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RESUMO

A prevaléncia da carie precoce da infancia (CPI) no Brasil € alta e a severidade aumenta com
a idade. A andlise da literatura evidéncia que a saliva contém biomarcadores e esses, t€ém sido
correlacionados com a cérie dentdria. No entanto, ndo se tem conhecimento de pesquisas
prévias que tenham avaliado se esses biomarcadores salivares podem ser considerados
preditores de risco de carie dentdria em pré-escolares. Assim, o presente estudo teve como
objetivos:1. Investigar a associac@o entre a cérie precoce da infancia, a presencga de biofilme
visivel nas superficies vestibulares dos incisivos superiores anteriores € biomarcadores
salivares como a o amilase salivar e a anidrase carbonica VI(AC VI); 2. Investigar se
biomarcadores salivares como a o amilase salivar e a anidrase carbonica VI, bem como a
presenca de biofilme visivel,sdo preditores de risco para a cdrie precoce da infancia. Para isto,
a amostra foi constituida de 100pré-escolares de 24 a 48 meses, de ambos os géneros, que
frequentavam creches e pré-escolas municipais na cidade de Piracicaba-SP. As criangas foram
submetidas ao exame clinico para determinacdo do indice de cérie, pelo critério de Nyvad
(1999), adaptado para dentes deciduos por Séllos e Sovieiro (2011) e a verificacdo da
presenca de biofilme visivel.Assim, 02 grupos foram constituidos: Grupo livre de carie (n=55)
e Grupo com cdrie (n=45).A seguirrealizou-se a coleta de saliva para andlise das proteinas
salivares.Foram determinadas a atividade da amilase salivar e a atividade da AC VI,por meio
dos métodos Elisa e Zimografia, respectivamente. Apés 1 ano, as criancas foram reavaliadas
para a determinacdo do indice de cdrie e verificacdo da presenca de biofilme visivel. Os
resultados obtidos foram submetidos aos testes deMann-Whitney, qui-quadrado, a anélise de
regressdo logistica mdltipla, além da correlacio de Spearman para avaliar a relacdo entre a
cérie e as varidveis estudadas. Todas as analises foram realizadas empregando-se um nivel de
significincia de 5% e um intervalo de confianca de 95%. A atividade da AC VI foi
significativamente maior na saliva das criangas do grupo com carie(p < 0,05). Por outro lado,
a atividade da o amilase salivar foi significativamente maior na saliva das criangas livres de
cérie (p < 0,0001). A presenca de biofilme visivel aumentou em 3,6 vezes o risco de a crianca
desenvolver CPI (OR=3,6). Além disso, criangas com atividade da o amilase salivar menor
que 122,8 U/mLapresentaram 3,33 vezes maior risco de desenvolver cdrie precoce
(OR=3,33). Os resultados encontrados nos permitem concluir que a presenca de biofilme
visivel e a menor atividade da o amilase salivarpodem ser consideradas preditores de risco

para a cdrie precoce da infancia.

Palavras chave: Cérie dental, alfa amilase, anidrase carbdnica, biofilme dentério e proteinas

salivares.



ABSTRACT

The prevalence of early childhood caries (ECC) in Brazil is high and its severity increases
with age. The literature shows that saliva contains biomarkers and theyhave been correlated
with tooth decay. However,whether these salivary biomarkers can be consideredprecdictorsof
dental caries in preschoolers is largely unknown.Thus, this study aimed to:1-Investigate the
association between ECC and clinically visible biofilm, and salivary biomarkers as a amylase
and carbonic anhydrase VI. 2- Investigate if salivary biomarkers such as o amylase and
carbonic anhydrase as well as clinically visible biofilm can predict caries development in
preschool children. The sample consisted of 100preschool children 24-48 months, of both
genders, who attended kindergartens and municipal preschools in the city of Piracicaba-SP,
Brazil. The children underwent clinical examination to determine the decay rate using
theNyvad criteria, adapted for primary teeth by Séllos and Sovieiro (2011)and for verification
of the presence of visible biofilm. Then, two groups were formed: caries free group (n=55)
and group with caries(n=45). Following, saliva samples were collected and the activity of
salivary o amylase and carbonic anhydrase VI were determined using Elisa and zymography
methods, respectively. After one year, the children were clinically examined again to
determine the decay rate and to verify the presence of visible biofilm. The results were
subjected toMann-Whitney test, chi-square test as well to multiple logistic regression
analysis.In addition, the Spearman correlation test was used to assess the relationship between
the decay and the studied variables. All analyses were performed using a significance level of
5% and a 95% confidence interval. The activity of AC VI was significantly higher in the saliva
of children in the caries group (p < 0.05). On the other hand, the activity of salivary a amylase
was significantly higher in the saliva caries freechildren (p <0.0001). The presence of visible
biofilm increased 3.6 times therisk to develop ECC (OR = 3.6). In addition, children with
activity of salivary a amylase lower than 122,8 U/mL had 3.33 times higher risk of
developing ECC than children showing higher activity of this protein in their saliva. (OR =
3.33). The results allow us to conclude that the presence of visible biofilm and a lower

salivary activity of a amylase may be considered risk predictors for early childhood caries.

