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Resumo geral

Valdez, RMA. Papel de cepas de Streptococcus mutans e Bifidobacterium spp. na etiologia ou
protecdo contra doencas bucais. 2016. 110f. Tese (Doutorado em Ciéncia Odontoldgica)

Faculdade de Odontologia de Aracatuba, Universidade Estadual Paulista, Aracatuba, 2016.

A boca é um ecossistema complexo composto por centenas de espécies microbianas que
apresentam caracteristicas genotipicas e fenotipicas distintas que permitem sua adaptagdo e
sobrevivéncia as adversidades desse ambiente. Streptococcus mutans € a espécie bacteriana
mais relacionada a etiologia da carie dentéria, devido principalmente ao seu potencial
acidogénico, acidurico e na aderéncia e formacdo de biofilme dental. Outras espécies
bacterianas, como as bifidobactérias, foram detectadas em diversos sitios bucais incluindo
lesGes cariosas iniciais ou cavitadas e estdo sendo relacionadas a etiologia da carie precoce da
infancia (CPI). Contrariamente, efeito benéfico na prevencdo da doenca periodontal tem sido
observado para as bifidobactérias pelo fato dessas espécies competirem e interferirem na
aderéncia e formacdo do biofilme de patdgenos periodontais. Assim, ambiguidade em relacdo
ao papel das bifidobactérias na etiologia ou prevencdo de doencas bucais estd sendo
observada na literatura. Este trabalho foi dividido em trés capitulos. Os objetivos foram: 1)
avaliar a diversidade genotipica e as caracteristicas fenotipicas de cepas de S. mutans, isoladas
do biofilme dental de criancas CPIl e CPI-severa (CPI-S) em comparagdo com criangas livres
de cérie (LC); 2) avaliar a capacidade de produzir e tolerar &cidos, de formar biofilme e de
induzir lesdes iniciais de carie in vitro por espécies de bifidobactérias comparadas a de
espécies bacterianas ja reconhecidas no contexto da carie dentaria e 3) investigar o efeito
antagonista in vitro de algumas espécies de bifidobactérias sobre biofilmes de Fusobacterium
nucleatum, Porphyromonas gingivalis e Streptococcus oralis. No capitulo 1, cepas de S.
mutans de amostras de biofilme de criancas com CPI, CPI-S e LC foram isoladas em meio
Agar Mitis Salivarius com bacitracina e avaliadas geneticamente pelo método de AP-PCR
(Reagdo em Cadeia da Polimerase usando Iniciadores Arbitrarios) e fenotipicamente pelos
métodos de acidogenicidade, verificando o pH final das culturas apds exposicdo a alta
concentracdo de glicose; de aciduricidade, medida pelo crescimento bacteriano apos
exposicao a pHs &cidos e de formacdo de biofilme in vitro com a quantificagdo da biomassa
do biofilme em leitor de ELISA. No Capitulo 2, as seguintes espécies bacterianas foram

incluidas: Bifidobacterium lactis, B. longum, B. animalis, B. dentium, S. mutans, S. sobrinus,



Lactobacillus acidophilus, L. casei e Actinomyces israelli. Para avaliagdo do potencial
cariogénico dessas espécies bacterianas foram realizados os testes de acidogenicidade,
aciduricidade, formacéo de biofilme in vitro e ensaios de inducdo de lesdo de cérie inicial em
dentes bovinos verificando a dureza superficial do esmalte em microdurémetro. Os ensaios de
biofilme e de inducdo de leséo de cérie foram realizados com todas as espécies isoladas ou
combinadas com S. mutans ou S. mutans/S.sobrinus. No capitulo 3, os periodontopat6genos
F. nucleatum, P. gingivalis e uma espécie da microbiota bucal indigena, S. oralis, foram
cultivados em microplacas para formar biofilmes na presenca de B. longum, B. lactis, B.
infantis, isoladamente ou em combinacdo. A capacidade de competicdo dessas espécies foi
avaliada por meio das contagens das bactérias ap0s 24, 72 e 168 h de crescimento
empregando a técnica de checkerboard DNA-DNA hybridization. Os resultados do capitulo 1
mostraram que ndo houve diferenca na diversidade genotipica nem na capacidade acidogénica
de cepas de S. mutans obtidas de criancas CPl e CPI-S em comparacdo com aquelas isoladas
de criancas LC. Os genétipos de S. mutans de CPI-S formaram mais biofilmes e foram mais
tolerantes a acidos que os isolados LC. Com relagdo ao capitulo 2, B. animalis e B. longum
foram as espécies mais acidogénicas e aciddricas, comparaveis a S. mutans e L. casei. Todas
as espécies tiveram um aumento significativo na biomassa do biofilme quando combinados
com S. mutans ou com S. mutans/S. sobrinus. A maior perda de esmalte superficial foi
produzida quando B. longum ou B. animalis foram inoculados com S. mutans ou S. mutans/S.
sobrinus. No capitulo 3, os resultados mostraram que B. infantis e B. lactis tiveram um
melhor efeito antagonista sobre crescimento de F. nucleatum (24h e 72h) e P. gingivalis (168
horas) e ndo apresentaram influéncia sobre o crescimento de S. oralis (168 horas). Conclui-se
que a tolerancia acida parece ser o fator de viruléncia de S. mutans mais importante para a
patogénese da carie precoce da infancia. Assim como as bactérias cariogénicas, B. longum e
B. lactis apresentam potencial acidogénico e acidurico e também capacidade de formar
biofilmes e induzir a desmineralizacdo de esmalte em associacdo com S. mutans. Enquanto, B.

lactis e B. infantis exerceram efeito inibit6rio sobre o crescimento de patégenos periodontais.



General Abstract

Valdez, RMA. The role of Streptococcus mutans strains and Bifidobacterium spp. in the
etiology or protection against oral diseases. 2016. 110f. Tese (Doutorado em Ciéncia
Odontoldgica) Faculdade de Odontologia de Aracatuba, Universidade Estadual Paulista,
Aracatuba, 2016.

The mouth is a complex ecosystem composed of hundreds of microbial species with different
genotypic and phenotypic characteristics that allow their adaptation and survival in the
adversity of that environment. Streptococcus mutans is the bacterial species more closely
related to the etiology of dental caries, mainly due to its acidogenic and aciduric potential and
adherence and formation of dental biofilm. Other bacterial species, such as bifidobacteria,
have been detected in oral sites including initial and cavitated carious lesions and have been
related to the etiology of early childhood caries (ECC). In contrast, beneficial effect of
bifidobacteria in the prevention of periodontal disease has been observed because they
compete and interfere with the adherence and biofilm formation by periodontal pathogens.
Thus, ambiguity regarding the role of bifidobacteria in the etiology or prevention of oral
diseases has been observed in the literature. This work was divided into three chapters. The
objectives were: 1) to evaluate the genotypic diversity and phenotypic characteristics of S.
mutans strains isolated from dental biofilm of ECC and severe-ECC (S-ECC) children
compared to caries-free children (CF); 2) to evaluate the ability to produce and tolerate acids,
to form biofilm and inducing in vitro initial carious lesions by species of bifidobacteria
compared to the bacterial species already recognized in the context of dental caries and 3) to
investigate the in vitro antagonistic effect of some bifidobacteria species on biofilms of
Fusobacterium nucleatum, Porphyromonas gingivalis and Streptococcus oralis. In Chapter 1,
S. mutans strains from biofilm samples of children with ECC, S-ECC and CF were isolated in
Agar Mitis Salivarius with bacitracin and genetically evaluated by AP-PCR method
(Arbitrary Primers - Polymerase Chain Reaction) and phenotypically by acidogenicity
methods, verifying the final pH of the cultures after exposure to high glucose concentration;
aciduricity, measured by bacterial growth after exposure to acid pH and in vitro biofilm
formation by means the quantification of the biofilm biomass in ELISA reader. In Chapter 2,
the following bacterial species were included: Bifidobacterium lactis, B. longum, B. animalis,
B. dentium, S. mutans, S. sobrinus, Lactobacillus acidophilus, L. casei and Actinomyces



israelli. Acidogenicity, aciduricity and biofilm formation assays were performed for
evaluating the cariogenic potential of these bacterial species and initial caries lesion induction
tests on bovine teeth for checking the surface enamel hardness in microdurometer. Biofilm
formation and carious lesion induction assays were performed with all species either alone or
in combination with S. mutans or S. mutans / S.sobrinus. In Chapter 3, the periodontal
pathogens F. nucleatum, P. gingivalis and a species of indigenous oral microbiota, S. oralis,
were cultured in microtiter plates to form biofilms in the presence of B. longum, B. lactis, B.
infantis, either alone or in combination. The competition ability of these species was assessed
by bacterial counts after 24, 72 and 168 h of growth using the DNA-DNA hybridization
checkerboard technique. Results from Chapter 1 showed no difference in the genotypic
diversity or acidogenic ability of S. mutans strains collected from ECC and S-ECC children
compared to those from CF children. The genotypes of S. mutans formed higher biofilm
biomasses and were more tolerant to acids than those isolated from CF. With respect to
chapter 2, B. animalis and B. longum were the most acidogenic and aciduric species,
comparable to S. mutans and L. casei. All species had a significant increase in biomass of
biofilm when combined with S. mutans or S. mutans / S. sobrinus. The greatest loss of surface
enamel was produced when B. longum or B. animalis were inoculated with S. mutans or S.
mutans / S. sobrinus. In Chapter 3, the results showed that B. infantis and B. lactis had a better
antagonistic effect on F. nucleatum (24h and 72h) and P. gingivalis (168 hours) growth and
showed no influence on the growth of S. oralis (168 hours). It is concluded that acid tolerance
seems to be the most important virulence factor of S. mutans for the pathogenesis of early
childhood caries. As well as the cariogenic bacteria, B. longum and B. lactis have acidogenic
and aciduric potential and also ability to form biofilms and induce enamel demineralization in
association with S. mutans. While B. infantis and B. lactis presented inhibitory effect on the

growth of periodontal pathogens.
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Introducéo geral

A boca é um ecossistema complexo composto por mais de 700 espécies
bacterianas (Paster et al., 2006). Essas espécies interagem entre si e com outros
microrganismos formando comunidades microbianas embebidas em uma matriz de
polimeros de origem bacteriana ou do proprio hospedeiro denominadas de biofilme
dental (Socransky e Haffajee, 2002). AlteracGes em fatores que regulam a homeostase
no ambiente bucal, como a integridade do sistema imune e a composi¢do da dieta, por
exemplo, podem modificar a propor¢do dos microrganismos permitindo a proliferacdo
de espécies patogénicas que levam a formacéo de doencas bucais (Marsh, 2009). Entre
essas doencas, as mais prevalentes sdo a cérie dentaria e a doenca periodontal (WHO,
2012).

A cérie dentéaria é conceituada como uma doenca biofilme-dependente associada
a ingestdo frequente de carboidratos da dieta. A fermentacdo desses carboidratos pelos
microrganismos do biofilme leva a producdo de acidos o que desequilibra a homeostase
do biofilme e pode causar a dissolugdo dos tecidos minerais do dente (Marsh, 2009).
Quando atinge a denticdo decidua em criancas muito jovens € denominada de carie
precoce da infancia — CPI (Drury et al.,1999; AAPD, 2002). No Brasil, a CPI apresenta-
se como grave problema de salde puablica, com prevaléncia nacional de 26,85% nas
criancas aos cinco anos de idade (SBBrasil, 2010). A CPI é caracterizada pela presenca
de uma ou mais superficies dentéarias cariadas, cavitadas ou ndo, perdidas ou
restauradas, em menores de seis anos (Drury et al., 1999; AAPD, 2002). Os fatores
etiologicos mais associados a CPI sdo: ingestdo frequente de carboidratos fermentaveis,
altas contagens de estreptococos mutans e maior vulnerabilidade imunoldgica da crianga
(Mattos-Graner et al., 1998; 2001a; Ramos-Gomez et al., 2002; Mohebbi et al., 2008).

O grupo bacteriano considerado mais cariogénico é o dos estreptococos mutans
(SM), especialmente Streptococcus mutans e secundariamente Streptococcus sobrinus
(van Houte et al., 1991; Mattos-Graner et al., 2001a). Embora a associa¢do entre S.
mutans e CPI pareca convincente, grande porcentagem das criancas colonizadas por
essa espécie bacteriana ndo manifestam a doencga (Mattos-Graner et al., 1998; Ramos-
Gomez et al., 2002), sugerindo que, entre outras possibilidades, S. mutans variam em
sua habilidade de iniciar a carie dentéria. Estudos utilizando técnicas de biologia

molecular tém demonstrado que cepas de S. mutans associadas com CPI diferem em sua
20



composicdo gendmica comparadas aos grupos controle livres de carie (Saxena et al.,
2005;2008; Duque et al., 2009). Além disso, caracteristicas fenotipicas especificas
podem determinar o estabelecimento da espécie na complexa comunidade microbiana
do biofilme dental. Os principais fatores de viruléncia de S. mutans que determinam sua
cariogenicidade sdo: sua habilidade em formar biofilme na superficie dentaria (por meio
da aderéncia e producdo de polissacarideos extra e intracelulares), acidogenicidade
(producdo de &cidos a partir de uma variedade de agUcares fermentaveis) e aciduricidade
(tolerancia ao baixo pH do ambiente) (Smith, 2002; Lemos et al., 2005). Entretanto,
outras espécies acidogénicas e aciddricas, incluindo estreptococos ndo mutans,
Actinomyces e Lactobacillus também foram relacionadas ao desenvolvimento das
lesbes de carie (Sansone et al., 1993; van Houte et al., 1996). Adicionalmente, espécies
de Bifidobacterium foram identificadas na composicéo do biofilme dental em lesdes de
mancha branca (Van Ruyven et al., 2000) e observada forte associacéo entre S. mutans e
bifidobactérias na saliva de criancas com CPI (Tanner et al., 2011).

A familia Bifidobacteriaceae € composta por sete géneros: Bifidobacterium,
Aeriscardovia, Falcivibrio, Gardnerella, Parascardovia, Scardovia e Alloscardovia,
isoladas de animais ou humanos. Sdo microrganismos anaerobios Gram-positivos, ndo
filamentosos, em forma de bastonete, que habitam o trato gastrointestinal. O género
Bifidobacterium ou das bifidobactérias tem recebido muita atencdo, principalmente do
mercado alimenticio, por seu papel benéfico para a saude humana, incluindo o aumento
da resposta imune adaptativa, tratamento ou prevencao de infec¢bes do trato respiratorio
e urogenital, além da prevencdo de alergias e doengas atopicas na infancia (Saxelin et
al., 2005). Diversos estudos sugerem que o consumo de produtos contendo probi6ticos,
ou seja, microrganismos Vivos, entre 0s quais, as bifidobactérias, poderia ter efeito
sobre a reducdo de S. mutans na saliva (Caglar et al., 2005, 2008; Cildir et al., 2009).
Entretanto, outros estudos demonstram ndo haver diferenga na contagem de
estreptococos na saliva ou reducgdo da incidéncia de lesGes de cérie apds o consumo de
probidticos (Nozari et al., 2015; Taipale et al., 2013).

As bifidobactérias estdo entre os primeiros anaerébios a colonizarem a cavidade
bucal, sendo encontradas precocemente no leite materno (Abrahamsson et al., 2009) ou
adicionadas a alimentos, como os iogurtes (Caglar et al., 2005, 2008). Essas espécies
foram isoladas do biofilme dental, saliva e lesdes de carie (Modesto et al., 2006,

Beighton et al., 2008, Mantzourani et al., 2009), sendo que as mais abundantes foram:
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B. dentium, B. longum, B. breve, B. subtile, B. adolescentis e B. urinalis e a maioria
delas ndo é exclusiva da cavidade bucal. Mantzourani et al. (2009) avaliaram por PCR a
presenca de bifidobactérias em amostras de lesdes de carie oclusal em comparagdo com
superficies oclusais livres de carie em criangas e verificaram que as espécies mais
prevalentes nas lesdes de carie foram: B. dentium, B. longum e B. breve, sendo que nao
foi detectada a presenca dessas espécies em superficies livres de cérie, sustentando a
sugestdo de que essas bactérias poderiam ter um papel na progressao das lesdes de cérie
oclusal. Esses achados indicam que esse grupo pode estar relacionado ao processo de
carie possivelmente por sua habilidade acidogénica e acidirica em sobreviver e
proliferar em ambientes &cidos de lesdes de carie, como ocorre no trato gastrointestinal
(van Houte et al., 1996; Nakajo et al., 2010).

Estudo mostrou que, de modo similar a Streptococcus mutans, uma espécie de
bifidobactéria encontrada em animais e utilizada em laticinios, Bifidobacterium
animalis, subespécie lactis, apresentou mecanismos de manutencao do pH intracelular,
como a bomba translocadora de ions que excreta H+ sob condi¢des acidicas (Gibson e
Wang, 1994). Nakajo et al. (2010) avaliaram os efeitos da acidificacdo sobre B.
dentium e B. longum e compararam com S. mutans, S. sanguinis e L. paracasei. Os
autores verificaram alto padrdo de sobrevivéncia e manutencdo do pH das
bifidobactérias em comparagdo com S. mutans em ambientes &cidos, demonstrando
porque essas espécies vivem estaveis junto com estreptococos mutans em lesbes de
carie. Além desse fator de viruléncia, a maioria das espécies de bifidobactérias consegue
degradar diversos tipos de carboidratos, dentre eles, glicose, frutose, manose, n-
acetilglicosamina, sorbitol, entre outros. Muitas delas apresentam glicosidases,
transportadores e enzimas metabdlicas para fermentar até aclcares que nao sdo
absorvidos por humanos ou animais (Fushinobu, 2010), o que favorece sua
sobrevivéncia e proliferacdo em ambientes hostis. Recentemente, Torlakovic et al.
(2012) estudaram in vivo longitudinalmente a sucessao microbiana em lesGes de esmalte
dental e notaram que varias espécies, além de S. mutans podem estar envolvidas com o
inicio da lesdo de cérie, entre elas, as bifidobactérias. Desta forma, seria importante
verificar o potencial cariogénico desses microrganismos, representado pela
acidogenicidade, aciduricidade, capacidade de formar biofilme e até induzir a lesdes

iniciais de carie na superficie dentéria.

