e Curi

Dra. Ruchele Dias Nogueira

Dra Virginia Paes Leme Ferriani

Endereco: Faculdade de Medicina de Ribeirdo Preto - USP
Departamento de Puericultura e Pediatria

Este termo contém as informacdes sobre a pesquisa na qual vocé e seu (ua)
filho (a) poderdo participar. Por_favor, leia-o_atentamente. Qualquer duvida que tiver,
esclareca-a com a pesquisadora responsavel, a qual estara a sua inteira disposicdo. VVocé
deve decidir se deseja ou ndo participar desta pesquisa apds entender todos os aspectos
descritos a seguir, de modo que possa tomar uma deciséo consciente.

1) Objetivo:

Esta pesquisa tem como objetivo analisar a cavidade oral de criangas nascidas a termo e
prematuras, através da coleta de saliva estimulada, com a qual iremos analisar a
colonizacdo bacteriana da mucosa oral dessas criancas. Este estudo pretende identificar
possiveis fatores bacterianos e imunolégicos relacionados com a capacidade destes
microrganismos de se estabelecer na boca, inclusive o Streptococcus mutans que é o
principal microrganismo envolvido com cérie dentdria. E ainda, analisar possiveis
deficiéncias de desenvolvimento de anticorpos na boca de bebés prematuros.

2) Justificativas:

Os anticorpos presentes nas salivas representam uma importante defesa do organismo
contra bactérias que adentram a boca. Os bebés, logo apds o nascimento, apresentam
poucos anticorpos ou mesmo anticorpos despreparados para eliminar estes microrganismos
invasores. Criancas nascidas prematuramente parecem apresentar deficiéncias de
anticorpos maiores que bebés nascidos em tempo certo, dai a necessidade de maiores
estudos envolvendo estes bebés (prematuros) para que se consiga um perfeito
entendimento e possiveis medidas preventivas para controle de infeccdes.

A cérie dental é uma doenga infecciosa, cujo tratamento dos sintomas atraves de
restauracdo do dente cariado é extremamente caro. A maior parte dos recursos publicos e
privados ainda € aplicada em procedimentos curativo-restauradores e pouca énfase é dada
ao avanco de estratégias preventivas de controle desta doenca. Streptococcus mutans é uma
bactéria que adentra a boca e é a principal responsavel pelo desenvolvimento da carie
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dental. Procura-se também avaliar a capacidade de defesa das criancas logo ao nascimento
e aos 3 meses de vida contra estas bactérias durante os processos de infeccdo. Assim,
teremos maiores dados para o desenvolvimento de estratégias de controle de infeccdo que
possam ser aplicados em programas de salde publica.

3)Descricdo da pesquisa:

Participardo deste trabalho 200 criancas com idade inicial de O dias, as quais serdo
acompanhadas até atingirem 3 meses de idade. A crianca sera submetida a coleta de saliva
com uma pipeta plastica descartavel e esterilizada. Este material serd utilizado nesta
pesquisa ou em pesquisas futuras relacionadas. As maes das criancas participantes também
serdo entrevistadas para a obtencéo de informacdes adicionais sobre seus (uas) filhos (as).

4) Desconfortos, riscos e beneficios esperados:

As criangas que participarem da pesquisa serdo examinadas e terdo as salivas néo
estimuladas, coletadas com pipetas que serdo introduzidas na regido da boca, sugando uma
pequena quantidade de saliva, procedimento este que causa minimo desconforto. Nao
existem riscos adicionais. As maes serdo entrevistadas pela pesquisadora responsavel nas
maternidades em que o parto foi realizado. Os beneficios serdo os conhecimentos gerados
por esta pesquisa e o diagnostico precoce de possiveis problemas bucais e de saude geral, o
qual sera transmitido as mées e agentes de salde.

5) Alternativas:
N&o existem métodos alternativos para a obtencdo das informacgdes necessarias.

6) Exclusoes:
Serdo excluidas das pesquisas, as criancas com problemas de saude geral ou sob
antibiotico terapia até trés semanas antes do dia do exame.

7) Compensagéo:
N&o hé previsdo de indenizacdo ou ressarcimento, pois ndo existirdo gastos ou riscos
relacionados exclusivamente com a pesquisa.

8) Confidencialidade dos registros:

Vocé e seu filho terdo direito a privacidade, visto que todas as informacdes obtidas dos
prontuarios clinicos e laboratoriais permanecerdo confidenciais nos ambitos possiveis da
lei, assegurando a protecdo da sua imagem. Serdo respeitados seus valores culturais,
sociais, morais, religiosos e éticos. A menos que a revelacdo seja exigida por acéo legal ou
regulatdria, todos os esforcos serdo feitos para protegé-los, a vocé e a seu (ua) filho (a), de
serem identificados pessoalmente. Como participante desta pesquisa, VOCé terd acesso aos
resultados obtidos e permitira o0 acesso dos mesmos aos pesquisadores envolvidos e aos
membros da comissdo de ética responsavel. Os resultados deste trabalho poderdo ser
apresentados em congressos ou publicados em revistas cientificas, porém sua identidade
ndo sera divulgada.

9) Direito de participar, recusar ou sair:

Sua participacdo € voluntéria e vocé podera recusar-se a participar ou mesmo interromper
sua participacdo a qualquer momento, sem penalidades ou perdas de seus beneficios aos
quais de outra forma tenha direito. Os pesquisadores terdo o direito de desliga-lo do estudo
a qualquer momento, se julgarem necessario. Ao participar, vocé concorda em cooperar
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com a pesquisa, ndo abrindo mao de seus direitos legais ao assinar o termo de
consentimento informado.

10) Contatos:
Quaisquer duvidas poderdo ser esclarecidas com o pesquisador responsavel, Dra. Ruchele
Dias Nogueira e Doutoranda Mariana Castro Loureiro Borges e Curi, no laboratorio do

Departamento de Puericultura e Pediatria, bloco G, 1° andar, da Faculdade de Medicina de
Ribeirdo Preto-USP.
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CONSENTIMENTO DO PACIENTE

Tendo compreendido o termo de informagdo e consentimento para a participagdo da
pesquisa clinica intitulada “CARACTERIZACAO DA RESPOSTA IMUNE DE
MUCOSAS A COLONIZADORES INICIAIS DA CAVIDADE BUCAL:
INFLUENCIA DA PREMATURIDADE?”, autorizo a participacio de meu (minha) filho

(a), . bem como

concordo em participar deste estudo. Sei que nossa participacdo é voluntaria e que posso
interrompé-la a qualquer momento sem penalidades. Autorizo a utilizacdo dos dados
obtidos pelos pesquisadores envolvidos para a publicacdo em revistas cientificas e
apresentacdo em congressos.

Recebi uma cépia do termo de consentimento.

(N&o assine este termo caso ndo tenha tido oportunidade de esclarecer suas duvidas
ou ndo tenha recebido respostas satisfatérias a todas elas).

Ribeirdo Preto, de de

Nome da mée:
RG:
Assinatura:

Mariana Castro Loureiro Borges e Curi Dra. Virginia Paes Leme Ferriani

Doutoranda Orientadora
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ANEXO 3 (Artigo publicado em revista cientifica no ano de 2012)

ARCHIVES OF ORAL BIOLOGY 57 [2012) 647-653

Available online at www.sciencedirect.com

SciVerse ScienceDirect

journal homepage: http://www.elsevier.com/locate/aob

Salivary IgA antibody responses to Streptococcus mitis
and Streptococcus mutans in preterm and fullterm
newborn children

a,b,*
¥
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* University of Uberaba, Minas Gerais, Brazil

® Department of Pediatrics, Faculty of Medicine of Ribeirao Preto, University of Sao Paulo, Sao Paulo, Brazil

“ Department of Microbiclogy and Immunology, Piraccaba School of Dentistry, University of Campinas, Sao Paulo, Brazil
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Saliva oral cavity (Streptococcus mitis and Streptococcus mutans, respectively) in fullterm (FT) and

preterm (FT) newborn children.
Methods: Salivas from 123 infants (70 FT and 53 PT) were collected during the first 10 h after
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antigens,
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1 Introduction

The mucosal immune system represents the first line of
defence in the adaptive immune response to mucosal
infection. Secretary IgA (SIgA) present in saliva® may contraol
the oral microbiota by redudng the adherence of bacteria to
the oral mucosa and teeth.” The total levels of SIgA in saliva
have been considered as an indicator of maturation of the
mucosal immune system in children.* Transient reductions
in the levels of IgA detected in saliva were associated with
increased susceptibility to infections of the gastrointestinal
tract.** Several factors might influence the development of an
effective mucosal immune response, including nutritional
status, breastfeeding, gestational age, exposition to antigens
and genetic factors.” Newborn infants are known to have a
higher frequency of microbial infections than older children
and adults soon after birth, due to immaturity of the immune
system.® Babies born prematurely (less than 37 weeks
gestation) have 5 times higher susceptbility to bacterial
infections.” Streptococcisuch asS. mitis represent the majority
of bacteria that initially colonize the oral cavity.'®* After
tooth eruption new species colonize such as S. mutans**?
although such species can be also detected in children before
tooth eruption.” Prospective study of 5- to 24-month-old
children heavily exposed to 5. mutans showed a complex
pattern of salivary IgA antibody reactivity to antigens from 5.
mutans and 5. mitis, ™' sugge sting that responsestovirulence-
assodated antigens early in life may influence the ability of S.
mutans to colonize the oral cavity. Several recent studies
showed that SIgA is present in saliva and other secretions at
birth.®” However, the influence of these antibodies in the
establishment of the oral microbiota is unknown.