Key words: dental caries, alpha amylase, carbonic anhydrase, dental plaque and salivary

proteins.
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1 INTRODUCAO

A carie precoce da infancia (CPI) é definida como a presenca de uma ou mais
superficies dentais cariadas (cavitadas ou nao), perdidas ou obturadas (ceo-s) em pré-

escolares com idade inferior a 06 anos (AAPD, 2014).

Levantamentos epidemioldgicos evidenciaram que no Brasil a CPI apresenta-se
como um problema de saude publica. No ultimo relatério de saude bucal, Projeto SB Brasil
2010 (Ministério da Saude), apenas 46,6% das criangas brasileiras, aos cinco anos de idade, se
apresentaram livres de cdrie na denticdo decidua. Ainda, na mesma faixa etdria, uma crianca
brasileira possuia, em média, 2,43 dentes com experiéncia de cédrie, com predominio do
componente cariado, que € responsdvel por mais de 80% do indice. Estes indices chamam a
atencdo para a importancia de se pesquisar os fatores relacionados com o desenvolvimento e
progressdao desta doenca. Além disso, a populacdo infantil que apresenta CPI, também
apresenta maior risco de desenvolvimento de cdrie futura, sendo a experiéncia passada dessa
doenca considerada um dos preditores de risco mais significativos (Parisotto et al., 2012),
demostrado por pesquisa longitudinal recentemente realizada, a qual verificou que pré-
escolares com CPI apresentaram riscos 17 e 24 vezes maiores de desenvolverem novas lesdes
de manchas brancas ativas e de apresentarem lesdes de cdrie cavitadas, respectivamente

(Parisotto et al., 2012).

Os fatores primédrios relacionados a etiologia do processo carioso e da CPI sdo a
presenca de bactérias cariogénicas, carboidratos fermentdveis e hospedeiro ou superficie
dentdria susceptiveis, que interagem em determinado periodo de tempo. (Rosenblatt e Harris,
2004; Parissoto et al.,2010; Sheiham e James, 2015; Peres et al., 2016). Dentre esses fatores, a
frequéncia de exposicdo a sacarose tem sido destacada como responsdvel pelas alteragdes
organicas, inorganicas (Ashley e Wilson, 1977; Nobre dos Santos et al., 2002) e
microbioldgicas (Parisotto et al., 2010) no biofilme dentdrio. Em pré-escolares, um elevado
nimero de bactérias cariogénicas como Streptococcusmutans(SM) e Lactobacillus, a presenca
de biofilme dental visivel na regido anterossuperior dos dentes deciduos, praticas inadequadas
de alimentacdo, nivel socioecondmico e escolaridade tém sido identificadas como fatores
importantes como indicadores de risco (Selwitz et al., 2007; Oliveira et al., 2008; Takahashi e

Nyvad, 2008) e na predicdo do desenvolvimento a cérie (Parisotto et al., 2010).
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A cérie dentariaé reconhecida comouma doencamultifatorial biofilme-agucar-
dependente (Fejerskov, 2004; Sheiham e James, 2015), causadapor interagdescomplexas
entreas bactériasprodutoras de 4cido, carboidratos fermentdveise muitosfatores do hospedeiro,
incluindo asaliva(Selwitz et al.,2007).Pesquisas atuais procuram identificar os fatores de risco
da cérie dentdria, bem como as defesas bucais naturais que podem proteger ou prevenir o
desenvolvimento da doenca cérie. A saliva, apesar de ser um sistema de defesa efetivo,
apresenta uma grande variedade de propriedades e proteinas cujosmecanismos ainda ndo sao

completamente conhecidos (Sumatti Bhalla et al.,2010).

A saliva é um importante fator de protecdo da cavidade bucal. Dentre suas
multiplas funcdes, destacam-se o clearence promovido pelo fluxo salivar € a manutencao do
pH em niveis aceitdveis pela capacidadetamponante, devido principalmente aos tampdes
bicarbonato e fosfato (Bardow et al., 2000) que servem como fator protetor tanto para a cdrie

(Bagherian eAsadikaram, 2012), quanto para a erosao dentdrias (Hara et al., 2006).

Além de suas propriedades inorganicas, a composi¢do proteica da saliva tem
grande importancia uma vez que confere funcdo digestiva, lubrificante e protetora.As
proteinas salivares também se ligam a superficie dental formando uma pelicula adquirida que
se comporta como uma membrana (Lendenmann et al., 2000; Hara et al., 2006). Outro
aspecto salivar importante para a manutencdo de um meio bucal sauddvel diz respeito a
concentracdo de proteinas. A variabilidade das proteinas salivares e suas modificacdes pds-
traducdo podem desempenhar um papel significativo na determinacdo de suas caracteristicas
de protecdo a cérie dentdria Assim, entende-se que as proteinas da saliva podem contribuir
para a avaliacdo do risco de cérie dentdria em criancas e, portanto, para a prevengdo desta
doenca. Dessa forma, o estudo desses marcadores, representa uma drea de pesquisa muito

relevante para o entendimento da cérie precoce (Banderas-Tarabay et al.,2002).

