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RESUMO

A carie precoce da infiancia (CPI) ¢ considerada um grave problema de satde publica em
criancas pré-escolares em todo mundo. No entanto, muitos aspectos ainda devem ser
explorados acerca da microbiota oral relacionada com a progressio da CPI e como a
comunidade bacteriana se modifica de acordo com a atividade da lesdo dentinaria. Esta tese,
constituida de dois capitulos, teve como objetivo identificar e quantificar através da técnica de
reacdo em cadeia da polimerase quantitativa (QPCR) as bactérias Actinomyces naeslundii,
Bifidobacterium spp., Lactobacillus acidophilus, Streptococcus gordonii, Streptococcus
mutans, bem como espécies dos grupos Lactobacillus casei e Mitis em biofilme de criancas
pré-escolares com diferentes estdgios de progressdo da carie precoce da infancia (Capitulo 1)
e em lesdes cariosas dentinarias ativas e inativas (Capitulo 2) e ainda verificar a associa¢ao
destes microrganismos ao processo de saude ou de doenca. A amostra consistiu em pré-
escolares com idade entre 2 e 5 anos de idade que frequentavam creches e escolas publicas de
Fortaleza-CE. As criangas foram examinadas com o uso de indices visuais ICDAS II
(International Caries Detection Assessment System) e Nyvad, a fim de avaliar a prevaléncia e
atividade de carie. A coleta de biofilme supragengival foi realizada em 75 criangas, as quais
foram agrupadas de acordo com indice ICDAS Il em trés grupos: CF (livres de carie) (n=20),
ECL (presencga de lesdes de carie em esmalte) (n=17) e DCL (presenca de lesdes de carie em
dentina) (n=38). Amostras de dentina cariada foram coletadas sob isolamento absoluto de 56
lesOes cariosas dentinarias, sendo 17 inativas e 39 ativas. O DNA de todas as amostras
coletadas foi extraido e purificado e, em seguida, testado para a presenga das espécies/grupos
bacterianos acima citados através de qPCR. A quantidade das bactérias foi comparada pelos
testes Kruskal-Wallis e Mann-Whitney. Além disso, a associacdo da presencga de bactérias e
CPI foi analisada através do teste Qui-quadrado, com nivel de significancia de 5% e aplicado
a regressdo logistica multipla. Bactérias L. acidophilus e do grupo L. casei apresentaram baixa
detec¢do no biofilme de todos os grupos avaliados. A presenca de S. mutans e
Bifidobacterium spp. mostrou forte associacdo com a progressdo da doenga no biofilme de
criangas com lesdes dentindrias com “odds ratio” de 21,5 e 5,9, respectivamente. Em lesdes
dentinarias ativas, concentragdes de Bifidobacterium spp. e bactérias do grupo L. casei foram
significativamente maiores quando comparadas as lesdes inativas (p<0.05). Os niveis de A.
naeslundii, bactérias do grupo Mitis e S. gordonni ndo apresentaram diferenca significativa
entre os grupos de biofilme, assim como nas lesdes dentinarias. Conclui-se que as amostras de

biofilme apresentaram alteracdo na propor¢do de bactérias acidogénicas e aciduricas com a



progressdo da doenga cérie. A presenca de Bifidobacterium spp. e S. mutans apresentou forte
associacdo com os estagios mais avancados da CPL. Em relacdo as lesdes dentindrias, o
aumento da concentragcdo de bactérias Bifidobacterium spp. e do grupo L. casei evidenciou

um papel importante destas bactérias na atividade de lesdes dentinarias.

Palavras-chave: Actinomyces. Bactérias. Bifidobacterium. Cérie Dentéaria. Crianca. Dente
Deciduo. Dentina. Lactobacillus. Placa Dentaria. Reacdo em Cadeia da Polimerase em Tempo

Real. Streptococcus.



ABSTRACT

Early childhood caries (ECC) is considered a serious public health issue among children all
over the world. However, many aspects should be explored about the oral microbiota related
to the ECC progression and how the bacterial community modifies according to the dentine
lesion activity. This thesis, composed by two chapters, aimed to investigate and quantify with
quantitative polymerase chain reaction (QPCR) the following bacteria Actinomyces naeslundii,
Bifidobacterium spp., Lactobacillus acidophilus, Streptococcus gordonii, Streptococcus
mutans, as well as members of the groups Lactobacillus casei and Mitis on biofilm from pre-
school children with different stages of early childhood caries progression (Chapter 1) and on
active and inactive dentine carious lesions (Chapter 2), and also to verify the association of
these microorganisms on the process of health or disease. The sample consisted on preschool
children aged between 2 and 5 years from nurseries and public preeschools in Fortaleza-CE.
The children were examined for caries diagnosis with ICDAS II index (International Caries
Detection Assessment System), and the Nyvad criteria, in order to evaluate prevalence and
caries activity. The supragingival biofilm collection was taken from 75 children, who were
divided in three groups according to the ICDAS II: CF (caries free) (n=20), ECL (presence of
enamel caries lesion) (n=17) and DCL (presence of dentine caries lesion) (n=38). Samples of
carious dentine were collected under rubber dam isolation of 56 lesions of dentine affected by
caries, being 17 inactive and 39 active. The DNA of all the collected samples was extracted
and purified, then tested for the presence of the formerly mentioned bacterial species/groups
through qPCR. The quantity of bacteria was compared through the Kruskal-Wallis and Mann-
Whitney tests. Besides, the association between the presence of bacteria and ECC was
analyzed through the Chi-square test, with a 5% significance level and the multiple logistic
regression was applied. Bacteria from the group L. casei and L. acidophilus presented low
detection on biofilm of all evaluated groups. The presence of S. mutans and Bifidobacterium
spp. showed a strong association with dental caries progression on the biofilm from children
with dentine lesions with odds ratio of 21,5 and 5,9; respectively. On active dentine lesions,
concentrations of Bifidobacterium spp. and species from the Lactobacillus casei group were
significantly higher when compared to the inactive lesions (p<0.05). The levels of
Actinomyces naeslundii, Streptococcus gordonni and species from Mitis group were not
significantly different among biofilm groups as well as comparing dentine lesions. In
conclusion, the microbial profile from biofilm samples presented differences on the

proportion of acidogenic and aciduric bacteria with dental caries progression. The presence of



Bifidobacterium spp. and S. mutans presented a strong association with the development of
the more advanced stages of ECC. Regarding the activity of dentine lesions, higher detection

levels of the group L. casei and Bifidobacterium spp. showed an important role of these

bacteria in the dentine caries activity.

Key-words: Actinomyces. Bacteria. Bifidobacterium. Child. Dental caries. Dental plaque.

Dentine. Lactobacillus. Primary teeth. Real-time polymerase chain reaction. Streptococcus.
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1 INTRODUCAO GERAL

A cérie dentaria ¢ uma doenga biofilme-agucar-dependente, uma vez que € necessario
que as bactérias bucais se organizem sobre os dentes na forma de biofilme e que haja ingestio
frequente de acucar para que ocorra desmineralizagdo dos tecidos duros dentais
(FEJERSKOV, 2004; LOESCHE, 1986). Dentre os fatores etiologicos, destacam-se o
acimulo de biofilme na superficie do dente, o frequente consumo de carboidratos
fermentéaveis e a susceptibilidade do individuo, apés um periodo de tempo (MARSH, 1994).
Esta desordem constitui uma das mais comuns doencas causadas por microrganismos em
humanos e ainda ¢ considerada como um significante problema de satde publica em véarios
paises (RAMOS-GOMEZ et al., 2002; PETERSEN et al., 2005), inclusive no Brasil. Em
criangas, apresenta-se como a doenga cronica mais prevalente da infancia (de SILVA-
SANIGORSKI et al., 2010).

Os ultimos levantamentos epidemioldgicos de saude bucal (BRASIL, 2012) apontam
desigualdades entre grupos populacionais (COSTA et al., 2013), sendo que no relatério de
saude bucal de 2004, (BRASIL, 2004), o Brasil ndo atingiu a meta estabelecida pela
Organizacao Mundial de Satde (OMS), a qual preconizava que 50% das criangas de zero a
cinco anos deveriam estar livres de carie. Este levantamento verificou uma prevaléncia de
quase 27% na experiéncia de carie em criancas entre 18 ¢ 36 meses. Em 2010, o levantamento
em saude bucal SB Brasil ndo incluiu nos exames o grupo da faixa etaria de 18-36 meses, no
entanto observou-se que aos 5 anos de idade, uma crianga brasileira possui, em média, o
indice de 2,43 dentes com experiéncia de carie, com predominio do componente cariado,
sendo responsavel por mais de 80% do indice (BRASIL, 2012).

A cérie precoce da infancia (CPI), anteriormente conhecida como “céarie de mamadeira”
e aceita mundialmente pelo termo “Early Childhood Caries’” (ECC), ¢ definida como a
presenga de uma ou mais superficies cariadas (lesdes cavitadas ou ndo-cavitadas), perdidas
(devido a cérie) ou restauradas em qualquer dente deciduo em uma crianga com menos de seis
anos de idade (AAPD, 2014). O termo na lingua inglesa Early Childhood Caries” foi
traduzida para a lingua portuguesa como ‘“cérie de estabelecimento precoce”, “carie de
primeira infancia”, ou com maior aceitagdo “carie precoce da infancia” (FELDENS , 2013). A
presenga de padrdes atipicos, progressivos, agudos ou rampantes desta doenca ¢ designada
carie precoce da infincia severa. Em criangas em idade pré-escolar, a grande quantidade de
bactérias cariogénicas como estreptococos mutans e lactobacilos, a presenca de biofilme

dental, praticas inapropriadas de alimentacdo (AAPD, 2014; BERKOWITZ, 2003) e condi¢do
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socio-econdmica (SCHWENDICKE et al., 2014) tém sido identificados como fatores
predisponentes ao desenvolvimento de carie.

A CPI ¢ normalmente iniciada com lesdes de mancha branca nos incisivos maxilares
deciduos ao longo da margem gengival, onde o biofilme dentario normalmente acumula. Esta
doenga apresenta uma evolu¢do rapida e progressiva, podendo ser dolorosa e causar sérias
consequéncias para a criangca (BERKOWITZ, 2003). Dentre as sequelas iniciais da doenca
ndo tratada pode-se citar dor, infeccdo e abscessos. Ainda pode acarretar varias consequéncias
na saude e desenvolvimento da crianga, incluindo atraso no crescimento, problemas
nutricionais e de sono, baixa auto-estima, além de prejuizo no rendimento escolar (RAMOS-
GOMEZ et al., 2002). Além disso, criangas acometidas por esta desordem podem apresentar
um maior risco para o desenvolvimento de novas lesdes de carie em ambas denti¢cdes decidua
e permanente (TINANOFF & O’SULLIVAN, 1997). Inicialmente, acreditava-se que a CPI
estava associada ao uso prolongado de mamadeira (ISMAIL & SOHN, 1999), no entanto,
somente o fator etioldgico dieta ndo ¢ capaz de causar a severidade caracteristica desta doenca
(CLEATON-JONES et al., 2000), apesar de exercer um papel imprescindivel na manifestacdo
clinica desta infeccdo (BERKOWITZ, 2003).