In thisstudy, we characterised the levels and specificities of
salivary IgA antibodies to 5. mitis and S. mutans antigens in
newborn children, and compared intensities and complexities
of antibody responses between fullterm (FT) and preterm (FT)
children.

2. Materials and methods
2.1.  Study design

A total of 123 (70 FT and 53 PT) newborn children in the
Hospital of the University of Ribeirao Preto, Brazil were
enrolled in this study, under mothers consent for their
participation. This study was approved by the Ethical
Committee of the Medical School of Ribeirao Preto, SP, Erazil,
2963/2007. To be included in the study population, only
healthy newborns less than 10h old were included in this
study. Children with congenital malformations, perinatal
hypoxia, intracranial haemorrhage, with length or weight
incompatible with gestational ages, or under antibiotic
therapy were excluded from this study. Gestational age was
estimated from the reported date of last menstruation period
and somatic evaluation. Information on maternal and
gestational background was obtained by interviewing the
mother. A total of 123 children, 70 FT and 53 PT were born at
mean gestational ages of 39.2 (SD: 1.23, range: 37-41) and 34.5

(SD: 2.21, range: 30-36.5) weeks respectively. Forty-one (18 PT
and 23 FT) and 82 (35 PT and 47 FT) infants were delivered by
caesarean and vaginally section respectively. Amongst those
children {n = 123) from whom volumes of saliva collected were
suitable for laboratory analysis, two subsets of children were
selected for immunological analysis: 24 PT (<37 weeks of
gestation) and 24 FT children. For the purposes of comparison,
these PT and FT children were paired based on total salivary
levels of IgA, gender, radal background and breastfeeding.

2.2, Collection of samples

Samples of whale saliva unstimulated were collected using
sterile polypropylene transfer pipettes. Collections were
performed in all children at approximately 4-10h after birth
in order to standardize the collection and the oral microbial
exposure, and at least 3h after breastfeeding to avoid
contamination with non-salivary components, but in four
children (3 FT and 1 PT) saliva samples were collected before
the first breastfeeding. Solution of 250 mM EDTA, pH 5.2
(Sigma, 5t. Louis, MO, USA) was added to each sample prior to
transport on ice to the laboratory where they were stored at
—B0 “Cuntil analysis. Samples of colostrum and maternal milk
were collected by manual expression into empty sterile
containers on the 1st day of lactation from 20 puerperal
mothersof the some children in the study. After collection, the
maternal samples also were transported on ice to the
laboratory, centrifuged to remove lipids components and
stored at —80 °C until use.

2.3.  Detection of Streptococcal species in the oral cavity

The presence of 5. mutans and S. mitis in the samples of saliva of
newborn children was investigated by chequerboard DNA-DNA
hybridization with species-specific probes as descaibed by
Socransky et al'’ Briefly, 0.5 M NaOH, pH 13.4 (Sigma) was
added to saliva samples. After boiling, samples were applied
and fixed by exposure to ultra-violet light (Hybrilinker, UVP,
Upland, CA, USA) in individual lanes on a nylon membrane
(Amersham Biosciences, Little Chalfont, Buckinghamshire, UE)
using the chequerboard slot blot device (Minislot 30, Immu-
netics, Cambridge, MA, USA). Digoxigenin-labelled whole
genomic DNA probes were prepared for each one of the
reference strains (S. mutans [UA159]) and S. mitis [ATCCS06])
usinga random primer technique. These two DNA probes were
hybridized perpendiculardy to the lanes of the bacterial samples
using the Miniblotter 45 (Immunetics Cambridge, MA, USA) at
70°C. Bound probes were detected using phosphatase-conju-
gated antibody to digoxigenin (Roche Applied Science, Man-
nheim, Germany) and revealed with CDP-Star® (Amersham
Biosdences, Little Chalfont, Buckinghamshire, United King-
dom). Two lanes in each run contained standards at concen-
trations of 10° and 10° cells of each spedies. Thesensitivity of the
assay was adjusted to permit detection of 10° cells of a given
spedes by adjusting the concentration of each DNA probe. The
signals developed on ¥-rayfilms were scanned in a densitome-
ter (Bio-Rad GS-700 Imaging Densitometer, Hercules, CA, USA)
and evaluated using the ImageQuant Software (Amersham
Biosdences, Little Chalfont, Buckinghamshire, United King-
dom). Signals were converted to absolute counts by comparison
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with the standards on the same membrane. Failure to detect a
signal was recorded as zero.

24.  Concentration of protein, IgA and IgM

Total concentration of proteinin saliva was determined by the
method of Bradford (Sigma) to check for variations in salivary
flow. Total levels of IgA and IgM were determined in capture
ELISA assays as previously described.’®

25,  Salivary and maternal milk IgA reactivity against
bacterial antigens

Pattemns of reactivity of salivary IgA and breast milk antibody
against 5. mitis (ATCC 906) and S. mutans (UA 159) Ags were
determined in Western blot assays. Sixteen micrograms of
antigen extracts prepared as previously desaibed™ were
loaded per lane, separated by sodium dodecyl sulphate-6%
polyacrylamide gel electrophoresis, and transferred tonitrocel-
lulose membranes. After being stained with Red Ponceau
[Sigma), membranes werewashed and blocked ovemnightat4 °C
fin Tris-buffered saline-Tween, pH 7.5, 5% nonfat milk).
Incubations with samples diluted 1:100 were performed at
room temperature for 2 h. As negative controls, membranes
were incubated only with blocking buffer, and as positive
controls, membranes were incubated with a standard saliva
sample obtained froman adult whose pattern of reaction with S.
mutans and S. mitis antigen extracts had been previously
measured. The secondary antibody was goat IgG anti-human
IgA conjugated with horseradish peroxidase (1:4000 dilution).
Antibody reactions were developed using an ECL system
(Amersham Biosdences). For this purpose, immunoblots were
incubated with ECL detection solution and then exposed to the

same X-ray film for 5 min. The developed X-ray films were
scanned in a scanning densitometer (Bio-Rad GS-700 Imaging
Densitometer) to analyse patterns of antigen recognition,
induding the number and intensity of reactive bands. A film
blank value was subtracted from the value of the reactive band.

In order to determine whether any of the antibodies
detected were uniquely specific for a single species, ten saliva
samples (3 PT and 7 FT) were adsorbed sequentially with
antigens of cells of §. mitis, S. mutans and Enterococcus faeon lis as
described by Cole et al.®® Antibody activities remaining after
adsorption (percent) were determined by dividing the optical
density at 450nm of each adsorbed saliva by that of the
corresponding unabsorbed saliva at the same dilution and

multiplying by 100.
26.  Statistical analysis

Associations between concentrations of IgA, IgM and total
protein, and pattems of antibody reactions were tested by
Spearman correlation analysis. Differences in the densitome-
try values of reactive Ags between the subsets of PT and FT
children were analysed by a Mann-Whitney U test. Compar-
isons of the frequencies of children with distinct IgA antibody
specifidties were tested by a chi-square test A P-value
of < 0.05 was considered statistically significant.

3. Results
31.  Levels of IgA and IgM

Immunoglobulin A and IgM were detected in all saliva samples
tested (n = 123). There were statistically significant differences
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Fig. 1~ Lewvels of salivary IgA (A) and IgM (B) observed amongst 123 children, Preterm (PT) and Fullterm (FT) measured in the
same samples. Squares represent absolutes amounts of immunoglcbulins in salivas (pg/ml). Asterisks represent the

median levels of Ig in each group of children.
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inlevels of salivaryIgA between PT (median: 0.78,interquartile ~ 3.2.  Complexity and intensity of IgA response to S.

range [IQR]: 0.43-1.49) and FT (median: 1.09, IQR: 0.55-2.75) mutans and S. mitis Ags

(Mann-Whitney U test, P < 0.05). A positive correlation was

observed between salivary levels of IgA and IgM in each Detection of streptococci in oral samples using chequerboard
group (Spearman's, r > 0.75, P < 0.01). Fluctuation of abso- DNA-DNA hybridization assays showed that no children have
lute levels of IgA (A) and IgM (B) are shown in Fig. 1. The S.mitis or S. mutans in saliva samples at the levels tested. Fifty
median concentration of total protein in saliva was 834.3 pg/ and 37.5% of PT (n = 12) and FT (n = 9) respectively did not show
ml (IQR: 613.9-1219.4), with similar levels in FT and PT IgA-reactive bands to the antigen extracts tested. However,
infants (Mann-Whitney, P >0.05). The median ratios of amongst the IgA-reactive children, several bands of IgA
values of IgA nommalized by protein concentration (median reactivity with S. mutans and S. mitis antigens were identified,
ratio, 0.10, IQR: 0.05-0.20) determined for PT was signifi- especiallyin FT children. Examples of immunoblotsincubated
cantly lower than that observed in FT infants (median ratio, with salivas from three representative pairs of PT and FT
0.22, IQR: 0.06-0.40; Mann-Whitney, P < 0.05). No significant children against Ags from S. mutans and S. mitis are shown in
differences were detected in median ratios of values of IgM Fig. 2A. Maternal and child patterns of IgA-reactivity with S.
normmalized by protein concentration between groups mitis and S. mutans antigens were compared. Interestingly, few
(PT = median ratio, 0.08, IQR: 0.02-0.15 vs FT = median ratio, coinddent bands were noted between mother and child.
0.10, IQR: 0.02-0.20, Mann-Whitney; P >0.05). The median =~ Median percentage values of coincidentbands to totalnumber
concentration of total IgA in maternal milk was 2567.8 pg/ of bands identified were 5 and 8% for S. mitis and S. mutans,
ml (IQR: 834.0-3986.3) not differing between mothers of  respectively. Three pairs of examples of immunoblots com-
preterm and full-term infants (Mann-Whitney, P > 0.05). paring the mother milk and her baby’s saliva are shown in
Also, the levels of immunoglobulins and proteins were Fig. 2B. In addition, the immunocblots from two children (1 PT
similar in infants delivered by caesarean section or  and 1FT)who were not yet breast fed presented IgA response

vaginally (Mann-Whitney; P > 0.05). to antigens from S. mutans and S. mitis (Fig. 2A, pair 10).
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Fig. 2 - (A-B) Patterns of IgA spedficities against antigens from S. mitis (SMI) and S. mutans (SM) in 3 pairs (A) of preterm (PT)
and fullterm (FT) children’s salivas. Standard molecular sizes (kDa) and specific antigens (202, 185 and 160 kDa) are
indicated on the left side of the immunoblots. (B) Comparison of complexity of IgA antibody reactivities between 2 samples
of milk’s mother and their respective babys salivas.
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Table 1 - Comparisons of the frequencies of children with positive salivary IgA responses and sum of mean intensities to

total and specific Ags from Streptococcus mitis (SMI) and Streptomous mutans (SM) between preterm (PT) and fullterm (FT)