Dentre as proteinas da saliva a o amilase salivar ¢ a mais abundante na saliva
(Singh et al., 2015). Ela pertence a familia de proteinas que se apresenta de vdrias isoformas
as quais diferem quanto 2 carga e a glicolisagdo. E considerada uma metaloenzima que
contém cdlcio hidrolisando as quatro ligagdes de amido em glicose e maltose, sendo esta sua
principal fun¢do. Tradicionalmente, a o amilase salivar era estudada apenas como uma enzima
iniciadora do processo de digestdo do amido na cavidade bucal, porém durante os dltimos
anos, linhas de pesquisas demonstraram que a o amilase salivar tem uma funcdo pouco

estudada e até agora negligenciada, que demostra sua capacidade de inibir diretamente o
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crescimento de algumas bactérias, além de se ligar especificamente com elevada afinidade a
vérias bactérias do tipo estreptococos orais (Bosch et al., 2003). Uma vez ligada a essas
bactérias a o amilase salivar retém a sua atividade enzimatica, além de ser encontrada na
pelicula adquirida do esmalte e biofilme dental, podendo mediar a adesdo de estreptococos a
superficie do dente. Devido a estas caracteristicas a o amilase salivar pode, a partir de sua
aderéncia as bactérias, contribuir para a formacao do biofilme, por meio da digestao do amido
(Scannapieco et al., 1993; Singh et al.,2015).Por outro lado, a sua ligacdo com bactérias
cariogénicas na saliva poderia ser considerada protetora se a a amilase for capaz de promover
a eliminacdo bacteriana da cavidade oral. Essas evidéncias demostram a importancia da o
amilase salivar no processo dindmico da cdrie dentéria, principalmente devido ao seu possivel

papel protetor (Scannapieco et al., 1993).

Além da o amilase salivar, outra proteina encontrada na saliva e que
desempenha um papel importante na dinamica do processo de cédrie ¢ a AC VI. As anidrases
carbOnicas sdo consideradas isoenzimas, formadas por polipeptideos e que, em sua forma
nativa, contém um ion zinco fortemente ligado, essencial para a sua atividade catalitica. A
atividade da AC na saliva humana foi relatada pela primeira vez por Becks & Wainwright em
1939, € a tunica isoenzima secretada pelas células acinares serosas das glandulas salivares
parétida e submandibular. A AC VI mantém o pH fisioldgico catalisando a reacdo reversivel
do dioxido de carbono na reacio CO; + H,O < H»COs <> H*.Através da sua atividade
catalitica, ela aumenta a capacidade tampao da saliva, principalmente do tampao bicarbonato,
o tampao mais importante da saliva, regulando o pH do meio bucal, por conseguir penetrar no

biofilme e facilitar a neutralizacdo dcida proveniente do metabolismo bacteriano (Kimoto et

al., 20006).

O efeito desta proteina sobre a cdrie dentdria foi pesquisado por Szabd e
colaboradores em 1974 que mostrou uma maior concentracdo da AC VI em criancgas livres de
carie do que naquelas com cdrie. Da mesma forma, Kivela e coloboradores em 1999
demostraram que baixas concentracdes de AC VI na saliva foram associadas a prevaléncia de
carie dentdria, especialmente em individuos com higiene bucal deficiente. Sabe-se que os
achados na literatura apresentam resultados conflitantes, desta maneira Ozturk e
colaboradores em 2008 ndo observaram diferenca siginificativa na concentracdo de AC VI na
saliva e biofilme de adultos divididos em grupo com cdrie e livres de cérie. Importante mesmo
¢ que o fato da AC VI estar concentrada na cavidade bucal ndo indica necessariamente que

esta proteina esteja ativa. Portanto mais relevante do que a concentracdo da isoenzima no
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meio, € a sua atividade, ja que alguns estudos indicam que sua capacidade de regulacdo do pH
e seu poder de catalisar a reacdo do tampdo bicarbonato ndo estdo diretamente associadas a

sua concentracdo na saliva (Parkkila et al., 1993; Kivela et al., 1997).

Dessa forma, no presente estudo, investigau-se a associagdo entre a CPI, a
presenca de biofilme visivel e biomarcadores salivares como a AC VI e a alfa amilase salivar,

além de investigar se essas varidveis sdo preditoras de risco para a carie precoce da infancia.
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Abstract

This longitudinal study aimed to investigate the relationship between early childhood caries
(ECC) and alpha amylase, carbonic anhydrase VI (CA VI)as well as thepresence of visible
biofilmand detect if these factors could predict the risk for ECC development.

One hundred childrenwere divided into two groups: caries group (n=45) and caries-free group
(n=55). Visible biofilm on maxillary incisors was recorded, followed by caries diagnosis in
preschoolers at baseline and after one yearaccording to Nyvad’s index (1999) adapted to
primary teeth by Séllos and Sovieiro (2011). Saliva samples were collectedandactivity of CA
VI anda amylasewere determined by zymography and ELISA methods,respectively. After 1
year, dental caries and presence of visible biofilmwere reassessed. Data were analyzed by
Shapiro Wilk normality test, Mann Whitney test and Spearman correlation test.Moreover, the
chi-square test followed by multiple logistic regression analysis were performed (0=0.05,
95% confidence interval). Activity of CA VI was significantly higher in the saliva of children
with caries (p=0.05) andactivity of o amylase was significantly higher in saliva of caries-free
children (p <0.0001).In addition, children with activity of aamylase in saliva lower than
122.8U/mL (OR=3.33) andshowingvisible biofilm on maxillary incisors(OR=3.6)showed
higher risk of developing caries(p<0.05).

The presence of visible biofilm and salivary activity of a amylase may be considered risk

predictors for early childhood caries.

Key words: dental caries, alpha amylase, carbonic anhydrase, biofilm and salivary proteins.