22



De modo contrario ao que ocorre com a carie dentéaria, estudos foram unanimes
em relacionar o impacto positivo in vitro e vivo de cepas probioticas na reducdo de
periodontopatgenos e dos sinais clinicos das doengas periodontais (Twetman et al.,
2009; van Essche et al., 2013, Teughels et al 2013; Baca-Castafion et al., 2015). No
entanto, poucos estudos tém-se focado na relacdo entre espécies de Bifidobacterium e
patdgenos periodontais, mas, foi demonstrada a capacidade de coadesdo e coagregacao
e efeito antagonista de algumas espécies de bifidobactérias quando cultivadas com
periodontopatogenos (Haukioja et al., 2006; Hojo et al., 2007; Nagaoka et al., 2008;
Zhu et al., 2010). Zhu et al. (2010) observaram que um bioiogurte contendo probioticos
e algumas espécies de bactérias probidticas isoladas, incluindo as bifidobactérias, foram
capazes de inibir o crescimento de patégenos periodontais.

Este trabalho foi dividido em trés capitulos. Os objetivos foram: 1) avaliar a
diversidade genotipica e as caracteristicas fenotipicas de cepas de S. mutans, isoladas do
biofilme dental de criancas CPI e CPI-S (CPI severa) em comparacdo com criangas
livres de cérie (LC); 2) Avaliar a capacidade de produzir e tolerar acidos, de formar
biofilme e de induzir lesdes iniciais de carie in vitro de espécies de bifidobactérias
comparada a de espécies bacterianas ja reconhecidas no contexto da cérie dentéria; 3)
investigar o efeito antagonista in vitro de algumas espécies de bifidobactérias sobre
biofilmes de Fusobacterium nucleatum, Porphyromonas gingivalis e Streptococcus

oralis.
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Abstract

Aim: This study aimed to evaluate genotypic diversity and phenotypic traits of S. mutans
isolated from dental biofilms of children with different caries status in comparison with caries
free (CF) children.

Design: Streptococcus mutans strains were isolated from supragingival biofilm samples of CF,
ECC and severe-ECC (S-ECC) children and genotyped by AP-PCR. S. mutans genotypes were
tested for their ability to reduce the suspension pH through glycolysis, to tolerate extreme acid
challenge and by their ability to form biofilm. Response variables were analyzed by
ANOVA/Tukey or Kruskal-Wallis/Mann-Whitney tests at a 5% of significance.

Results: There was an increase in the prevalence of Streptococcus mutans in biofilms with the
severity of dental caries. No differences in genotypic diversity and in acidogenicity of genotypes
were found among CF, ECC and S-ECC children. Genotypes isolated from S-ECC were highly
acid tolerant. Genotypes from ECC and S-ECC formed more biofilms than those isolated from
CF children.

Conclusion: Although S. mutans genotypic diversity was similar among the groups of children,

phenotypic traits of S. mutans could explain caries lesion development at individual level.

Keywords: early childhood caries, Streptococcus mutans, dental biofilm, genotypic diversity,

acidogenicity, aciduricity.
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Introduction

Dental caries is a biofilm-associated disease caused by frequent intake of dietary sugars.
Fermentation of these sugars by biofilm microbiota leads to acid production, which disrupt
microbial homeostasis and cause dissolution of tooth minerals'. Mutans streptococci, mainly
Streptococcus mutans, have been considered as the most important bacteria implicated in dental
caries etiology and progression. These microorganisms are frequently isolated from cavitated
caries lesions and induce caries formation in sucrose-fed animals®. S. mutans have important
features which contribute to their virulence, such as their ability to metabolize a wide variety of
carbohydrates and produce large amounts of acid (acidogenicity), to tolerate extreme acidic
environments (aciduricity) and ability to synthesize extracellular polysaccharides (EPS), mainly
from sucrose, which improve their adherence to other microorganisms and to tooth surface®.

Early childhood caries (ECC) is an aggressive condition of dental caries that affects
young children. ECC is classified by The American Academy of Pediatric Dentistry (AAPD) as
the presence of one or more decayed, missing (due to caries) or filled tooth surfaces in any
primary tooth in a child 71 months of age or younger, while severe ECC (S-ECC) is represented
by one or more cavitated, missing (due to caries) or filled smooth surface in primary maxillary
anterior teeth or decayed, missing or filled surfaces greater than or equal to four (age of 3), five
(age of 4) or six (age of 5)*. ECC disease has rampant, acute and progressive characteristics and
lead to destruction of the primary dentition affecting negatively children’s physical and mental
health in addition to increase the risk of new caries lesions in the permanent dentition®.

It is well known that saliva and dental biofilm harbors different genotypes of S. mutans
and caries-active individuals seems to have more genotypes than caries-free ones®®. Only few
studies evaluated genetic diversity of S. mutans from ECC children®™. It has been discussed
that the simultaneous action of several strains with possibly different cariogenic potential could
increases the risk of caries®. Phenotypic traits of different S. mutans genotypes would be
associated with their ability to colonize tooth surface or express factors that could induce the

I.* demonstrated that caries-active children

formation of caries lesions™. In this way, Lembo et a
harbor more S. mutans isolates able to survive under acidic environment than those from caries-
free group. However, it is still unknown if genotypic diversity and phenotypic traits of S.
mutans are related to different caries status or caries severity in children. Therefore, this study
aimed to evaluate genotypic diversity, acidogenicity, aciduricity and biofilm formation of S.
mutans isolated from dental biofilms of caries free (CF), of ECC and of S-ECC children in an
effort to understand caries lesion development at individual level. Tested alternative hypotheses
were: 1) ECC and S-ECC children harbor more genotypes than CF children; 2) genotypes from
ECC and S-ECC children are more acidogenic, acid-tolerant and present higher ability to form

biofilm than those isolated from CF children. 3) Genotypes from S-ECC children are more
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acidogenic, acid-tolerant and present higher ability to form biofilm than those isolated from
ECC children.

Material and methods
Study design

This study was approved by the Research Ethics Committee of Aragatuba Dental
School, State University of Sao Paulo, Brazil (CAAE 0041.0.258.000-10 ANEXO A). Signed
informed consent was obtained from the parents/ legal tutors of children previously to the
beginning of the study. Twenty and seven children enrolled in public preschools in peripherical
area of the city of Aracatuba (Sdo Paulo, Brazil) participated in the study. Children were
included if they were in good general health, without syndromes or chronic systemic diseases.
Children whose parents/legal tutors refused to sign the informed consent, or who did not
cooperate with the clinical exams, were excluded from the study. Dental examinations were
conducted by one examiner (CD) using a mouth mirror and a ball-ended dental probe under a
focusable flashlight, after biofilm removal and drying with gauze. World Health Organization
(WHO) criteria was used to classify children caries status, considering the total number of
decayed, missing or filled teeth surfaces (dmfs). Children were divided into three groups
according to their caries status (CF, ECC, and S-ECC) according to AAPD guidelines *. All

pateents received dental treatment, when it was necessary.

Samples collection and microbiological procedures

Supragingival biofilm from CF, ECC and S-ECC children were collected from all
buccal and lingual smooth surfaces at least 1 h after food intake. Biofilm samples were pooled
in order to have a representative sample of each individual. No biofilm was collected from
caries cavities. In order to standardize the amount of biofilm, a sterilized plastic disposable
handle (Greiner, Frickenhausen, Germany) with a circular opening of about 1 pL of volume
capacity was used for biofilm collection immediately after sample pooling. Biofilm samples
were placed in 1 ml of TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) that was kept on ice
for no longer than 2 hours. Biofilm suspensions were vortexed for 1 min, an aliquot of each
sample was serially diluted in 0.9% NaCl sterile solution and plated on Mitis Salivarius Agar
with 0.2 U Bacitracin (Sigma Aldrich) for the isolation of mutans streptococci (MS)™. All agar
plates were incubated at 37 °C for 48 h in an atmosphere of 5% CO,. The number of colony-
forming units (CFU) was determined from a representative area of each agar plate yielding 30—
300 colonies using a stereoscopic microscope and the results were expressed as CFU/ml. Up to
six representative colonies of MS were then selected from agar plates and individually

transferred to tubes containing 5 mL of Brain Heart Infusion broth (BHI) which were incubated
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for 24 h under the same conditions described above. The purity of the cultures was checked by
Gram-staining. Aliquots of MS isolated strains were frozen at -20 °C in BHI containing 20%

glycerol for further use in molecular analysis®.

Genotypic analysis

DNA extraction and Polymerase Chain Reaction (PCR)

Frozen aliquots of each MS colony isolated from biofilms were grown on MSB (Mitis
Salivarius Agar with bacitracin, as described above) and incubated 37 °C for 24-48 h in an
atmosphere of 5% CO,. The colonies that grew on BHI agar were incubated into BHI broth
(Difco) and incubated at 37 °C for 18h at the same conditions. Cells from these cultures were
then harvested and genomic DNA of MS isolates was extracted using a protocol modified by
Nascimento et al.*. Briefly, samples were submitted to a lysing solution (extraction buffer and
proteinase K) and then purified using chloroform:isoamil-alcohol, followed by DNA
precipitation with isopropanol and 70% ethanol. The DNA was ressuspended in TE buffer (10
mM Tris—Hcl, 0.1 mM EDTA, pH 7.5, with 10 mg/mL RNAse). DNA was quantified in a
spectrophotometer at 260 nm for obtaining a standard concentration of 100 ng of DNA/mL from
each isolate. DNA samples were stored at -70°C for subsequent PCR reactions.

In order to confirm Streptococcus mutans molecular identity, DNA of MS isolates were
submitted to PCR method, using specific primers for portions of the glucosyltransferase B gene
(gtfB) following the bases sequences: 5> — ACT ACACTT TCG GGT GGCTTG G -3¢ 5 —
CAG TAT AAG CGC CAG TTT CAT C — 3’, to amplify a 517 bp DNA fragment™. Each PCR
mixture contained 5ul of the DNA template, 5ul of X 10 PCR amplification buffer (100mM
Tris-HCI, 500 mM KCI, pH 8.3), 0.2 mM of dNTPs (DNA Polymerization Mix), 3.0 mM
MgCl,, 1 uM of each primer and 2.5 U de Tag DNA Polymerase and sterile distilled water to
obtain a final volume of 25 pl. Positive and negative controls of PCR reactions were purified
genomic DNA of S. mutans (ATCC 25175) and sterile water, respectively. The amplification of
DNA was performed in a thermocycler (GeneAmp PCR System 2400, Perkin Elmer, Applied
Biosystems, USA) with an initial denaturation at 95° C for 5 minutes, followed by 30 cycles of
denaturation at 95° C for 30 seconds, annealing at 59° C for 30 seconds and extension at 72° C
for 1 minute, besides the final extension at 72° C for 7 minutes (18). The PCR amplification
products were separated by electrophoresis in 2% agarose gels in Tris-borato-EDTA (TBE)
running buffer (pH 8.0) at 100 V for 45 min. Gels were stained with SYBR Green 1.6% and
visualized under ultraviolet light illumination (UltraLum — Labtrade do Brasil). A 100 bp DNA
ladder was included as a molecular-size marker in each gel. All PCR reagents were obtained

from Invitrogen, Life Technologies, S&o Paulo, Brazil 13,14
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Arbitrary-Primed Polymerase Chain Reaction (AP-PCR)

Isolates molecularly identified as Streptococcus mutans were genotyped by AP-PCR
technique. Amplification was performed with primer OPA-02 (5’- TGCCGAGCTG — 3°)°. All
reactions were processed in a volume of 50ul, containing 1x PCR buffer, 5U/ul of Tag DNA
polymerase, 10mM DNTp, 20uM primer, 50mM MgCI2 and 2ul of template DNA °. The
amplification was performed in the same thermocycler with an initial denaturation at 95 °C for 2
minutes and 45 cycles consisting of 94 °C for 30 seconds, 36 °C for 30 seconds and 72 °C for 1
minute, concluding with a final extension of 72 °C for 5 minutes®. Amplicons generated by AP-
PCR were analyzed eletrophoretically in 1.5% agarose gel in TBE running buffer and stained
with SYBR Gren 1.6%. A 1Kb DNA ladder was used as molecular-size marker. The gels were
photographed and their images captured with a digital imaging system (Kodak Digital Science
1D). The molecular weights for each band or amplicon were computed and analyzed by the

Sigma Gel software program™ ™.

Phenotypic analysis
Acidogenicity assays (glycolytic curves)

Frozen stocks of S. mutans genotypes (n=14 (CF); n=12 (ECC); n=8 (S-ECC))
identified in the dental biofilms were grown on BHI agar plates and incubated at 37 °C for 48 h
in an atmosphere of 5% CO,. CFU were collected and inoculated into BHI broth which was
incubated at 37°C for 18h. These assays were conducted according protocol described by Arthur
et al.”®, to evaluate the ability of S. mutans genotypes to lower the suspension pH through
glycolysis (pH drop). Aliquots of cultures (approximately 10 CFU/ml) grown in BHI broth
were centrifuged and resuspended in 50 mM KCI supplemented with 1 mM MgCl, (Fluka,
Steinheim, Germany). The pH of the solution was adjusted to 7.2, and glucose was added to a
final concentration of 55.6 mM. The decrease in pH was then assessed during 300 min using a
glass electrode previously calibrated with pH standards (pH 4.0 and 7.0). The area under the
curve (AUC) for the drop in pH after 300 min considering pH 3.0 as a cut-off point was also
determined. The acidogenicity was expressed as AUC (total pH drop) or means/standard

deviation of pH for each period of time (0 to 300 min). Analyses were performed in triplicate.

Aciduricity assays (acid killing assays)

The ability of S. mutans genotypes (n=14 (CF); n=12 (ECC); n=8 (S-ECC)) to tolerate
acid challenge was evaluated using the acid killing assay™*>*°. Briefly, aliquots (approximately
10® CFU/mL) grown for 18 h in BHI broth were transferred into fresh BHI broth and grown to

mid-exponential phase (OD550 = 0.5). The suspensions were then centrifuged, and the pellets
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were washed once with 0.1 M glycine buffer (pH 7.0) (Fluka). In addition, the washed pellets
were resuspended in 0.1 M glycine buffer pH 2.8, 5.0 and 7.0 (control). Immediately after
resuspension (TO) and after 60 min (T60) of incubation at 37 °C, aliquots were serially diluted
in phosphate buffer (pH 7.2), plated on BHI agar and incubated at 37 °C for 48 h in an
atmosphere of 5% CO,. Cell viability at each time point was expressed as the percentage of
bacterial counts reduction at pH 2.8 and 5.0 in relation to pH 7.0. Analyses were performed in
triplicate.

Biofilm assays

Biofilm assays were conducted for S. mutans genotypes (n=14 (CF); n=12 (ECC); n=8
(S-ECC)) according to Mattos-Graner et al."” with slight modifications. An aliquot from a BHI
broth culture of each MS isolate (prepared as described above) was diluted 1:100 in fresh BHI,
and 200 pl of this dilution was transferred to sterile polystyrene U-bottom microtiter plates.
Plates were incubated for 18 h at 5% CO,, and biofilm growth was revealed and quantified by
staining with crystal violet. Crystal violet absorbance was determined with a plate reader at 575
nm (Eon Microplate Spectrophotometer, BioTek Instruments, USA). The absorbance (A550) of
planktonic cultures grown under the same conditions was measured to monitor growth. Biofilm

formation for all strains was measured in triplicate plates.

Statistical analysis

The studied groups (CF, ECC and S-ECC) were considered as dependent variables. The
constant “1” was added to CFU because no growth was detected in some samples. A counts
were then transformed to log10 (CFU+1). Age, dmfs, mutans streptococci counts, acidogenicity
and biofilm assays were compared among the groups by ANOVA followed by Tukey tests.
Aciduricity, number of isolates and genotypes of S. mutans were compared among the groups
by Kruskal-Wallis and Mann-Whitney tests. Electrophoretic bands previously scored in the AP-
PCR gels were converted into binary data and submitted to NTSYS-pc software (Applied
Biostatistics, Inc.), using coefficient SSM (Simple Matching Coefficient) and UPGMA cluster
analysis (Unweighted Pair-Group method with Mathematic Average) to generate dendrogram
showing genetic similarity among the bacterial strains isolated from CF, ECC and S-ECC

children. Statistical analysis was performed using the program SPSS version 17.1. (P<0.05).

Results

Twenty-seven children, 12 girls (44.5%) and 15 boys (55.5%) between 36 and 65
months of age (mean 45.21 + 12.04) were included in this study, corresponding to 10 (37.7%)
CF, 9 (33.4%) ECC and 8 (29.6%) S-ECC children. There was no statistical difference among

31



CF, ECC and S-ECC children regarding gender and age. Dmfs values differed statistically
among the tested groups with S-ECC children presenting the highest values. Counts of MS in
biofilms of ECC and S-ECC children did not differ from each other but they were higher than
those found in CF children (Table 1).