Antigens Number (%) of children with Sum of mean Intensity of

salivary lgA reactive salivary lgA reactive +5D
FT PT FT
h=24 h=24 h=24 h=24

Streptococcus mitis

Total SMI Ags 11{45) 12(s0) 296 + 575 10201 + 29482

202 kDa Ags (lgAl-protease) 3(13) 7(29) 85+ 244 107 + 226

Meen number of reactive Ags £ 5D 10+ 15 27410

Streptocoocus mutans

Total SM Ags 7(29) 11(48) 215 + 567 466 + 896

160 kDa Ags (GTF G 2(8) 6(25) 16 + 53 47 +125

185 kDa Ags (Ag U} 417) 4{17) 21+ 88 46+ 104

Meen number of reactive Ags + 5D 09+16 15+20

* Significant differences between FT and FT groups; Mann-Whitney U test: P < 0.05.

Antigens in both species are shown to react with salivary IgA
in both pairs. Taken together, these data suggest that the IgA
reactivities seenin the children's salivas are derived, at leastin
part, from the child.

The numbers of children that presented detectable IgA
antibodies to antigens of each Streptococcal species and mean
numbers of reactive bands detected are shown in Table 1.
Although IgA antibody responses were detected more fre-
quently to 5. mitis Ags (n=23, [11 PT and 12 FT]) when
compared to 5. mutans antigens (n = 18, [7 PT and 11 FT)) those
differences were not significant (Mann-Whitney, P > 0.05).
Additionally, the number of IgA-reactive bands to S. mitis
antigens was significantly higher in FT than in PT children
Mann-Whitney U test, P < 0.05). Six percent of the SDS-PAGE
gels analysed allowed the visualization of important antigens
from S. mutars: Ag I/11 (185 kDa), GTF C (160 kDa) and GbpB
(56 kDa) and of 5. mitis: IgA-protease (202 kDa). Twenty-one
percent of children (n= 10, [3PT and 7FT]) had IgA reactive to
Ag 202 kDa-S. mitis and 16.5 (n = 8, [2PT and 6FT]) and 17 (n=8
[4FT and 4 PT]) % of children presented IgA reactive to 185 and
160 kDa-5. mutans Ags respectively (Table 1). We did not find
children with IgA reactive with bandsin the 56 kDaregion of 5.
mutans blots. There were no significant differences in the
number of PT and FT children with IgA responses to these
antigens (Qui Square test, q < 2.01; P > 0.27).

There were variations in the intensities and numbers of IgA
antibody reactions with the recognized bands amongst
children in bath groups. Table 1 shows the sums of intensities
of IgA reactions with all bands detected for each species (total
intensities) observed in children of the FT and PT groups. In
general, FT children presented the highest intensity of IgA to
all antigens tested but those differences were not statistically
significant (Mann-Whitney U test, P = 0.2), likely due to the
high variability in intensities of response amongst children of
each group.

The results showed that SIgA antibody from 10 samples (3
PT and 7 FT) tested did not react with E. faecalis antigens, as
SIgA responses to 5. mutans and S. mitis were not reduced by E.
foecalis cross-adsorption. On the other hand, when samples
[n = 10) were adsorbed with cells of 5. mitis, there were mean
reductions of 22% of SIgA to S.mutansin 5 children (4 FT and 1

PT). In the same children (n=5), there was also a mean
reduction of 45% of SIgA to S. mitis when samples were
adsorbed previously with cells of 5. mutans.

4. Discussion

Salivary IgA antibodies play several roles in the modulation of
the establishment of the microbiota compatible with health
homeostasis' and form a first line of defence against specific
pathogens.™ Salivary IgA antibodies neutralize antigenic
components involved in microbial virulence and might block
surface adhesins important for colonization of the mucosa.™
In the saliva, secretory IgA predominates, but early in life, IgM
is also normally detected ® Previously, it was desaibed that
IgA can be detected in saliva at birth.®" Here we show that
detectable levels of salivary IgA antibodies reactive with
common bacterial species of the oral cavity can be detected in
the first hours of life.

With respect to gestational age, not only were the total
levels of salivary IgA higher in FT (up to 2.5-fold) but also the
complexity of IgA against bacterial species (Fig. 2A, Table 1),
suggesting that prematurity can lead to a delay in IgA
responses at initial stages of antigenic challenge. Longitudinal
comparisons of levels of IgA in PT and FT infants could be
helpful to clarify the extent to which this difference is
maintained over time.

Previously, we suggested that patterns of specificity of IgA
antibody responses to S. mutans antigens might be more
important than total levels of reactive IgA antihodies. ™ In this
study, we observed that pattems of protein bands reactive
with salivary IgA were variable amongst newbom (Fig. 24). We
reasoned that mucosal responses, most frequently detected in
newborns to antigens of S. mitis, a pioneer colonizer of aral
mucosa, might develop eadier than to S. mutans, which
calonize children at a later age ™% By separating proteins in
6% SDS-PAGE gels itis possible to visualize the three main cell-
associated antigens of 5. mutans, Ag I/I*' GTF C* and GbpB®
with molecular masses of 185, 160 and 56 kDa respectively.
These antigens are involved in the capacity of 5. mutans to
adhere and accumulate in the dental biofilm. A previous study
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showed that some five-month-old children presented with
salivaryIgA reactive to all this antigens, especially to GbpB and
may have arole in modulating the level of colonization by 5.
mutans.” In the present study, approximately 30% of the
children evaluated (n = 16/48) presented IgA against Agl/Il and
GTFC, but not against GbpB (Table 1). Also, 20% of saliva
samples from newborn children were reactive with a S. mitis
202 kDa component (Table 1), suggesting the presence of IgA
reactive to IgAl-protease, an antigen important for 5. mitis
establishment in the oral cavity.®**

In the present study we analysed the specifidty of salivary
SIgA antibodies reactive with S. mutans, 5. mitis and E. faecalis, to
test whether SIgA antibodies reactive with commensal oral
bacteria were induced by these bacteria and were, therefore,
spedfic to them or whether they were induced by cross-
reactions with other bacteria. The results of cross-adsorption
showed that in half of the saliva tested (n = 50f10), therewasa
reduction of the salivary IgA to 5. mutans when the plate was
previously absorbed with 5. mitis antigens. A similar result of
levels of salivary IgA to 5. mitis occurred when the plate was
covered with 5. mutans. The elimination of salivary IghA
antibodies reactive with the test species following sequential
adsorption of saliva samples with each streptococcal species
supparts partially the condusion that the antibodies werecross-
reactiverather than species specific,asdescribed previously. "™

Although in our previous study we detected SIgA antibodies
reactive with 5. mutans in saliva of predentate infants who did
not harbour S. mutans,' here, the presence of specific antibody
at birth is unlikely to have been induced within 10 h, since it
takes at least a week for the uptake, processingof antigen, B cell
selection and migration to local sites, differentiation into
plasma cells leading to antibody secretion and endosomal
transfer into the gland lumen. Thus, some hypotheses can be
raised to address this eady response of SIgA to S. mutons and S.
mitis antigens. Firstly, the presence of residual of IgA from
maternal milkin the oral cavity of children cannot be excluded,
even though the samples have been collected at least 3 h after
breastfeeding. For this reason, we compared immunoblotting of
infant salivary samples with their respective maternal milk
samples (Fig. 2B). The majority of antigens that were more
frequently reactive in the infant salivary samples were not
recognized by maternal milk (Fig. 2B). Additionally, immuno-
blots from children who did not receive maternal milk (Fig. 14,
pair 10) presented with IgA antibody reactivity with 5. mutans
and S. mitis antigens. The persistence of secretory antibodies in
the oral cavity (e.g., following breast feeding) strongly depend
on their adhesion to salivary pellicle on tooth surfaces.™ Since
newborns are edentulous, this condition for persistence of
maternal IgA is absent.