Ha evidéncias consideraveis de que micro-organismos Gram-positivos acidogénicos,
acidiricos e com capacidade de aderéncia as superficies dentdrias, pertencentes a um grupo
heterogéneo denominado estreptococos do grupo mutans (EGM), sdo especialmente
envolvidos na dindmica do processo carioso (LOESCHE, 1986; PARISOTTO et al., 2010).
Estas bactérias sdo fortemente associadas com carie dentdria em virtude dos seus atributos
metabolicos, ecoldgicos e epidemiologicos (LOESCHE, 1986). Dentre os EGM,
Streptococcus mutans constitui uma espécie bacteriana predominante na microbiota de
criangas pré-escolares com carie de estabelecimento precoce (BECKER et al., 2002;
BERKOWITZ, 2003; SAXENA et al., 2008). Apesar de que a associagdo entre S. mutans e
CPI esteja estabelecida na literatura (BERKOWITZ, 2003; KOHLER et al., 1988; VAN
HOUTE et al, 1982), tem sido demonstrado que nem todos os individuos que sao
colonizados por EGM apresentam a doenga (CARLSSON, OLSSON & BRATTHALL, 1985;
MATTOS-GRANER et al., 2001) e que também a carie pode ocorrer em sua auséncia (AAS
et al., 2008; GROSS et al., 2010; TANNER et al., 2011).

A viruléncia de S. mutans reside em trés atributos essenciais: a habilidade para formar
biofilme, a producdo de grandes quantidades de acidos organicos (acidogenicidade), e a
tolerancia ao estresse ambiental, particularmente pH baixo (aciduricidade) (LAW et al., 2007;

SHAW, 1987; SHEN et al., 2004). Embora o S. mutans seja um dos microrganismos
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cariogénicos mais pesquisados, estudos tém sugerido que a etiologia da carie dentéria pode
envolver comunidades mais complexas de espécies bacterianas (BECKER et al., 2002; VAN
HOUTE, 1994).

Dessa forma, andlises quantitativas e qualitativas de ecossistemas polimicrobianos
como biofilme dentdrio e dentina cariada sdo desafiadoras, uma vez que as comunidades
microbianas podem consistir em centenas de diferentes espécies bacterianas. E relatado na
literatura existir mais de 700 espécies de bactérias na cavidade oral, sendo espécies
cultivaveis apenas 50-60% (DEWHIRST et al , 2010). O advento de novos métodos
moleculares através de identificacdo e quantificagdo bacteriana tem tornado possivel reavaliar
a patogénese de infeccdes orais de forma mais precisa. Em pesquisas utilizando identificacdo
molecular de bactérias, estudos tém relatado que diversas comunidades bacterianas, incluindo
novas espécies, estdo associadas com a carie dentdria (BECKER et al., 2002; MUNSON et
al.; 2004; AAS et al., 2008; TANNER et al., 2011; BELDA-FERRE et al., 2012; GROSS et
al., 2012; JIANG et al., 2014; PETERSON et al. 2014). Além do S. mutans, espécies
aciduricas e acidogénicas do grupo estreptococos ndo-mutans e algumas espécies dos géneros
Veillonella, Lactobacillus, Bifidobacterium, Propionibacterium, Actinomyces, € Atopobium
podem também exercer uma importante fun¢ao na progressao da carie (BECKER et al., 2002;
MUNSON et al., 2004; CHHOUR et al., 2005; AAS et al., 2008; BELDA-FERRE et al.,
2012; GROSS et al., 2012). Estes achados apoiam a hipotese da placa ecoldgica, que propde
que o S. mutans € apenas um dos muitos micro-organismos envolvidos com a patogénese da
carie (MARSH, 2003; AAS et al., 2008; TAKAHASHI & NYVAD, 2011).

No estudo de AAS et al. (2008), foi observado que em 10 a 20% dos pacientes que
apresentavam carie severa ndo foram identificados niveis detectdveis de S. mutans, mas
apresentavam outras espécies produtoras de acidos. Além disso, em algumas lesdes cariosas
S. mutans pode ser um componente bacteriano minoritario do biofilme dental.

Em um estudo com carie, BECKER et al. (2002) identificaram 10 novos filotipos na
microbiota associada com lesdes de carie em um Unico individuo com carie de
estabelecimento precoce. Nesta mesma pesquisa, espécies bacterianas encontradas em
criangas com carie de estabelecimento precoce foram comparadas com aquelas identificadas
em criangas livres de carie. Algumas espécies como Streptococcus sanguinis foram
associadas com saude bucal, enquanto outras como S. mutans, Lactobacillus fermentum e
algumas espécies dos géneros Streptococcus spp., Veillonella spp., Actinomyces spp.,

Bifidobacterium spp. foram relacionadas com carie.
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Corby et al. (2005), através de métodos moleculares de identificagdo como
checkerboard hybridization, verificaram bactérias associadas com carie dentaria e saude em
um grupo de 204 gémeos de idade entre 1,5 e 7 anos. As bactérias Actinomyces spp., S.
mutans, ¢ Lactobacillus spp. foram detectadas em abundancia no grupo carie-ativo. Em
contraste, espécies bacterianas, incluindo Streptococcus parasanguinis, Abiotrophia defectiva,
Streptococcus mitis, Streptococcus oralis, € S. sanguinis predominaram na microbiota
indigena bacteriana de individuos livres de cérie.

Estudos tém demonstrado que espécies consideradas como colonizadores iniciais da
placa dentédria, como estreptococos do grupo mitis, podem apresentar a capacidade de
produzir élcali, gerando um impacto no equilibrio do pH do biofilme (NASCIMENTO et al.,
2009). No entanto, em situagdes de aciduria e acidogenicidade, tais bactérias, comumente
associadas a satde dental, podem apresentar relagdo com atividade de carie dentaria
(MARCHANT et al.,, 2001; AAS et al., 2008 GROSS et al., 2012).

Com o advento de métodos e sistemas de diagnostico ao longo dos ultimos anos, houve
a insercdo do ICDAS II (International Caries Detection & Assessment System), que € um
sistema de deteccdo de carie baseado na inspec¢do visual e inclui avaliagdo de lesdes cariosas
cavitadas e ndo-cavitadas. Esse sistema foi desenvolvido para uso na pratica clinica, bem
como em pesquisas clinicas e epidemiologicas (PITTS, 2004). O método provou ser bem
aceito e pratico, baseado na sua padronizagdo de critérios e possibilidade de comparagdo com

outros indices (SHOAIB et al., 2009).

Com as mudangas no perfil de cérie nas ultimas décadas (reducdo na prevaléncia e na
progressdo das lesdes em uma parcela da populagdo), a avaliagdo da atividade de carie
também se faz necessaria juntamente com o diagnoéstico, pois as lesdes podem ter sido ou vir
a ser inativadas por meio de medidas preventivas e mudancas comportamentais, tornando a
atividade um fator importante na escolha do tratamento. Porém, pouco se tem pesquisado
sobre a atividade das lesdes em estudos de carie em pré-escolares nos ultimos anos
(PIOSEVAN et al., 2013), embora possa ser determinada pelo critério de Nyvad, um dos
principais indices descritos e validados, o qual ¢ baseado no diagnostico téctil e visual da

lesao (NYVAD et al., 1999; MACHIULSKIENE et al., 1998).

Assim, uma vez que a microbiota envolvida com a doenga carie ¢ considerada
extremamente complexa e variavel (MARTIN et al., 2002), o estudo do papel etioldgico das
espécies relacionadas com a cérie e sua progressdo revela-se essencial, assim como entender

possiveis mudancas na comunidade bacteriana de acordo com as condi¢des ambientais como



a atividade da lesao (KIANOUSH et al., 2014; TAKAHASHI & NYVAD, 2011).
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2 PROPOSICAO

Esta tese de doutorado serd apresentada em capitulos, tendo como objetivo:

Detectar a presenga e quantificar através da técnica de reacdo em cadeia da polimerase
quantitativa (qPCR) as espécies/grupos de bactérias Actinomyces naeslundii,
Bifidobacterium spp., Lactobacillus acidophilus, grupo Lactobacillus casei, grupo
Mitis, Streptococcus gordonii e Streptococcus mutans em biofilme de criangas pré-
escolares com diferentes estagios de progressao de carie precoce da infancia e em lesdes
cariosas dentindrias ativas e inativas bem como verificar a associacdo destes micro-

organismos ao processo de saude ou de doenga.
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3 CAPITULOS

Esta tese estd baseada no Artigo 46 do Regimento Interno do Programa de Pds-
Graduacdo em Odontologia da Universidade Federal do Cear4, que regulamenta o formato
alternativo para dissertagdes de Mestrado e teses de Doutorado e permite a inser¢ao de artigos
cientificos de autoria e co-autoria do candidato. Por se tratarem de pesquisas envolvendo seres
humanos, ou parte deles, o projeto de pesquisa referente a este trabalho foi submetido a
apreciacio do Comité de Ftica em Pesquisa da Faculdade de Medicina da Universidade
Federal do Ceard, tendo sido aprovado sob protocolo n° 158/2011 (Anexo). Assim sendo, esta
tese de Doutorado ¢ composta por dois capitulos que contém artigos que serdo submetidos

para publicacdo em periddicos cientificos, conforme descrito abaixo:

CAPITULO 1

“Molecular analysis of biofilm bacteria associated to different stages of early childhood
caries”

B.G. Neves, R.N. Stipp, D.S. Bezerra, S.F.F. Guedes, L.K.A. Rodrigues

Este artigo sera submetido a publicacdo no periddico “Caries Research”.

CAPITULO 2
“Molecular detection of bacteria associated to caries activity in dentinal lesions”
B.G. Neves, R.N. Stipp, D.S. Bezerra, S.F.F. Guedes, L.K.A. Rodrigues

Este artigo sera submetido a publicacdo no periddico “Caries Research”.
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ABSTRACT

Several bacterial species have been associated to early childhood caries (ECC), a prevalent
public health problem among preschool children. The aim of this study was to quantify
Actinomyces naeslundii, Bifidobacterium spp., Lactobacillus acidophilus, Lactobacillus casei
group, Streptococcus gordonii, Mitis group and Streptococcus mutans using quantitative
polymerase chain reaction (QPCR) in dental biofilm from children with different stages of
ECC. A total of 75 preschool children aged 2 to 5 years from public preeschools were
clinically examined according to ICDAS criteria and were divided into three groups: caries-
free (CF; n=20), enamel caries lesions (ECL; n=17) and dentine caries lesions (DCL; n=38).
Pooled dental plaque sample of each child was collected and analyzed to detect the presence
and quantity of the cited bacteria by qPCR. The bacterial presence and abundance data were
analyzed by Kruskal-Wallis and chi-squared test followed by multiple logistic regressions.
Lactobacillus acidophilus and L. casei group were absent in almost all plaque samples. No
differences in relative proportions were observed for any stage of caries for Actinomyces
naeslundii, Mitis group and Streptococcus gordonii. However, Streptococcus mutans and
Bifidobacterium spp. were present in higher concentrations in the biofilm of children with
DCL when compared to CF and ECL groups (p<0.01). Furthermore, multivariate analysis
showed that Streptococcus mutans and Bifidobacterium spp. were strongly associated with
biofilm in children with cavitated dentin lesions with an odds ratio of 21.5 and 5.9,
respectively. The data indicated that S. mutans and Bifidobacterium spp. might be associated

with the progression of early childhood caries.
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INTRODUCTION

Dental caries is a progressive disorder associated with a complex etiology, including
genetic, microbial, environmental and behavioral factors [Peterson et al., 2013] and remains
as a major public health problem, being considered pandemic worldwide [Jiang et al., 2014;
Peterson et al., 2014]. Early childhood caries (ECC) may cause pain and infection in
preschool children, reduce quality of life and compromise primary dentition soon after
eruption [AAPD, 2014; Gross et al, 2012]. Frequent sugared diet causes a growing
acidification of dental biofilm (i.e., dental plaque), subsequently leading to an increase of the
proportion of acidogenic/aciduric bacteria with the rapid progression of caries lesions

[Takahashi and Nyvad, 2011; Burne et al., 2012].