One hundred and nine MS strains (38 for CF, 35 for ECC and 36 for S-ECC) were
isolated from biofilms. Ninety-eight isolates were molecularly identified as S. mutans. S-ECC
children presented the highest percentage of S. mutans isolates compared with CF and ECC
children, which were not different between them (Table 2). Fifty-nine out of 98 S. mutans
isolates (21 CF, 20 ECC and 18 S-ECC) were re-isolated and genotyped by AP-PCR. A total of
22 clusters (identical or highly related) were detected in biofilm samples after analysis of
dendrogram (Figure 1). Although S-ECC children seems to harbor lesser genotypes compared
to other groups, the number of genotypes found in biofilms was not statistically different among
CF, ECC and S-ECC children (Table 2). Most of children (53.6%) exhibited two different
genotypes. One genotype was found in 35.7% of children, while three or more genotypes were
present in 10.7% of children.

Regarding phenotypic analysis, no statistical difference was observed among the tested
groups for acidogenicity of S. mutans genotypes considering both pH values at each time point
(0 to 300 minutes) and the values of area under the curve — AUC (Figure 2; p>0.05). Final pH
achieved by genotypes (mean+SD) of CF children (3.84+0.48) ranged from 4.67 to 3.48; from
4.0 to 3.47 for ECC children (3.69+0.19) and from 3.75 to 3.51 for S-ECC children (3.63+0.12),
but no difference was found among the groups evaluated. Considering aciduricity, counts of
viable cells of S. mutans genotypes were not statistically different among CF, ECC and S-ECC
children at pH 5.0 and 7.0 for both time points (Figure 3). However, genotypes of S-ECC
children presented higher counts of viable cells than CF and ECC genotypes at pH 2.8 at time
zero and time 60. Under exposure to pH 2.8 for 60 minutes, counts of viable cells of S. mutans
were statistically lower than those found at pH 5.0 and 7.0 for CF, ECC and S-ECC genotypes.
Genotypes isolated from ECC and S-ECC children presented higher biofilm formation than
those isolated from CF children (Figure 4).

Discussion

In the present study, differences were not found in genotypic diversity among CF, ECC and
S-ECC children. Therefore, the tested hypothesis 1 was rejected. Available evidences are
inconclusive regarding genotypic diversity and caries. Some studies reported a decrease in
genotypic diversity in caries-active subjects or absence of difference between caries-free and
caries-active children* while multiple genotypes were associated with caries activity in infants”

18 In the present study, no difference on S. mutans genotypic diversity was found in dental
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biofilm of caries-active and caries-free children, agreeing with aforementioned investigation™'.
Previous studies have suggested that constant sugar stress provided by dietary sugars, a
condition found in caries-active individuals, may select some salivary genotypes make them
more prone to colonize dental biofilms™*°. These divergences in genotypic diversities among
studies could be attributed to differences in the studied population mainly in respect to their age
and caries status. Additionally, altogether, these data reinforce that phenotypic traits may be
more important than the presence/absence of specific genotypes in biofilm®.

In respect to the genotyping of MS isolates, Argimon et al.?° have suggested that S. mutans
strains derived from caries-active or caries-free individuals cannot be differentiated only based
on the presence or absence of specific genetic elements. In order to circumvent this problem, we
chose AP-PCR analysis with primer OPA-02 that showed a considerable number of amplicons
and an efficient differentiation of genotypes. Previous studies have proved superior efficiency
of OPA-02 in the identification of distinct genotypes when compared with other arbitrary
primers® " **%7 Genetic polymorphism among closely related species is determined by changes
in base pairing, by deletion or insertion of new genetic sequences and the cloning transmission
from external sources®’. Some strains of S. mutans can acquire various cariogenic properties and
antibiotic resistance by transformation?. Cvitkovitch?? suggested that bacterial transformations
may occur in environments, which suffer changes and extreme fluctuations in population
dynamics, such as the oral cavity. Bacteria in these environments are often exposed to different
stress conditions, such as excess or lack of nutrients, low pH, high osmolarity and the use of
antimicrobial agents by the host®. Therefore, the natural genetic transformation could be
considered an important mechanism of cell adaptation to environmental changes, providing
microbial resistance, genetic variation and rapid evolution of virulence factors % 2. All these
microbial traits could favor survival and proliferation and contribute in the development and/or
progression of caries lesions.

An important characteristic of virulence of S. mutans is its ability to metabolize a
variety of dietary carbohydrates such as sucrose and produce a large amount of organic acids by
fermentation, which acidify the dental biofilm. In this study, no statistical difference in relation
to acidogenicity (pH drop) was found among the S. mutans genotypes isolated from dental
biofilm of CF, ECC and S-ECC children. Previous studies reported no correlation between
caries activity and in vitro acid production of S. mutans isolates monitored by records of final
pH reached after sugar fermentation” *°. Regarding aciduricity, our data showed that genotypes
isolated from S-ECC children are more acid-tolerant under extreme acidic pH challenge (such
as the tested pH 2.8 condition) than those isolated from CF and ECC children. This data is in

Ill

consonance with Lembo et al.”™ that demonstrated that genotypes from caries-active children

presented low-susceptibility to acid challenge. However, it is important to mention that no
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criterion for the assessment of caries lesions severity was adopted in that study™. Therefore, we
were able to show indeed that acid-tolerance of genotypes is increased with increased caries
severity, since no difference was found in cell viability between CF and ECC children under
distinct acidic environments. The frequent acidification of oral cavity as a result of sugar
fermentation by biofilm microbiota is followed by expression of numerous proteins responsible
for maintenance of cell viability by a process called acid-tolerance response — ATR*. This
mechanism is dependent on a number of virulence traits including the ability to carry out
glycolysis at a lower pH™. The adaptation process to acidic environments in S. mutans is
progressive, indicating not a genetic selection but a gradual physiologic process, changing
membrane lipid composition, incorporating unsaturated fatty acids into the plasma membrane®
and affecting activities of membrane ATPases?. S. mutans controls proton intracellular influx
increasing proton extrusion via end-product efflux and F;—F,-ATPase activity. The S. mutans
Fi—Fo-ATPase can operate at low pH much more efficiently than the ATPase of several other
competing oral bacterial species such as Streptococcus salivarius and Streptococcus sanguinis®.
Besides, S. mutans are able to encode several enzymes to protect DNA or repair DNA damage
from the harmful effects of intracellular acidification®. As a response to all these physiological
changes, the frequent pH fall found in oral cavity of S-ECC children allowed a more efficient
acid adaptation of their S. mutans genotypes, which contributed to the enhanced aciduricity.
Considering acidogenicity and aciduricity, it seems based on our results that the latter one plays
a more important role on the development of cariogenic biofilms compared with the ability of
strains in acid production from dietary sugars.

The present study also evaluated the ability of S. mutans genotypes to form in vitro
biofilm in a sucrose-rich medium. ECC and S-ECC genotypes formed higher amount of biofilm
biomass than CF genotypes. This finding corroborated with those obtained by other researches

I’ and in vitro study™. This last study showed that S. mutans isolates

using animal mode
exhibited variability in their ability to form biofilm, but five of the six high biofilm-forming
isolates were obtained from caries-active children'. The potential to form biofilm can be also
indirectly determined by the production of insoluble extracellular polysaccharides (EPS)™.
Individuals with high caries activity are often infected by S. mutans strains that produce
significantly higher amounts of EPS compared to strains infecting caries-free children? and
adults’. EPS improve bacterial adherence to dental surfaces'. Additionally, EPS modify the
matrix of biofilms making them more porous facilitating the diffusion of acids and
carbohydrates throughout the biofilm allowing pH fall in tooth/biofilm interface®. It may be
possible though that ECC and S-ECC genotypes produce more EPS than CF genotypes. This
question will be addressed in further studies. Therefore, hypotheses 2 and 3 could be partially

accepted.
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In the current study, in agreement with Kouidhi et al.*, we showed that the detection of
S. mutans in biofilms increased depending on severity of dental caries, since all MS isolates
from S-ECC children were positively identified as S. mutans. As discussed above, S. mutans are
highly acidogenic, aciduric and able to form thick biofilms in the presence of sucrose. Then it is
important to discuss that up to 80% of MS isolates were identified as S. mutans in biofilm
samples of CF children which means that phenotypic traits of S. mutans are more important for
caries development than their relative numbers in biofilms. This is supported by our data in a
way that biofilm forming ability and acid tolerance were higher in genotypes isolated from ECC
and S-ECC children.

Conclusions

In conclusion, no difference in genotypic diversity and acidogenicity was found in biofilm
samples of CF, ECC and S-ECC children. However, genotypes isolated from S-ECC were
highly acid tolerant. S. mutans genotypes isolated from ECC and S-ECC formed more biofilms

than those isolated from CF children.

Why this paper is important to paediatric dentists
e S. mutans genotypic diversity is similar in children, regardless of caries status.
e S. mutans genotypes from caries-active children are more acid-tolerant and present
higher ability to form biofilm than those isolated from caries-free children.
e Acid tolerance seems to be the most important S. mutans trait related to the

pathogenesis of severe early childhood caries.
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Table 1. Description of the study population

CF ECC S-ECC p value®
Age (months;
mean+SD)
44.4%8.19" 45.88+9.42" 46.37+6.32" 0.67
Dmfs* (mean+SD)
0* 3.11+1.83° 22.6+23.21° 0.00
Mutans streptococci
counts (log
CFU+1;mean=SD) 4.12+1.35% 5.58+1.12° 5.13+1.17° 0.04

*tooth surfaces with caries, indicated for extraction and filled
A Different uppercase letters shows statistical difference among CF, ECC and S-ECC groups,
according to ANOVA/Tukey tests (p<0.05).
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Table 2. Number of isolates and genotypes of S. mutans from CF, ECC and S-ECC groups.

CF ECC S-ECC p value
S. mutans isolates .
30 (78.9) 32 (91.42) 36 (100) 0.00
n (%)**
Total S. mutans
genotypes 21(14) 20(12) 18(8) 0.62

(identical genotypes)

" Statistical difference between CF x S-ECC and ECC x S-ECC groups, according to Kruskal-
Wallis and Mann-Whitney tests (p<0.05).

** Percentage calculated in relation to total number of MS isolated in each tested condition.
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Figure 1. Dendrogram with genetic similarity indices (AP-PCR method, primer OPA-02)

verified among S. mutans strains sampled from biofilm of CF, ECC and S-ECC groups.

Individual bands were analyzed by matrices generated by UPGMA analysis using coefficient

SSM (simple matching). Tonalities of gray in the dendrogram illustrate identical or highly
related isolates (SSM > 0.819+0.161)

41



Ln
|

---CF
i —e—ECC
—{J—S$-ECC

pH
W
|
()
]

(]
1

O

0 5 15 30 60 120 180 240 300
Time (minutes)

80 - B

60 -

mCF
s I mECC

Os-ECC

AUC

CF ECC S-ECC

Figure 2. Acidogenicity (acid production). A. Glycolytic curves. Means of pH values through
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*There was no difference in means of pH values in any time points (A) or means of AUC (B)
among CF, ECC and S-ECC groups, according to ANOVA and Tukey tests, p>0.05.
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Figure 3. Aciduricity (acid tolerance). Box plots of S. mutans counts (converted in log CFU
+1) obtained after baseline (Figure A - Time 0) and 60 min (Figure B - Time 60) of exposition
to glycine buffer in different pHs.

" Statistical difference among CF, ECC and S-ECC groups, considering each pH separately,
according to Kruskal-Wallis and Mann-Whitney tests (p<0.05).

* Statistical difference among pHs, considering each group (CF, ECC or S-ECC) separately,
according to Kruskal-Wallis and Mann-Whitney tests (p<0.05).

Bars indicate minimum and maximum values. Black and white boxes indicate lower and upper

quartiles, respectively. Line in the middle of boxes is median.
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Abstract

Objective: This study aimed to assess the in vitro cariogenic potential of some
Bifidobacterium species in comparison with caries-associated bacteria.

Design: Bifidobacterium lactis, Bifidobacterium longum, Bifidobacterium animalis,
Bifidobacterium dentium, Lactobacillus acidophilus, Lactobacillus casei, Actinomyces
israelii, Streptococcus sobrinus and Streptococcus mutans were tested for acidogenicity
and aciduricity by measuring the pH of the cultures after growth in glucose and bacterial
growth after exposure to acid solutions. Biofilm biomass was determined for each
species either alone or associated with S. mutans or S. mutans/S. sobrinus. Bovine
enamel superficial hardness was analyzed before and after 7-days biofilm formation
using bacterial combinations.

Results: B. animalis and B. longum were the most acidogenic and aciduric strains,
comparable to caries-associated bacteria, such as S. mutans and L. casei. All species had
a significantly increased biofilm when combined either with S. mutans or with S.
mutans/S. sobrinus. The greatest enamel surface loss was produced when B. longum or
B. animalis were inoculated with S. mutans, similar to L. casei and S. sobrinus. All
strains induced similar enamel demineralization when combined with S. mutans/S.
sobrinus, except by B. lactis.

Conclusion: B. animalis and B. longum had acidogenic and aciduric potential, ability to
form biofilms and to induce enamel demineralization when associated with mutans

streptococci, comparable to other caries-associated bacteria.

Keywords: Biofilms, Bifidobacterium, Lactobacillus, Streptococcus, Actinomyces,

Dental Caries.
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Introduction

Dental caries is a biofilm-associated disease highly associated with frequent
intake of dietary sugars. Fermentation of these sugars by biofilm microorganisms leads
to acid production, which disrupts biofilm microbial homeostasis and can causes
dissolution of tooth minerals (Marsh, 2003). The bacteria considered the most
cariogenic are the mutans streptococci (MS), especially Streptococcus mutans (van
Houte, Sansone, Joshipura, & Kent, 1991; Mattos-Graner, Correa, Latorre, Peres, &
Mayer, 2001a). Other acidogenic and aciduric bacterial species, including Actinomyces
spp. and Lactobacillus spp., have been observed in dental caries lesion development
(van Houte, Lopman, & Kent, 1996; Dige, Gronnkjaer & Nyvad 2014). Additionally,
Lactobacillus and Bifidobacterium species have been identified as part of the dental
biofilm on white spot lesions (Van Ruyven, Lingstrom, van Houte, & Kent, 2000).

The Bifidobacteriaceae family consists of seven genera: Bifidobacterium,
Aeriscardovia, Falcivibrio, Gardnerella, Parascardovia, Scardovia and Alloscardovia,
which have been isolated from both animals and humans. These bacteria are anaerobic,
Gram-positive, rod-shaped, and principally colonize the gastrointestinal tract. Species in
the genus Bifidobacterium have recently received significant attention in the consumer
food industry due to their beneficial roles in human health. They have been shown to
have a role in increasing the adaptive immune response, in treating or preventing
respiratory and urogenital infections, and in the prevention of allergies and atopic
diseases during childhood (Saxelin, Tynkkynen, Mattila-Sandholm, & de Vos, 2005).
Several studies suggest that the consumption of products containing probiotics, such as
bifidobacteria, could suppress S. mutans levels in saliva (Caglar et al., 2005, 2008;
Cildir et al., 2009). However, recent clinical randomized studies have shown that the
administration of probiotics did not affect the MS levels or the occurrence of dental
caries in children (Taipale, Pienih&kkinen, Salminen, Jokela, & Sdderling, 2012;
Taipale, Pienihdkkinen, Alanen, Jokela, & Soderling, 2013; Nozari, Motamedifar, Seifi,
Hatamizargaran, & Ranjbar, 2015). A confounding issue is that levels of caries-related
microorganisms are not always related to the severity of dental caries (Mattos-Graner,
Zelante, Line, & Mayer, 1998), making the beneficial effects of probiotics on the
control of caries difficult to elucidate.

Bifidobacterium species have been isolated from dental plaque, saliva and
dentinal caries (Modesto, Biavati, & Mattarelli, 2006; Beighton et al., 2008;
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Mantzourani et al., 2009). B. dentium, B. longum and B. breve were only detected in the
oral cavities of children with occlusal caries and not in those of caries-free children
(Mantzourani et al., 2009). Those authors suggested that these bacteria might have a
role in the progression of occlusal caries lesions. These findings suggest that this group
of bacteria may be related to caries development, possibly due to their acidogenicity and
acid-tolerance (van Houte, Lopman, & Kent, 1996; Nakajo, Takahashi, & Beighton,
2010). Tanner et al., (2011) reported a high prevalence of the Bifidobacterium spp. in
addition to Streptococcus in children with advanced dental caries and severe early
childhood caries.

Studies have shown that, unlike Streptococcus mutans, B. animalis subspecies
lactis, a common species of bifidobacteria found in animals and used in dairy products,
have mechanisms of intracellular pH maintenance. One of these mechanisms is a F1F0-
ATPase proton pump that can facilitate the expulsion of protons (H") under acidic
conditions (Gibson & Wang, 1994; Nakajo, Takahashi, & Beighton, 2010) which is
directly related to their acid-tolerance. In addition to this virulence factor, most species
of bifidobacteria can utilize various carbohydrates including glucose, fructose, mannose,
N-acetylglucosamine, and sorbitol (Fushinobu, 2010), contributing to their proliferation
in disease sites. Thus, this study aimed to determine the cariogenic potential of
Bifidobacterium species in comparison with currently recognized caries-associated
bacteria. The null hypotheses formulated was that the cariogenic potential of
Bifidobacterium species, represented by acidogenicity, aciduricity, and the ability to
form biofilms and to induce enamel demineralization, is not different compared with

cariogenic potential of caries-associated bacteria.