An alternative hypothesis could be assodated with the
plurispedific protection at mucosal surfaces, proposed by
Quan and coworkers,” who found that SIgA antibodies from
human saliva reacted with actin, myosin and tubulin but also
with antigens from Streptomcoous pyogenes. Also, those anti-
bodies could result from stimulaton without antigenic
exposure, as the result of anti-idiotype inducdon® or intra-
uterine stimulation. Thus, several bacteria have been isolated
from umbilical cord blood, amniotic fluid and foetal mem-
branes without clinical or histological evidence of infection or
inflammation in pairs of mothers and children*®

In summary, the results show that detectable levels of
salivaryIgA antibodies reactive to oral bacterial spedes can be
detected within the first hours after birth. Furthermore, the
salivary IgA concentrations and IgA antibody spedficities
appear to influenced by the gestational age, which might
reflect the level of immunological maturity of the mucosal
immune system. These findings support further study about
the investigation of antibody and microbial sources from
mother in order to darify the role and development of mucosal
immune response in neonates.
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Little is known about the ontogeny of the cytokines in saliva of newborn. Previous studies showed that
levels of immunoglobulin A (IgA) in saliva could be influenced by prematurity. So, the aim of this study was
to analyze the levels of interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 12 (IL-12), and interferon
gamma (IFN-y)in sample saliva of fullterm (FT) and preterm (PT) neonates at birth (T0) and after 3 months
of age (T3). Saliva from 50 infants (25 FT and 25 PT) were collected at TD and T3 and analyzed by Luminex
Corporation (Austin, Texas, United States) multiplex assay. Clinical characteristics and social-economic
data were assessed through questionnaires. All cytokines could be detected at birth in levels higher than
found in T3. The mean levels and frequency of detection of cytokines were significantly higher in PT
than FT at TO (P<0.05). There were a positive association between IL-10 and infection (P<0.05) and IL-6
and stress (P<0.005). Salivary cytokines were detected within the first hours after birth and their levels
decreased after 3 months. The cytokine levels were different between PT and FT children and appear to
be influenced by stress situation and/or antigenic microbial challenge. The results confirm the necessity
for further studies about the mucosal immune system by using of saliva as a source of diagnostic by
identification of biomarkers of the status of the immune.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

Since mucosal surfaces represent the interface between the
host and the environment and are the most common portal of
pathogen entry, early development of functional mucosal immune
defense is essential for survival. Several factors may influence the
development of an effective mucosal immune response, including
breastfeeding, gestational age, contact to antigens, genetic factors,
and stress (Maruyama et al., 2009).

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,
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0171-2985/© 2014 Elsevier GmbH. All rights reserved.

IL-8, IL-12, IFN-, stimulates the inflammation (Meirovitz et al.,
2010). Also, there are the anti-inflammatory cytokines: IL-10
and IL-13, which attenuate 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.
Several cytokines play an important role in the protection of oral
mucosa together with the adaptive immune response, i.e, IL-12
and IFN-y can induce activation of secretory IgA response against
different infectious agents (Bradney et al., 2002).

Saliva represents an important biofluid that have several func-
tions in the first line of defense because it presents satisfactory
levels of immunoglobulin A, cytokines, and antimicrobial peptides
(Nurkka et al., 2001). Salivary levels of selected cytokines were
associated with both oral diseases, as well as systemic diseases in
adult’s saliva in Crohn's disease (Szczeklik et al., 2012) and lichen
planus(Zhanget al., 2008). In patients with periodontal disease IL-6
concentrations are elevated in samples of saliva (Costa et al., 2010;
Johnson and Serio 2005; Teles et al., 2009). In children, increased
levels of IL-6 were found in subjects submitted to some kind of
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stress, such as sleep deprivation (Redwine et al., 2000) and mental
problems (Keller et al., 2010).

Newborns are known to have a higher frequency of microbial
infections than older children and adults, due to the immaturity of
the immune system (Sadeghi et al., 2007), especially babies born
prematurely who have five times higher susceptibility to bacterial
infections (Clapp et al., 1989). Our previous study showed that sali-
vary IgA could be detected in newborns and levels were higher in
fullterm than in preterm children (Nogueira et al., 2012} in the first
hours of life, suggesting that the prematurity could influence the
ontogeny of the immune response (Mogueira et al., 2012).

Studies focused on the analysis of cytokines in samples of serum,
plasma, amniotic liquid, and cervicovaginal fluid (Dammann and
Leviton, 1997; Mehr and Doyle, 2000; Romagnoli et al., 2001; Holst
etal., 2005;Jacobssonetal., 2005; Lyon et al.,2010; Wei et al.,2010),
showing a positive correlation between the increase of proin-
flammatory cytokines, particularly IL-6 with prenatal intrauterine
infection (Dammann and Leviton, 1997; Holst et al., 2005), preterm
birth (Holst et al., 2005; Jacobsson et al., 2005; Lyon et al., 2010; Wei
et al., 2010), and neonatal brain damage (Dammann and Leviton,
1997). Also, increased levels of IL-10 (Romagnoli et al., 2001;
Cancelier et al., 2009) and IL-6 (Mehr and Doyle 2000; Cancelier
et al., 2009) have been considered as prognostic indicators of
neonatal sepsis in preterm infants.

So, there are few studies that elucidate the ontogeny of mucosal
immune system in recent life, especially about cytokines. In this
study, we characterized the levels of proinflammatory (IL-6, IL-12,
and IFN-y) and anti-inflammatory (IL-10) cytokines in saliva sam-
ples of fullterm (FT) and preterm (PT) children at birth and after 3
months of life.

Material and Methods
Patients and study design

Atotal of 123 (70 FT and 53 PT) children born in the Clinical Hos-
pital of the Ribeirao Preto Medical School, in Brazil were enrolled in
this study. Fifty children (25 FT and 25 PT) that had enough amounts
of saliva were performed in Luminex® procedure. Those samples
were collected in two visits: TO and T3. Only healthy newborns with
less than 10 h of life were included in this study. Children with con-
genital malformations, perinatal hypoxia, intracranial hemorrhage,
with length or weight incompatible with gestational ages, or under
antibiotic therapy were excluded.

The Ethical Committee of the Medical School of Ribeirao Preto
(process: 2963/2007) approved this study and mothers gave writ-
ten consent for participation. Gestational age was estimated from
the reported date of last menstruation period and also by somatic
evaluation.

Data collection

Information on gestational background, health of mother, and
of newborn was obtained by interview with mother and clinical
data from hospital. Analysis of interviews with mothers and of
clinical evaluation allowed collecting several data about mater-
nal and newborn health during the gestation and the delivery. We
obtained information about presence of infection (i.e., chorioam-
nionitis and urinary infection), systemic and oral disease, and use
of antibiotics or corticoids from mother during the pregnancy. At
birth were evaluated the time of rupture of amniotic membrane,
type of delivery, development hypoglycemia, apgar score, weight
and height of newborn. After 3 months, other informations were
obtained from mother about the baby's health such as, infection,
respiratory disease, breastfeeding, and use of pacifier. Those data

collected allowed knowing if the newborn was submitted to some
type of stress (such as hypoglycemia, time of rupture of membrane
higher than 18 h) and/or of contact with bacterial infection during
the intrauterine life or after birth. So, those data were associated
with levels of interleukin found in the samples of saliva.

Collection of samples

Samples of whole unstimulated saliva were collected using ster-
ile polypropylene transfer pipettes. Collections were performed in
all children at approximately 4-10h after birth in order to stan-
dardize the collection and the oral microbial exposure, and at least
3h after breastfeeding to avoid contamination with non-salivary
components. Solution of 250 mM EDTA, pH 5.2 (Sigma, St Louis,
MO, USA) was added to each sample prior to transport on ice to the
laboratory where they were stored at —80 °C until analysis.

Quantification of cytokines using Luminex®

Cytokine levels were determined using a multiplexed bead
immunoassay as described by Teles et al (2009). Saliva were
diluted 1:16 in PBS-BN (PBS [Sigma], 1% bovine serum albumin
[Sigma], 0.05% sodium azide [pH 7.4]), then filtered on 0.22 uM
centrifuge tube filters (Spin-X, CoStar) at 10,000 RPM for 10 min.
Four cytokines: IL-6, IL-10, IL-12, and IFN-y were measured using
the human high-sensitivity cytokine of four-plex antibody bead
kit (Millipore Corp., Bedford, MA, USA). Briefly, the beads coated
with monoclonal antibodies against the 4 different cytokines were
added to the wells. Samples and standards were pipetted into
the wells and incubated for 2 h with the beads. The wells were
washed and biotinylated secondary antibodies were added. After
incubation the wells were washed followed by an incubation of
30 min with streptavidin conjugated to the fluorescent protein,
R-phycoerythrin (streptavidin-RPE). After washing to remove the
unbound streptavidin-RPE, the beads (minimum of 100 per anal-
ysis) were analyzed in the Luminex 100™ instrument (MiraiBio,
Alameda, CA). Samples below the detection limit of the assay were
recorded as zero, while samples above the upper limit of quantifi-
cation (ULQ) of the standard curves were assigned the highest value
of the curve.

Statistical analysis

Differences in levels of salivary cytokines and clinical data
related to mother and infant health between groups (PT and FT) and
visits (TO and T3) were examined using the ANOVA test. chi-square
test was used to analyze differences in the frequency of detection
of each cytokine between groups and data obtained from question-
naires. Pearson correlation was used to assess correlation between
levels of cytokines and data on mother and infant health. A P-value
of <0.05 was considered statistically significant.

Results
Population data

Fullterm and PT children were born at mean gestational ages of
39.1 (SD: 1.22, range: 37-41) and 34.3 (SD: 2.19, range: 30-36.5)
weeks, respectively. All children were delivered by cesarean sec-
tion.
Levels of interleukins: IL-6, IL-10, IL-12, and IFN-y

The distribution of cytokine levels in saliva samples in PT and

FT infants at birth (TO) and at 3 months (T3) are shown in Fig. 1.
Comparison of cytokine levels and frequency of positive detection
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Fig. 1. Fluctuation of levels of IFN-y, IL-10, IL-12, and IL-6 in pg/mL in each saliva samples of 25 pairs of PT and FT at birth (T0) and after 3 months follow-up (T3).

of each interleukin at TO and T3 in the groups of PT and FT children
is shown in Table 1.