The oral biofilm is composed by a structurally organized microbial community, being
considered as a dynamic and extremely complex ecosystem [Marsh, 2006] and its role in the
onset and progression of dental caries is unquestionable [Dige et al., 2014]. The human oral
microbiome contains a diverse polymicrobial population, consisting of over 600 species
[Dewhirst et al., 2010]. Efforts have been made to determine the bacterial species associated
to oral health and disease [Dige et al., 2014]. However, researches of biofilms are particularly
challenging and relevant, due to their dynamic changes in response to the constant exposure

to complex diet-host-microbial interactions occurring in the oral cavity [Klein et al., 2011].

Streptococcus mutans (MS) has been identified as a major microbial pathogen in the
development of early childhood caries [Koehler et al., 1988; Berkowitz, 2003; Parisotto et
al., 2010a], however not all children with ECC harbor this bacteria [Becker et al., 2002;
Tanner et al., 2011; Gross et al., 2012]. Thus, it is accepted that this association is not
absolute, since dental caries-associated microbiota is highly complex and multiple members
of the community can be implicated in the caries development [McLean et al, 2012; Obata et
al, 2014]. ECC studies have detected other pathogens involved in dental caries such as
Bifidobacterium [Becker et al., 2002; Aas et al., 2008; Mantzourani et al., 2009; Palmer et al.,
2010], Lactobacillus [Becker et al., 2002; Aas et al., 2008] and Actinomyces [Marchant et al.,
2001]. All these microorganisms are potential acid producers and able to survive in acid

environment [Takahashi & Nyvad, 2011].

On the other hand, “pioneer colonizers” mainly comprised of Mitis group present in oral
biofilm frequently are related to oral health, due to their capacity of producing alkaly, which

can help to neutralize acids in pathogenic biofilms and favors pH increase [Nascimento et al.,
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2009]. In addition, studies indicate that microorganisms present in dental plaque that have
been frequently related with oral health [Li et al., 2004; Corby et al., 2005; Takahashi and
Nyvad, 2008], have now been also associated with caries, then being considered as alternative
pathogens [Gross et al., 2012] such as Streptococcus oralis, Actinomyces naeslundii

[Marchant et al., 2001; Aas et al., 2008] and Streptococcus parasanguinis [Gross et al., 2012].

Considering that relatively few molecular studies have been performed using qPCR for
studying specific bacteria associated with early childhood caries or oral health, the aim of the
present study was to quantify Actinomyces naeslundii, Bifidobacterium spp., Lactobacillus
acidophilus, Lactobacillus casei group, Mitis group, Streptococcus gordonii and
Streptococcus mutans in dental biofilm from children with different stages of early childhood

caries.

METHODS

Ethics statement

The study design and informed consent were approved by the Ethics Committee of the
Federal University of Cearda (COMEPE/UFC) (Protocol Number 158/2011). Signed informed
consents were obtained from the parents or guardians of all subjects. Samples were collected

only after getting the approval from the children and their parents.

Study population

The study sample consisted of 75 children aged 2 to 5 years from public nurseries and
preeschools from a suburban area in Fortaleza, Ceard, Brazil. Inclusion criteria were: the child
was under 71 months of age; child had not be treated with antibiotics in the 3 months prior to
the study and subjects had no salivary gland disorders or systemic diseases. Children, who

did not cooperate with the dental exams, were excluded from the study.

The criteria used for early childhood caries (ECC) diagnosis was the International
Caries Detection and Assessment System II (ICDAS II) [Pitts, 2004; Ismail et al., 2007]. Two
calibrated dentists (B.G.N and D.S.B) conducted the examinations after children had their
teeth brushed under the direct supervision of dentists. The examiners used a WHO periodontal
probe, mirror, gauze and adequate illumination during the clinical evaluation. The intraoral
examinations were performed at the children’s schools from March 2012 to July 2013. The
caries status was recorded on 0-6 scale by surface. Using the ICDAS criteria, caries status was

assessed by recording all surfaces of primary teeth as 0 = sound; 1 = visual changes in enamel
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(seen only when the tooth is dry); 2 = visible non-cavitated lesion seen when wet and dry; 3 =
cavitation in enamel; 4 = non-cavitated lesion extending into dentine seen as an undermining
shadow; 5 = cavitated lesion with visible dentine: < 50% of surface; and 6 = extensive

cavitated lesions with visible dentine in more than 50% of the surface.

Screening of 420 children was performed in the current study. After meeting inclusion
and exclusion criteria, 75 children were included in the final sample size. The distribution of
the groups were defined by the different degrees of dental caries status, according to ICDAS

coding:

* CF: caries-free children (n=20): code 0. Children who presented no caries lesions.

* ECL: children with the most severe score classified as enamel carious lesions (n=17):
dmft > 1 (including surfaces with ICDAS codes 2 and 3)

* DCL: children with the most severe score classified as dentine carious lesions (n=38):

dmft > 1 (including surfaces with ICDAS codes 5 and 6)

All children involved in this study were enrolled in a dental care program that included
preventive counseling and dental treatment at the dental clinic of the Faculty of Dentistry,
Federal University of Ceara, Fortaleza, Ceara.

Biofilm collection

Dental biofilm samples were collected at children’s schools. Pooled supragengival
plaque sample from each child was taken with autoclaved spoon excavators from vestibular
and lingual surfaces of teeth, including anterior and posterior primary teeth. In children with
dentin lesions, plaque was not collected from cavities. The participants were asked not to
brush their teeth 24 h before sampling.

Plaque samples were transferred into a sterile 1.5 mL microcentrifuge tube that
contained 150 pL of TE (10 mM Tris-HCIL, 1 mM EDTA pH 7.6). All of the samples were
immediately transported on ice to the laboratory, not exceeding one hour after collection.
Samples were stored and kept frozen at -20°C until DNA extraction.

Laboratory methods

Bacterial strains and culture conditions

Quantitative PCR was performed to detect the presence/absence and to quantify targeted
bacterial DNA in dental plaque samples. The presence of Actinomyces naeslundii,

Bifidobacterium spp., Lactobacillus acidophilus, Lactobacillus casei group, Mitis group,
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Streptococcus gordonii and Streptococcus mutans was investigated using specific forward and
reverse primers as listed in Table 1.

The bacteria strains used as positive controls to test the specificity of the primers and for
qPCR standard curve preparations included Actinomyces naeslundii (ATCC 12104),
Bifidobacterium animalis subsp. lactis BB-12" (Chr. Hansen), Lactobacillus acidophilus
(ATCC 4356), Lactobacillus paracasei subsp. paracasei (ATCC 335), Streptococcus
gordonii (ATCC 35105), Streptococcus mitis (ATCC 49456 — NTCC 12261) and
Streptococcus mutans (UA159).

Isolated bacteria were cultured in Brain-Heart Infusion broth as recommended by
Bergey’s Manual of Determinative Bacteriology [Holt ef al. 1994]. The cells were centrifuged
and washed in sterile saline solution (NaCl 0.9%). The quality and purity of bacterial cultures

were checked by Gram staining.
DNA extraction

Extraction and purification of DNA from dental plaque samples and bacterial

cultures

All samples were transferred into a fresh 2 mL screw cap tube and the cells were
mechanically lysed with 0.16g of 0.lmm diameter zirconia beads on a Mini-Bead Beater
homogenizer (Biospec Products, Bartlesville, OK, USA) and subject to beating for 1 min at
maximun power. DNA was recovered from all samples using an organic extraction protocol
based on phenol/chloroform purification and alcohol precipitation [Wilson, 2001]. The DNA

concentration (A ) and purity (A /A280 ) of the samples were evaluated by a
260nm 260nm nm

NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA).
Electrophoresis of the extracted DNA was performed on a 1.2% agarose gel in

Tris/borate/EDTA buffer and stained with 0.1 pg/ ml ethidium bromide.

Preparation of PCR standards and quantification of target bacterial DNA in
plaque samples by quantitative PCR (qPCR)

Quantitative real-time assays

Serial dilutions starting from 300 ng to 0.0003 ng (10-fold) of reference bacterial DNA

concentrations were used as standards and positive controls for relative quantification of the
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targeted bacteria. A standard DNA amplification curve and a melting-point product curve
were obtained for each primer set/run. SYBR Green real-time PCR amplifications were
performed using MicroAmpFast Optical 48-Well Reaction Plate (Applied Biosystems, Foster
City, CA, USA) in StepOne Real-Time PCR System (Applied Biosystems) covered with
Optical Adhesive Film (Applied Biosystems). Each reaction mixture (10 pL) contained 5 puL
of 2x Power SYBR Green Mastermix (Applied Biosystems), 0.3 pL of each appropriate
forward/reverse primer, 2 pL of DNA sample and 2.4 pL of water free of nucleases. Negative
control included reactions without template to rule out primers dimers formation or presence
of contaminating DNA. All samples were analyzed in duplicates. The final analyses were
based on the mean of the two reactions. The standard curves were used to transform the cycle
threshold (Ct) values to the mass of DNA and the results of the concentrations of bacteria in
plaque samples were normalized relative as a percentage of the total bacterial load estimated

by the primer Bacteria 16S rDNA [Nadkarni et a., 2002].

Statistical analysis

Data were tabulated in Microsoft Excel and exported to statistical software Statistical
Package for Social Sciences (SPSS) version 17.0, on which all analyzes were performed
considering a confidence level of 95%.

After examining the pattern of sample distribution (normality test Kolmogorov-Smirnov
test) data were expressed as mean and standard deviation and compared between groups using
Kruskal-Wallis test. Data were dichotomized according to the presence or absence of bacteria
in the different groups and as the number of samples with higher or lower values and equal to
its median assessment for bivariate (chi-square test) and multivariate (multinomial logistic

regression).

RESULTS
In a cross-sectional design, bacterial species were detected and compared to different
stages of caries. The mean d;.¢ mfs for the ECL group was 3.58 and for DCL group was

15.55. Levels of each species were calculated as a percent of total bacteria for each sample.

Table 2 shows mean and median proportions of oral bacteria in plaque oral samples. S.
mutans displayed higher concentration in biofilm of children with dentine carious lesions.
There was a statistically significant difference in median S. mutans and Bifidobacterium spp.

between dentine caries lesions group and ECL and CF groups (p < 0.001). Lactobacillus
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acidophilus and Casei group were almost absent in oral plaque samples from all groups
(Median=0.00%). Bifidobacterium spp. concentrations were augmented significantly in the
DCL group compared to the others (p < 0.001). No differences in relative proportions were
observed for any stage of caries for any of the following species S. gordonii, Mitis group and

A. naeslundii.

Table 3 shows the association between ECC stages and bacterial composition. After
bivariate analysis, the variable that showed statistical significant association with ECL and CF
groups was Bifidobacterium spp. (odds ratio =4.5). Considering CF versus DCL group, the
bivariate analysis also revealed strong association with the presence of S. mutans
(odds ratio=34) and Bifidobacterium spp (odds ratio =11.2). These variables were submitted
to a multiple logistic regression analysis in order to obtain the best model possibility. The
multivariate modeling indicated that Streptococcus mutans was strongly associated to the
progressive stages of early childhood caries, with an odds ratio of 21.5. Moreover,
Bifidobacterium was strongly associated with biofilm of children with dentine caries lesions

(odds ratio=5.9) (Table 4 and 5).