Materials and Methods
Bacterial strains and growth conditions

Assays were performed using the following Bifidobacterium species: B. animalis
(from ACTIVIA®), B. longum (ATCC 15707), B. lactis (LMG 18905) and B. dentium
(ATCC 27678); Lactobacillus species: L. acidophilus (ATCC 4356), L. casei (ATCC
393); Streptococcus species: S. mutans (ATCC 25175 and 3VF2), Streptococcus
sobrinus (ATCC 27607); Actinomyces species: A. israelli (ATCC 12102). All ATCC
strains were obtained from Oswaldo Cruz Foundation (FIOCRUZ, Rio de Janeiro, RJ,

Brazil) or André Tosello Foundation (Campinas, SP, Brazil). B. animalis was isolated
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from the yogurt ACTIVIA® in Transgalactosylated Olygosaccharides-Propionate agar
with supplement lithium-muporicina (50mg/L) (TOS-MUP agar; Merck Millipore,
Darmstadt, Germany). S. mutans 3VF2 is highly acidogenic clinical strain kindly
provided by Dr. Renata de Oliveira Mattos-Graner (FOP-UNICAMP) (Mattos-Graner,
Napimoga, Fukushima, Duncan, & Smith, 2004). Reactivation of strains on selective
media was done as follow: S. mutans and S. sobrinus on Mitis Salivarius agar with
bacitracin (0.2U/mL) (Difco), L. casei and L. acidophilus on Rogosa agar (Difco); B.
animalis, B. longum, B. lactis and B. dentium on TOS-MUP agar (Merck) and A. israelii
on Actinomyces Garrod medium (HiMedia Laboratories, Mumbai, India). Plates were

incubated anaerobically with Anaerocult system (Merck).

Acidogenicity tests

Up to 5 colonies of each species were individually transferred from agar plates
to Brain Heart Infusion broth (BHI, Difco) and incubated at 37°C for 24 h. Bacterial
cultures were diluted 1:20 in BHI and the bacterial growth was monitored by
turbidimetry. When the optical density reached 0.5 (approximately 108-10° CFU/mL) at
550 nm, tubes were centrifuged and the pellet was resuspended in a solution of 50 mM
KCl and 1 mM MgCl,. The suspension was centrifuged and the pellet was resuspended
in 20 mM phosphate buffer and incubated at 37°C for 60 min for starvation. After
centrifugation, the pellet was resuspended in a solution of 50 mM KCI and 1 mM
MgCl,, the pH of the solution was adjusted to 7.0 and glucose was added to a final
concentration of 55.5 mM. The pH of the suspension was evaluated immediately and 5,
15, 30, 60, 120, 180 and 240 minutes after the addition of glucose using a glass
electrode (Orion 720 A+; Orion Research Inc.) previously calibrated with pH standards
of pH 4.0 and 7.0. The area under the curve (AUC) was calculated of pH drop,
considering pH 2.8 as a cut-off point, using UTHSCSA ImageTool software, version
3.0. The acidogenicity was expressed as the AUC (cm?). Each analysis was performed
in three distinct experiments (Belli & Marquis, 1991; Arthur et al., 2011).
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Aciduricity tests

Similar to acidogenicity tests, 24h broth cultures were diluted and grew until
optical density at 550 nm of 0.5. 3 mL of each culture were individually distributed into
tubes, which were centrifuged and resuspended in 0.1 M glycine buffer with a pH of
7.0, pH 5.0 or 2.8. Immediately after resuspension (Time 0) and after 60 minutes (Time
60), 100 pl of each sample was serially diluted and plated on BHI agar plates which
were incubated for 24 hours at 37°C. Colony Forming Units/mL (CFU/mL) were then
counted (Duarte et al., 2008; Arthur et al., 2011).

In vitro biofilm formation

After reaching an optical density at 550 nm of 0.5, aliquots of 200 ul of each
strain were individually transferred to the wells of 96-well plates (Dynatech Lab).
Additionally, aliquots of each strain were also combined in equal proportion (at the
same optical density) with S. mutans (3VF2) or S. mutans (3VF2)/S. sobrinus. Triplicate
of samples were incubated at 37°C for 48 h. Wells containing only the culture medium
were used as negative controls. After incubation, the plates were washed by immersion
in distilled water three times to remove the non-adherant cells. After a brief drying, 150
pl of aqueous 1% crystal violet was added to each well, and the plates were incubated at
room temperature for 30 min. The crystal violet solution was then removed and the
plates washed again 3 times. The plates were inverted on paper towels and remained for
2 h at room temperature to dry. The crystal violet dye that stained the biofilm was then
solubilized by incubating with 200 ul of ethanol per well for 30 min. Then, 100 pl of
the dye in ethanol was transferred to wells of a new plate, and read at absorbance of 575
nm in a microplate spectrophotometer (BioTek Instruments. USA) to quantify the
biomass of the biofilm (Mattos-Graner et al., 2001b).

In vitro initial caries lesion induction

This part of the study was approved by the Ethics Committee of Aracatuba
Dental School - UNESP (protocol 197/2013 ANEXOS B/C). Bovine permanent central
incisors were maintained one month in 2% formaldehyde solution, pH 7.0, for
disinfection. Enamel blocks were prepared from the most flat portion of the labial
surface of the crown using a precision saw (IsoMet 1000, Buehler, Lake Bluff, IL,
USA) with two diamond disks (series 15HC 11-4243—Diamond. Buehler) separated by
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a spacer disk (thickness, 4 mm) under refrigeration with distilled water. Dentin was
adjusted to obtain parallel surfaces between enamel and dentin (= 2 mm thick), using
sandpaper (CARBIMET, Buehler) under low speed and cooling. Then, the blocks were
sequentially polished using 600-, 800- and 1200-grade water-cooled silicon carbide
paper disks (Buehler) with a final polish using a felt disk (Buehler Polishing Cloth 40—
7618) moistened with a 1-um diamond polishing suspension (Extec Corp., Enfield, CT,
USA) (Vieira et al., 2005). Blocks with a initial surface hardness (SHi) between 320
and 380 KHN were selected and randomized using Excel program (Microsoft Inc.) into
study groups. Enamel blocks were used per group, ten of them or the combination of the
bacterial species with Streptococcus mutans (3FV2) and another ten specimens in
combination with S. mutans and S. sobrinus. Control groups of S. mutans and S.
mutans/S. sobrinus were also analyzed. The modified protocol of an previous study
(Lima, Motisuki, Spolidorio, & Santos-Pinto, 2005) was used to induce artificial caries
lesions. The bovine enamel blocks were completely isolated with a thin layer of nail
varnish, except for the external surface (area = 16 mm?) and individually placed in
modified artificial caries solution (BHI supplemented with 1% yeast extract, 0.5%
glucose, 1% sucrose and 2% of the bacterial culture (10® cells/mL) for 7 days at 37°C.
exchanging the culture medium every 48 h. The blocks were measured for
microhardness of the enamel surface before (SHi) and after demineralization (SHf) by
means of five impressions alongside the initial five impressions, at a distance of 100
microns using a Shimadzu HMV-2000 microhardness tester (Shimadzu Corp., Kyoto.
Japan), with a load of 25 g for 10 s. The percentage of surface hardness loss
(%SHL=[[SHif-SHi]/SHi]x100) was then calculated.

Statistical analysis

Means (standard deviations) of area under the curve (AUC) of pH values obtained for
bacterial strains during pH drop (acidogenicity) were calculated and the comparison
among bacterial species were tested using ANOVA and Tukey tests. For aciduricity
assays, CFU/mL counts were transformed to log;o (CFU). The means of counts
obtained at pH 7.0 TO and T60 were calculated and considered as 100% of cell growth.
Counts of viable cells at pH 5.0 and pH 2.8 were also performed and the percentage of
viable cells was calculated based on counts at pH 7.0 and data was analyzed using
ANOVA and Tukey tests. Absorbance values (550 nm) obtained after 48 h of bacterial
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biofilm formation were compared among the groups of bacteria and between each
species combined (dual or multi-species) or single species according to ANOVA and
Tukey tests. Percentage of surface hardness loss (SHL) induced by dual-species and
multi-species biofilm exposure after 7 days was analyzed using ANOVA and Tukey
tests. Virulence factors comparisons among the groups of bacteria (Streptococcus,
Lactobacillus and Bifidobacterium) were performed using ANOVA and Tukey
(acidogenicity/aciduricity/mono-species biofilm) or unpaired t-Student tests (dual/multi-
species biofilm). Statistical analysis was performed using the program SPSS version

17.1, considering p<0.05 as significant.

Results
Acidogenicity tests

Figure 1 shows the results of the AUC for the bacteria tested in this study.
Statistically lower values of AUC (high acidogenicity) were found for S. sobrinus, S.
mutans (3VF2 and ATCC), L. casei, B. animalis, B. longum and A. israelii, which were
not statistically different from each other. B. lactis, B. dentium and L. acidophilus did

not differ from each other but they had the highest values of AUC (low acidogenicity).

Aciduricity tests

Figure 2 shows means/standard deviations of the percentage of bacterial growth
at pH 5.0 and pH 2.8 relative to growth at pH 7.0 (considered 100%). Analyzing each
bacterial strain separately (upper case letters), no difference on percentage of bacterial
growth at pH 5.0 between TO and T60 was found for all the tested strains. The
percentage of viable cells decreased at pH 2.8 for all bacteria, except for B. animalis, B.
dentium, L. casei and L. acidophilus, comparing TO with T60. The percentage of viable
cells at pH 2.8 was statistically lower when compared to pH 5.0 at TO for all tested
bacteria, except for B. longum, L. casei and S. mutans ATCC. Additionally, the
percentage of viable cells was statistically lower at pH 2.8 after T60 in comparison with
pH 5.0 T60 for all strains tested, except for L. casei.

Considering each pH and time separately (lower case letters) at pH 5.0 and TO
the percentage of viable cells of S. mutans (ATCC) was not different compared with B.
animalis, but it was statistically lower compared with the other strains. At pH 2.8 and

TO the highest percentage of viable cells was observed for B. longum, L. casei and S.
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sobrinus, but without statistical difference from S. mutans (ATCC and 3VF2). At pH
5.0 and T60, no difference was found in the percentage of viable cells among all tested
strains. At pH 2.8 and T60, L. casei presented the highest aciduricity, followed by B.
longum, B. animalis and S. mutans 3VF2, followed by B. dentium, L. acidophilus, A.
israelli and S. sobrinus, while no growth was observed for B. lactis and S. mutans
(ATCC).

In vitro biofilm formation

Table 1 shows the optical density values (Abs 550 nm) for the bacterial strains
evaluated. For mono-species biofilms, the ability of S. sobrinus to form biofilms was
similar to that of S. mutans 3VF2, which was higher than biofilms for the other strains.
In the dual-species biofilms (associated with S. mutans 3VF2), B. animalis and L. casei
had the lowest rates of biofilm formation. In the multi-species biofilm, the association
of S. mutans 3VF2 + S. sobrinus + B. dentium presented lower biofilm ability than the
combination of S. mutans 3VF2 + S. sobrinus and A. israelli, L. acidophilus or B.
longum. but it was not different compared with the other strains combinations. For all
the tested strains, the biofilm formation ability was statistically lower as monospecies
compared with dual- and multi-species biofilms except for S. sobrinus mono-species
compared with S. sobrinus dual-species. Multi-species growth of B. longum, B.
animalis, L. casei and L. acidophilus presented higher biofilm formation ability
compared with their growth as dual-species while no difference was found in biofilm
formation ability for B. lactis, B. dentium and A. israelli between dual- or multi-species
growth.

In vitro initial caries lesion induction

Figure 3 shows surface hardness loss (%SHL) after exposure of enamel
specimens to dual and multi-species biofilms. Under dual-species biofilms, higher
demineralization was found in the presence of B. longum. B. animalis, L. casei and S.
sobrinus while under multi-species biofilms. B. lactis associated with S. mutans 3VF2
and S. sobrinus presented the lowest cariogenic potential compared with the other tested

conditions.
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Comparison of the virulence factors among the groups of microorganisms

Table 2 summarizes the comparisons among the groups of bacteria in virulence
factors evaluated. Lactobacillus and Streptococcus species were more aciduric than
Bifidobacterium species. No difference was found among the groups of microorganisms
in acidogenicity. Lactobacillus and Bifidobacterium species presented similar biofilm
formation and induced similar enamel demineralization either in dual-species or in

multi-species biofilms.

Discussion

Studies have assessed the microbial succession of tooth enamel lesions and
noted that various species including Bifidobacterium species, in addition to S. mutans,
may be involved in the development of early caries lesions. (Modesto, Biavati, &
Mattarelli, 2006; Beighton et al., 2008; Mantzourani et al., 2009; Torlakovic et al.,
2012). Specific phenotypic characteristics can influence establishment of species in
complex microbial biofilms. The main virulence factors of S. mutans that determine
their cariogenicity include acidogenicity (production of acids from a variety of
fermentable sugars), aciduricity (tolerance to a low pH) and ability to form biofilms on
the tooth surface, through adhesion and production of extra and intracellular
polysaccharides (Lemos, Abranches, & Burne, 2005).

Data from acidogenicity tests in this current study indicated that, in addition to S.
mutans (clinical strain). L. casei, B. animalis and B. longum were more acidogenic than
the other bacterial strains analyzed. S. sobrinus and A. israelii were among the most
acidogenic strains, but had intermediate acid tolerance. The pH drops caused by
probiotics, including B. longum, B. lactis, L. casei and L. acidophilus, from the
degradation of sucrose and other sugars were evaluated by Haukioja, Loimaranta, &
Tenovuo (2008). The authors found that all of the strains produced acids from glucose
with a reduction of pH comparable to that of S. mutans, similar to the present results.
Those authors also found that all lactobacilli and bifidobacteria tested, except for L.
rhamnosus GG and B. lactis Bb12, caused a significant decrease in pH in the presence
of lactose.

The current study showed that the growth of all strains, including species of
bifidobacteria, was not affected by pH 5.0 after 60 minutes of acid exposure. The same

was not observed at pH 2.8. Among bifidobacteria, B. longum and B. animalis were the
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most acid-resistant strains and B. dentium was the least acid-resistant strain, at pH 2.8.
These results are in agreement with those obtained by Nakajo, Takahashi, & Beighton
(2010) who evaluated the effects of acidification on the survival of B. dentium and B.
longum in comparison with S. mutans, S. sanguinis and L. paracasei. These authors
showed that high levels of survival in acidic environments were observed for
bifidobacteria, which were comparable to S. mutans, demonstrating how these species
could co-exist with Streptococcus mutans in acidic carious lesions. B. longum was the
most resistant bacteria at pH 5.0 when compared to the others strains, while L.
paracasei was the most resistant at pH 4.0. In contrast, B. dentium was less resistant to
acids among all tested bacteria.

Bacterial aciduricity is maintained by a mechanism in the cell membrane called
proton-translocating ATPase (FLF0O-ATPase). This mechanism controls the entry of H+
ions and maintaining a more basic cytoplasmic pH when compared to the extracellular
medium. Furthermore, the F-ATPase system has dual role in the acid tolerance of cells
and eliminating protons in certain circumstances it generates ATP (energy) for the
growth and persistence of bacterial species (Lemos & Burne, 2008). Studies have
reported that the F-ATPase activity in Bifidobacterium animalis and Bifidobacterium
animalis subsp lactis increases with environmental acidification (Gibson & Wang,
1994; Sénchez, de los Reyes-Gavilan, & Margolles, 2006). Matsumoto, Ohishi, &
Benno (2004) evaluated the aciduricity and F-ATPase activity of B. lactis (2 strains), B.
animalis (4 strains), B. bifidum (4 strains). B. breve, B. infantis, B. catenulatum, B.
longum, B. pseudocatenulatum and B. adolescentis and demonstrated that B. lactis and
B. animalis were able to survive in an acidic environment (they were stable at pH 3-5
for 3 h). They reported that this ability was related to the species and not the strain and
was associated with increased F-ATPase activity. In contrast with the current study
findings, Matsumoto, Ohishi, & Benno (2004) reported that B. longum was not acid
tolerant, with reduced growth by about 3-fold at log10 after exposure to pH 5 for 3 h.

Other ATP-independent mechanisms have been studied in S. mutans, S.
gordonii, S. salivarius and L. casei. The membrane composition may be altered in the
presence of acids, increasing the levels of long-chain monounsaturated fatty acids,
allowing the species to become more resistant to acids (Fozo & Quivey, 2004; Fozo,
Kajfasz, & Quivey, 2004). The cell membrane of B. animalis contains large amounts of
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these fatty acids (Ruiz, Sanchez, Ruas-Madiedo, de Los Reyes-Gavilan, & Margolles,
2007), suggesting these bifidobacteria may also display this type of acid tolerance.