At birth (T0), the mean levels of the four cytokines studied, [FN-
7, IL-10, IL-12, and IL-6 were significantly higher in PT than in FT
children (P<0.05). The frequency of children with positive detec-
tion of IFN-y, IL-10, and IL-12 at birth (chi-square test, g>7.01;
P<0.05) was significantly higher in PT as compared to FT infants.
Saliva IL-6 levels were detected in samples of all PT and FT children,
in both visits.

At the 3 months prospective evaluation (T3), we did not find
significant differences in the mean levels of interleukins IL-10, IL-
12, and IL-6 between groups (P> 0.05). On the other hand, preterm
infants showed higher levels of IFN-y (P> 0.05) when compared to
FT group. Frequency of IL-6 and IL-10 detection was significantly
higher in FT (n=19) than in PT (n=12) (chi-square test, g=6.2;
P<0.05). In contrast, no FT baby presented detectable levels of
IFN-y, while 8 PT children had positive response to this interferon

(Chi-square test, g=11.5; P<0.01). There were no significant dif-
ferences in the number of PT (n=13) and FT (n=10) children with
undetectable IL-12 levels (chi-square test, g=0.03; P> 0.54).

Fig. 2 shows the mean levels of each interleukin from TO to
T3. The prospective analysis showed that the levels of interleukins
in PT decreased significantly (IL-10: P=0.009, IL-12: P=0.001, IL-
6: P=0.001) from TO to T3, while levels of IFN-y increased with
age (P=0.03). In the group of FT children, we observed significant
decreasing difference from TO to T3 for IL-12 and IL-6 (P<0.05).
For IL-10 and IFN-y levels, no significant differences were found
(P>0.11) between visits.

Association between clinical information and cytokines levels
Table 2 shows the frequency of children that were submitted

to some types of situation of stress and/or infection during the
intrauterine life and/or after birth.
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Table 1

833

Distribution and comparison of mean levels and number of children with positive response to [FN-y, IL-10, IL-12, and IL-6 cytokines in saliva samples from 25 pairs of preterm

(PT) and fullterm (FT) infants at birth (TO) and at 3 months (T3).

TO T3
Cytokines PT FT PT FT
IFN
Mean 467 017 6.88 0.00°
5D 916 0.57 1217 0.00
Number of children with positive response (%) 12(48)" 2(8)" 8(32)" ooy
IL-10
Mean 17.03° 425 610 5.85
5D 14.79 5.53 11.16 6.64
Number of children with positive response (%) 21(84)" 12(48)" 12(48)" 19(76)"
IL-12
Mean 15.60° 734 437 2.06
5D 11.87 864 8.66 245
Number of children with positive response (%) 25(100)" 20(80)" 12(48) 15(60)
IL-6
Mean 21.60° 18.18 249 2.03
5D 29.50 37.63 411 2.50
Number of children with positive response (%) 25(100) 25(100) 12(48)" 19(76)"

" Difference statistically significant (ANOVA, P<0.05).
Difference statistically significant (chi-square test, P< 0.05, g > 0.50).

Fifty percent of mothers with infection during the preg-
nancy presented urinary infection followed by toxoplasmosis and
syphilis. The main occurrence of stress was before the birth when
the time of rupture of membrane was higher than 18 h. After birth
two situation of stress in PT group were reported: hypoglycemia
(n=4) and icteric neonatal (n=6). All children FT (n=>5) presented
icteric neonatal as a situation of stress. There were differences

25,00
20,00

15,00
— T

- am [T

10,00

Mean Levels of IFN (pg/ml)

0,00

O T3

25,00

20,00

15,00

— DT

- e FT

10,00

5,00

Mean Levels of IL10(pg/ml)

0,00
To T3

statistically significant between groups of PT and FT in relation
to stress before (chi-square, P<0.05, g=7.08) and after birth (chi-
square, P<0.05, g=5.55).

Children submitted to situation of stress and/or of contact with
bacterial infection during the intrauterine life or after birth were
associated with levels of interleukin found in the sample saliva
collected at TO. In the PT group, there was a positive correlation
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Fig. 2. Evolution of the mean levels of IFN-vy, IL-10, IL-12, and IL-6 in FT and PT infants from birth (T0) to 3 months of age (T3).
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Table 2
Number of children in PT and FT groups submitted to some type of stress and/or
infection in the intrauterine life and after birth.

Number of children (%) in each group:

Data collection: PT(n=25) FT (n=25)
Intrauterine life

Infection 10(40.0) 5(20.0)
Stress 10(40.0) 2(8.0)
Afterbirth

Infection 5(20.0) 2(8.0)
Stress 13(52.0)” 5(20.0)7

" Differencestatisticallysignificant, P<0.05, g=7.08.
" Differencestatisticallysignificant, P<0.05, g=5.55.

between levels of IL-6 with stress in the intrauterine life (Pearson
Correlation, P=0.05, rs=—0.65) and after birth (Pearson Correla-
tion, P = 0.05, rs=—0.58). Also, in FT, a positive correlation between
levels of IL-6 with stress in the intrauterine life (Spearman Cor-
relation, P<0.05, rs=—0.48) and after birth (Pearson Correlation,
P<0.05,rs=—-0.65).

Discussion

There is little information about the ontogeny of the mucosal
immune system by the analysis of immunological components of
salivain early life, when the children are exposed to awide diversity
of microorganisms through the oral cavity. The majority of studies
that evaluated cytokines focused on other types of samples such
as blood, amniotic liquid, and cervicovaginal fluid (Dammann and
Leviton, 1997; Mehr and Doyle 2000; Romagnoli et al., 2001; Holst
etal.,2005;]Jacobssonetal., 2005; Lyon et al., 2010; Wei etal.,2010).
Studies with saliva were found in older children (Redwine et al.,
2000; Keller et al., 2010) and adults (Costa et al., 2010; Johnson and
Serio 2005; Teles et al., 2009). Here, our interests were analyzed on
levels and frequency of detection of cytokines in minimally inva-
sive measurement approach by the saliva collection in samples of
newborns, born at term and preterm, in the first hours of life and
after 3 months in order to check the development and subsequent
production of cytokines in saliva.

The results showed the mean levels of all salivary cytokines were
higher in TO than in T3 in both groups. Also, there were several
differences in the detection of cytokines in the samples of saliva
between PT and FT, as in relation to the mean levels, as in the fre-
quency of positive detection of some cytokines. At TO, the mean
levels of all cytokines were significantly higher in PT than in FT
group. Also, IL-10, IL-12, and IFN-y cytokines were more frequently
detected in PT, excepting the IL-6 that was detected in all chil-
dren. After 3 months, the cytokine levels decreased in both groups,
excepting for IFN-y that increased from TO to T3 in PT group and
were detected in 32% of those children, which do not happen in
FT group, because no one child presented this interferon. Those
results suggest that the patterns of development of the mucosal
immune system represented by saliva compounds are different in
accordance to gestation age and other influences after birth, such
as infection, situation of stress.

The maturation of innate immunity appears to occur before the
adaptive response, since a previous study, with the same samples,
also, showed differences between PT and FT, but the levels of IgA
were different and higher in FT (up to 2.5-fold) than PT (Mogueira
et al., 2012), maybe because in the absence of specific adaptive
immunity already, the innate mechanism of defense can develop
and provide non-specific protection in fetal life and at birth in the
preterm children.

The identification of markers of the status of the immune
response by detection of cytokines may give information about the
ontogeny of mucosal immune system and susceptibility to various

infections. Analysis of maternal health during the pregnancy and of
neonate allowed finding some association with levels of cytokines
between groups. The levels of IL-10 did not present a positive asso-
ciation with maternal bacterial infection in both groups, although
studies showed that IL-6 and IL-10 are important inflammatory
biomarkers of neonatal sepsis in blood (Benderet al., 2008), because
the increased levels of IL-10 were detected in serum of premature
infants with sepsis (Romagnoli et al., 2001; Cancelier et al., 2009)
and of IL-6 in umbilical cord blood in newborns with early neonatal
sepsis from mothers with chorioamnionitis (Chiesa et al., 2003).

On the other hand, the results showed a positive association
between levels of IL-6 and stress in both groups, which is in accor-
dance to a study, with children of 8-9 years old, who suffered some
kind of stress, such as sleep deprivation, that showed increased lev-
els of IL-6 in saliva when compared with those not under stress
(Redwine et al., 2000). Also, Keller et al. (2010) indicated that
greater levels of salivary IL-6 were associated with children's men-
tal health (such as depression and anxiety).