DISCUSSION

A detailed investigation of the composition of oral biofilm microbiota is essential for a
better understanding of the etiology of early childhood caries. Analysis of the data presented
in this study demonstrates considerable differences in bacterial diversity and biofilm
composition at different stages of ECC progression, as described from previous studies
[Becker et al., 2002; Corby et al., 2005; Kanasi et al., 2010a; Gross et al., 2012; Jiang et al.,
2014].

In the current study, the presence of S. mutans in dental plaque was strongly associated
with biofilm in children with cavitated dentin lesions (odds ratio=21) in multivariate analysis,
which is consistent with previous literature reports [Becker et al., 2002; Kanasi et al., 2010a;
Parisotto et al., 2010b; Gross et al., 2012; Jiang et al., 2014]. Streptococcus mutans is highly
acidogenic and aciduric with great capacity to adhere to enamel. It is considered the chief
pathogen associated with caries initiation [Loesche, 1986; Tanzer et al., 2001] and also
identified as a candidate risk factor for caries progression [Gross et al., 2012]. Moreover, we
observed low levels of S. mutans in dental plaque samples with higher concentration in the
biofilm of the DCL group (p<0.05) (Table 2), when compared to CF and ECL groups, making

the role of this microorganism in caries progression evident. Despite, being present at low
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concentrations, this can be explained because S. mutans functions in caries modulation seem
not to be entirely dependent on bacterial levels, since virulence factors expressed by this
species are shown to alter the biofilm structure and to promote ecological shifts leading to an
acidogenic and acid-tolerant microbiota [Xiao et al., 2012; Mattos-Graner et al., 2014]. This
study has not found association with the presence of S. mutans and biofilm of children with
enamel caries lesions. However, it is important to emphasize that patients from this study with
advanced stage of caries also presented enamel lesions. Therefore, in this study, S. mutans is
associated with the progression of the disease and not with individual caries lesions,

considering that the sampling method was not site-specific.

Interestingly, members of the L. casei group and L. acidophilus were rarely identified or
absent in most dental plaque samples even in DCL group, showing no association of these
bacteria in biofilm with caries, which corroborates previous investigations [Marchant et al.,
2001; Gross et al., 2012; Dige et al., 2014; Sim6n-Soro et al., 2014]. In contrast, some species
of Lactobacilli have been found in biofilm in earlier studies [Parisotto et al., 2010b; Kanasi et
al., 2010b] and also identified as metabolically active species in pH 4.5 [McLean et al., 2012].
Nevertheless, Lactobacillus are normally associated with the more advanced caries, being
frequently detected in carious dentine [Byun et al., 2004; Chhour et al., 2005]. These
conflicting results may be due to high heterogeneity between individuals [Gross et al., 2010]
and also to variations in evaluation methods being molecular methods more accurate than
culture-based techniques [Nyvad et al., 2013]. Besides, as long as no biofilm was collected
from over dentinal lesions and considering that Lactobacilli are weakly adherent to smooth
surfaces, they are more present in retentive sites such as cavities [van Houte, 1996; Gross et

al., 2010], therefore it was not found in the biofilm samples of the current study.

Presence of Bifidobacterium spp. was significantly associated with both stages of caries
progression (ECL and DCL). Moreover, an important finding was that significantly higher
levels of these bacteria were found in the biofilm composition of children with dentine carious
lesions compared to the other groups. Children with detected Bifidobacterium on dental
biofilm were more likely to develop dentine carious lesions in the multilogistic regression
model (odds ratio= 5.9). This result confirms that Bifidobacteria are involved with early
childhood caries as previous studies have suggested [Becker et al., 2002; Aas et al., 2008;
Palmer et al., 2010]. Bifidobacteria are considered aciduric and acidogenic [Mantzourani et
al., 2009] similar to lactobacilli and more than MS [van Houte et al; 1996], indicating that the

acidic environment provides a suitable habitat for the proliferation of these microorganisms
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[Takahashi and Nyvad, 2011].

Most dental plaque samples from the current study presented among their composition
Actinomyces naeslundii, Mitis group and S. gordonii. Nevertheless, no significantly
differences in the relative levels of these species were observed for any stage of caries. Non-
mutans bacteria (mainly non-mutans streptococci and Actinomyces) are considered common
members of health-associated microbiota [Corby et al., 2005; Gross et al., 2012] and also
initial colonizers of tooth surfaces [Li et al., 2004; Takahashi and Nyvad, 2008; Dige et al.,
2009]. Some metabolic activities of these bacteria may modulate dynamic caries processes,
such as the use of lactate by Actinomyces naeslundii as a carbon source for growth converting
it in weaker acids [Takahashi and Yamada, 1996] and the capacity of non-mutans streptococci
to induce the arginine deiminase system producing alkalis [Nascimento et al., 2009], which
can culminate in an increased pH in biofilms.

On the other hand, in certain circumstances, such as an acidic environment, non-MS
may enhance their acidogenicity and acidurance adaptively [Takahashi and Yamada, 1999]
playing a critical role for destabilizing the plaque homeostasis by facilitating a shift of the
demineralization/remineralization balance [Takahashi and Nyvad, 2008]. Thus, these
microorganisms were associated with dental caries in numerous studies and considered as
alternative pathogens contributing to the disease process [Marchant et al., 2001; Becker et al.,
2002; Aas et al., 2008; Belda-Ferre et al., 2012; Gross et al., 2012; Jiang et al., 2013; Peterson
etal., 2013].

The discrepancies findings regarding the association of these species with health or
disease might have been modulated by local conditions, since Actinomyces are as versatile to
adjust oneself to different conditions in dental biofilm environment as are the non-MS
[Takahashi and Nyvad, 2008]. This way, the molecular mechanisms through which non-MS
bacteria participates in caries initiation remain unclear and further studies are needed to
identify the ecological shifts leading to cariogenic biofilms [Mattos-Graner et al., 2014].
Despite all these factors, MS, lactobacilli and Bifidobacterium are more acidogenic, aciduric
and competitive than non-mutans streptococci under severely acidic conditions [Takahashi,
and Nyvad, 2011].

Several researchers have evaluated microbial composition of dental biofilms on pooled
plaque samples in molecular studies [Becker et al., 2002; Aas et al., 2008; Parisotto et al.,
2010b; Belda-Ferre et al., 2012; Peterson et al., 2013; Peterson et al., 2014]. A previous study

supports this sampling method, since it was demonstrated that the dental microbiota
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associated with localized healthy tooth surfaces and caries lesions are similar within the same
oral cavity [Corby et al., 2005]. However, there are limitations to this procedure. According to
Nyvad et al. [2013], individual site-specific sampling is more appropriate when trying to
compare bacterial profiles with each stage of dental caries. Therefore, the bacterial

composition observed on this study could have varied if specific sites were included.

Molecular techniques are currently available to explore the bacterial microbiota, since
some pathogens are not routinely cultivable [Paster et al., 2001]. Quantitative PCR represents
an approach highly specific and considered as the gold standard for quantitative accuracy,
however it has been underutilized [Peterson et al., 2011]. Its main limitation consists in not
differentiate between live and dead cells [Alvarez et al., 2013], however a recent technique
using propidium monoazide have made possible to assess cell viability with qPCR [Yasunaga
et al., 2013]. While informative, this study does not provide data about the metabolic activity
of the biofilm community. It seems essential to know what bacteria are doing [Takahashi and
Nyvad, 2008]; since describing the identity of an organism does not necessary mean that the

functional feature is apparent [Nyvad et al., 2013].

The presence and higher concentration of Bifidobacterium spp. and Streptococcus
mutans in the biofilm of children with dentine caries lesions were strongly associated to the
progression of early childhood caries, being considered as potentially key pathogens for ECC.
Besides, it seems important to identify the metabolically active species present within these
complex multi-species communities at the onset and progression of early childhood caries and
also better understand how the bacterial population changes from healthy to diseased states in

this dynamic/bacterial process.
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Table 1. Primers that were used for qPCR assays.

Annealing Amplicon
Target species Sequence (5° 3’) temperature length References
°C) (bp)

. F: TCCTACGGGAGGCAGCAGT .
Bacteria 16S rDNA R-GGACTACCAGGGTATCTAATCCTGTT 57 466 Nadkarni et al., 2002

. .. F:CTGCTGCTGACATCGCCGCTCGTA
Actinomyces naeslundii R-TCCGCTCGCGCCACCTCTCGTTA 62 144 Park et al., 2013

F: TCGCGTC(C/T) GGTGTGAAAG

. . 1
Bifidobacterium spp. R: CCACATCCAGC(A/G)TCCAC

58 243 Rintilla et al., 2004

. . . F: GATCGCATGATCAGCTTATA
Lactobacillus acidophilus R: AGTCTCTCAACTCGGCTATG 60 124 Furet et al., 2004

. 2 F: GCGGACGGGTGAGTAACACG
L. casei group R: GCTTACGCCATCTTTCAGCCAA 60 121 Furet et al., 2004

. 3 F: TAGAACGCTGAAGGAAGGAGC
Mitis group R: GCAACATCTACTGTTATGCGG 60 133 Wolff et al., 2013

. F: CAGGAAGGGATGTTGGTGTT
Streptococcus gordonii R: GACTCTCTTGGCGACGAATC 60 136 Wolff et al., 2013

F: AGCCATGCGCAATCAACAGGTT
Streptococcus mutans R: CGCAACGCGAACATCTTGATCAG 64 415 Yano et al., 2002

1. Bifidobacterium longum, B. minimum, B. angulatum, B. catenulatum, B. pseudocatenulatum, B. dentium, B. ruminantium,
B. thermophilum, B. subtile, B. bifidum, B. boum, B. lactis, B. animalis, B. choerinum, B. gallicum, B. pseudolongum
subsp. globosum, B. pseudolongum subsp. pseudolongum, B. magnum, B. infantis, B. indicum, B. gallinarum, B. pullorum,
B. saeculare, B. suis

2. L. casei group: L. casei, L. paracasei, L. rhamnosus and L. zeae.

3. Mitis group : Streptococcus mitis, S. oralis, S. pneumoniae, S. parasanguinis, S. australis
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Table 2. Dental plaque bacteria of the caries-free, caries-active with enamel lesions and
caries-active with dentine lesion groups determined by qPCR as a percentage of the total

bacteria load.

Oral bacteria Groups Mean (%) +£SD Median (%) p-value

S. mutans CF 0.190 0.680 0.000 <0.001
ECL 0.052 0.118 0.001
DCL 1.191 2.068 0.250%*

L. acidophilus CF 0.000 0.000 0.000 0.373
ECL 0.000 0.000 0.000
DCL 0.000 0.001 0.000

Mitis group CF 1.052 0.884 0.876 0.580
ECL 1.573 1.453 1.178
DCL 3.361 6.123 0.892

L. casei group CF 0.000 0.000 0.000 0.132
ECL 0.000 0.000 0.000
DCL 0.001 0.002 0.000

Bifidobacterium spp. CF 0.000 0.000 0.000 <0.001
ECL 0.000 0.001 0.000
DCL 0.088 0.213 0.002*

A. naeslundii CF 18.062 17.021 15.053 0.092
ECL 14.239 14.904 9.620
DCL 20.942 15.034 16.419

S. gordonii CF 0.513 0.777 0.294 0.075
ECL 0.811 0.948 0.541
DCL 2.821 5.518 0.570

SD= standard deviation; CF=caries-free; ECL= enamel caries lesions; DCL=dentine caries lesions

The data are mean + standard deviation and median values of concentrations of bacterial species as a percent of total

bacteria load.