1.Introduction

Early childhood caries (ECC) is a multifactorial sucrose-biofilm dependent disease
(Sheiham and James, 2015) and it is considered the most common disease in childhood (Misra
et al., 2007. ECC is characterized by the presence of early caries lesions in the tooth cervical
region and around the marginal gum of upper incisors, wherein the biofilm accumulates more
easily in children younger than 6 years (AAPD, 2014).

With respect to the caries protective functions of saliva, the clearance promoted by
salivary flow and pH stability, at acceptable levels stand out, mainly due to bicarbonate and
phosphate buffer systems (Bardow et al., 2000; Bagherian and Asadikaram, 2012). In addition
to these functions, saliva has proteins, which play an important role in maintaining the

homeostasis of the oral environment and in the dynamics of the carious process. CA VI is an
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isoenzyme, which maintains the physiological pH by catalyzing the hydration of carbon
dioxide in the reactionCO, + H,O <> HCOs; + H". The CA VI is secreted into the external
medium and its concentration in saliva has been associated with the prevalence of dental
caries, particularly in subjects with poor oral hygiene (Kivela et al., 1999).In this regard, early
studies haveshown that salivaryCA VI is able to penetrate into the biofilm,to facilitate
theneutraliSation of acids from bacteria (Kimoto et al., 2006). However, an elevatedCA VI
concentrations in the oral cavity does not necessarily indicate that the enzyme is active, so
more important than its concentration, is the enzyme’s activity, as some studies indicate that
pH adjustment capacity and its power to catalyze the reaction of bicarbonate buffer are not
directly related to its concentration in saliva (Parkkila et al., 1993; Kivela et al, 1997). In this
regard, to our knowledge only the study performed by Frasseto et al.,(2012) investigated the
activity of CA VI in saliva as well as its relationship with ECC. These authors demonstrated
that after a 20% sucrose rinse, the activity of salivary CAVI was higher in pre-school children
with dental caries.

The salivaryo amylase is one of the most abundant components in saliva, is
responsible for the digestion of carbohydrates and 80%of its total volume andis produced by
the parotid glands (Singh et al., 2015). It is found in abundance in the acquired pelicle being
capable of modulating bacterial colonization, as well as providing additional glucose to the
biofilm formation process, and thus, an ally in the caries development. Moreover, it has been
shown that this protein is also capable of binding to the membrane of bacteria such as S.
mutans and Lactobacillus and thus promote removal of these bacteria from the oral cavity,
which could help to reduce these microorganisms and, consequently, to lower the risk of
development of ECC (Scannapieco et al., 1993; Singh et al., 2015). Regarding the relationship
between salivaryo amylase and dental caries, a previous studydemonstrated that the
concentration of this protein waswas higher in saliva of 4 and 8 year old children with active
caries as compared with the caries-free one (Singh et al., 2015). In the same way, Balekjian et
al., 1795 showed that parotid salivasamples of caries rampant group had a significantly
higherlevel of iso-amylase than saliva of thecaries-resistant children. In addition, higher
concentrations of alpha amylase were detected in saliva of caries susceptible young
adults(Vitorinoet al., 2006). However, determining just the concentration of this protein in
saliva does not provide insightsabout the activity ofalpha amylase in this media. Thus, it
would be relevant to investigate how activity of alpha amylase behaves in saliva of children
with ECC. Furthermore, whether salivary biomarkers such as CA VI andalpha amylasecan

be considered predictors for ECC in preschoolers is largely unknown.
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This longitudinal study aimed to investigate the associationbetween early childhood
caries and alpha amylase, carbonic anhydrase VIas well as thepresence of visible biofilmand

examinedif these factors could predict the risk for ECC development.
2.Material and methods

2.1Ethical considerations

This study was approved by the Ethics Committee in Research of Piracicaba Dental
School/University of Campinas, under protocol number 058/2014. Parents or guardians who
agreed with the inclusion of the children in the study completed and signed a free and
informed consent. In addition, all preschoolers selected to participate in the study agreed to do
so through the consent term (term that clearly explains, according to the age range of
participants,how the research will be carried outand asking if they agree to participate in the

survey).

2.2 Sample

To perform this investigation, we based the sample power calculation (95%; o = 5%)
on the study previously performed by our group which used similar methodology and found
that activity (+standard deviation) of CA VI in saliva of caries and caries-free groups were
42.75 (£32.47) and 19.13 (%16.39), respectively (Frasseto et al.,2012). Sample size was based
on these averages for two independent samples and bilateral test (parametric test) by the

2
(512+522)(Z1—%+Z1—ﬁ)

(%1-%2)?

equation: = . Thus, the calculated number of 31 preschool children was

chosen to take part in this study. Since this was a longitudinal investigation, the calculated
number (31) was increased by 20% to compensate for possible subject drop-out rate,
totalizing a minimum of 37 children per group (caries and caries-free groups).