In summary, salivary cytokines were detected within the first
hours after birth and their levels decreased after 3 months. The
cytokine levels appear to be influenced by gestational age, which
might reflect a stress situation during the pregnancy or after birth.
So, the present study contributes to the understanding of ontogeny
of cytokine production in saliva in recent life, but longitudinal
comparisons of PT and FT infants could be helpful to clarify the
extension to which this difference is maintained over time. The
results confirm the necessity for further studies about the mucosal
immune system by using saliva as a source of diagnostic by iden-
tification of biomarkers of the status of the immune, especially in
newborn infants, because it is fast and non-invasive, the collection
of saliva has obvious advantages in comparison with blood samples,
which may represent a “mirror of body” in health and disease.
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Artide hstary: Objectives: Secretory mmunoglobulins present in mucosasurfaces represent the first ineaf

Accepted B August 2014 deferme of the adaptive immune systermn against infectious challenges . Preterm (PT) neo-
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Streptocoras mutans af the mechaniams of antigenie stimulation and the development of the mucosal mmune

Streplacacas mitis meapange Inthe prezent study, we measured saliva levels of immimoglobuline & [gA) and M

Igh fight) and chamcterized the specificty of lgA against Ags of several streptococcal species

saliva found early in life.
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and path:-genx: [Shquua miLtans) micreorganisms of the oral awmr were sfudied in FT
and PT children in two wisits: at birth {T0) and at 3 months of age (T3). Salivas from 123
infants (72 FT and 51 PT) were collected during the first 10 h after birth (T3 and again at 3
months of age (T3). Salivary levels of IgA and IgM antibodiss were analysed by enzyme-
linked immunosarbent assay (ELISA ) A subgroup of 26 FTand 24 PT children were compared
with respect to patterns of antibody specificiies against different streptococci Ags using
Western blot assaye.

Results: Mo significant dif ferences (P = 0,05) in salivary levels of IgA and IgMbetween FTand
PT babies were found at birth. At T3, mean slga values were similar betwesn groups and
algM levels were significantly higher in PT than FT(P < 0L05). Weatem blat assays identified
positive [gA response to sireptocooci in the majority of children, especally in the FT group.
There were some differences between groups in elation to the frequency of children with
positive responge to Ags and intensity of [g4 esponze In general, oral streptocsed Ags wers
maore frequently detected and bands were more intense in FT than in PT, especially in T3.
Prospective analysis of pattems of slgh against Ags of different streptococcal species
mevealed an nerease in complexity of the sigs antibody response from the first day aof
birth {T0) to T3 in PT and FT.
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Condusion: The pattems of slgh response to streptococe] Ags appear to be nfluenced by the
pestational age, which might reflect the level of immunological maturity of the mucosal

immune syatem.

) 2014 Elsevier Lid. All rights reserved.

1. Introduction

The mucosal immune system represents the fmt line of
defense of the adaptive immune response against infectious
challenges. Antibecterial actvity n secretions is mediated in
part by seaetory immunoglobulin A (SIgA) present in saliva
and other bady fluida® The total levels of Siga in aslive have
been considered as an indicator of development of the
mucosel immune system in children ™ Transient reduction
in levek of IgA detected n salive was associsted with
increased susceptbility to infections of the gastrointestinal
tract,™ reinfordng the importa nee of the maturation mucosal
immune susceptibility to infections.

There i3 some controversy sbout the ontogeny of the
mucosel immune system, especially in the first months of life.
Mewborns have & higher incidence of colonization by several
microorganisms when compared to adults or older children
due o immaturity of the immune system.*

The aral cavity is the main entrance of microorgeniamas.
Streptococcus salivarius (S5A) and 5. mitis (SMI) represent the
majority of bacteria that initislly colonize the oml cavity.”
Some of the pioneerspedes, such as SML, 5. gondonii (3G0), and
554" are assodsted with other diseases such as bacterial
endocarditis. After the tooth eruption, new species are found
in the mouth, such as 5. mutans (Sh).*" 5M can also be detected
in children before tooth eruption.’* SM iz considered to be
pathogenic for dental caries because of its ability to adhere
and accumulate in the dentsl biofilm in the presence of
sudose and to produce and tolerate high concentrations of
acids, which promote tooth demineralization.

The identification of important antigens (Ags) of virulence
of oral species may help in the nvestigation of the mechs-
nisms of antigenic stimulaton on the mucosal immune
response. The 153-kDe Ag of 5G0 was desoibed a3 a
glucoayltranaferase (GTF) that may serve as a8 mechanim
for colonization of the endocardium in infective endocarditis
by mediating bacterial sdhesion to humen endothelium.™
Studies in animal models showed that GTF producion
determined SGO ability to persist in the tooth surface
biofilm. ™ Vecee-Smith et al.”* purfied & glucosyltransferase
(GifSs) from SSA with moleular weight of 170kDe. Iga
antibody levels to glucogylransferase from S5A were detected
in salivas of some children with 3-5 months of age.” Pouken
et al.’’ sequenced an IgAl protease of SMI with 200 kDa. The
202-kDa Ag of SMI found in the present study also was
detected in aalive samplea of &-month-old children. ™ Three
mein cell-associated Ags of 5M have been shown to be
involved in the capecity of these microorganisms to adhere
and zocumulate in the dentsl biofilm. These Ags include an
adhesin [Agl/Il) of 185 kDa, 8 GTF of 160 kira, which synthesize
glucan from sucrose, and & gucan-binding protein B (GbpE)

with 56 k[a™" A previous smdy with Brazilien children of 5-11
months of age showed 2 high complexity of the salivary Iga
response egeinst Ags of SM,"" indicating thet the mucosal
mmune system is designed to respond to SM Ag challenge
during the early stages of colonization. In addition, we have
recently obeerved differences in neon atelIghA selive levels and
specificity to SM and SMI when full-term [ T)and preterm [P'T)
bahies were compared =

So, there is little information about the immune response
during the early sta ges of bacterialchallenge. Itis possible that
some fectors can affectthe initisl response of pioneer species
commensal of the oml cavity and may influence the patterns
of immune reaponse and the susceptibility tobe colonized by
other spedes, such as 5M, later. In the present study, we
analysed aslive levelks of IgA and IgM and specifiaty of Iga
against Ags of several streptococcal species atbirth and after 3
months of age in FT and FT children.

2, Materials and methods
21. Study design

This is & prospective cbeervational study perfarmed at the
Hospital das (Qinicas of the School of Medidne of Ribeirdo Preto,
University of 580 Peulo, between October 2007 and May 2008,
Fifty-one heslthy PT newborns (<37 weeks of gestation) and 72
heslthy FT newborns were included for the fist evaluation of
the study. Babies with congenitzl malformations, perinatal
hypoxia, intracraniel heemorrhage, with length or weight
moompatible with gestational ages, and antibiotic thempy
were excluded.

The prospective analysis of muoosal immune maturation
was performed in 50 (26 FT and 24 PT) with similar levels of
Ig#, from 123 children, beginning at until 10 h of life (baseline,
time zero (T0)) and 3 months thereafter (T3). The gestational
age was calculated based on the first trimester ultrasound or
through the newborn somatic evaluation using the Capurro
et al™ method. The study wes approved by the Ethics
Committee of the Clinical of Hospital of the School of Medicine
of Hibeirzo Preto, University of S0 Paulo (Process number
2963/2007) and informed consent was obtzined from the
subjects’ parents.

Patient demographic characteristics are listed in Tzble 1.
Information on maternzal and gestationsl badeground was
obtained by interviewing the mother.

22,  Collection of saliva
Samples of whaole non-stimulated saliva were collected using

sterile polypropylene transfer pipettes. Collections were
performed in all children at approximately 4-10h after birth
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Table 1 - Demographic chamcteristics of children inclnded in the study (mean + 5D) obtained by interview with mothers
and clinical data.

Preterm childen (FT:n=51) Fullterm children (FT: n=72) P-value
Gestational age fweeks) M5+ 22 391+14 <0005
Birth weight (kg 234013 32+ 05 0.2
Birth length {em) #M2+21 401+24 <0
Sex M/T ol ] 37as 0324
Self-declared kin colour WYE 51/ 411 0356

Wawhite Ba black; M= Male, Fa Famale.
" Mann-Whitney, P < QL0

in order to standardize the collection and the oral microbial
expogure, and st lesat 2h after bresst-feeding to svoid
contamingtion with non-salivery components. & soluton of
0 mM EDTA, pH 5.2 [Sigme, 5t Louis, MO, USA), was eddedto
esch sample prior to trenaport on ice to the leboretory where
they were stored &t —80°C untl analysis.

23, Detection of streptoooccal species i the oral cavity

The presence of 5K, SMI, 560, and 55Ain samples of salive of
newborn children wes investigeted by chequerboard DMA—
DMa hybridization with species-spedfic probes. Briefly, 0.5 M
MaOH, pH 134 (Sigms), was sdded to seliva samples. After
boiling, semples were applied and fixed by exposure to ultre-
violet light [Hybrilinker, UVP, Upland, CA, USA) in individual
lenes on a2 nylon membrane (Amersham Biosciences, Little
Chealfont, Buckinghamahire, UK) uging the chequerboard alot
blot dewvice (Minislot 30, Immunetics, Cembridge, MA, USA).
Dipoxigenin-labelled whole genomic DMA probes were pre-
pared for eech one of the reference streina (5. mutans (LUALSS),
5. mitis (ATCCS08), 5. gordonii (ATCC10558), and 5. sanguinis
(AT CCES887)) using & mndom primer technique. These two
DMa probes were hybridized perpendicularly to the lanes of
the bacteria]l samples using the Miniblotter 45 [Immunetica
Cambridge, MaA, USA) at 70 “C. Bound probes were detected
ugsing phosphetese-conjugeted antibody to digoxigenin
(Roche Applied Science, Mennheim, Germany) eand revesled
with CDP-Ster® [Amersham Biosciences, Little Chalfont,
Buckinghamshire, UK). Two lenes in esch run contsined
standards at concentrations of 10° and 10° cells of each
gpecies. The aenaitivity of the aasay was sdjusted to permit
detection of 10* cells of a given species by adjusting the
concentretion of each DMA probe. The signals developed on
M-rey films were scenned in & densitometer (Bio-Rad G5-700
Imaging Denaitometer, Hercules, CA, USA) and evelusted
using the Imegefuant Software (Amersham Eiosciences,
Little Chalfont, Buckinghamshire, UK). Signals were con-
verted to sbaolute counts by comparison with the standards
on the ssme membrane. Feilure to detect & signal was
recorded as zero.