Asterisks indicate that the values are significantly different from each other (p <0.05); Kruskall-Wallis test.
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Table 3. Bivariate analysis of the relationships between ECC status and related factors.

CF

ECL

DCL

Odds ratio (95% CI)

Variables n (%) n (%) n (%) p-value CF X ECL CF X DCL ECL X DCL
Bifidobacterium <0.001 45(1.1-19.2) 11.2(3.0-41.6) 2.4(0.7-8.2)
positive 4 (20) 9(52.9) 28 (73.7)
negative 16 (80) 8 (47.1) 10 (26.3)
S mutans <0.001 4.0(0.9-17.4) 34.0(7.5-153.6) 9.5(23-39.1)
positive 4 (20) 9(52.9) 34 (89.5)
negative 16 (80) 8 (47.1) 4 (10.5)
L. acidophilus 0.218
positive ND ND 3(7.9)
negative 20 (100) 17 (100) 35(92.1)
L. casei group 0.177
positive ND 1(5.9) ND
negative 20 (100) 16 (94.1) 38 (100)
Mitis group 1.000
positive 20 (100) 17 (100) 38 (100)
negative ND ND ND
S. gordonii 0.343 0.8 (0.0-14.6) 5.9(0.2-152.4) 7.0 (0.3 -181.1)
positive 19 (95) 16 (94.1) 38 (100)
negative 1(5) 1(5.9) ND
A. naeslundii 1.000
positive 20 (100) 17 (100) 38 (100)
negative ND ND ND

CF=caries-free; ECL= enamel caries lesions; DCL=dentine caries lesions; ND= not detected

Variables were compared by the Chi-square test. * p<0.05. Presence and absence of the bacteria in dental plaque samples were
described. Results presented are the non-adjusted odds ratios with their 95% confidence intervals.



Table 4. Multivariate modeling for enamel caries lesions

Variables p-value Adjusted odds ratio (95% CI)
Bacteria detection

S. mutans 0.063 4.439 (0.921 —21.387)

L. acidophilus 1.000 -

Mitis group 1.000 -

L. casei group 1.000 -

Bifidobacterium spp. 0.170 3.128 (0.630 — 15.525)

A. naeslundii 1.000 -

S. gordonni 0.459 0.292 (0.015 - 5.741)
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Table 5. Multivariate modeling for dentine caries lesions

Variables p-value Adjusted odds ratio (95% CI)

Bacteria detection

S. mutans <0.001* 21.501 (4.299 — 107.544)
L. acidophilus 1.000 -

Mitis group 1.000 -

L. casei group 1.000 -

Bifidobacterium 0.033* 5.903 (1.153 -30.221)

A. naeslundii 1.000 -

S. gordonni 0.999 -

* p <0.05 — statistically significant
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ABSTRACT

Early childhood caries (ECC) is a microbial infection that severely compromises the dentition
of young children. Few studies have focused on oral bacterial community changes within
carious lesion activity. The aim of this study was to quantify Actinomyces naeslundii,
Bifidobacterium spp., Mitis group, Lactobacillus acidophilus, Lactobacillus casei group,
Streptococcus gordonii and Streptococcus mutans in active and inactive carious dentine
lesions in ECC- children by using quantitative polymerase chain reaction (QPCR). Fifty-six
dentine lesions samples, classified as active (n=39) or inactive (n=17), were collected from
children aged 2 to 5 years. Relative quantification revealed that Bifidobacterium spp. and L.
casei group were significantly more abundant in active dentine lesions (p<0.05).
Concentrations of Actinomyces naeslundii, Mitis group and Streptococcus gordonni were not
significantly different when comparing dentin lesion activity. The relative proportion of S.
mutans was significantly greater in inactive than in active lesions (p<0.05). Bifidobacterium
spp and L. casei group demonstrated a positive correlation (p=0.001) in active lesions. The
positive detection of L. acidophilus (OR=15.1) and S. gordonii (OR=7.7) was significantly
associated to the active lesions. The data indicate that higher detection levels of
Bifidobacterium spp. and L. casei group may be linked to dentin lesion activity. Also, the

presence of L. acidophilus and S. gordonii was associated to the lesion activity.
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INTRODUCTION

Dental caries is one of the most prevalent diseases of childhood worldwide, especially
in socially disadvantaged populations [Berkowitz, 2003]. Several factors, including
microbial, genetic, immunological, behavioral and environmental, are involved and
contribute to its development [Peterson et al., 2013]. In particular, in preschool children, this
condition defined as early childhood caries (ECC), can devastate the primary teeth, affect
child’s self-esteem, impact general health and lead to nutritional deficiency [Ramos-Goméz
et al., 2002]. Because of the aggressive pattern of ECC, areas of demineralization can
rapidly progress, develop cavitation and involve dental pulp tissues, causing serious
consequences such as pain and pulp infection [AAPD, 2014; Obata et al., 2014].

Cavitated dentine carious lesions are considered as the last stage of dental caries and
also diverse ecosystems with high variability [Belda-Ferre et al., 2012]. Dentine provides a
different environment for bacteria involved in caries progression, where only specialized
bacteria are able to colonize and exploit [Simon-Séro et al., 2013]. The bacterial profile in
enamel and dentinal caries are significantly different [Simon-Soro et al., 2013; Obata et al.,
2014] , since the microbiota in dentine is constantly submitted to changes, such as nutrient
availability, oxygen concentration and pH [Lima et al., 2011; Takahashi and Nyvad, 2011].
Moreover, this tissue contains a higher proportion of organic matrix and lower inorganic
component than enamel. Thus, the critical pH for dentine dissolution is higher compared to
enamel, which allow colonization of bacteria that are not as acidogenic and aciduric as those
required for initial enamel demineralization [Kinaoush et al., 2013], but also proteolytic
bacteria are involved [Simo6n-Soro et al., 2013].

The advent of molecular researches to characterize the oral microbiota in health and
disease is revealing the diversity of oral biofilms and dentinal caries and finding new
candidates for disease-associated bacterial species [Becker et al., 2002; Aas et al., 2008;
Corby et al., 2005; Gross et al., 2012] . Considering that the microbiota involved in dental
caries are known to be highly diverse and variable [Martin et al., 2002; Takahashi and
Nyvad, 2011], understanding the microbial etiology of caries and how environmental
conditions in the oral cavity impact the disease process continues to change as technology
advances [Kianoush et al. 2014]. Although the strong association of mutans streptococci and
ECC is established in the literature [Kohler et al, 1988; Berkowitz, 2003; Kanasi et al.,
2010; Parisotto et al., 2010], it seems that these bacteria are not present in all children with
caries [Mattos-Graner et al., 2001; Aas et al., 2008]. Beyond S. mutans, molecular

approaches have revealed a greater variability of the community of dentine caries-associated
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microbiota including non-mutans streptococci and bacteria of the genera Actinomyces,
Bifidobacterium, Lactobacillus, Propionibacterium, Veillonella, Selenomonas and
Atopobium [Becker et al., 2002; Martin et al., 2002; Munson et al., 2004; Chhour et al.,
2005; Aas et al., 2008; Mantzourani et al., 2009; Belda-Ferre et al., 2012].

On the other hand, it can be suggested a possible contribution of other microorganisms
to the inactivation of caries lesions, since several streptococcus, such as members of the
Mitis group and S. gordonii are able to produce alkalis by the arginine deiminase system
(ADS) [Nascimento and Burne, 2014]. These bacteria generate ammonia that neutralizes
acids in cariogenic biofilms and favors pH increase, which are compatible with the pH of
arrested lesions as previously demonstrated [Hojo et al., 1994; Kuribayashi et al., 2012].

However, the role of these bacteria in caries progression remains inconclusive.

Information about microbial communities present in dentinal caries lesions is not only
important to understand the pathogenesis of dentinal caries, but also to contribute for
developing novel approaches to dental caries treatment [Kianoush et al., 2014]. Early in the
caries process, the pulp reflects changes within lesion activity [Bjordnal, 2014]. However,
little is known about the dynamic characteristics of oral microbiota in caries progression
[Jiang et al., 2014] and how the oral bacterial community changes within carious lesion

activity [Takahashi, and Nyvad, 2011; Kianoush et al., 2014].

Molecular studies dealing with the microbiota in dentinal caries have mainly focused
in comparing plaque samples within the same patient [Becker et al., 2002; Aas et al., 2008;
Corby et al., 2005; Gross et al., 2010], rarely defining dentinal lesion activity, which may
reveal different microbial patterns [Takahashi, and Nyvad, 2011]. Therefore, the aim of the
present study was quantify Actinomyces naeslundii, Bifidobacterium spp., Lactobacillus
acidophilus, Lactobacillus casei group, Mitis group, Streptococcus gordonii and
Streptococcus mutans in active and inactive dentine carious lesions from severe-ECC
children and also to evaluate whether caries lesion activity can be linked to a certain

microbial composition.

METHODS

Ethics statement

The study protocol was approved by the Ethics committee of the Federal University of
Ceara (COMEPE/UFC) (Protocol Number 158/2011). Verbal and written consents were
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obtained from the parents of all subjects. Samples were taken only after getting the approval

from the children and their parents.

Study population

Thirty-nine subjects aged from 2 to 5 years with severe early childhood caries were
recruited for this study from public preeschools in Fortaleza, Ceard, Brazil. The schools
were selected based on convenience and located in a suburban area of this city. A total of
420 children were examined at the first phase of this study in order to select the study
population. Patients were excluded from the study if history of significant medical disease or
antimicrobial therapy was reported by their parents within the last 3 months previous to the
study. Subjects had no salivary gland disorders or systemic diseases and also had no
spontaneous symptoms associated with the caries lesions. Informed consent of the respective
children and their families, their willingness to participate, and the presence of at least one
cavitated dentine carious lesion with no pulp exposure in primary teeth were used as

inclusion conditions.

The presence of dental caries was assessed using the International Caries Detection
and Assessment System (ICDAS) II [Pitts, 2004; Ismail et al., 2007]. Children were
examined under standardized conditions by two calibrated examiners (BGN and DSB).
Professional oral cleaning was performed prior to clinical examination. A WHO periodontal
probe, a mirror, an air syringe and adequate illumination were used by the examiners during

clinical evaluation.

Dentinal cavitated lesions were evaluated by Nyvad criteria [Nyvad et al., 1999; 2003]
for the assessment of caries lesion activity, based on visual and tactile diagnoses. The teeth
were examined after airdrying for 5 s. The examiners reviewed the clinical appearance of the
selected sites based on color, opacity, and the presence of surface discontinuities or cavities.
A WHO periodontal probe was used to check the surface texture (rough or smooth). Dentine
cavity classified as active were those easily visible with the naked eye, soft on gentle
probing and with a whitish/yellowish appearance with loss of lustre. Inactive lesions were
characterized by a whitish/brown/black shiny appearance and smooth/hard on gentle
probing. Each site was ranked according to the scores proposed [Nyvad et al., 1999, 2003]

for caries lesion activity.

All children involved in this study were enrolled in a dental care program that
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included routine professional monitoring of their oral health status and their oral health is

maintained until the present time.

Sampling and clinical data collection

All sample collections were performed by two calibrated dentists at the dental clinic of
the Dental School, Federal University of Ceard, Fortaleza, Ceard, Brazil. Samples were
collected from 39 children over a period of 15 months, between July 2012 and October
2013.

Dentine caries lesions selected were opened cavities scored with codes 5 (distinct
cavity with visible dentine) and 6 (extensive distinct cavity with visible dentine), according
to ICDAS II criteria [Ismail et al., 2007]. Selected teeth had no clinical signs or symptoms
of irreversible pulpitis. Absence of pulp exposure and radiolucent areas were evaluated

radiographically.