Most species of bifidobacteria can degrade many carbohydrates, including
glucose, fructose, mannose, N-acetylglucosamine and sorbitol. Many of these species
have glycosidases. Transporters and metabolic enzymes to ferment sugars, even those
sugars that are not absorbed by humans or animals (Fushinobu, 2010), which likely
contribute to their survival and proliferation in hostile environments. In addition to
sugar degradation, microbial coaggregation is essential for biofilm development,
characterized by the specific recognition and adhesion of genetically different
microorganisms in order to promote organization and cell-cell interactions to increase
the resistance of the individual species or the biofilm as a whole (Kolenbrander, Palmer,
Periasamy, & Jakubovics, 2010). Few studies have evaluated the coaggregation of S.
mutans and species of bifidobacteria. The first study to assess the interaction between
species of oral and intestinal microbiota was carried out by Ledder, Timperley, Friswell,
Macfarlane, & McBain (2008). Those authors found strong coaggregation between
Fusobacterium nucleatum and six of the nine evaluated oral species and only one
coaggregation with an intestinal bacterium, B. adolescentis. In that study, S. mutans had
better interactions with L. rhamnosus and minimum coaggregation with intestinal
bacteria. In the present study, coaggregation was not evaluated; however, the increasing
biomass of the biofilm suggests an interaction among the species. Overall, the
combination of S. mutans 3VF2 or S. mutans 3VF2 and S. sobrinus with B. longum and
A. israelii showed the highest values of biofilm biomass. Nagaoka et al., (2008)
evaluated the coaggregation and adherence of B. adolescentis and some oral bacterial
species, such as A. naeslundii, S. mitis, S. sanguinis and F. nucleatum. Their results
showed that B. adolescentis had better coaggregation with F. nucleatum and that
adherence to the hydroxyapatite discs was only possible through intermediate oral
species such as F. nucleatum. Haukioja et al., (2006) evaluated the adhesion of
bifidobacteria and lactobacilli to hydroxyapatite discs coated or not coated with saliva.
Those authors found that the studied bacteria exhibited low adhesion with or without the
presence of saliva, and that this ability was improved when the species had
coaggregated with F. nucleatum.

Bifidobacteria and lactobacilli have a low capacity to adhere to tooth structure

by themselves (Haukioja et al., 2006; Nagaoka et al., 2008), so tests inducing initial
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caries lesions (enamel demineralization) were carried out in the present study using
species of lactobacilli and bifidobacteria combined with S. mutans and/or S. sobrinus.
The dual-species biofilms of S. mutans with B. longum, L. casei, B. animalis or S.
sobrinus and the multi-species biofilms of B. animalis and A. israelii with S. mutans and
S. sobrinus caused the highest loss of surface hardness, however there was no difference
in comparison with the other species tested, except for B. lactis. A study comparing
different combinations of S. mutans with L. casei and L. acidophilus and the impact on
the non-cavitated enamel lesions induction was recently developed by De Campos et
al., (2015). Their results showed that dual combination of S. mutans and L. casei or
triple combination of S. mutans, L. casei and L. acidophilus promoted the highest loss in
enamel surface hardness. The depth of lesions was analyzed using polarized light
microscopy and erosive lesions developed in enamel after 20 days of cariogenic
challenge. The results of the present study are consistent with those results, showing
that the combination of L. casei and S. mutans caused a greater enamel demineralization
compared to other species tested. Studies evaluating the impact of the biofilm formed
by Bifidobacterium species and S. mutans on demineralization of dental enamel have
not yet been found, making comparisons with the present results difficult.

It may be concluded that B. animalis and B. longum have acidogenic/aciduric
potential and ability to form biofilms similar to cariogenic bacteria. They were able to
induce enamel demineralization when associated either with S. mutans or in

combination with S. mutans and S. sobrinus.
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Table 1. Biofilm formation. Absorbance values (550nm) obtained after 48h of

bacterial biofilm formation.

. Mean/SD Dual-species Mean/SD Multi-species Mean/SD
Monospecies
5. lonaum Aa | 3VF2+B. asb | 3VF2+ S.sob.+ e
+1ong 0.286/0.138 longum 1.720/0.230 B. longum 2.043/0.406
8. animalic Aa | 3VF2+B. cb | 3VF2 + S.sob.+ ABC
' 0.296/0.075 animalis 0.962/0.148 B.animalis  1.771/0.540
8. lactis Aa | 3VF2+B. eob | 3VF2 +S. sob. ABb
: 0.352/0.179 lactis 1.479/0.311 +B.lactis  1.642/0.375
_ Aa | 3VF2+B. ason | 3VF2 + S.sob. Bb
B. dentium 0.281/0.033 dentium  1.553/0.104 +B.dentium  1.423/0.200
L casei Aa | 3VF2+L. cob | 3VF2+ S.sob.+ ABC
' 0.232/0.093 casei 1.138/0.339 L. casei 1.633/0.319
L. Aa | 3VF2+L. scon | 3VF2 + S.sob.+ Ac
acidophilus ~ 0.220/0.044 acidophilus ~ 1.391/0.315 L. acidophilus ~ 1.922/0.474
A israglii Aa | 3VF2+A. ap | 3VF2+ S.sob+ Ab
' 0.567/0.152 israelii 2.04/0.600 A. israelii 2.103/0.397
S. sobrinus Ba| 3VR2+S. Aa
' 1.948/0.504 sobrinus 2.054/0.567
S. mutans A
ATCC 0.416/0.166
S. mutans B
3VE2 1.71/0.236

~ Different upper case letters show statistical difference among the groups, considering each
condition of biofilm (mono. dual or multi-species), according to ANOVA and Tukey tests.
Different lower case letters show statistical difference between each species combined (dual or
multi-species) or not (monospecies), according to ANOVA and Tukey tests.

S. sob. —S. sobrinus
3VF2 - S. mutans 3VF2.
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Table 2. Virulence factors comparisons among the groups of microorganisms

Streptococcus

Lactobacillus

Bifidobacterium

Acidogenicity*
(AUC)

Aciduricity
(% bacterial
growth)

Biofilm formation
(Abs values —
550nm)

Enamel
demineralization
(%SHL)

Mono-
species
Dual-
species
Multi-
species

Dual-
species
Multi-
species

32.58 (2.13)*

62.33(7.35)%"

1.35(0.03)*

52.06(6.74)"

64.07(5.95)°

0.31(0.03)®
1.22(0.05)*

1.78(0.07)*

-69.91(4.44)*

72470177

46.29 (7.41)"

40.30(5.42)*

0.30(0.02)®
1.41(0.06)*

1.70(0.06)*

-71.75(2.35)*

-73.61(2.40)*

* Means (Standard Error of Means)

A Different upper case letters show statistical difference among the groups. according to

ANOVA and Tukey (acidogenicity/mono-species biofilm) or unpaired t-Student tests

(dual/multi-species biofilm).

“Different lower case letters show statistical difference among the groups. according to Kruskal-

Wallis and Mann-Whitney tests (aciduricity).
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Figure 1. Acidogenicity (acid production). Means (standard deviations) of area under the curve (AUC) of pH values obtained for bacterial
strains during pH drop.

ADifferent upper case letters show statistical difference among bacterial species, according to ANOVA followed by Tukey tests (p<0.05).

66



120 - A
N £
A A a
a 9 a
] 100
3
e
7]
E 80
z B
=
< b
=
« 60 -
o
= B
<
Pt c
S 40 -
=
z
e
& 20 -
b
O S S S T . S _— | S T — " —
B. longtimn B. animalis B. lactis B. dentium L. casei L. acidophilus A. israelii S, sobrinus S mutans ATCC S mutans 3VE2

BTOpHS5.0 OTOpH28 ®BT60pHS.0 OT60pH2S

Figure 2. Aciduricity (acid tolerance). Means (standard deviations) of percentage (%) of bacterial growth obtained after baseline (Time 0) and

60 min (Time 60) of exposition to glycine buffer in pH 5.0 or pH. 2.8 in relation to pH 7.0.

ADifferent upper case letters show statistical difference within each tested strain for both time of exposure (TO and T60) and pH ( 5.0 and 2.8),
according to ANOVA and Tukey tests (p<0.05).

Different lower case letters show statistical difference among bacterial strains, considering pH and time separately, according to ANOVA and
Tukey tests(p<0.05).
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Figure 3. Enamel demineralization. Percentage of surface hardness loss (%SHL) after 7 days of (A) dual-species and (B) multi-species biofilm
exposure. Sm: S. mutans 3VF2, Ss: S. sobrinus, Bl: B. longum, Ba: B. animalis, Bla: B.lactis, Bd: B. dentium, Lc: L. casei, La: L. acidophilus,

Ai: Aisraelii.? Different letters show statistical difference among the groups, according to ANOVA and Tukey tests.
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Molecular analysis of the in vitro antagonist growth effect of bifidobacteria on the biofilm of
periodontal pathogens*
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Running title: Antagonism of bifidobacteria on periodontopathogens

Significance and impact of the study

This study is the first to demonstrate that some Bifidobacterium species either alone or in
combination can cause an antagonistic effect toward periodontal pathogens. Such results
therefore underline the promising therapeutic potential of these bifidobacteria for the prevention

and/or coadjuvant treatment of periodontal diseases.

*Manuscript prepared according to instructions of the journal “Letters in Applied
Microbiology” (ANEXO F)
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Abstract

Microbiota from subgingival biofilm plays a pivotal role in the development of periodontal
diseases. In virtue of the disadvantages of prolonged antibiotic use, supplements containing
probiotics have recently been addressed for periodontal therapies. This study aimed to
investigate the in vitro antagonistic growth effect of some species of bifidobacteria, either alone
or in combination, on the biofilm of periodontal bacteria. Two putative periodontopathogens,
Porphyromonas gingivalis and Fusobacterium nucleatum and one “beneficial” bacteria of the
subgingival biofilm, Streptococcus oralis, were studied. These strains were incubated in
microplates to form biofilm in the presence of Bifidobacterium longum, Bifidobacterium lactis,
and Bifidobacterium infantis, either alone or in combination, for 24, 72 and 168 hours. The total
counts of each bacterium after incubation were analyzed by checkerboard DNA-DNA
hybridization. The results showed that B. infantis and B. lactis demonstrated the best effect
against the growth of F. nucleatum (24h and 72h) and P. gingivalis (168h). All the double
combinations of bifidobacteria tested demonstrated an inhibitory effect against F. nucleatum
(72h) and P. gingivalis (168h) and did not affect S. oralis growth. Some species of
bifidobacteria, either alone or in combination, were capable of inhibiting specific periodontal

pathogens, minimally affecting the growth of normal microbiota.

Keywords: Periodontal disease, biofilm, Porphyromonas, Fusobacterium, Bifidobacterium,
probiotics.
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Introduction

The oral cavity is a very complex ecosystem composed of more than 700 bacterial
species (Paster et al. 2006). Periodontitis, one of the most prevalent oral diseases, occurs as a
consequence of an imbalance between this ecosystem and the immune system, reducing the
indigenous microbiota and favoring the overgrowth of pathogenic strains. Fusobacterium
nucleatum and Porphyromonas gingivalis are Gram-negative anaerobe bacteria which harbor
the subgingival biofilm and have been associated with chronic and acute periodontal diseases
(Moore and Moore 1994; Ximenez-Fyvie et al. 2000). F. nucleatum plays an important role in
the development and maturation of biofilm for its ability to coaggregate with early colonizers,
such as Streptococcus oralis, S. mitis, S. sanguinis and other streptococci as well as late
pathogenic colonizers, such as Prevotella and Porphyromonas species (Bradshaw et al. 1998).
P. gingivalis has an arsenal of virulence factors which lead to breakdown of periodontal tissues
through direct activities of proteases and by inducing high levels of proinflammatory mediators
(Kadowaki et al. 2000; Bodet et al. 2006).

Systemic or local antibiotic periodontal therapy is usually administered as an adjunctive
to dental scaling and root planning for reducing bacterial counts and consequently potentiating
the effects of traditional periodontal therapy and preventing the recurrence of infection
(Greenstein and Polson 1998; Mariotti and Monroe 1998). However, the use of systemic
antibiotics has some disadvantages including adverse drug reactions, the risk of development of
bacterial resistance, uncertain patient compliance and lower concentration of the drug at
subgingival sites (Feres et al. 2000). In addition, some individuals with periodontal disease
respond neither to the treatment of scaling and root planning alone, nor to treatment in
combination with antibiotic therapy (Wasserman and Hirschfeld 1998).

Recently, researchers have been pointed the use of probiotics as alternative therapy to
control periodontal pathogens. The most widely studied probiotic species belong to the genera
Lactobacillus and Bifidobacterium. Several studies have demonstrated the in vitro and in vivo
impact of probiotic strains of lactobacilli on the reduction of caries-related bacteria and putative
periodontal pathogens (Twetman et al. 2009; Essche et al. 2013, Teughels et al. 2013; Baca-
Castafion et al. 2015). However, very few studies have focused on the relationship between
species of Bifidobacterium and periodontal pathogens, including assays of
coadhesion/coaggregation and antagonist effects (Haukioja et al. 2006; Hojo et al. 2007
Nagaoka et al. 2008; Zhu et al. 2010). Zhu et al. (2010) demonstrated that bio-yogurt and some
probiotic bacterial species, including Bifidobacterium, are capable of inhibiting specific
periodontal pathogens. This study aimed to investigate the in vitro antagonist growth effect of

some probiotic species of bifidobacteria, either alone or in combination, on biofilms of
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Fusobacterium nucleatum, Porphyromonas gingivalis and Streptococcus oralis at different time

points, using the checkerboard DNA-DNA hybridization technique (Socransky 1994).

Results and Discussion

Specific bacterial species could persist in the oral environment by virtue of the
availability of nutrients and through the influence of a variety of synergistic interactions, such as
intergeneric coaggregation and coadhesion of microorganisms forming a dynamic community
called biofilm (Socransky and Haffajee 2002). The control of biofilm is important for the
prevention of oral diseases, including periodontitis. However, the dense structure of the biofilm
limits the diffusion of antibacterial agents and consequently reduces their action (Fux et al.
2005). New concepts in periodontal therapy have been solicited, such as probiotic therapy, as
alternatives to the conventional use of antibiotics. Probiotics are capable of adhering to oral
surfaces and producing antibacterial substances that can eradicate or inhibit pathogenic bacteria
(Samot et al. 2011; 2013). In vitro studies are recommended to select the best probiotic strains
by their functionally and safety. Firstly, it is necessary that the probiotic presents antagonism
activity against the pathogens, as well as the ability to grow, forming biofilms (FAO/WHO
2002).

In the current study, the percentages of F. nucleatum, P. gingivalis and S. oralis
combined with B. longum, B. lactis or B. infantis are shown in Figures 1A, 1B and 1C,
respectively. B. lactis and B. infantis significantly inhibited the in vitro growth of F. nucleatum
after 24, 72 and 168h of incubation. B. longum had a similar inhibitory effect on F. nucleatum in
comparison with the other bifidobacteria after 72h of growth. For P. gingivalis, B. infantis
presented the best inhibitory effect after 24 and 168h of growth. B. lactis and B. longum
inhibited P. gingivalis only after 168h of growth. The growth of S. oralis, which is considered
as beneficial bacteria related to periodontal health (Tanner et al. 1998), was affected by B. lactis
and B. infantis after24h and by B. longum and B. lactis after 72h. B. infantis did not influence
the growth of S. oralis after 72 and 168h. No bifidobacteria interfered in S. oralis growth after
168h.

Very few studies have investigated the competition between Bifidobacterium and
periodontal pathogens (Zhu et al. 2010). In vitro antagonist interactions between probiotics,
including Bifidobacterium, and periodontal pathogens were demonstrated when probiotics were
inoculated first in the culture medium. Bifidobacterium inhibited P. gingivalis, F. nucleatum, A.
actinomycentecomitans, P. circumdentaria and P. nigrescens (Zhu et al. 2010). Compared to the
current study, all species of bifidobacteria demonstrated an inhibitory effect against periodontal
pathogens at the time points evaluated. B. infantis and B. lactis demonstrated the best effect

against F. nucleatum and P. gingivalis and minimally influenced the growth of S. oralis. The
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relationship between B. infantis and periodontal bacteria has only been investigated by Haukioja
et al. (2006) who showed co-adherence between B. infantis and F. nucleatum, proving that these
species could persist in subgingival sites colonized by F. nucleatum. Although no study was
found showing the antagonist effect of B. infantis or B. lactis on periodontal pathogens, the
inhibitory effect of both bifidobacteria on enteropathogens is well-known, interfering in the
adherence of two Gram-negative bacteria; Escherichia coli and Salmonella enteric, to intestinal
cells (Bernet et al. 1993; Candela et al. 2008). The effect of the administration of B. animalis
subsp. Lactis BB-12 (B. lactis) on the reduction of mutans streptococci and lactobacilli counts
has been previously demonstrated, indicating them as alternative antimicrobial agents for caries
prevention (Caglar et al. 2008; Taipale et al. 2012).

The percentages of F. nucleatum, P. gingivalis and S. oralis in double or triple
combination with the bifidobacteria species are presented in Figures 2A, 2B and 2C. After 24h,
no combination had an effect on the growth of F. nucleatum, except for the triple combination
B. longum + B. lactis + B. infantis. In contrast, all combinations similarly reduced the growth of
F. nucleatum after 72h. After 168h, F. nucleatum growth was not affected by any combination
of bifidobacteria. For P. gingivalis, only the combinations B. longum + B. lactis and B. longum
+ B. lactis + B. infantis inhibited growth after 72h. All combinations significantly reduced the
growth of P. gingivalis after 168h. None of the combinations affected the growth of S. oralis,
except for the triple combination of bifidobacteria after 24 and 72h.

Specific probiotic combinations are able to enhance the inhibition of pathogens when
compared to single probiotic strains (Collado et al. 2006). This study showed that all the double
combinations of bifidobacteria tested had an inhibitory effect against F. nucleatum (after 72h)
and P. gingivalis (after 168h) and did not affect S. oralis growth. Combinations of Lactobacillus
and Bifidobacterium strains have been studied for prevention of oral diseases, such as dental
caries (Singh et al., 2011) and periodontal diseases (Toiviainen et al., 2005). However, no study
was found for the combinations of various species of Bifidobacterium. Considering the effects
on periodontal health, the combination of L. rhamnosus and B. animalis subsp. lactisBB-12
demonstrated significant reductions in clinical parameters, without affecting the composition of
the oral microbiota (Toiviainen et al. 2015). Probiotics can produce lactic acid, hydrogen
peroxide, bacteriocins or other antimicrobial substances either alone or in combination and
could inhibit pathogens (Samot and Badet 2013). A study demonstrated that B. adolescentis and
B. longum decreased vitamin K concentration and inhibited the growth of P. gingivalis. Both
bifidobacteria and P. gingivalis require vitamin K for their growth and probably compete for its
acquisition in the oral cavity (Hojo et al. 2007). Another explanation for the reduction in

periodontal pathogens is the fact that bifidobacteria produces organic acids, such as lactic acid,
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which causes damage to Gram-negative bacteria by disrupting the outer membrane (Alakomi et
al. 2000) or through its chelanting capacity (Presser et al. 1997).