24.  Concentration of proten, IgA, and Ight

Taotal concentra tion of protein in salive was determined by the
method of Bradford [Sigms) to chedck for variztions in salivary
flow. Totel levels of IgA and [gh were determined in capture
enzyme-linked immunosorbent gssey (ELISA) as previously
described ™

2.5.  Salwary IgA reactivity against streptoccocal antigens

Patterns of resctivity of selivery IgA sntibody ageinst S
(UA15%), SMI (ATCCS0E), SGO (ATCC10558), and SS5A
[ATCCEG66T) Ags were determined in Weatern blot ssasys.
Sixteen microgrems of Ag extrads prepared as previously
desaibed” wemre loaded per lane, separasted by sodium
dodecyl sulfate-6% polyeoylamide gel electrophoresis, and
trenaferred to nitrocellulose membrenes. After being steined
with Ked Poncesu (Sigme), membranes were weshed and
blocked overnight &t 4°C (in Triz-buffered saline-Tween, pH
1.5, 5% nonfat milk). Incubetion s with samples diluted &t 1:100
were performed at room tempersture for 2 h. As negative
controla, membranes were incubsted only with blocking
buffer, and as positive controls, membranes were incubated
with a stendard saliva sample obtained from an adult whaose
pattern of resction with Ag extrecs hed been previously
measured. The secondery antbody wes goat lgG anthuman
IgA conjugeted with horseradish peraxidase (14000 dilutions).
Antibody resctions were develbbped using an ECL ayatem
[Amershem Biosciences, Little Chalfont, Buckinghemshire,
UE). For this purpose, immunahblots were inoubated with ECL
detedtion solution and then exposed to the same X-ray film for
% min. The developed ¥-rey films were scanned in & scanning
denaitometer (Bio-Rad GS5-700 Imaging Densitometer, Hercu-
les, CA, USA) to enelyse patterns of antigen recognition,
including the number and intensity of resctive banda. A film
blenk value was subtrected from the welue of the reactive
band.

In order to determine whether any of the antihodies
detected were uniquely specific for & single species, 20 aaliva
semples & FT end 11 FT) were adsorbed sequentizlly with Ags
of cells of 5. mitis, 5. mutans, and Emteromorus faecaliz as
deaaibed by Wirth et &l.”* Antibody sctivities remaining after
sdaarption (%) were determined by dividing theoptical denaity
at45%0 nm of each adsorbe d sslive by that of the corresponding
unabaorbed aslive at the same dilution and multiplyin gby 100.

2.6.  Statistical analysis

MAaspdations bebwreen concentrations of Igh, [gM, and totel
protein, and petterns of entibody res ctions were tested by the
Spearman correlation anealysis. Comparisons of the frequen-
cies of children with distingt |gh antihody specificities were
tested by & Chi-sguare test Differences in the densitometry
values of resctive Ags between the subsets of FT and FT
childen were enslysed by & Mann-Whimey U test and
between visits by enalysis of vardence [(AMOVA) test The
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Table 2 = Levels of salivary IgA, lgh, total protein concentration, levels of Igh normalived by the protein concentration
multiplied by 100 (IgA/protein x 100) and levels of IgM normalized by the protein concentration multiplied by 100 (lght/

protein X 100) in FT and PT children {mean + SD).

FT FT P FT FT P
(n=24) (n=26) {n =24) (n=26)
TgA levels [ugfm] 142 (+2 48) 20 2.47) 028 427 [4.73) 480 (45 14) 026
T levels [ug'ml) 144 (£2.7) 0.98 [+126) 037 857 [27.39) 417 [25.95) oot
Protein levels (ugiml) 951 54 {+51164) 89134 (+47660) 011 S45 82 (+402.92) 229 53 (+2819) 0007
TgAfprotein » 100 0.14 [+0.15) 0,20 [+038) 0as 1.9 f+1.98) 1.76 [+2.16) 0009
T protein « 100 0.14 [20.29) 012 (2017 043 223 [2.79) 1.18 [+1.20) 0007

" Mano-Whitney, P 0.05.

mean numnber of I[gh-reactive bands in Ags extracts was also
determined and compared betareen the subsets of the PT and
FT children. & P-value of <0.05 was considered stetstically
significant.

3. Results
3.1 Study population

Tehle 1showa the chamaeristica of the two groups of children
included in this study &t hirth. The mesn gestationsl & ge was
34 weeks and 4 days for PT children (range: 33-38 weeks and &
daeys) end 3% weeks snd 1 day for AT group (range: 37 weeks
gnd 2 deys to40 weeks and & days). The mean gestational age
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gnd birth length, &3 expected, were statisticelly different
between PT end FT children Menn-\Ahitney, F < 0.05). Skin
molour, sex, and birth weight were not different between
groups (Mann—Whimey, P = 0.05).

32, Levels of IgA, IgM, and protemns in salivas

In TO, mean levels of IgA, Igh, and protein concentretion in
salive samples fn = 133) were 239 pp'ml (+759), 1.53 pg/ml
[L454), and 9445 pp'm] [(£87032), respectively. There was &
pogitive sasocistion betwreen levels of Iga and IgM in both
groups (Spesrman correlaton: r = 0.7, P < 0.001) and between
concentrations of IgA and IgM and totz] protein samples
(Spearmen correlation: =081, P <0001, end r=0.73
P« 0.001, respectvely, for [ga and [gh).
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Fig. 1 - Levels of shsolute amounts of IgA and IgM at birth (T0) and after 3 months (T3). Ratios of total salivary lgA and IgM
amounts (pg/ml) that were divided by valhies of totsl protein concentration (pg/ml) measured in the same samples
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Fig. 2 - (A) Mean levels of IgA in salive samples at baseline (T0) and after a 3-month follow-up (T3). The lines represent the
values of IgA normalized by the amountof proteinin PT and FT. {(B) Mean levels of IgM in salive samples at baseline (T0) and
after & 3-month follow-up (T3). The lines represent the vahies of IgM normalized by the amount of protein in PT and FT.

Comparisons of IgA, Igh, and total protein levels in saliva
samples of FT and PT babies (24 PT and 26 FT) are listed in
Tehle 2 and Fig. 1. Fig. 1 showrs the fuctustion of level of
immunoglobulins and proteins. Fig. 2 shows the mean levels
of IgA (A) and IgM (B) end values normalized by the amount of
proteins in saliva samples of 50 (24 PT and 26 FT) children who
attended the whole follow-up period of 3 months (TO and T3).

Nosignificantdifferences [P » 0.05) in salivary levels of IgA
and IgM between FT and PT bebies were found at hirth. At T3,
IgA mean values were similar between groups, and IgM levela
were significantly higher in FT than FT (P<005). The
prospective analysia of selivery levels of IgA and Ighd showed
& statistically significant increase in both groups (P < 0.01)
from TO to T3.

33.  Detection of streptooocd species in oral samples

Detection of streptooocd in orel samples using chequerboard
DMa-DMNA hybridization aaseys showed thetno children heve
detectable levels of SMIL, 5M, 55A, or 5G0 in saliva samples at
TO and T3.

34 Frequency of detection of salivary IgA antibody to
bacterial extracts

Examples of immunoblots incubated with salivas from three
representative pairs of PT and FT children against SM, SMI,
5G0, and S5A Agsin TO and T3 are shown in Fig 3.

Tahble 3 shows the frequencies of children with detectable
IgA to streptococci Ags and the number of IgA-reactive bands

to antigens with moleculsr masses of 153 kDe of SG0, 170 kDa
of S84, 202 kDa of SMI, and 185, 160, and 56 kDa of SM in PT
gnd FT &t birth &nd at 3 montha. The majority of children
showed a positive IgA responmse to bacterial antigens,
eapedally FT children for S5A and SMI Ags. In TO, there were
differences between groups [P « 0.05) to Ags 170kDa of S5A
and 185kDa of SM. At T3, there were seveml differences
bebween groups in the patterns of IgA response to streptococ-
cal Ags. In generzl, IgA response to Ags in FT children was
more frequent and complex than PT children. Antigens
153 kDa of 5GO, 202 kDe of SMI, and 160kDa of SM were
more frequently foundin FT than PThabies [P < 0.05). Ak, the
frequency of children and the mean number of IgA reactive
bands egainst 55A were significantly higherin FT than FT {Chi-
square, P < 005, and Mann-Whitney, P < 0.05).

The results showed that Siga antibody from 20 samples (9
PTand 11 FT) tested did not react with E. foecalis Ags, as Siga
responses to S and SMI were not reduced by E. faecalis cross-
adeorption. On the other hand, when samples (n = 20} were
adsorbed with cells of SMI, there were mean reductons of 10%
of SigA to SM in two children (1 FT and 1 PT). In the same
children (n = 2), there was also a mean reductionof 15% of Slga
to SMI when samples were sdsorbed previously with cells of
SML

3.5, Intensity of salivary IgA antibody to bacteria extracts
Dengitometry measures of esch IgA resctive band were

performed to reflect intensities of IgA reactions. There were
varigtons in the intensities and numbers of IgA antibody
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Fig. 3 - Patterns of IgA specificities against antigens from S. mutans (SM), S. mitis (SMI), S. sanguinis (SSA), and S. gordonii
(SGO) in three pairs of children. Identities of antigen extracts are sbove each lane. Inmunoblots from left and right panels
are reactions obtained with salivas collected at baseline (T0) and after a 3-month follow-up (T6), respectively. Standard

molecular sizes (kDa) are indicated in left the immunoblots.

reactions with the recognized bands among children in both
groups (Fig. 4). After analysis of the intensity data, it became
clear that some major antigens of SSA, SGO, and SMI were
more strongly recognized by children. In general, FT children
presented higher intensity of IgA to all Ags tested when
compared with PT children, but those differences were not
statistically significant (Mann-Whitney U test, P = 0.2) in both
visits. The prospective analysis showed that, in the PT group,
the total mean intensity of IgA responses to SM, SGO, and SSA
were statistically different between visits (Fig. 4, ANOVA,
P < 005). When analyzing the FT group, the total intensity of
IgA to extracts was notstatistically differentin TO as compared
to T3 (Fig. 4, ANOVA, P = 0.005).