Initially, 316 children wereapproached, but only 100 preschoolersbetween 24-48
months of both genders, regularly attendingSmunicipal preschools in the city of Piracicaba,
SP,Brazil,located in the urban area were selected. They were divided in two groups: caries-
free (n = 55) and group with caries (n = 45). These preschoolers were initially examined for
visible biofilm on maxillary incisors, followed by caries diagnosis at baseline and after one
year, 19 children were excluded due to preschool changes. Thus, 81 children were re-
examined for verification of the visible biofilm, followed by caries diagnosis to allow caries

incrementcalculation (Figure 1).
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Piracicaba has a population around 365 thousand inhabitants with fluoridated public
water supply (0.7 ppm F) since 1980. The children received, early in the research and in the
second evaluation, after one year, a kit containing a toothbrush, fluoride toothpaste (1100 ppm
F) and oral hygiene instruction.In addition, children who needed dental treatment were sent to
be treatedinthe Pediatric Dentistry Department at the Piracicaba Dental School - University of
Campinas.

The inclusion criteria were childrenwith age range between 24-48 months, enrolled
in preschools in the city of Piracicaba, SP, Brazil. The exclusion criteria were children
syndromes or chronic systemic diseases; parent’s refusal to sign the informed consent and

children who did not cooperate or agreed to participate.

2.3 Study design
Children invited to
participate in the study:
n=316 Excluded
Children with syndromes
or chronic systemic
Included children diseases: n =3
— =100 | Children whose parents
refused to sign the
informed consent: n = 44
e Presence of biofilm exam Children out of the
o _ _ research age range:
e Caries index diagnostic — 169
exam and group allocation =
I
[ i
Caries-free group Group with caries
n=55 n=45
| |
| O
. ne year
R after Excluded
| | ¢—= | Children who changed
Saliva collection n=_8l Eohaols:
‘ n=19
I
Carbonic anhydrase ¢ Presence of
VI and Salivary biofilm exam
amylase activities ¢ Caries index
analysis diagnostic exam

Figure 1. Participant’s flow chart distribution and study design.
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2.4 Calibration of the examiner

The examinations were performed by only one dentist (G.N.B) previously
calibrated, who received the assistance of a helper. For calibration, sessions of theoretical
discussions were conducted using clinical images of the diagnostic criteria according to the
Nyvadcriteria (Nyvad, 1999) adapted to primary teeth by Séllos and Sovieiro (2011).
Following, training exercises were carried out to reinforce what was learned in theoretical
discussionswith children who attended the Pediatric Dentistry Clinic at Piracicaba Dental
School; Thus, 12 children whose parents had authorized to be clinically examined were
selected. This training was conducted by a researcher with experience in epidemiological
surveys (TMP).

To determine the degree of intra-examiner agreement, children were selected from
daycare centers and preschools included in the survey, when an initial examinationwas carried
outand repeated, after one week. The Kappa statistic was then calculated and a Kappa

coefficient of 0.81was obtained (Oakley, 2002).

2.5Presence of visible biofilm examination
The presence of visible biofilm was observed on buccal surfaces of the four upper
incisors by visual examination (Alaluusua and Malmivirta, 1994) and recorded in the clinical

record to be 0 for no visible biofilm and 1 for presence of visible biofilm.

2.6 Determination of the caries index

The diagnosis of dental caries was carried out by visual inspection method, with
the aid of a clinical mirror and flashlight according to Nyvad’s index (1999) adapted to
primary teeth by Séllos and Sovieiro (2011) (ANEXOS 2, 3 e 4). This caries diagnosis
method has the advantage to allow the assessment of the extent and depth of carious lesions
from pre-cavitated to deep cavities stage in enamel and dentin lesions, allowing for the
evaluation of disease activity. A portable dental unit with a triple syringe, including a portable
compressor (Odontocase Basic Line, Rio de Janeiro, Brazil)was used in order to allow the
teeth surfaces drying, which facilitated the dental cariesdiagnosis. Prior to examination, the
children preformed mechanical removal of biofilmby toothbrushing. The explorer was
eventually used to clean any surface or detect dental sealants (Kopycka-Kedzierawski and

Billings, 2004). The teeth were considered all erupted when they had gone through the
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gingival mucosa.

2.7 Saliva Collection

Whole saliva was collected in the morning, between 8:00 and 10:00 am, at least
one hour after food intake. The preschoolers were sitting while the saliva was collected from
the mouth floor by suction technique with a disposable pipette. No salivary stimulation was
made, but pipettes were often bitten, which probably caused some mechanical stimulation of
the salivary flow (Hyyppa et al., 1989). Saliva samples were kept under dry ice cooling and
were transported to the Pediatric Dentistry laboratory at Piracicaba Dental School, University
of Campinas. Then, they were centrifuged at 16,000 g at 4° C for 10 minutes, separated into

aliquots in microcentrifuge tubes, identified and stored at - 80° C until biochemical analyses.

2.8 Determination of the a-amylase activity

The activity of salivary o amylase was measured by means of the enzyme
immunoassay kit (ELISA) (Salimetrics, State College, PA, USA). Initially, saliva samples
were diluted using the camylase diluent solution (1: 200 dilution) and brought to stirring. The
samples and controls volumes were measured in the same 8uL plate at 37° C temperature.
This method uses a chromogenic substrate, colo-2-p-nitrophenol associated with maltotriose.
The substrate was preheated to 37° C and added 320 uL of each cell solution was added. The
enzymatic action of a amylase produced by the 2-chloro-p-nitrophenol substrate,is directly
proportional to the activity of o amylase in the sample. The optical density was performed by
the solution absorbance reading at 405 nm for 3 minutes on a spectrophotometer (Bio Tek

Instruments, Wiooski, VT, USA) and active of o amylase was expressed as U/mL of saliva.