In vitro biofilm models have their limitations and cannot completely reproduce the
complexity of the oral environment. However, they have certain advantages, such as not having
the ethical conflicts of clinical studies and being able to be used to analyze a variety of
important in vivo processes in a highly reproducible manner (Schlafer et al. 2011). The limited
number of studies evaluating antagonism among probiotic bacteria, especially bifidobacteria
and periodontal pathogens limit comparisons with the current results. In addition, differences in
methodologies used for evaluating the antagonism make the comparisons inappropriate (Essche
et al. 2013). This study concluded that B. longum, B. lactis and B. infantis, either alone or in
combination, can cause an antagonistic effect toward periodontopathogens and these results
underline the promising therapeutic potential of these bifidobacteria for the prevention and/or

coadjuvant treatment of periodontal diseases.

Material and methods

Bacterial strains

All reagents and salts were purchased from Sigma Aldrich (St. Louis, MO, USA) and culture
mediums from Difco Laboratories (Kansas City, MO, USA). Fusobacterium nucleatum subsp.
nucleatum (ATCC 25585), Porphyromonas gingivalis (33277) and Streptococcus oralis were
grown in enriched media with Brain Heart Infusion Agar (BHI) (26 g/L) supplemented with
Trypticase Soy Agar (TSA) (20 g/L), Yeast extract (10 g/L), 5 ug/mL hemin, 0.3 pg/mL
menadione and 5% defibrinated sheep blood, while Bifidobacterium longum subsp. longum
(ATCC 15707), Bifidobacterium longum subsp. infantis (ATCC 15697) and Bifidobacterium
animalis subsp. Lactis (ATCC 27673) were grown in MRS broth and 0.05% L-cysteine. All
species were incubated at 35°C under anaerobic conditions (80% N, 10% CO,and 10% H,) and
pure cultures of each strain, confirmed by the Gram's method, were used in all the experiments
(Almaguer-Flores et al., 2012).

Biofilm assays

Bacterial growth from 24 to 72h cultures of each strain was harvested in enriched
mycoplasma broth-media (5 pg/ml hemin and 0.3 pg/ml menadione) and the optical density
(OD) in each tube was adjusted to 1 at 600 nm in a spectrophotometer. a total of 108 cells/ml
suspension of each reference strain was added either alone or in combination (Table 1) in equal
volumes to 12-well plates in a total volume of 2 mL. Next the plates with the pure and mixed
cultures of the bacterial strains were incubated for 24, 72 and 168 hours at 35°C under anaerobic
conditions. All experiments were performed in triplicate (Almaguer-Flores et al. 2012).
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After incubation, 100 pL of the bacterial suspension of each well were placed in
individual microtubes with 100 uL of 0.5 M NaOH and were mixed by vortexing. Bacterial
species were quantified using the checkerboard DNA-DNA hybridization technique as
previously described (Socransky et al. 1994; Almaguer-Flores et al. 2012). Briefly, three to
seven-day cultures of the reference strains (Table 1) were harvested and the cells were placed in
tubes containing 1 mL of TE buffer, washed twice and lysed at 37°C for 1 hour with either 10%
sodium dodecyl sulfate (SDS) plus proteinase K (20 mg ml™) for Gram-negative strains or
lysozyme (15 mg/mL) plus achromopeptidase (5 mg ml™) for Gram-positive strains. DNA from
the cultures was isolated and purified according to a previous methodology (Smith et al. 1989).
Whole-genomic DNA probes were prepared by labeling 1mg DNA with digoxigenin (Roche
Diagnostics, Mannheim, Germany) using a random primer technique (Feinberg and Vogelstein
1983). Hybridizing against individual pure cultures adjusted to 10* to 10’ cells was performed to
test the specificity and sensitivity of DNA probes.

Prior to checkerboard DNA-DNA hybridization, each sample was boiled for 10 minutes
and neutralized with 800 pL 5M ammonium acetate. DNA from each sample either alone or in
combination (Table 1) was then placed into individual lanes (Minislot-30, Immunetics, Inc.,
Cambridge, MA), concentrated onto a 15 cm x 15 cm positively charged nylon membrane
(Roche Diagnostics) and fixed to the membrane by cross-linking under ultraviolet light. The
membranes were pre-hybridized at 42°C for 2 hours in 50% formamide, 5 x standard saline
citrate (SSC), 5 x Denhardt’s solution, 25mM sodium phosphate (pH 6.5), and 0.5 mg ml™ yeast
RNA (Roche Diagnostics). Each membrane was placed in a second device (Miniblotter-45,
Immunetics) with the sample lanes rotated 90° to the channels of the apparatus. The probes
were diluted to ~20 ng mI™ in hybridization solution, placed in individual channels of the device
and hybridized overnight at 42°C. Probes were hybridized in sets of 6 consecutive channels,
leaving empty channels (hybridization solution only) to allow noise and background correction
of signals. The membranes were washed twice at high stringency for 20 minutes at 68° C in
phosphate buffer (0.1 x SSC and 0.1% SDS). Membranes were blocked by 1 h incubation in
maleate buffer (L00 mM maleic acid and 150 mM NaCl, pH 7.5) containing 1% casein. Hybrids
were detected by exposing the membranes to a 1:50,000 dilution of anti-digoxigen in antibody
conjugated to alkaline phosphatase for 30 minutes (Engler-Blum, et al. 1993). Signals were
detected using a chemiluminescent agent (CDP-Star, Roche Diagnostics) for 30 minutes at room
temperature and exposed to films in autoradiographic cassettes for 30 minutes. Films were then
photographed using a digital photodocumentation system (DigiDoc, BioRad Laboratories,
Hercules, CA.) and signals detected with specialized software (Quantity One, BioRad

Laboratories). Results were adjusted by subtracting the average plus two standard deviations of
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the noise and background detected in the empty lanes, and converted to absolute counts by

comparison with the standards on the membrane. Failure to detect a signal was recorded as zero.

Data analysis

The absolute counts of each bacterium in combination were transformed into percentages of
growth (proportion), based on the total number of bacteria which grew alone (considered as
100% of growth). All results were submitted to statistical analysis at 5% significance using
ANOVA and Tukey’s tests.
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Table 1. Experimental groups for testing the antagonism of bifidobacteria on periodontal

bacteria.

Single species of bifidobacteria

F. nucleatum
F. nucleatum + B. longum

F. nucleatum + B. lactis

F. nucleatum + B. infantis

P. gingivalis
P. gingivalis + B. longum

P. gingivalis + B. lactis

P. gingivalis + B. infantis

S. oralis
S. oralis + B. longum

S. oralis + B. lactis

S. oralis + B. infantis

Double or triple combinations of bifidobacteria

F. nucleatum + B. longum +
B. lactis + B. infantis
F. nucleatum + B. longum +
B. lactis
F. nucleatum + B. longum +

B. infantis

F. nucleatum + B. lactis + B.

B. infantis

P. gingivalis + B. longum +
B. lactis + B. infantis
P. gingivalis + B. longum +
B. Lactis
P. gingivalis + B. longum +

B. infantis

P. gingivalis + B. lactis + B.

B. infantis

S. oralis + B. longum + B.
lactis + B. infantis
S. oralis + B. longum + B.
lactis
S. oralis + B. longum + B.
infantis
S. oralis + B. lactis + B. B.

infantis
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Legends of figures

Figure 1. Antagonism of single species of bifidobacteria on F. nucleatum (A), P. gingivalis (B)
and S. oralis (C) biofilms.

*Different lowercase letters show statistical difference among the groups of bifidobacteria,
according to ANOVA and Tukey tests.

*Statistical difference between 24 and 72h, considering each group separately, according to
ANOVA and Tukey tests.

I Statistical difference between 24 and 168h, considering each group separately, according to
ANOVA and Tukey tests.

¥ Statistical difference between 72 and 168h, considering each group separately, according to
ANOVA and Tukey tests.
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Figure 2. Antagonism of the combinations of bifidobacteria on F. nucleatum (A), P. gingivalis
(B) and S. oralis (C) biofilms.

# Different lowercase letters show statistical difference among the groups of bifidobacteria,
according to ANOVA and Tukey tests.

* Statistical difference between 24 and 72h, considering each group separately, according to
ANOVA and Tukey tests.

I Statistical difference between 24 and 168h, considering each group separately, according to
ANOVA and Tukey tests.

¥ Statistical difference between 72 and 168h, considering each group separately, according to
ANOVA and Tukey tests.
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manuscript to this journal you accept that your manuscript may be screened for plagiarism against previously
published works.

1. GENERAL

International Journal of Paediatric Dentistry publishes papers on all aspects of paediatric dentistry including: growth
and development, behaviour management, prevention, restorative treatment and issue relating to medically
compromised children or those with disabilities. This peer-reviewed journal features scientific articles,

reviews, clinical techniques, brief clinical reports, short communications and abstracts of current paediatric dental
research. Analytical studies with a scientific novelty value are preferred to descriptive studies.

Please read the instructions below carefully for details on the submission of manuscripts, the journal's requirements
and standards as well as information concerning the procedure after acceptance of a manuscript for publication in
International Journal of Paediatric Dentistry. Authors are encouraged to visit Wiley-Blackwell Author Services for
further information on the preparation and submission of articles and figures.

In June 2007, the Editors gave a presentation on How to write a successful paper for the International Journal of
Paediatric Dentistry.

2. ETHICAL GUIDELINES

Submission is considered on the conditions that papers are previously unpublished, and are not offered
simultaneously elsewhere; that authors have read and approved the content, and all authors have also declared all
competing interests; and that the work complies with the Ethical Policies of the Journal and has been conducted under
internationally accepted ethical standards after relevant ethical review.

3. CONFLICT OF INTEREST

International Journal of Paediatric Dentistry requires that all authors (both corresponding author and co-authors)
disclose any potential sources of conflict of interest. Any interest or relationship, financial or otherwise that might be
perceived as influencing an author’s objectivity is considered a potential source of conflict of interest. Conflicts of
interest must be disclosed when directly relevant or indirectly related to the work that the authors describe in their
manuscript. Potential sources of conflict of interest include but are not limited to patent or stock ownership,
membership of a company board of directors, membership of an advisory board or committee for a company, and
consultancy for or receipt of speaker’s fees from a company.

It is the responsibility of the corresponding author to have all authors of a manuscript fill out a conflict of
interest disclosure form, and to upload all forms as supplementary material as the manuscript is submitted.
Please find the form below:

Conflict of Interest Disclosure Form

(If you encounter problems when accessing the above form, please copy the link and open the form in an Internet
Explorer Browser)
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4. MANUSCRIPT SUBMISSION PROCEDURE

Articles for the International Journal of Paediatric Dentistry should be submitted electronically via an online
submission site. Full instructions and support are available on the site and a user ID and password can be obtained on
the first visit. Support is available by phone (+1 434 817 2040 ext. 167) or here. If you cannot submit online, please
contact Mirlyn Consador in the Editorial Office by e-mail 1JPDedoffice@wiley.com.

4.1. Getting Started

Launch your web browser (supported browsers include Internet Explorer 5.5 or higher, Safari 1.2.4, or Firefox 1.0.4
or higher) and go to the journal's online submission site: http://mc.manuscriptcentral.com/ijpd

*Log-in or, if you are a new user, click on 'register here'.

*If you are registering as a new user.

- After clicking on 'Create Account', enter your name and e-mail information and click 'Next'. Your e-mail
information is very important.

- Enter your institution and address information as appropriate, and then click 'Next.'

- Enter a user ID and password of your choice (we recommend using your e-mail address as your user 1D), and then
select your area of expertise. Click 'Finish'.

*If you are already registered, but have forgotten your log in details, enter your e-mail address under 'Password Help'.
The system will send you an automatic user ID and a new temporary password.

*Log-in and select 'Author Center'.

4.2. Submitting Your Manuscript

After you have logged into your 'Author Center', submit your manuscript by clicking on the submission link under
'Author Resources'.

* Enter data and answer questions as appropriate.

*You may copy and paste directly from your manuscript and you may upload your pre-prepared covering letter.
Please note that a separate Title Page must be submitted as part of the submission process as ‘Title Page’ and should
contain the following:

» Word count (excluding tables)

* Authors’ names, professional and academic qualifications, positions and places of work. They must all have
actively contributed to the overall design and execution of the study/paper and should be listed in order of importance
of their contribution

« Corresponding author address, and telephone and fax numbers and email address

*Click the 'Next' button on each screen to save your work and advance to the next screen.

*You are required to upload your files.

- Click on the 'Browse' button and locate the file on your computer.

- Select the designation of each file in the drop down next to the Browse button.

- When you have selected all files you wish to upload, click the ‘Upload Files' button.

* Review your submission (in HTML and PDF format) before completing your submission by sending it to the
Journal. Click the 'Submit' button when you are finished reviewing.

4.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rtf) files (not write-protected) plus separate
figure files. GIF, JPEG, PICT or Bitmap files are acceptable for submission, but only high-resolution TIF or EPS files
are suitable for printing. The files will be automatically converted to HTML and a PDF document on upload and will
be used for the review process. The text file must contain the entire manuscript including title page, abstract, text,
references, tables, and figure legends, but no embedded figures. In the text, please reference figures as for instance
'Figure 1', 'Figure 2' to match the tag name you choose for the individual figure files uploaded. Manuscripts should be
formatted as described in the Author Guidelines below. Please note that any manuscripts uploaded as Word 2007
(.docx) is now accepted by IPD. As such manuscripts can be submitted in both .doc and .docx file types.

4.4. Review Process

The review process is entirely electronic-based and therefore facilitates faster reviewing of manuscripts. Manuscripts
will be reviewed by experts in the field (generally two reviewers), and the Editor-in-Chief makes a final decision. The
International Journal of Paediatric Dentistry aims to forward reviewers” comments and to inform the corresponding
author of the result of the review process. Manuscripts will be considered for 'fast-track publication' under special
circumstances after consultation with the Editor-in-Chief.

4.5. Suggest a Reviewer

International Journal of Paediatric Dentistry attempts to keep the review process as short as possible to enable rapid
publication of new scientific data. In order to facilitate this process, please suggest the names and current email
addresses of a potential international reviewer whom you consider capable of reviewing your manuscript and their
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area of expertise. In addition to your choice the journal editor will choose one or two reviewers as well.

4.6. Suspension of Submission Mid-way in the Submission Process

You may suspend a submission at any phase before clicking the 'Submit' button and save it to submit later. The
manuscript can then be located under 'Unsubmitted Manuscripts' and you can click on 'Continue Submission' to
continue your submission when you choose to.

4.7. E-mail Confirmation of Submission

After submission you will receive an e-mail to confirm receipt of your manuscript. If you do not receive the
confirmation e-mail after 24 hours, please check your e-mail address carefully in the system. If the e-mail address is
correct please contact your IT department. The error may be caused by some sort of spam filtering on your e-mail
server. Also, the e-mails should be received if the IT department adds our e-mail server (uranus.scholarone.com) to
their whitelist.

4.8. Manuscript Status
You can access ScholarOne Manuscripts any time to check your 'Author Center' for the status of your manuscript.
The Journal will inform you by e-mail once a decision has been made.

4.9. Submission of Revised Manuscripts

Revised manuscripts must be uploaded within 2 months of authors being notified of conditional acceptance pending
satisfactory revision. Locate your manuscript under 'Manuscripts with Decisions' and click on 'Submit a Revision' to
submit your revised manuscript. Please remember to delete any old files uploaded when you upload your revised
manuscript. All revisions must be accompanied by a cover letter to the editor. The letter must a) detail on a point-by-
point basis the author's response to each of the referee's comments, and b) a revised manuscript highlighting exactly
what has been changed in the manuscript after revision.

4.10 Online Open

OnlineOpen is available to authors of primary research articles who wish to make their article available to non-
subscribers on publication, or whose funding agency requires grantees to archive the final version of their article.
With OnlineOpen, the author, the author's funding agency, or the author's institution pays a fee to ensure that the
article is made available to non-subscribers upon publication via Wiley Online Library, as well as deposited in the
funding agency's preferred archive.

For the full list of terms and conditions, see http://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms.

Any authors wishing to send their paper OnlineOpen will be required to complete the payment form available from
our website at https://authorservices.wiley.com/bauthor/onlineopen_order.asp

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to publish your paper
OnlineOpen if you do not wish to. All OnlineOpen articles are treated in the same way as any other article. They go
through the journal's standard peer-review process and will be accepted or rejected based on their own merit.

5. MANUSCRIPT TYPES ACCEPTED

Original Articles: Divided into: Summary, Introduction, Material and methods, Results, Discussion, Bullet points,
Acknowledgements, References, Figure legends, Tables and Figures arranged in this order. The summary should be
structured using the following subheadings: Background, Hypothesis or Aim, Design, Results, and Conclusions and
should be less than 200 words. A brief description, in bullet form, should be included at the end of the paper and
should describe Why this paper is important to paediatric dentists.

Review Articles: may be invited by the Editor.