After being classified as active or inactive, as previously reported, one to three dentine
carious samples were collected from each child. Samples were not pooled across dentine
lesions or patients. Carious samples were collected from cavitated dentine lesions from
primary teeth with local anesthesia under rubber dam isolation with a sterile spoon excavator
in order to reduce the risk of saliva contamination. Prior to sampling procedure, dental
plaque on the surfaces of cavitated dentine lesions was swiped. Subsequently, all cavities
were restored with resin-modified glass ionomer cement (Vitro Fil LC, DFL, Rio de Janeiro,
Brasil). When necessary, an indirect pulp capping with calcium hydroxide liner was placed.
Dentine carious samples were placed in a sterile 1.5 mL microcentrifuge tube containing
150 puL of TE (10 mM Tris-HCI, 1 mM EDTA pH 7.6), immediately transported on ice to

the laboratory, where they were frozen at - 20°C until analyses.

Laboratory methods

Bacterial strains and culture conditions

Quantitative PCR was performed to detect the presence/absence and to quantify targeted
bacterial DNA in dental plaque samples. The presence of Actinomyces naeslundii,
Bifidobacterium spp., Lactobacillus acidophilus, Lactobacillus casei group, Mitis group,
Streptococcus gordonii and Streptococcus mutans was investigated using specific forward
and reverse primers as listed in Table 1.

The bacteria strains used as positive controls to test the specificities of the primers

included Actinomyces naeslundii (ATCC 12104), Bifidobacterium animalis subsp. lactis
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BB-12 ® (Chr. Hansen), Lactobacillus acidophilus (ATCC 4356), Lactobacillus paracasei
subsp. paracasei (ATCC 335), Streptococcus gordonii (ATCC 35105), Streptococcus mitis
(ATCC 49456 — NTCC 12261) and Streptococcus mutans (UA 159).

Isolated bacteria were cultured in broth for 24 h as recommended by Bergey’s Manual
of Determinative Bacteriology [Holt ef al. 1994]. The cells were centrifuged and washed in
sterile saline solution (sodium chloride 0.9%). The quality and purity of bacterial cultures

were checked by Gram staining.
DNA extraction
Extraction and purification of DNA from dentinal samples and bacterial cultures

All samples were transferred into a fresh 2 mL screw captube. Mechanical disruption
of cells was carried out with 0.16 g of 0.1 mm diameter zirconia beads (Biospec Products,
Bartlesville, OK, USA) on a Mini-beadbeater (Biospec Products) at maximum power for
60s. DNA was recovered from all samples using an organic extraction protocol based on
phenol/chloroform purification and alcohol precipitation [Wilson, 2001]. The DNA

concentration (A ) and purity (A /A__ ) of the samples were evaluated by a NanoDrop
0 260

26 280

2000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Electrophoresis
of the extracted DNA was performed on a 1.2% agarose gel in Tris/borate/EDTA buffer and
stained with 0.1pg/ ml ethidium bromide.

Quantification of target bacterial DNA in dentinal samples by qPCR

Serial dilutions starting from 300 ng to 0.0003 ng (10-fold) of reference bacterial
DNA concentrations were used as standards and positive controls for relative quantification
of the targeted bacteria. A standard amplification curve and a melting-point product curve
were obtained for each primer set. Amplifications of qPCR were performed using
MicroAmpFast Optical 48-Well Reaction Plate (Applied Biosystems, Foster City, CA,
USA) covered with Optical Adhesive Film (Applied Biosystems) in a StepOne Real-Time
PCR System (Applied Biosystems) Each reaction mixture (10 pL) contained 5 pL of 2x
Power SYBR Green Mastermix (Applied Biosystems), 0.3 uL of each appropriate
forward/reverse primer, 2 pL. of DNA sample and 2.4 pL water free of nucleases. Assays
were carried out in duplicate, and the final analyses were based on the mean of the two

reactions. Negative control included reactions without template. The standard curves were
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used to transform the cycle threshold (Ct) values to the mass of DNA and the results of the
concentrations of bacteria in carious dentine samples were normalized relative to the total

bacterial load estimated by the primer Bacteria 16S rDNA [Nadkarni et a., 2002].
Statistical analysis

Data were tabulated in Microsoft Excel and exported to statistical software Statistical
Package for Social Sciences (SPSS) version 17.0, on which all analyses were performed
considering a confidence level of 95%.

After examining the pattern of sample distribution (normality test Kolmogorov-Smirnov
test) data were expressed as mean and standard deviation and compared between groups using
the Mann-Whitney test followed by post-test, Mann-Whitney test Bonferroni correction
(nonparametric data).

A Spearman correlation (nonparametric data) was performed for evaluation of the
interaction between different bacteria at different lesions activity (active or inactive). Data
were dichotomized according to the presence or absence of bacteria in dentine carious lesions
and as verified the number of samples with higher or lower values to its median proportion for

bivariate analysis (chi-square test).

RESULTS

A total of 56 carious dentine samples were collected from cavitated dentine lesions
(ICDAS 5, 6) Dentin samples were divided into two groups: active (n=39) and inactive
(n=17) lesions, according to Nyvad criteria [Nyvad et al., 2013]. From one to three samples
were collected from each patient and 5 children had lesions of both types.

The concentrations of each strain were obtained by normalization to total bacteria
present in the same dentine carious sample as determined using specific primers. Table 2
details mean and median values of prevalence of oral bacteria in active and inactive dentine
carious lesions. Active lesions presented significantly higher concentration of Bifidobacterium
spp and L. casei group (p<0.05) compared to inactive lesions. Concentrations of Actinomyces
naeslundii, Streptococcus gordonni and Mitis group were not significantly different when
comparing dentine lesion activity. The relative proportion of S. mutans was significantly

greater in inactive than in active lesions (p<0.05).

Presence and absence of the bacteria in dentine lesions and also relative median of all

groups are summarized in Table 3. Lactobacillus acidophilus was completely absent in all
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carious inactive dentine samples. S. mutans was identified in all samples of the current study.
L. casei group was absent in about 40% of inactive lesions. Considering presence in the
carious dentine lesion in a bivariate analysis, L. acidophilus showed a statistical significant
association to active dentine lesions (OR=15.1) and also S. gordonii presented a greater
chance to be present in active lesions (OR=7.7). Only 29.4% of the inactive dentine samples
presented levels of L. casei group higher that the median value of both groups (p<0.05;
OR=3.5) (Table 3).

Tables 4 and 5 show the results of Spearman’s rank correlations, analysing bacterial
relationships in the different groups. As shown in table 4, there was a significant inverse
correlation between Casei group and S. mutans in active dentine lesions (p=0.039).
Bifidobacterium spp and Casei group demonstrated a positive correlation (p=0.001). It was
observed a significant direct correlation between Mitis group and S. gordonni both in active

and inactive dentine lesions (Tables 4 and 5).

DISCUSSION

The microbiota in dental caries is highly complex and vary between individual lesions
[Martin et al., 2002; Hahn and Liewehr, 2007]. Consequently, etiological studies must focus
on site-specific analyses [Simén-Soro et al.,, 2013]. It has been suggested that the
proportions and numbers of acid-base-producing bacteria are the core of dental caries
activity [Kleinberg, 2002]. Different proportion of some bacterial populations regarding

dentine lesion activity was observed in the current study.

The current results showed a higher concentration of L. casei group in active dentine
lesions when compared to the arrested ones, which was previously demonstrated by a study
that verified these bacteria as dominant in active dentine lesions in adults [Kuribayash et al.,
2012]. Besides, although present in low quantity, presence of L. acidophilus was related
with dentine lesion activity, since showed a statistical significant association to active
dentine lesions (OR=15.1) since was completely absent in all carious inactive dentine
samples. These findings demonstrated that dentine lesions, where these bacteria are present,
showed 15.1 times more likely to be active. Lactobacillus spp. present great ability to
produce organic acids, promoting low levels of pH and being responsible for decalcification
of the dentinal matrix [Byun et al., 2004; Obata et al., 2014], which is a common situation in

active lesions. The link Lactobacillus count and carious decay is unquestionable, however it
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seems important to establish the relationship between the Lactobacillus count and the
carious activity [Baded and Thebaud, 2008]. Lactobacillus casei and Lactobacillus
paracasei (LCP) were frequently isolated from dentine sites in ECC [Nancy and Dorignac
1992; Marchant et al., 2001; Wen et al., 2010]. Moreover, Lactobacilli have shown robust
association with more advanced stages of caries in many studies [Byun et al. 2004; Munson
et al., 2004; Chhour et al., 2005; Aas et al. 2008; Lima et al., 2011; Simoén-Soro et al., 2013;
Jiang et al., 2014; Obata et al., 2014; Simdn-Soro et al., 2014] and also have been implicated
in the initial stages of pulp infection [Nadkarni et al., 2010], indicating that they present a

pathogenic potential and play a crucial role in caries progression.

Low proportions of Bifidobacterium spp. were detected in dentine lesions in the
current study, which is in accordance with a previous study with adult dentine lesions
[Simén-Soro et al., 2013]. Interestingly, significant higher proportion was currently verified
in active ECC dentine lesions compared to inactive lesions, in agreement with an earlier
study that isolated Bifidobacterium spp. from soft and active dentine lesions in primary teeth
[Mantzourani et al., 2009b]. Bifidobacteria have been detected from dentine carious lesions
[Becker et al., 2002; Aas et al., 2008; Chour et al. 2005; Simoén-Soro et al., 2013],
suggesting that these bacteria may be implicated in dental caries progression [Mantzourani
et al., 2009a; Nakajo et al., 2010] since these species are acidogenic and aciduric and also
known to produce lactate [van Houte et al., 1996; Mantzourani et al., 2009]. Besides, other
study has observed spatial distribution of bacterial taxa in vivo with confocal microscopy,
showing a bacterial invasion into the dentinal tubules of Bifidobacterium inside cavitated

caries lesions [Dige et al., 2014].

Several studies have associated S. mutans with progressive stages of caries and have
detected these bacteria in cavitated lesions in dentine [Marchant et al., 2001; Aas et al.,
2008; Mantzourani et al., 2009] as confirmed by the present results, since all dentine
samples examined harbored S. mutans. Mutans streptococci comprise about 30% of the total
microbiota according to microbial culture approaches [Loesche et al, 1984; Milnes and
Bowden, 1985]. These species may form biofilm on dentine, and incorporate and collaborate
with various bacteria for induction of dentine acidulation [Maeda et al., 2006]. Surprisingly,
S. mutans was identified with higher concentration in arrested lesions, which is not in
agreement with Kuribayashi et al. [2012] that demonstrated a high prevalence of S. mutans
in carious dentine lesions regardless of the caries activity. These discrepant results may be

due to the studied population as the latter study evaluated adults. It has been suggested that
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S. mutans have a more dominating role in dentine and deep dentine caries of primary teeth
that in those of permanent teeth [Aas et al., 2008]. Other factor to be considered is that
arrested lesions have a restricted diffusion of carbohydrate [Hojo et al., 1994]; present a
harder reactive dentine with irregularly and blocked dentinal tubules [Love and Jenkinson,
2002] and lower water and protein contents [Nanci, 2012]. In this way, proteolytic bacteria,
generally higher in active dentinal caries [Simon-Soro et al., 2013], seem not to have
adequate nutritional conditions for their survival, causing the proliferation of more
acidogenic/aciduric organisms such as S. mutans.