2.9 Determination of the Carbonic Anhydrase VI activity

The determination of CA VI activity was performed by the zymography method
(Kotwica et al. 2006), using a modified protocol. After being thawed, 10 puL of saliva was
added to 10 pL of Tris buffer for zymography. The solution material was stirred before being
placed on acrylamide gel at 30% and bisacrylamide at 0.8%. After that, 20 pL of this sample
was placed in each channel of the gel, which remained for 1:50h at 140 V and at 4°C.
Following electrophoresis, the gel was stained for 10 min with 0.1% bromothymol blue. CA
VI activity was observed after immersing the gel in distilled deionized water saturated with

CO:. The gels were photographed, and the images were quantified using the Image J software
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(Collins, 2007) which calculated the luminescence in the area of the band and expressed CA

VI activity in numerical values (pixels area).

2.10 Statistical analysis

All results were submitted to the Shapiro-Wilk test to assess normality of the data.
The dependent variable was dental caries. The independent variables were the presence of
visible biofilm, activity of salivary alpha amylase and activity of CA VI, as well as gender
and race. The independent variables, carbonic anhydrase VI and salivaryo amylase were
analysed using the Mann-Whitney test. In addition, the Spearman correlationteswas used to
investigate possible correlation between dental caries and all independent variables.

Moreover,all independent variables were dichotomized, considering their median or
presence / absence of biofilm. These variables were initially tested (chi-square test) to
investigate possible associations between dependent and independent variables. Multiple
logistic regression analysis and relative risk were expressed as odds ratios with their
respective 95% confidence intervals to identify the factors that could predict ECC presence.

Statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL,

USA), significance level was set at 5%.
3.Results
Table 1 shows the general characteristics of the participants in the study. It can be

noted that most children are female and that the majority is not white.

Table 1. General characteristics of the participants.

Variables n(%)
Gender Male 43(43,00)
Female 57(57,00)
Ethnicity White 44(44,00)
Not white 56(56,00)
n=100

Table 2 shows the mean numbers of surfaces/teethaffected by caries at baseline

and at follow-up in thestudied population, as well as the 1-year caries increment.
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Table 2. Mean numbers of decayed, missing, and filled surfaces (dmfs) and teeth (dmft)

according to Nyvad’s Criteria.

Baseline Follow-up 1 yearincrement
Caries index
(n=100) (n=81) (n=81)"
dmfs 7.88 £9.98 10.24 £ 14.04 224 +£2.78
dmft 5.28 +4.64 5.72 +4.57 0.34 £-0.69

“calculation based only in the 81 children present at the baseline and after one year.

Table 3 shows that the activity of the carbonic anhydrase VI was significantly higher in saliva
of children with caries than in those caries-free (p < 0.05). Also, the activity of salivary alpha

amylase was significantlyhigher in saliva of caries-free children (p <0.0001).

Table 3. Means and standard deviations of activity of salivary CA VI and a amylase in caries

and caries-free children.

Caries-freegroup  Groupwith caries

pvalue”
(n=355) (n=45)
CA VI activity 0.30 +£0.29 0.65 +0.92 p<0.05
o amylase activity 111.6 £ 60.9 66.4 £ 58.7 p< 0.0001"

* Mann Whitney test (n=100)
Table 4 shows that there wasno correlation between dental caries and CA VI
activity.In addition, a significant negative correlation between dental caries and salivary alpha

amylasewas found.

Table 4. Correlation between dental caries and activity of salivaryCA VI / alpha amylase

r pvalue
CarbonicAnhydrase VI 0.08 0.39
Alpha amylase -0.33 0.0008

* Spearman correlation test (n=100)
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Table 5 shows thedichotomized independent variables submitted to chi-square test.
The variables that had a p value lower than 0.2 in this test were subjected to a multiple logistic
regression analysis as expressed in Table 6. From this table it is clear that the presence of
visible biofilm on the anterior surfaces of teeth increased by 3.6 times the risk of childrento
develop ECC. Moreover, those children who had an activity of salivary alpha amylase less

than 122.8 U/mL showed 3:33 times increased risk of developing ECC.

TableS.Bivariate analysis of the relationship between caries, clinical and salivary parameters

in preschoolers.

Variables CFx CA
N(%)N(%)

Biofilm p=0.004

Absent 33(73) 12(27)

Present 15(42) 21(58)

Amylase p=0.018

<122.8 29(31) 28(49)

>122.8 19(79) 521)

Anhydrase p=0.30

<15 47(61) 30(39)

> 1.5 1(25) 3(75)

*Significant results were evaluated using the chi-square test and Fisher’s exact test (a=0.05).
CF: caries free group; CA: group withcaries.
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Table 6. Multivariate modeling of caries lesions regarding presence of dental biofilm and

alpha amylase activity in preschoolers.

Variables Caries lesions
NO (%) YES (%) ORcruge (95%CI) ORgjustado (95%CI)  pvalue*
Biofilm
Absent 33(73) 12(27) 1 1
Presence 15(42) 21(58) 3.85(1.51-9.81) 3.58(1.37-9.37) 0.009
Activity
alpha-
amylase
<122.8 29(31) 28(49) 3.66(1.20-11.23) 3.33(1.04-10.52)
>122.8 19(79) 5(21) 1 1 0.042

OR = Odds ratio; CI = Confidence interval.
* Likelihood testwith 1 freedom degree = 12.96; p value of the Hosmer and Lemeshow test = 0.98.