The mean intensity of salivary IgA response tovirulence
Ags from the streptococci tested is shown in Fig. 5. In TO,
there were no differences in the intensity of the IgA
response to specific Ags between groups. At 3 months
(T3), the mean intensity of the IgA response to the 202 kDa
Ag of SMI was significantly higher in FT children as

comparedto PT (Mann-Whitney, P < 0.05). When responses
in T0O and T3 were compared, PT children presented
significantly higher IgA response to 185 kDa Ag of SM in
T3(ANOVA, P < 0.05). In addition, the mean intensity of IgA
response to 202-kDa Ag of SMIin FT was significantly higher
in T3 (ANOVA, P < 0.05).

4, Discussion

SIgA is the prindpal Ig mediator of humoral immunity in the
mucosal immune system. The main functions of these
antibodies are the neutralization of pathogen (bacterial and
viral) components involved in their virulence and blocking of
important receptors for adhesion and invasion of tissues. In
saliva, SIgA predominates. However, early in life, IgM is also
regularly detected. IgG is @ minor compaonent of whole saliva
entering via the minor salivary glands and gingival crevicular
fluid.

82



122 ARCHIVES OF ORAL BIOLOGY do (za015) 116=125

Table 3 - Comparisons of the frequencies of children with positive salivary lgA responses o exiracts of 5. gordonil (SGO0), 5.
sanguiniz (SSA), 5. mitis (SMI) and 5. mutans (SM), o spedific antigens of vimlence from each bacteria groups and mesn

number of antigens recognized in preterm (FT) and fullterm [FT) groups.

Extrects of antigens Mo, (%) of children with positive selivery [gA response
FT FT
[n=24) [n=285)
TO T3 TO T3

Streptococaus gordaonii {SG0) 13 [5.1%) 12 [B0%) 15 [41.8%) 17 §5.3%)
153 kDa Ag & (75.0%) 4 (16 6%)" 8 (30.7%) 11 2 3%
Mean number of reactive Ags + 5D 19132 13+32 17+18 18=+17
Streptococcus sangquinis [SSA) 15 [62.5%) 13 [A%)° 20 [76.9%) il iy
170 kDa Ag 6 (5.0 5 @R0.A%) 4 (15.4%) 7 6.9%)
Mean number of reactive Ags £+ 5D 22125 20+25" 3134 15 +35%8"
Streptomecus mitis (S 14 [58.3%) 12 [B0%) 19 [73%) 18 @B92%)
202 kDa Ag 3 [12.5%) 5 E0AX- & [I3%) 14 {3.8%°
Mean number of reactive Ags + 5D 2536 28 =40 3843 41532
Streptoccous mutans [SM) 13 [56.1%) 12 [50%) 12 [46.13) 13 [50%)
185 kDa Ag 1[41%E 2 B.3%) 3 (115K S (1923
160 kDa Ag 5 (20.8%) 2 @ax) 4 [15.4%) 8 po7wH°
56 kDaAg 1[41%) 1 f1%) L4} 3 [15%
Mean number of reactive Ags + 5D 114113 10+12 16+22 20+213

* Significant differsnees betwesn PT and FT gmoups; Chi-square; P < 005, g 39,
B Significant differences betwesn PT and FT groups; Chi-square;, P < 005, g 4.0,
© Significant differences between PT and PT groups; Chi-square; P < 006, g S8
2 Significant differences betwesn PT and FT groups; Chi-square; P < 005, g: 39,
* Significant differsnces betwesn PT and T groups; Manm-Whitney, P < (05,

! Significant differsnoes between FT and FT groups; Chi-square; F< 005, g 9.5
% Significant differences betwesn FT and FT groups; Chi-square; P< 0005, ¢ 113,
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Fig. 4 - Intensities of salivary lgA reactions to spedfic bacteria among children in both groups in T0 and T3.
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‘We have previously shown that salivary levels of IgA and
IgM could be detected in neonates in the first day of life™ in
sgreement with other observations *** It was slso shown
that levels of SIgA in preterm were significently lower than in
full-term newbarns,™ suggesting developmentz] differences
in the mucosal adaptative immumn e syatem in children born at
different gestationsl ages. Neonatal T cells have reduced
expression of CD40 ligand, even when activated, resulting in a
reduced production of the antibodies IgG and IgA by neonatal
compered to &dult B cells ~ The delayed ontogeny of expression
of these molecules may significantly decrease the adaptative
immune reaponse of pretermneonates, particularly in terms of

antibody responses to varows palysaccharide components of
oolonizing or inveding bacteria and to hacterial vaccines ™
Aiming to assess the ontogeny of salivary antibodies during
the first months of life, in the present study, we determined
levels of IgA and IgM in salive and the complexity of IgA
respange to microorganisms considered as pioneer bacteria of
oral cavity in children at birth and after 3 months of age.
The results of the present study suggest that gestational
age can influence the pattern of maturation of the immune
respanse during the first months oflife. In general, salivary Ig
levels increased from baseline (atbirth) to 3 months of age. In
FT babies, the mean levels of IgM were 5.9 times higher in T3
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than TO, while in FT, salivary IgM incressed 42 times. In
relation to IgA levels, there was anincrease of 3.0 and 2.4 imes
in FT and FT, respectively. The main difference between
groups occurredin the meanlevelof Ig that wes two times &g
higher in FT than in FT at 3 months (T3).

Although the neonate's immune system is functionally
developed and ready to respond to antigenic challenge, it is
usuglly seen Bs germ free” Previous studies showed that
occurrence of salivary IgA antibody spedfic to M Ags is
inde pendent of detectable infectious levels of this bacteria™ in
children of 5~11 manths of age who have contad with highly
infected people. In the present study, we also could not find
detectable level of those species in the infants’ oral cavity,
elthough SlgA antibodies reactive with SG0, 55A, SMI, and SM
were observed in more than half of the children.

There were some differen ces between groups in relation to
frequency of children with positive response to Ags and
intensity of IgA response. In general, Ags were more
frequenty and strongly detected in salive from FT than PT
children, especially in T3. The prospective analysis of the
intensity of the IgA reaction to the different streptococci
species showed that the mean intensity of Igh response
increased significantly from TO to T3 in PT group, but not in FT
children.

A poagible explanation for the early SIgA response to
streptococcal species would be that there is bacterial
stimulation during bresst-feeding, =8 bacterial DMNA of
streptocoori, stephylococri, lactic sdd bacteria, and hifido-
bacteria can be found in samples of human milk.”™™ Thus,
breast milk can be an important source of those bacteria
influendng the development of the infant gut microbiots and
stirmulating the development of mucosal immune system.
However, the origin of specific anti-streptocooci [gh antbodies
detected in aalive at birth is unlikely tobe the bresst milk, sait
wouldtake atleast a week for the uptake and processing of Ag,
B-cell selection and migration to local sites, differentistion
into plaama cells lesding to antibody secetion, and endosome
transfer into the newborn salivary gland lumen.

A gecond hypothegis would be that bacterial Ags are
tranafared from the mother to the neonste by cord blood
Bacteriza have been isolated from umbilical cord blood,
emniotic fluid, snd foetal membranes without dinical or
histological evidence of infection or inflammeation in pairs of
mothers and children. ™™ Such finding suggested that term
foetuses are not completely sterile, and thata mother-to-child
efflux of commensal bacteria exists.™ fiménez et 8l ™ showed
in samples of umnbilical cord blood the presence of E. faecium,
Propignibacterium acnes, Staphylocoarue epidermidiz, and Strepto-
coccus sgnguinis. Interestingly, these speces are naturally
present in children from the earliest days of life™ and are
pgenerelly regarded as commensal orgeniams in heslthy
children, slthough some children may develop opportuniatic
infections with such species.™ Other studies showed in
neonates the presence of cytomegalovine™ end papilbma-
virus™ in human umhilical cord blood samples. In this way,
becteria species testedin the present study could be presented
to the foems in intreuterine life and thus stimulste the
mucosel immune system development. However, as far as we
Imow, thereis no report of antibody response in the cord blood
to the bacteria apedes teated in the present study.

In summary, our results show that detectable levels of
salivary IgA and IgM antibodies incre ased from TO to T3. The
specific [gh response to streptococcel antigens was complex
and intense especially to S5A and SMI Ags. There were
several differences in the patterns of IgA reapon se betwesen
groups. Although FT children showed a higher frequency of
positive response to antigens meinly in T3, the intensity of
IgA response did not increase between visits. On the other
hand, inPT,the frequency of childrenwith positiveresponse
to sntigens decressed, but the intensity of response
increesed significantly when comparing samples collected
at birth (T0) and at 3 months of age (T3). Therefore, the
patterns of salivary [gA response to streptococci antigens
appear o beinfluenced by the gestational age, which might
reflect the level of immunological maturity of the mucosal
immune aystem.
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