Short Communications: should contain important, new, definitive information of sufficient significance to warrant
publication. They should not be divided into different parts and summaries are not required.

Clinical Techniques: This type of publication is best suited to describe significant improvements in clinical practice
such as introduction of new technology or practical approaches to recognised clinical challenges.

Brief Clinical Reports/Case Reports: Short papers not exceeding 800 words, including a maximum of three
illustrations and five references may be accepted for publication if they serve to promote communication between
clinicians and researchers. If the paper describes a genetic disorder, the OMIM unique six-digit number should be
provided for online cross reference (Online Mendelian Inheritance in Man).
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A paper submitted as a Brief Clinical/Case Report should include the following:

a short Introduction (avoid lengthy reviews of literature);
the Case report itself (a brief description of the patient/s, presenting condition, any special investigations
and outcomes);

e a Discussion which should highlight specific aspects of the case(s), explain/interpret the main findings and
provide a scientific appraisal of any previously reported work in the field.

e  Please provide up to 3 bullet points for your manuscript under the heading: 1. Why this clinical report is
important to paediatric dentists. Bullet points should be added to the end of your manuscript, before the
references.

Letters to the Editor: Should be sent directly to the editor for consideration in the journal.
6. MANUSCRIPT FORMAT AND STRUCTURE

6.1. Format

Language: The language of publication is English. UK and US spelling are both acceptable but the spelling must be
consistent within the manuscript. The journal's preferred choice is UK spelling. Authors for whom English is a
second language must have their manuscript professionally edited by an English speaking person before submission
to make sure the English is of high quality. It is preferred that manuscript is professionally edited. A list of
independent suppliers of editing services can be found at
http://authorservices.wiley.com/bauthor/english_language.asp. All services are paid for and arranged by the author,
and use of one of these services does not guarantee acceptance or preference for publication

6.2. Structure
The whole manuscript should be double-spaced, paginated, and submitted in correct English. The beginning of each
paragraph should be properly marked with an indent.

Original Articles (Research Articles): should normally be divided into: Summary, Introduction, Material and
methods, Results, Discussion, Bullet points, Acknowledgements, References, Figure legends, Tables and Figures
arranged in this order.

Summary should be structured using the following subheadings: Background, Hypothesis or Aim, Design, Results,
and Conclusions.

Introduction should be brief and end with a statement of the aim of the study or hypotheses tested. Describe and cite
only the most relevant earlier studies. Avoid presentation of an extensive review of the field.

Material and methods should be clearly described and provide enough detail so that the observations can be
critically evaluated and, if necessary repeated. Use section subheadings in a logical order to title each category or
method. Use this order also in the results section. Authors should have considered the ethical aspects of their research
and should ensure that the project was approved by an appropriate ethical committee, which should be stated. Type of
statistical analysis must be described clearly and carefully.

(i) Experimental Subjects: Experimentation involving human subjects will only be published if such research has
been conducted in full accordance with ethical principles, including the World Medical Association Declaration of
Helsinki (version 2008) and the additional requirements, if any, of the country where the research has been carried
out. Manuscripts must be accompanied by a statement that the experiments were undertaken with the understanding
and written consent of each subject and according to the above mentioned principles. A statement regarding the fact
that the study has been independently reviewed and approved by an ethical board should also be included. Editors
reserve the right to reject papers if there are doubts as to whether appropriate procedures have been used.

(ii) Clinical trials should be reported using the CONSORT guidelines available at www.consort-statement.org. A
CONSORT checklist should also be included in the submission material.

International Journal of Paediatric Dentistry encourages authors submitting manuscripts reporting from a clinical
trial to register the trials in any of the following free, public clinical trials registries: wwuw.clinicaltrials.gov,
http://clinicaltrials.ifpma.org/clinicaltrials/, http://isrctn.org/. The clinical trial registration number and name of the
trial register will then be published with the paper.

(iii)DNA Sequences and Crystallographic Structure Determinations: Papers reporting protein or DNA sequences
and crystallographic structure determinations will not be accepted without a Genbank or Brookhaven accession
number, respectively. Other supporting data sets must be made available on the publication date from the authors
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directly.

Results should clearly and concisely report the findings, and division using subheadings is encouraged. Double
documentation of data in text, tables or figures is not acceptable. Tables and figures should not include data that can
be given in the text in one or two sentences.

Discussion section presents the interpretation of the findings. This is the only proper section for subjective comments
and reference to previous literature. Avoid repetition of results, do not use subheadings or reference to tables in the
results section.

Bullet Points should include one heading:
*Why this paper is important to paediatric dentists.
Please provide maximum 3 bullets per heading.

Review Articles: may be invited by the Editor. Review articles for the International Journal of Paediatric Dentistry
should include: a) description of search strategy of relevant literature (search terms and databases), b) inclusion
criteria (language, type of studies i.e. randomized controlled trial or other, duration of studies and chosen endpoints,
c) evaluation of papers and level of evidence. For examples see:

Twetman S, Axelsson S, Dahlgren H et al. Caries-preventive effect of fluoride toothpaste: a systematic review. Acta
Odontologica Scandivaica 2003; 61: 347-355.

Paulsson L, Bondemark L, S6derfeldt B. A systematic review of the consequences of premature birth on palatal
morphology, dental occlusion, tooth-crown dimensions, and tooth maturity and eruption. Angle Orthodontist 2004;
74: 269-279.

Clinical Techniques: This type of publication is best suited to describe significant improvements in clinical practice
such as introduction of new technology or practical approaches to recognised clinical challenges. They should
conform to highest scientific and clinical practice standards.

Short Communications: Brief scientific articles or short case reports may be submitted, which should be no longer
than three pages of double spaced text, and include a maximum of three ilustrations. They should contain important,
new, definitive information of sufficient significance to warrant publication. They should not be divided into different
parts and summaries are not required.

Acknowledgements: Under acknowledgements please specify contributors to the article other than the authors

accredited. Please also include specifications of the source of funding for the study and any potential conflict of
interests if appropriate. Suppliers of materials should be named and their location (town, state/county, country)

included.

6.3. References

A maximum of 30 references should be numbered consecutively in the order in which they appear in the text
(Vancouver System). They should be identified in the text by superscripted Arabic numbers and listed at the end of
the paper in numerical order. Identify references in text, tables and legends. Check and ensure that all listed
references are cited in the text. Non-refereed material and, if possible, non-English publications should be avoided.
Congress abstracts, unaccepted papers, unpublished observations, and personal communications may not be placed in
the reference list. References to unpublished findings and to personal communication (provided that explicit consent
has been given by the sources) may be inserted in parenthesis in the text. Journal and book references should be set
out as in the following examples:

1. Kronfol NM. Perspectives on the health care system of the United Arab Emirates. East Mediter Health J. 1999; 5:
149-167.

2. Ministry of Health, Department of Planning. Annual Statistical Report. Abu Dhabi: Ministry of Health, 2001.

3. Al-Mughery AS, Attwood D, Blinkhorn A. Dental health of 5-year-old children in Abu Dhabi, United Arab
Emirates. Community Dent Oral Epidemiol 1991; 19: 308-309.

4. Al-Hosani E, Rugg-Gunn A. Combination of low parental educational attainment and high parental income related
to high caries experience in preschool children in Abu Dhabi. Community Dent Oral Epidemiol 1998; 26: 31-36.

If more than 6 authors please, cite the three first and then et al. When citing a web site, list the authors and title if
known, then the URL and the date it was accessed (in parenthesis). Include among the references papers accepted but
not yet published; designate the journal and add (in press). Please ensure that all journal titles are given in abbreviated
form.

We recommend the use of a tool such as Reference Manager for reference management and formatting. Reference
Manager reference styles can be searched for here: www.refman.com/support/rmstyles.asp.

6.4. lllustrations and Tables
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Tables: should be numbered consecutively with Arabic numerals and should have an explanatory title. Each table
should be typed on a separate page with regard to the proportion of the printed column/page and contain only
horizontal lines

Figures and illustrations: All figures should be submitted electronically with the manuscript via ScholarOne
Manuscripts (formerly known as Manuscript Central). Each figure should have a legend and all legends should be
typed together on a separate sheet and numbered accordingly with Arabic numerals. Avoid 3-D bar charts.

Preparation of Electronic Figures for Publication: Although low quality images are adequate for review purposes,
print publication requires high quality images to prevent the final product being blurred or fuzzy. Submit EPS
(lineart) or TIFF (halftone/photographs) files only. MS PowerPoint and Word Graphics are unsuitable for printed
pictures. Do not use pixel-oriented programmes. Scans (TIFF only) should have a resolution of 300 dpi (halftone) or
600 to 1200 dpi (line drawings) in relation to the reproduction size (see below). EPS files should be saved with fonts
embedded (and with a TIFF preview if possible).

For scanned images, the scanning resolution (at final image size) should be as follows to ensure good reproduction:
lineart: >600 dpi; half-tones (including gel photographs): >300 dpi; figures containing both halftone and line images:
>600 dpi.

Further information can be obtained at Wiley-Blackwell’s guidelines for figures:
http://authorservices.wiley.com/bauthor/illustration.asp.

Check your electronic artwork before submitting it: http://authorservices.wiley.com/bauthor/eachecklist.asp.

7. AFTER ACCEPTANCE

7.1. Copyright

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an email
prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they will be
able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer
agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated with the
Copyright FAQs below:

CTA Terms and Conditions http://exchanges.wiley.com/authors/fags---copyright- 301.html

For authors choosing OnlineOpen
If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative Commons
License Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on
Wiley Author Services http://exchanges.wiley.com/authors/fags---copyright-_301.html and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by certain funders [e.g. The Wellcome Trust and
members of the Research Councils UK (RCUK) or the Austrian Science Fund (FWF)] you will be given the
opportunity to publish your article under a CC-BY license supporting you in complying with your Funder
requirements. For more information on this policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

7.2. Permissions
If all or parts of previously published illustrations are used, permission must be obtained from the copyright holder
concerned. It is the author's responsibility to obtain these in writing and provide copies to the publisher.
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ANEXO E

Instructions to authors - Archives of Oral Biology

Avrticle structure

Manuscript Structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text (Introduction,
Materials & Methods, Results, Discussion for an original paper), Acknowledgments, Appendix, References, Figure
Captions and then Tables. Do not import the Figures or Tables into your text. The corresponding author should be
identified with an asterisk and footnote. All other footnotes (except for table footnotes) should be identified with
superscript Arabic numbers.

Introduction

This should be a succinct statement of the problem investigated within the context of a brief review of the relevant
literature. Literature directly relevant to any inferences or argument presented in the Discussion should in general be
reserved for that section. The introduction may conclude with the reason for doing the work but should not state what
was done nor the findings.

Materials and Methods

Enough detail must be given here so that another worker can repeat the procedures exactly. Where the materials and
methods were exactly as in a previous paper, it is not necessary to repeat all the details but sufficient information
must be given for the reader to comprehend what was done without having to consult the earlier work.

Authors are requested to make plain that the conditions of animal and human experimentation are as outlined in the
"Ethics" and "Studies on Animals" sections above

Results or Findings

These should be given clearly and concisely. Care should be taken to avoid drawing inferences that belong to the
Discussion. Data may be presented in various forms such as histograms or tables but, in view of pressure on space,
presentation of the same data in more than one form is unacceptable.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion
section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

« Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and
check that all names are accurately spelled. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each affiliation, including the country
name and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. Ensure that the e-mail address is given and that contact details are kept up to
date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name.
The address at which the author actually did the work must be retained as the main, affiliation address. Superscript
Arabic numerals are used for such footnotes.

As titles frequently stand alone in indexes, bibliographic journals etc., and indexing of papers is, to an increasing
extent, becoming computerized from key words in the titles, it is important that titles should be as concise and
informative as possible. Thus the animal species to which the observations refer should always be given and it is
desirable to indicate the type of method on which the observations are based, e.g. chemical, bacteriological, electron-
microscopic, histochemical, etc. A "running title" of not more than 40 letters and spaces must also be supplied. A
keyword index must be supplied for each paper.

Structured abstract

The paper should be prefaced by an abstract aimed at giving the entire paper in miniature. Abstracts should be no
longer than 250 words and should be structured as per the guidelines published in the Journal of the American
Medical Association (JAMA 1995; 273: 27-34). In brief, the abstract should be divided into the following sections:
(1) Objective; (2) Design - if clinical, to include setting, selection of patients, details on the intervention, outcome
measures, etc.; if laboratory research, to include details on methods; (3) Results; (4) Conclusions.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the core
findings of the article and should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet
point). See http://www.elsevier.com/highlights for examples.
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Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding general and
plural terms and multiple concepts (avoid, for example, ‘and', ‘'of'). Be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

As Archives of Oral Biology is a journal with a multidisciplinary readership, abbreviations, except those universally
understood such as mm, g, min. u.v., w/v and those listed below, should be avoided if possible. Examples of
abbreviations which may be used without definition: ADP, AMP, ATP, DEAE-cellulose, DNA, RNA, EDTA, EMG,
tris.

Other abbreviations used to improve legibility should be listed as a footnote on the title page. Chemical symbols may
be used for elements, groups and simple compounds, but excessive use should be avoided. Abbreviations other than
the above should not be used in titles.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore,
include them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help
during the research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Bacterial nomenclature

Organisms should be referred to by their scientific names according to the binomial system. When first mentioned the
name should be spelt in full and in italics. Afterwards the genus should be abbreviated to its initial letter, e.g. 'S.
aureus' not 'Staph. aureus'. If abbreviation is likely to cause confusion or render the intended meaning unclear, the
names of microbes should be spelt in full. Only those names which were included in the Approved List of Bacterial
Names, Int J Syst Bacteriol 1980; 30: 225?420 and those which have been validly published in the Int J Syst Bacteriol
since 1 January 1980 have standing in nomenclature. If there is good reason to use a name that does not have standing
in nomenclature, the names should be enclosed in quotation marks and an appropriate statement concerning the
nomenclatural status of the name should be made in the text (for an example see Int J Syst Bacteriol 1980; 30:
5477556). When the genus alone is used as a noun or adjective, use lower case Roman not italic, e.g.'organisms were
staphylococci' and 'streptococcal infection'. If the genus is specifically referred to use italics e.g. 'organisms of the
genus Staphylococcus'. For genus in plural, use lower case roman e.g. 'salmonellae’; plurals may be anglicized
e.g.'salmonellas'. For trivial names, use lower case Roman e.g. 'meningococcus’

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for purposes of
deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly. For graphical images,
this journal is applying the following policy: no specific feature within an image may be enhanced, obscured, moved,
removed, or introduced. Adjustments of brightness, contrast, or color balance are acceptable if and as long as they do
not obscure or eliminate any information present in the original. Nonlinear adjustments (e.g. changes to gamma
settings) must be disclosed in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that
look similar.

» Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please
'Save as' or convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these typically have a low number of
pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.
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Ilustration services

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration Services to authors preparing
to submit a manuscript but concerned about the quality of the images accompanying their article. Elsevier's expert
illustrators can produce scientific, technical and medical-style images, as well as a full range of charts, tables and
graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the
article, or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text
and place any table notes below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical rules.

References

All manuscripts should use the "Vancouver" style for references, which should be numbered consecutively in
the order in which they are first cited in the text and listed at the end of the paper.

For journal references, all authors should be included when there are six or fewer (first six followed by ‘et al.' when
seven or more), followed by the title of article, name of journal abbreviated according to Index Medicus, or left in
full, year, volume with part number in brackets, and first and last pages. For example:

1. Walsh NP, Montague JC,Callow N and Rowlands AV. Saliva flow rate, total protein concentrationand osmolality
as potential markers of whole body hydration statusduring progressive acute dehydration in humans. Arch Oral
Bi0l2004;49(2):149-154.

For book references, the author(s) should be followed by the chapter title (if appropriate), editor(s) (if applicable),
book title, place of publication, publisher, year and page numbers. For example:

Nanci A. Ten Cate's Oral Histology: Development, Structure and Function. 6th ed. St. Louis: Mosby; 2003.

Papers in the course of publication should only be entered in the references if the paper has been accepted by a
journal, and then given in the standard manner in the text and list of references but with the words "In press"
following the name of the journal.

Reference management software

Most Elsevier journals have a standard template available in key reference management packages. This covers
packages using the Citation Style Language, such as Mendeley (http://www.mendeley.com/features/reference-
manager) and also others like EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are available from the
above sites, authors only need to select the appropriate journal template when preparing their article and the list of
references and citations to these will be formatted according to the journal style as described in this Guide. The
process of including templates in these packages is constantly ongoing. If the journal you are looking for does not
have a template available yet, please see the list of sample references and citations provided in this Guide to help you
format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style for this journal by
clicking the link below:

http://open.mendeley.com/use-citation-style/archives-of-oral-biology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for Microsoft
Word or LibreOffice. For more information about the Citation Style Language, visit http://citationstyles.org.
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ANEXO F

Instructions to authors - Letters in Applied Microbiology

Letters in Applied Microbiology provides for the rapid publication of short, high quality papers in the broad field of
applied microbiology, including environmental, food, agricultural, medical, pharmaceutical, veterinary, soil,
antimicrobials, water and biodeterioration. Advances in rapid methodology are a particular feature. The Journal
reflects developments in biotechnology in such fields as applied microbial genetics, immunodiagnosis and
fermentation science.

In May 2012, Letters in Applied Microbiology changed its focus to emphasise the significance and impact of the
work presented. Click here to read the Editorial announcing the new focus.