However, further clinical studies are needed to evaluate viability and role of S. mutans
in the activity of dentinal lesions. On the other hand, other studies have demonstrated low
prevalence or even absence of S. mutans in dentinal caries lesions [Belda-Ferre et al., 2012;
Simoén-Soro et al., 2013] contradicting the current data. In fact, it must be emphasized that
the earlier findings were based in smaller samples. Possible reasons for different detection
levels of S. mutans in different studies are probably related to different approaches used for
species detection, including DNA extraction and bacterial lysis method and also PCR and
primer bias [Munson et al., 2004; Kanasi et al., 2010]. In addition, it was observed that the
oral microbiota is diverse in different ethnicities and races, which may explain
heterogeneous composition of the microbiota in dentinal caries in different studies [Gross et

al., 2012; Obata et al., 2014].

One particularly interesting finding of this study was the positive correlation between
bacteria from L. casei group and Bifidobacterium spp. in active dentine lesions, since both
bacterial genera are commonly detected in ECC lesions [Becker et al., 2002; Aas et al.,
2008] playing important roles in lowering the pH in active lesion environments and
proliferating in acidic caries lesions [Mantzourani et al., 2009]. A similar result was found in
a study with active dentine lesions in deciduous teeth that verified a correlation between the
proportion of Bifidobacterium spp. and Lactobacillus spp. [Mantzourani et al., 2009]. On the
other hand, S. mutans and Casei group presented a negative correlation in active dentine
lesions, which is supported by the idea that mutans streptococci and lactobacilli are more
competitive under severely acidic conditions [Takahashi and Nyvad, 2011]. This finding
corroborates the results of a previous in vifro study where lactobacilli were capable of
inhibiting the growth of mutans streptococci being Lactobacillus paracasei, Lactobacillus
plantarum, and Lactobacillus rhamnosus the species with maximum interference capacity

against mutans streptococci [Simark-Mattsson et al., 2007].
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In this study, the presence of S. gordonni was significantly associated with active
dentine lesions, which are data consistent with those reported by Peterson et al. [2013] in a
dental plaque microbiome study that S. gordonii was associated with caries activity and also
with a metagenomic study that detected abundance of this species in caries-active
individuals [Belda-Ferre et al., 2012]. The role of Streptococcus gordonii in dental caries is
yet undefined [Tanzer et al., 2001]. Despite being considered as a pioneer for dental plaque
formation and associated with health [Gross et al., 2010], an in vitro study have shown that
these bacteria were able to increase their acid tolerance and acidogenicity when exposed to
an acidic environment [Takahashi and Yamada, 1999]. However, the contribution of S.

gordonii on acidification of dentine remains unclear and deserves further investigation.

According to the present data, with regard to Actinomyces naeslundii, no statistical
significant difference was found regardless dentine lesion activity, which is not a surprising
result since Actinomyces spp. are prevalent in oral cavity and frequently found in association
with both carious and sound surfaces [Marchant et al., 2001]. In addition, these species have
been associated to dentine and root caries in adults [Brasilsford et al., 1999; Kianoush et al.,
2014], and does not seem to play a relevant role in childhood caries [Becker et al., 2002]. In
the same way, although members of the Mitis group were previously detected in active
carious dentine lesions in adults and children [Marchant et al., 2001; Simén-Soro et al.,
2013], they have been frequently associated to health [Corby et al., 2005; Gross et al.,

2010], making the contribution of these bacteria on caries inactivation inconclusive.

A major limitation is that this study considered only the activity status of the lesions to
compare different bacterial populations and also it must be emphasized that qPCR cannot
distinguish between viable and non-viable bacterial cells, however a recent technique have
been proposed to assess viability of live and dead cells with qPCR [Yasunaga et al., 2013].
Furthermore, the current study did not evaluate bacterial composition among different
depths in the same lesion. However, no significant difference in the microbial composition
in the different layers of dentinal caries lesions has been reported [Munson et al., 2004;
Lima et al., 2011]. In addition, stratified analysis of dentinal caries might be possible only
with in vitro studies evaluating extracted teeth where sampling could be precisely taken
from different zones, which may provide information about the dynamics of the disease

process even in a cross-sectional study.

Contamination during sampling technique must not be considered, since sampling of
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carious dentine was carried out carefully by rubber dam isolation and after removal of dental
plaque and debris. Besides, our study analysed an in vivo situation with severe ECC-
children, differently from numerous studies with dentine caries that commonly evaluated
extracted carious teeth [Marchant et al, 2001; Chour et al., 2005; Kianoush et al., 2013;
Kianoush et al., 2014]. It is possible to infer if these teeth were necrotic already, which may
alter the microbial composition. It seems important to highlight that, unlike plaque studies,
there is no biologic control available for an established lesion where the bacterial DNA is
extracted directly from the caries mass [Kianoush et al., 2014]. Furthermore, dentine lesions
present a different profile compared to other caries samples affecting different tissues

[Simo6n-Soro et al., 2013].

The higher concentration of Bifidobacterium spp. and L. casei group as well as the
presence of L. acidophilus and S. gordonii in active ECC-dentine lesions show that these

bacteria may be implicated in the activity state of dentin lesions.
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Table 1. Primers that were used for qPCR assays.

Annealing Amplicon
Target species Sequence (5° 3’) temperature length References
°C) (bp)

. F: TCCTACGGGAGGCAGCAGT .
Bacteria 16S rDNA R-GGACTACCAGGGTATCTAATCCTGTT 57 466 Nadkarni et al., 2002

. .. F:CTGCTGCTGACATCGCCGCTCGTA
Actinomyces naeslundii R-TCCGCTCGCGCCACCTCTCGTTA 62 144 Park et al., 2013

F: TCGCGTC(C/T) GGTGTGAAAG

. . 1
Bifidobacterium spp. R: CCACATCCAGC(A/G)TCCAC

58 243 Rintilla et al., 2004

. . . F: GATCGCATGATCAGCTTATA
Lactobacillus acidophilus R: AGTCTCTCAACTCGGCTATG 60 124 Furet et al., 2004

. 2 F: GCGGACGGGTGAGTAACACG
L. casei group R: GCTTACGCCATCTTTCAGCCAA 60 121 Furet et al., 2004

. 3 F: TAGAACGCTGAAGGAAGGAGC
Mitis group R: GCAACATCTACTGTTATGCGG 60 133 Wolff et al., 2013

. F: CAGGAAGGGATGTTGGTGTT
Streptococcus gordonii R: GACTCTCTTGGCGACGAATC 60 136 Wolff et al., 2013

F: AGCCATGCGCAATCAACAGGTT
Streptococcus mutans R: CGCAACGCGAACATCTTGATCAG 64 415 Yano et al., 2002

1. Bifidobacterium longum, B. minimum, B. angulatum, B. catenulatum, B. pseudocatenulatum, B. dentium, B. ruminantium,
B. thermophilum, B. subtile, B. bifidum, B. boum, B. lactis, B. animalis, B. choerinum, B. gallicum, B. pseudolongum
subsp. globosum, B. pseudolongum subsp. pseudolongum, B. magnum, B. infantis, B. indicum, B. gallinarum, B. pullorum,
B. saeculare, B. suis

2. L. casei group: L. casei, L. paracasei, L. rhamnosus and L. zeae.

3. Mitis group : Streptococcus mitis, S. oralis, S. pneumoniae, S. parasanguinis, S. australis
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Table 2. Relative concentrations of oral bacteria in carious dentine samples as determined by

qPCR and normalized by total bacteria as percentage.

Median

Oral bacteria Lesion activity Mean (%) +SD (%) p-value

S. mutans Inactive 18.20 11.04 16.72%* 0.015
Active 11.72 12.58 8.71

L. acidophillus Inactive 0.00 0.00 0.00 0.065
Active 0.07 0.42 0.00

Mitis group Inactive 0.55 0.56 0.31 0.438
Active 0.50 0.86 0.24

L. casei group Inactive 1.44 2.38 0.08 0.006
Active 12.77 17.86 3.96*

Bifidobacterium Inactive 2.14 5.15 0.35 0.012
Active 3.39 4.48 1.67*

A. naeslundii Inactive 15.87 12.34 11.47 0.852
Active 16.68 16.33 11.44

S. gordonni Inactive 0.19 0.52 0.02 0.052
Active 0.24 0.34 0.07

The data are mean * standard deviation and median values of concentrations of bacterial species as a percent of total

bacteria load. Asterisks indicate that the values are significantly different (active vs. inactive) (p <0.05); Mann-Whitney test
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Table 3. Bivariate analysis comparing presence and median (%) of oral bacteria in different

dentine lesions

. . Inactive
Active lesions .
Variables lesions p-value Odds ratio (95% CI)
n (%) n (%)
S. mutans
Positive 39 (100%) 17 (100%) 1.000 -
Negative 0 (0%) 0 (0%)
>11.84% 16 (41%) 12 (70.6%) 0.080 0.3(0.1-1.0)
<11.84% 23 (59%) 5(29.4%)
L. acidophilus
Positive 12 (30.8%) 0 (0%) 0.011%* 15.1 (1.0 -286.3)
Negative 27 (69.2%) 17 (100%)
> 0.00% 7 (17.9%) 0 (0%) 0.088 -
<0.00% 32 (82.1%) 17 (100%)
Mitis group
Positive 37 (94.9%) 15 (88.2%) 0.577 2.5(0.3-19.1)
Negative 2 (5.1%) 2 (11.8%)
>0.27% 17 (43.6%) 10 (58.8%) 0.294 0.5 (0.2-1.7)
<0.27% 22 (56.4%) 7 (41.2%)
L. casei group
Positive 31 (79.5%) 10 (58.8%) 0.108 2.7(0.8-9.4)
Negative 8 (20.5%) 7 (41.2%)
>1.425% 23 (59%) 5(29.4%) 0.042* 3.5(1.0-11.7)
<1.425% 16 (41%) 12 (70.6%)
Bifidobacterium
Positive 38 (97.4%) 17 (100%) 1.000 -
Negative 1 (2.6%) 0 (0%)
>1.515% 23 (59%) 5(29.4%) 0.042* 3.5(1.0-11.7)
<1.515% 16 (41%) 12 (70.6%)
A. naeslundii
Positive 38 (97.4%) 17 (100%) 1.000 -
Negative 1 (2.6%) 0 (0%)
>11.320% 18 (46.2%) 9 (52.9%) 0.640 0.8(0.2-24)
<11.320% 21 (53.8%) 8 (47.1%)
S. gordonii
Positive 37 (94.9%) 12 (70.6%) 0.022%* 7.7 (1.3 -45.0)
Negative 2 (5.1%) 5(29.4%)
>0.059% 5(12.8%) 1 (5.9%) 0.645 2.4(03-21.8)
<0.059% 34 (87.2%) 16 (94.1%)

Variables were compared by the Chi-square test. * p<0.05. Presence and absence of the bacteria in
dentine lesions were described and also relative median of all groups was considered for this
analysis. Results presented are the non-adjusted odds ratios with their 95% confidence intervals.
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Table 4. Correlation among oral bacteria in active dentine carious lesions in severe ECC-

children.