4. Discussion

Dental caries is recognized as a biofilm-sugar-dependent disease (Sheiham et al.,
2015), but there are other factors involved in its development, such as dietary habits,
microbiota, the host, oral hygiene and socioeconomic factors. It is known that there is a
complex interaction between these factors and when they come into imbalance, the caries
process begins (Fejerskov, 2004). This caries process occurs in the same way with the ECC,
adding only at a lower age factor, since it affects preschoolers younger than 6 years old
(AAPD, 2014).

The visible biofilm buildup in the anterior upper incisors region plays an important and
decisive role in the development of the ECC (Parisotto et al., 2010). In this regard, the results
of this study showed that after a 1 year follow-up of, the presence of visible biofilm increased
by 3.6 times the risk of preschoolers to develop ECC in (Table 6). This result corroborates the
findings of Parisotto et al (2010), who demonstrated that the presence of visible biofilm was
strongly associated with the ECC, especially with active early caries lesions (OR = 2.6).
Likewise, Santos and Sovieiro (2007) indicated that the presence of biofilm would be a visible
sign of caries. There are several reasons why a thick biofilm increases the risk of a child
developing caries. Research previously carried out demonstrated that the thickness of visible
biofilm hinders the influx of ions or ion exchange between the oral fluids and the biofilm fluid
which is in intimate contact with the enamel surface during episodes of de- and
remineralization. In fact, previous studies have shown that children with ECC have a highly

cariogenic biofilm, since it is relatively subsaturated concerning the concentrations of calcium
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and fluoride ions in addition to containing high-insoluble polysaccharide concentrations and
high levels of cariogenic microorganisms (Nobre dos Santos et al., 2002; Parisotto et al.,
2010).

Regarding the carbonic anhydrase VI, the results of present study showed that the
activity of this isoenzyme was 53.8% higher in saliva of children with ECC, than in saliva of
the caries-free children. These results confirm those obtained by Frasseto et al. (2012), who
found higher activity of CA VI in the group with caries. The mechanism that explains the
increased activity of CA VI in saliva of preschool children with early childhood caries, refers
to the adherence of this isoenzyme to the enamel surface, acting as a regulator of the local pH
and thus neutralizer the excess acidity in the oral environment (saliva and biofilm) by the
catalysis of the reversible reaction of carbon dioxide CO> + H2O «» H* + HCOs3 (Leinonen et
al., 1999). On the other hand, the study by Szab6 (1974) has demonstrated that in caries-free
children , the expression of CA VI was higher than in those with active caries lesions. In the
same way, the research by Kiveld., et al (1999) has shown a low, but significant correlation
between CA VI concentration in the saliva of young adults and caries experience. However,
these authors have just performed the qualitative detection of CA VI concentration while in
the present study, we have quantitatively determined the activity of CA VI in saliva. Thus, the
quantitative analysis of this isoenzyme activity becomes relevant if we consider that the
protein expression in saliva does not necessarily means that it is active. Additionally, previous
studies have indicated that the pH adjustment capacity and its power to catalyze the reaction
of bicarbonate buffer are not directly related to its concentration in saliva (Parkkila et al.,
1993; Kivela et al., 1997). Furthermore, our results found no correlation between dental caries
and CA VI activity. One possible explanation for this finding could be the high variation of
CA VI activity although we used an appropriated number of individuals as evidenced by the
sample power calculation which showed a power of 0.7700(85%; a=5%,; p=0.0104). This
high variation has also been reported by previous investigations (Kivela et al., 2003; Frasseto
et al., 2012).

Another result found in the present investigation was that the activity of a amylase
was 1.7 times higher in the saliva of caries-free preschool children than in saliva of children
with caries(p= 0.00001). These data differ from the results obtained by Bezerra and Farias
(2003) who evaluated children from 12 to 47 months with ECC and found no significant
difference between groups. However, these authors determined the activity of this protein in
saliva of only 20 preschool children in each group. Thus this small number of participants

may not have been enough for these authors demonstrate a significant difference between the
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groups. Our results also differ from those found by Singh et al. (2015), who showed a higher
concentration of salivary alpha amylase in saliva of caries active children. However, it should
be noted that in their investigation, the authors determined only the enzyme concentration,
while in the present study we evaluated the activity of salivary alpha amylase. In addition, a
significant negative correlation was found between dental caries and salivary alpha amylase(p
= 0.0008). Furthermore, the results of this study showed that preschoolers who had an activity
of salivary alpha amylase lower than 122.8 U/mL showed 3.33 times higher risk of
developing early childhood caries than children who had greater activity of the protein. These
results are in agreement with Scannapieco et al. (1993) who has demonstrated that salivary
alpha amylase is able to bind to cariogenic bacteria and thereby promote their removal from
the oral cavity which could help to reduce the level of these microorganisms and hence
decrease the risk of ECC development. In this way, we understand that the study of salivary
alpha amylase is an example of the potential that salivary proteins have in modulating and
exerting several functions in the oral cavity. Moreover, salivary alpha amylase can be
connected to the adherence and colonization of cariogenic bacteria, providing additional
substrate for the formation of the biofilm, contributing to dental caries occurrence. This fact
points out the need for additional studies in order to investigate, in more detail, the
mechanisms by which salivary alpha amylase behaves on the dynamic process of caries
lesions formation.