CONTACTS AND QUICK LINKS

Author Submission Checklist

Contact the Editorial Office

Contact the Production Editor

Submit your manuscript now to Letters in Applied Microbiology

Click here to download the Colour Work Agreement Form

Guidelines for Electronic Graphics

ARTICLE TYPES
Original Articles

Original Articles comprise most of the Journal and should have as their aim the development of concepts as well as
the recording of facts. The manuscript should be prepared for a wide readership and as far as possible should present
novel results of a substantial programme of research.

Reviews - Under the Microscope

Under the Microscope review articles will present a substantial survey with an adequate historical perspective of the
literature on some facet of applied microbiology. We would prefer to see a distillation of early and present work
within the field to show progress and explain the present interest, relevance and significant changes and impact. The
manuscript should not be simply a review of past work or be concentrated largely on unpublished results.

Letters to the Editor

The Chief Editor will consider letters which will provide further debate on a particular topic arising from the
publication of a paper in the Journal. Author(s) of the paper will be sent an edited copy of the letter and they will
have the right of reply. Both letters will be published in the Journal.

EDITORIAL PROCESS

New manuscripts sent to the Journal will be handled first by the Editorial Office who checks compliance with the
guidelines to authors. The Chief Editor then assigns the manuscript to a handling Editor, who assesses the manuscript
for suitability in the journal. At this screening stage a decision to reject or to go to full review is made. This step
ensures a rapid rejection of unsuitable manuscripts for the journal, and authors should not expect full comments if
papers are rejected at this stage. Manuscripts that go to full review are assigned a minimum of two reviewers.
Following the return of two reports, the handling Editor provides a report to the Chief Editor, who takes the decision
to accept, revise or reject the manuscript.
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Revised manuscripts are directly handled by the Chief Editor who decides whether or not the manuscript should go
back to the Editorial Office for additional comments from the reviewers. Following the return of a report from the
handling Editor and reviewers, the Chief Editor makes the decision to accept, further revise or reject the manuscript.

Authors may be advised that sequential publication of numbered papers will not be permitted.
EDITORIAL POLICY

To ensure responsible publication practices, this Journal adheres to Wiley Blackwell’s publication ethics policies,
which include guidelines on handling suspected publication misconduct and complaints about the Journal. This
Journal is a member of, and subscribes to the principles of, the Committee on Publication Ethics.

Authorship

Qualification for authorship should comprise (1) substantial contribution to conception and design or the acquisition
and analysis of data, (2) drafting or critically revising the manuscript, and (3) approval of the final submitted version.
All authors must satisfy all three criteria, and all those who do satisfy this criteria must be included in the list of
authors when the paper is submitted to the Journal. By submission of a manuscript to the Journal, all authors warrant
that they have the authority to publish the material and that the paper, or one substantially the same, has neither been
published previously, nor is being considered for publication elsewhere. Submissions may be subject to testing for
textual similarity to other published works via the CrossCheck software employed by the Journal.

Conflict of interest disclosure

Letters in Applied Microbiology requires that all authors disclose any potential sources of conflict of interest. Any
interest or relationship, financial or otherwise, that might be perceived as influencing an author's objectivity is
considered a potential source of conflict of interest. These must be disclosed when directly relevant or indirectly
related to the work that the authors describe in their manuscript. Potential sources of conflict of interest include but
are not limited to patent or stock ownership, membership of a company board of directors, membership of an
advisory board or committee for a company, and consultancy for or receipt of speaker's fees from a company. The
existence of a conflict of interest does not preclude publication in this journal.

If the authors have no conflict of interest to declare, they must also state this at submission. It is the responsibility of
the corresponding author to review this policy with all authors and to collectively list in the cover letter to the Chief
Editor, in the manuscript (in the Conflict of Interest section), and in the online submission system ALL pertinent
commercial and other relationships.

Ethics of experimentation

The Journal will only accept manuscripts in which there is evidence of the ethical use of animals or harmful
substances. The care and use of experimental animals must comply with all relevant local animal welfare laws,
guidelines and policies, and a statement of such compliance should be provided upon submission. Where possible,
alternative procedures that replace the use of animals, either partially or completely, for example in vitro biological
systems, should be used. Where this is not possible, the minimum number of animals should be used and pain and
suffering reduced, consistent with attaining the scientific objectives of the study. All reasonable steps must be taken
to ensure the humane treatment of animals, so as to minimize discomfort, distress and pain. Animals in pain or
moribund should be painlessly killed according to local euthanasia regulations. The Journal encourages
corresponding authors of manuscripts involving animal research to refer to the ARRIVE guidelines before
submission of a manuscript.

Potential threat to security

The Journal expects that all authors will conform to the National Science Advisory Board for Biosecurity (NSABB)
guidelines for Dual Use Life Sciences Research. Where a reviewer is concerned that an article might include
information that could be a threat to security then the Editor will treat the article as possible DURC (dual use research
of concern) and may consult a specialist reviewer. Their advice will be taken into account by the Editor in making
any final decision on publication.

Biosecurity
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The Journal asks authors of papers related to Schedule 5 biological agents to inform the Editor at the time of
manuscript submission if their study has the potential for both benevolent and malevolent application. This is often
referred to as “dual use research of concern”. The National Science Advisory Board for Biosecurity (NSABB)
guidelines state that a “dual use research of concern” can arise in relation to “research that, based on current
understanding, can be reasonably anticipated to provide knowledge, products, or technologies that could be directly
misapplied by others to pose a threat to public health and safety, agricultural crops and other plants, animals, the
environment, or material”.

Antibiotic antimicrobial testing and microbial resistance

A number of methods like disc diffusion, Etest, agar dilution, broth microdilution and broth macrodilution, are
suitable for in vitro antimicrobial susceptibility testing. However, the test used must be performed in accordance with
an internationally accepted procedure; for example tests published by the Clinical and Laboratory Standards Institute
(CLSI), the British Society for Antimicrobial Chemotherepy (BSAC), the Deutsches Institut fur Normung e.V. (DIN)
and the Comite de I'Antibiogramme de la Scoiete Francaise de Microbiologie (CA-SFM). Further guidence and
interpretation of MIC 50 and MIC 90 values as well as guidence for the interpretation of multiresistance can be found
in Schwarz et al. J. Antimicrobial Chemother 2010; 65: 601-604.

Data availability

Data that is integral to the paper must be made available in such a way as to enable readers to replicate, verify and
build upon the conclusions published in the paper. Any restriction on the availability of this data must be disclosed at
the time of submission. Data may be included as part of the main article where practical. We recommend that data for
which public repositories are widely used, and are accessible to all, should be deposited in such a repository prior to
publication. The appropriate linking details and identifier(s) should then be included in the publication and where
possible the repository, to facilitate linking between the journal article and the data. If such a repository does not
exist, data should be included as supporting information to the published paper or authors should agree to make their
data available upon reasonable request.

e Nucleotide sequence data should be deposited in the EMBL/GenBank/DDBJ Nucleotide Sequence Data
Libraries and the accession number referenced in the manuscript text, e.g. “E. coli (GenBank accession no.
EUXXXXXX.X)”. Sequence data should only be included if they are new (unpublished), complete (no
unidentified nucleotides included) and if the sequence information itself provides important new biological
insights of direct relevance to the question addressed in the manuscript. Generally sequences should not be
submitted if the same gene has been reported in another species unless a comparison with related sequences
contributes important new information.

e  Presentation of nucleotide sequences should include clear indications of nucleotide numbers and points of
interest, e.g. promoter sequences, ribosome binding sites, mutations, insertions, probe sequences, etc. In the
case of comparisons, nucleotides which differ between the sequences should be readily visible to the reader,
e.g. by the use of bold face, shading, boxing or by the use of a dash to represent identical nucleotides. The
font size used in the manuscript should facilitate appropriate reduction of the figure.

Copyright Transfer Agreement

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an email
prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they will be
able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer
agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated with the
Copyright FAQs below: CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags_copyright.asp

OnlineOpen
For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative Commons
License Open Access Agreements (OAA):
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Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on
Wiley Author Services http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the
Research Councils UK (RCUK) you will be given the opportunity to publish your article under a CC-BY license
supporting you in complying with Wellcome Trust and Research Councils UK requirements. For more information
on this policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

Referrals to the Open Access Journal MicrobiologyOpen and Food Science & Nutrition

This journal works together with two of Wiley's open access journals, MicrobiologyOpen and Food Science &
Nutrition, to enable rapid publication of good quality research that is unable to be accepted for publication by our
journal. Authors may be offered the option of having the paper, along with any related peer reviews, automatically
transferred for consideration by one of these two journals. MicrobiologyOpen and Food Science & Nutrition are
Wiley open access journals and article publication fees apply. For more information, please go to
www.microbiologyopen.com/info and www.foodscience-nutrition.com/info.

SUBMISSION

Authors should submit their manuscripts online at http://mc.manuscriptcentral.com/appliedmicrobiology. The main
text of a manuscript must be submitted as a Word document (.doc) or Rich Text Format (.rtf) file. All original files
that you upload will be available for the Editorial Office to access.

Cover letter

The cover letter should also disclose any potential sources of conflict of interest that Editors may consider relevant to
their manuscript.

Suggesting reviewers

Authors are invited to suggest at least two reviewers. It is not appropriate for reviewers to be members or former
members of the authors' organization(s), or to have been associated with them. Conversely, authors may identify
‘non-preferred’ reviewers or institutions that they would rather were not approached. Authors should give
justification for choosing non-preferred reviewers or institutions in their cover letter. Authors are advised that
handling Editors reserve the right to select reviewers of their choice.

MANUSCRIPT PREPARATION AND PRESENTATION

Manuscripts should be drafted as concisely as possible. As space in Letters is at a premium, individual papers have a
limit of approximately 4000 words, with no more than five figures and tables in total. The Editors reserve the right to
require authors to reduce the length of their manuscript. Manuscripts will not be reviewed unless the English is of a
publishable standard.

It is strongly recommended that you use the author submission checklist to help you to prepare your submission to the
Journal.

The main text of the manuscript should be prepared as a Word document (.doc) or Rich Text Format (.rtf) file. Text
must be double-spaced, and the pages of the manuscript must be numbered consecutively.

The title page should show the title of the manuscript; the names of authors and place(s) where the work was done; an
abbreviated running headline not exceeding 35 letters and spaces; and the complete contact details for the
corresponding author.
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Original Articles should contain the following sections in this order:

e SIGNIFICANCE AND IMPACT OF THE STUDY: This highlight section should explain the significance
and impact of the manuscript in up to 100 words. Click here to read more about what should be included in
this section.

e ABSTRACT: A brief summary of up to 200 words, the abstract should give the major findings of the
investigation. The text should be unstructured, with no section headings. A list of between five and eight
keywords should also be added;

e INTRODUCTION: A balance must be struck between the pure and applied aspects of the subject;

e RESULTS AND DISCUSSION (combined): Well-prepared tables and figures must be a cardinal feature of
this section as they convey the major observations to readers. Information provided in tables and figures
should not be repeated in the text, but focus attention on the importance of the significance and impact of
the principal findings of the study.

e MATERIALS AND METHODS: Ensure that the work can be repeated according to the details provided.
By submission of a manuscript, the authors consent that biological material, including plasmids, viruses and
microbial strains, unobtainable from national collections will be made available to members of the
scientific community for non-commercial purposes subject to national and international regulations
governing the supply of biological material. In the case of a new diagnostic PCR, you should consider the
need for an internal amplification control (JAM 2004 96(2):221; available here).

e ACKNOWLEDGEMENTS: Contributors who do not qualify as authors should be acknowledged and their
particular contribution described. All sources of funding for the work reported, for all the authors, must be
acknowledged. Both the research funder and the grant number (if applicable) should be given for each
source of funds;

e CONFLICT OF INTEREST: If no conflict of interest exists, then 'no conflict of interest declared' should
appear within this section. Otherwise, authors should list all pertinent commercial and other relationships
that may be perceived as a potential source of conflict of interest.

e REFERENCES;

e SUPPORTING INFORMATION (if applicable): Supporting Information can be a useful way for an author
to include important but ancillary information with the online version of an article. Examples of Supporting
Information include additional tables, data sets, figures, movie files, audio clips, 3D structures, and other
related nonessential multimedia files. Supporting Information should be cited within the article text. The
availability of supporting information should be indicated in the main manuscript by a section headed
'Supporting Information’, under which should be appropriate legends for the material. It is published as
supplied by the author, and a proof is not made available prior to publication; for these reasons, authors
should provide any Supporting Information in the desired final format. For further information on
recommended file types and requirements for submission, please visit:
http://authorservices.wiley.com/bauthor/suppinfo.asp

The headings in Under the Microscope review articles are of the author's choice. As references can make a heavy
demand on the pages available to you, it is suggested that you select key references only.

References

The Harvard system should be used. Citation of references having three or more names should be cited in the text as
Jones et al. (1992) at the first and subsequent times of quoting the reference. A series of references should be given in
ascending date order (Green and Smith 1946; Jones et al. 1956). Names with the prefixes de, do van, von, etc. will be
placed in alphabetical order of the first letter of the prefix, e.g. von Braun would appear under 'V'. Different
publications having the same author(s) and year will be distinguished by, for example, 1992a, 1992b. Papers or other
publications having no obvious author(s) should usually be cited as 'Anon." with the year in the text and bibliography.
Web sites should be quoted in the text with an access date. Abbreviate journal titles according to Index Medicus
(http://www.nIm.nih.gov/tsd/serials/terms_cond.html). Personal communications should be cited in the text with
initials and family name of all individuals.

The following is an example of order and style to be used in the manuscript:

Fricker, C.R. (1995) Detection of Cryptosporidium and Giardia in water. In Protozoan Parasites in Water ed. Betts,
W.B., Casemore, D., Fricker, C.R., Smith, H.V. and Watkins, J. pp.91-96. London: The Royal Society of Chemistry.

Garner, J.S. and Favero, M.S. (1985) Guidelines for Handwashing and Hospital Environment Control. US Public
Health Service, Centers for Disease Control HHS No. 99-117. Washington DC: Government Printing Office.
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Laverick, M.A., Wyn-Jones, A.P. and Carter, M.J. (2004) Quantitative RT-PCR for the enumeration of noroviruses
(Norwalk-like viruses) in water and sewage. Lett Appl Microbiol 39, 127-135.

As space in LAM is at a premium, manuscripts must contain no more than five figures and tables IN TOTAL.
Tables

Tables must be prepared in the same format as the manuscript text, and should ideally appear at the end of the main
manuscript file. Tables must not include ruled vertical or horizontal lines with the exception of headers and a footer
(see example). The use of explanatory footnotes is permissible and they should be marked by the following (shown in
order of preference): *, T, 1, §, Y, **, 1T etc. For an example of table style, click here.

Figures

Figures should be uploaded to the online submission site as separate files. Authors are advised that poor quality
figures may delay the publication of their paper. Symbols or keys representing data series in graphs and charts must
not be shown on the figure itself but be included in the legend. For an example of figure style, click here.

Photographs must be of good quality and high contrast. The magnification must be indicated by adding a bar
representing a stated length. Composite photographs can reduce the numbers that require publication. The Journal
will not accept figures illustrating SDS-PAGE and agarose gels with multiple lanes, where lane order has been
rearranged using digital imaging software. The figure should also show sufficient of the gel to reveal reference
markers (e.g. the sample origin and a tracker dye, or a lane of molecular mass markers).

e Save line art such as charts, graphs and illustrations in EPS or PDF format. Most programs have a ‘Save
as...” or ‘Export...” feature to allow you to do this

e  Save photographic images in TIFF format. These should be at a resolution of at least 300 dpi at final size

e  Save figures containing a combination of photographic images and text (eg annotated photographic images
with text labels) as EPS or PDF. Any photographic images embedded within these should be at least 300
dpi

e  Perform a visual check of the quality of the generated image. You should be able to zoom in to about 300%
without the image becoming noticeably blurred or pixelated. If the image does appear pixelated at this
zoom, then try going back to the original image and checking that it complies with the recommended
format and settings

e  Detailed information on the submission of electronic artwork can be found at:
http://authorservices.wiley.com/bauthor/illustration.asp.

Colour figures

Online-only colour in figures is free of charge, however it is essential in these cases that the figure legends apply
equally well to both printed greyscale and online colour versions, and do not specifically refer to the colour.
Alternatively you can opt to pay for colour in the print and online versions. If your paper is accepted and you have
opted for printed colour, we will need a completed Colour Work Agreement Form. This form can be downloaded as a
PDF from here and should be sent to the provided address on acceptance.

English usage, abbreviations and units

Use 'z’ spelling where possible, except analyse, dialyse, hydrolyse, etc.; sulphur, sulphate, etc. When using numbers
in the text, one to nine should be written in full and 10 and above should be written as numerals. The Journal uses Sl
units: g I not g/I; d, h, min, s (time units) but week and year in full; mol I'* (not M or N); probability is P;
centrifugation conditions relative to gravity (g). Please refer to the Biochemical Journal 'Instructions to Authors'
www.biochemj.org/bj/bji2a.htm.

Please click here for some examples of common abbreviations used in the Journal
Microbial nomenclature

The Latin binomial name of micro-organisms, plants and animals (other than farm animals) must be given at first
mention in the text; thereafter the generic name will be abbreviated in such a way that confusion is avoided when
dealing with several genera all beginning with the same letter, viz. Pseudomonas, Proteus, Pediococcus, etc. (see list
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of abbreviations below). Subspecies are italized (Corynebacterium diphtheriae subsp. mitis); groups and types are
printed in Roman and designated by capital letters or Arabic figures (e.g. Staphylococcus aureus group A). Common
names will not have an initial capital letter nor will they be underlined in the manuscript, viz. pseudomonad,
salmonellas. The specific name will be given in full in the captions to tables and figures. Major ranks are written in
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