Oral bacteria

Mitis

L. casei

S. mutans L. acidophilus — T Bifido spp. naeslundii S. gordoni
S. mutans - -0.297 0.228 -0.332" -0.062 0.165 0.140
p-value - 0.066 0.163 0.039 0.708 0.315 0.397
L. acidophilus © -0.297 - -0.137 0.064 0.124 0.071 0.045
p-value  0.066 - 0.405 0.697 0.452 0.667 0.784
Mitis group 0.228 -0.137 - 0.208 0.055 0.288 0.542°
p-value  0.163 0.405 - 0.205 0.740 0.075 0.000
L. casei group r -0.332" 0.064 0.208 - 0.530° 0.212 0.333"
p-value  0.039 0.697 0.205 - 0.001 0.195 0.038
Bifido spp.  t -0.062 0.124 0.055 0.530° - 0.075 0.192
p-value  0.708 0.452 0.740 0.001 - 0.650 0.243
A naestundii t 0.165 0.071 0.288 0.212 0.075 - 0.425°
p-value 0315 0.667 0.075 0.195 0.650 - 0.007
S. gordonii  r 0.140 0.045 0.542° 0.333" 0.192 0.425° -
p-value 0397 0.784 0.000 0.038 0.243 0.007 -

*p < 0.05; Spearman’s rank correlation.
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Table 5. Correlation among oral bacteria in inactive dentine carious lesions in severe ECC

children.

Oral bacteria o Mitis L. casei . A. S.
RRLLTCTY acidophilus  group group LHLDRS naeslundii gordonii
S. mutans r - - 0.118 0.025 0.071 -0.159 0.285
p-value - - 0.653 0.923 0.786 0.541 0.267
L. acidophilus r ) ) ) ) ) ) )
p-value - - - - - - -
Mitis group 0.118 - - -0.072 -0.341 0.377 0.738"
p-value 0.653 - - 0.784 0.180 0.136 0.001
L. casei group r 0.025 - -0.072 - 0.296 -0.037 -0.255
p-value 0.923 - 0.784 - 0.249 0.888 0.324
Bifido spp. r 0.071 - -0.341 0.296 - 0.010 -0.037
p-value 0.786 - 0.180 0.249 - 0.970 0.887
A. naeslundii ¢ -0.159 - 0.377 -0.037 0.010 - 0.251
p-value 0.541 - 0.136 0.888 0.970 - 0.332
S. gordonii r 0.285 - 0.738* -0.255 -0.037 0.251 -
p-value 0.267 - 0.001 0.324 0.887 0.332 -

*p < 0.05; Spearman’s rank correlation.
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4 CONCLUSAO GERAL

Com base nos resultados desta tese, concluiu-se que:

1) As espécies de Lactobacilos (L. acidophilus e grupo L. casei) tiveram baixa
prevaléncia em biofilme de criangas com carie precoce da infincia, ndo apresentando
associacdo com a iniciacdo ou progressao da doencga. Por outro lado, a presenca de S. mutans
e Bifidobacterium spp. no biofilme das criangas estd fortemente associada a evolucdo da
doenga para lesdes cavitadas dentinarias .

2) As bactérias do género Bifidobacterium e membros do grupo L. casei apresentaram
uma forte associagdo e uma maior concentracdo em lesdes ativas de carie dentinaria.
Enquanto que S. mutans apresentou uma maior concentragdo em lesdes inativas. Além disso,
observou-se uma forte associagdo da presenca de L. acidophilus e S. gordonii com atividade
das em lesdes dentinarias estudadas. Sendo assim, a presenga e os niveis das bactérias dos
grupos Bifidobacterium spp. e L. casei estdo relacionadas com a atividade de lesdes

dentindrias de criangas com cdérie precoce da infancia.
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APENDICE A

Termo de consentimento livre e esclarecido

Titulo do Projeto de pesquisa: Determinacio de indicadores de risco
relacionados a diferentes estagios da carie precoce da infincia

Vocé esta sendo convidado pela pesquisadora Beatriz Gongalves Neves a participar
como voluntdrio de uma pesquisa juntamente com seu (sua) filho(a) a, e necessito que o
Sr.(a) forneca informagdes a respeito de seu(sua) filho(a) em um questionario e diario
alimentar devendo ocupa-lo(a) por 40 minutos para completar as respostas. Seu(sua) filho(a)
sera convidado a participar de um exame clinico odontolégico e situacdo em que sera
realizada coleta de placa bacteriana dos seus dentes e de saliva para posterior avaliagdo em
laboratorio.

Ap0s ser esclarecido(a) sobre as informacdes a seguir, no caso de aceitar fazer parte
do estudo, assine ao final deste documento, que estd em duas vias. Uma delas € sua e a outra
¢ do pesquisador responsavel.

Desde logo fica garantido o sigilo das informagdes. Em caso de recusa vocé nao sera
penalizado(a) de forma alguma.

Este termo contém as informagdes sobre a pesquisa na qual vocé podera
participar. Por favor, leia-o atentamente. Qualquer duvida que tiver, esclarega-a com a
pesquisadora responsavel, a qual estard a sua inteira disposicdo. Vocé deve decidir se deseja
ou ndo participar desta pesquisa apos entender todos os aspectos descritos a seguir, de modo
que possa tomar uma decisdao consciente.

INFORMACOES SOBRE A PESQUISA:

Titulo do Projeto: Determinacdo de indicadores de risco relacionados a
diferentes estagios da cérie precoce da infancia

1) Objetivo:

Esta pesquisa tem como objetivo identificar de fatores de risco que possam estar
relacionados com a cérie precoce da infincia conhecida também como “cérie de
mamadeira”. Assim, este estudo propde avaliar a influéncia das bactérias presentes no
biofilme dentario, habitos de dieta, fatores socioeconomicos e habitos de higiene bucal nos
diferentes estagios de desenvolvimento da cérie precoce da infincia dos pacientes deste
estudo.

2) Justificativas:

A carie dental ¢ uma doenga infecciosa, cujo tratamento sintomatico restaurador
¢ extremamente caro. A maior parte dos recursos publicos e privados ainda ¢ aplicada em
procedimentos curativo-restauradores e pouca énfase ¢ dada ao avanco de estratégias
preventivas de controle desta doenca. Busca-se com este estudo compreender a participacao
de varios fatores de risco na evolugdo da cérie precoce da infincia. Assim, teremos maiores
dados para o desenvolvimento de estratégias de controle de infec¢do que possam ser
aplicados em programas de satde publica.
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3)Descrigdo da pesquisa:

Seréd realizado nas criancas participantes deste estudo o exame clinico (com
espelho bucal e iluminagao do refletor e secagem com seringa triplice). Além disso, também
serdo coletados placa bacteriana de algumas superficies dentarias e dentina cariada de alguns
dentes com lesdes. Esses procedimentos serdo realizados em consultorio odontoldgico.
Além disso, os responsaveis pelas criangas serdo convidados a responder um questionario
com perguntas sobre habitos de higiene da crianca, aspectos socioecondmicos € também um
diario de dieta alimentar, para descrever quais alimentos a crianca costuma comer na sua
rotina.

4) Desconfortos, riscos e beneficios esperados:

As criangas que participarem da pesquisa serdo examinadas apds limpeza
profissional apenas com espelho intrabucal apds a secagem dos dentes eventualmente
presentes. O biofilme e a dentina cariada serdo coletadas com a utilizacdo de espatula estéril
e oferecerdo desconforto e riscos minimos ao paciente. Nao existem riscos adicionais. As
maes serdo entrevistadas nos dias que comparecerem para a primeira consulta com a
pesquisadora. A realizacdo da pesquisa ndo acarretard em nenhum prejuizo no andamento
escolar do participante da pesquisa ou em seu tratamento odontolégico. Os participantes da
pesquisa, bem como seus responsaveis, participardo de atividade de educagdo em saude
bucal, na qual se tratard a respeito da carie dentaria e emprego de corretas técnicas para
prevencao desta doenca. Além disso, as criancas serdo examinadas e, havendo necessidade
de tratamento, serdo encaminhadas para realizacdo dos procedimentos e condutas
necessarias.

5) Alternativas:
Nao existem métodos alternativos para a obtengdo das informagdes necessarias.

6) Compensagao:
Nao hé previsdo de indenizacdo ou ressarcimento, pois nao existirdo gastos ou
riscos relacionados exclusivamente com a pesquisa.

7) Confidencialidade dos registros:

Vocé tera direito a privacidade, visto que todas as informacdes obtidas dos
fichas clinicas realizadas e das andlises laboratoriais permanecerdo confidenciais nos
ambitos possiveis da lei, assegurando a protecdo da sua imagem. Serdo respeitados seus
valores culturais, sociais, morais, religiosos e éticos. Como participante desta pesquisa,
vocé tera acesso aos resultados obtidos e permitird o 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.

8) Direito de participar, recusar ou sair:

Sua participagdo ¢ voluntaria e vocé poderd recusar-se a participar ou mesmo
interrromper sua participagdo a qualquer momento, sem penalidades ou perdas de seus
beneficios aos quais de outra forma tenha direito. Os pesquisadores terdo o direito de
desligad-lo do estudo a qualquer momento, se julgarem necessario. Ao participar, vocé
concorda em cooperar com a pesquisa, ndo abrindo mao de seus direitos legais ao assinar o
termo de consentimento informado.
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9) Contatos:
Informo que o Sr(a) tem a garantia de acesso, em qualquer etapa do estudo, sobre
qualquer esclarecimento de eventuais davidas. Se tiver alguma consideracdo ou duvida
sobre a ética da pesquisa, entre em contato com o Comité de Etica em Pesquisa da UFC
na Rua Coronel Nunes de Melo, 1127 , Rodolfo Teofilo em Fortaleza-CE, fone:
3366.8344 ou comunique-se com a pesquisadora Beatriz Gongalves Neves (85)
8827.0207 ou email: beatrizneves@hotmail.com.

Consentimento pos-informagdo

Eu , certifico que, tendo lido as
informagdes prévias e tendo sido suficiente esclarecido pelos pesquisadores abaixo
descritos, sobre todos os itens, estou plenamente de acordo com a realizacdo do
experimento, autorizando, inclusive que se execute a metodologia desta pesquisa no
menor , por qual sou responsavel.

Ficou claro também que a participacdo do(a) meu(minha) filho(a) ¢ isenta de
despesas e que tenho garantia do acesso aos resultados e de esclarecer minhas davidas a
qualquer tempo. Concordo voluntariamente em permitir a participacdo do(a) meu(minha)
filho(a) deste estudo e poderei retirar o meu consentimento a qualquer momento, antes ou
durante o mesmo, sem penalidade ou prejuizo.

Fortaleza, de de 20

Nome participante:
Enderego:
Nome responsavel: RG:
Assinatura do pai (mae) ou responsavel:

PESQUISADORA RESPONSAVEL:

BEATRIZ GONCALVES NEVES
CRO-CE 4677



APENDICE B

FICHA CLINICA

Nome da crianga:

Data de nascimento: Sexo:

Endereco: TEL:

Nome do responsavel:

Data do exame: / / Escola/creche:
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Universidade Federal do Ceara
Comité de Etica em Pesquisa

Of. N° 221/11 Fortaleza, 29 de agosto de 2011
Protocolo COMEPE n° 158/ 11

Pesquisador responsavel: Beatriz Gongalves Neves

Titulo do Projeto: “Determinagéo de indicadores de risco relacionados a
diferentes estagios da carie precoce na infancia”

Levamos ao conhecimento de V.S2. que o Comité de Etica em
Pesquisa da Universidade Federal do Cearda — COMEPE, dentro das
normas que regulamentam a pesquisa em seres humanos, do Conselho
Nacional de Salde — Ministério da Saude, Resolugdo n° 196 de 10 de
outubro de 1996 e complementares, aprovou o protocolo e o TCLE do
projeto supracitado na reunio do dia 18 de agosto de 2011.

Outrossim, informamos, que o pesquisador devera se comprometer
a enviar o relatério final do referido projeto.

Atenciosamente,