In conclusion, the presence of visible biofilm and lower activity of salivary alpha
amylase increased by more than 3 times the risk of preschoolers to develop early childhood
caries. However, further studies are necessary to investigate the mechanisms by which this

protein would act, as regards to early caries development.

5. Conclusion
The results allow us to conclude that the presence of visible biofilm and lower

activity of a salivary amylase may be considered risk predictors for early childhood caries.
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3 CONCLUSAO

A presenga de biofilme visivel e a menor atividade da o amilase salivarpodem ser

consideradas preditores de risco para a carie precoce.
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ANEXOS

Anexo 1 — Certificado de Comité de Etica em Pesquisa

) COMITE DE ETICA EM PESQUISA e
“S FACULDADE DE ODONTOLOGIA DE PIRACICABA
Fo UNIVERSIDADE ESTADUAL DE CAMPINAS

CERTIFICADO

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Associacdo entre a carie precoce
da infancia, capacidade tampdo e biomarcadores salivares, presenca de biofilme dentario e variaveis
ambientais - Estudo longitudinal em pré-escolares de 24 a 36 meses", protocolo n® 058/2014, dos pesquisadores
Gabriela Novo Borghi e Marinés Nobre dos Santos Uchda, satisfaz as exigéncias do Conselho Nacional de Satde - Ministério
da Salde para as pesquisas em seres humanos e foi aprovado por este comité em 16/07/2014.

The Ethics Committee in Research of the Piracicaba Dental School - University of Campinas, certify that the project
"Association among early childhood caries, buffer capacity and biomarkers, presence of dental biofilm and
environmental factors - Longitudinal study in 24 to 36- month-old preschool children ", register number
058/2014, of Gabriela Novo Borghi and Marinés Nobre dos Santos Uchda, comply with the recommendations of the National
Health Council - Ministry of Health of Brazil for research in human subjects and therefore was approved by this committee
on Jul 16, 2014.

e, W O Shwniec
Prof. Dr. Felippe Bevilacqua Prado Profa. Dra. Livia Maria Andalé Tenuta
Secretario Coordenadora
CEP/FOP/UNICAMP CEPR/FOP/UNICAMP

Mota: O titulo do protocolo aparece como for do pelas d . sem quaiguer edigdo.
Natice: The fitle of the project appears as provided by the authors, without editing.
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FICHA CLINICA
Nome: N° da Ficha:
Creche: Data exame:
Data nasc.: Idade (meses):
0- Sadio

1- Carie ativa (superficie intacta)

2- Carie ativa (superficie descontinua)
3- Carie ativa (cavidade)

4- Cérie inativa (superficie intacta)

5- Cérie inativa (superficie descontinua)
6- Carie inativa (cavidade)

7- Restaurada (superficie sadia)

8- Restaurada + carie ativa

9- Restaurada + cérie inativa

Sexo: (F) (M): Cor: (B) (N) (P)

55 54 53 52 51 61 62 63 64 65
| ] | 1 Yy
85 84 83 82 81 71 12 73 74 75

gy .

[ ]

Biofilme visivel nas superficies vestibulares dos incisivos superiores:

0: biofilme ausente ou ndo visivel;
1: biofilme visivel




Anexo 3 - Quadrol - Escores de acordo com critério diagnéstico Nyvad

Score Category Criteria
0 Sound Normal enamel translucency and texture (slight staining allowed in otherwise
sound fissure).
1  Active caries Surface of enamel is whitish/yellowish opaque with loss of luster;
{intact surface) feels rough when the tip of the probe is moved gently across the surface;
generally covered with plaque. No clinically detectable loss of substance.
Smooth surface: Caries lesion typically located close to gingival margin.
Fissure/pit: Intact fissure morphology; lesion extending along the walls of the
fissure.
2 Acfive caries Same criteria as score 1. Localized surface defect (microcavity) in enamel only.
(surface discontinuity) Mo undermined enamel or softened floor detectable with the explorer.
3 Acfive caries Enamel/dentin cavity easily visible with the naked eye; surface of cavity feels soft
{cavity) or leathery on gentle probing. There may or may not be pulpal involvement.
4 Inactive caries Surface of enamel is whitish, brownish or black. Enamel may be shiny and feels
(intact surface) hard and smooth when the tip of the probe is moved gently across the surface.
Mo clinically detectable loss of substance.
Smooth surface: Caries lesion typically located at some distance from gingival
margin.
Fissure/pit: Intact fissure morphology; lesion extending along the walls of the
fissure.
5 Inactive caries Same criteria as score 4. Localized surface defect (microcavity) in enamel only.
(surface discontinuity) Mo undermined enamel or softened floor detectable with the explorer.
6  Inactive caries Enamel/dentin cavity easily visible with the naked eye; surface of cavity may be
{cavity) shiny and feels hard on probing with gentle pressure. No pulpal involvement.
7 Filling {sound surface)
8  Filling + active caries  Caries lesion may be cavitated or non-cavitated.
9  Filling + inactive caries Caries lesion may be cavitated or non-cavitated.

Fonte: Nyvad et al. (1999).

39



Anexo 4 - Fotos do critério diagnéstico de carie
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Fonte:SélloseSovieiro (2011), adaptado de Nyvad et al. (1999).



