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Resumo
Introdução: Streptococcus mutans (S. mutans) apresentam ampla diversidade genotípica, mas o papel desta
variação ainda é pouco compreendido. Objetivo: Avaliar a diversidade genotípica de S. mutans em pré-escolares
com e sem assistência odontológica precoce e associá-la à experiência de cárie dentária. Material e
método: Participaram da pesquisa 20 crianças, de cinco anos de idade, com história de assistência
odontológica desde o primeiro ano de vida (G1) e 20 crianças sem história de assistência odontológica
precoce (G2). A experiência de cárie dentária foi avaliada por meio do índice ceo-d. Amostras de S. mutans
foram isoladas a partir da saliva dos participantes e analisadas pela Reação em Cadeia da Polimerase para
identificação molecular da espécie. Um total de 339 isolados bacterianos (173 do G1 e 166 do G2) foram
genotipados através da Amplificação ao Acaso de DNA Polimórfico, utilizando-se os primers OPA-02 e OPA-13.
Resultado: Os resultados revelaram 75 diferentes genótipos de S. mutans no G1 e 73 no G2. Além disso, as
crianças do G1 e G2 abrigaram em sua cavidade bucal de um a oito e de um a sete genótipos distintos de S. mutans,
respectivamente. Foram observadas uma associação estatisticamente significante (P=0.021) e uma
moderada correlação (r=0,503) entre a diversidade genotípica de S. mutans e a experiência de cárie somente
no G1. Conclusão: A partir das limitações do desenho do estudo, os resultados apenas sugerem que as ações
realizadas por meio de um atendimento odontológico precoce podem estar contribuindo para o
estabelecimento de uma microbiota bucal distinta.
Descritores: Diversidade genotípica; Streptococcus mutans; assistência odontológica; cárie dentária.

Abstract
Introduction: Streptococcus mutans (S. mutans) exhibits extensive genotypic diversity, but the role of this
variation is poorly understood. Objective: To evaluate the genotypic diversity of S. mutans in preschoolers
with and without early dental care and to associate it with dental caries experience. Material and method:
Twenty children, aged five year old, with history of dental care since they were one year old (G1) and 20 children
without history of dental care (G2) were included. Their oral health status was assessed by the dmft index.
S. mutans samples were isolated from the saliva and analysed by polymerase chain reaction. A total of 339 S. mutans
isolates (173 from G1 and 166 from G2) were genotyped by random amplified polymorphic DNA with
arbitrary primers OPA-02 and OPA-13. Result: The results revealed 75 distinct genotypes of S. mutans in
G1 and 73 in G2. Furthermore, G1 and G2 subjects harboured one to eight and one to seven distinct
genotypes of S. mutans, respectively. A statistically significant association (P=0.021) and a moderate
correlation (r= 0.503) were observed between dental caries experience and genotypic diversity of S. mutans
in G1. Conclusion: From the limitations of the study design, we just can hypothesize that actions of early
dental care carried out by an educative-preventive program can contribute to a distinct oral microbiota.
Descriptors: Genotypic diversity; Streptococcus mutans; dental care; dental caries.
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INTRODUCTION
S. mutans exhibits extensive genotypic diversity, but the role of this variation is poorly
understood1 because different strains may display different virulence mechanisms. In addition,
the ability of specific genotypes of S. mutans to compete with other strains may be essential for
their colonization2 and consequently, some genotypes may be able to colonize the host and induce
dental caries better than others1,3.

The investigation of S. mutans genotypic characteristics and the use of molecular biology
techniques have allowed for significant development in the understanding of the process of dental
caries4 and the improvement of caries risk assessments and treatment options5. Several studies
have shown that individuals can be colonized with more than one genetic type of S. mutans,
through the use of different molecular typing methods4,6-9. Among those, random amplified
polymorphic DNA (RAPD) technique have been considered a sufficiently sensible method capable
of detecting polymorphisms among distinct isolates of S. mutans10-15.

In Brazil, since 1984, were created Preventive Programs for Babies with the development of
clinical evaluations, preventive maintenance procedures and educational/preventive actions to
promote children oral health and prevention of dental caries. However, two questions remains as
“why some children still experience dental caries, even with a history of dental care since they
were one year old?” and “the caries experience may be associated with oral colonization by more
than one S. mutans genotype?” In this context, the literature point that relationship between
dental caries and the genotypic diversity of S. mutans is still controversial2-4,7,8,16,17 Therefore, the
purpose of this study was to evaluate the genotypic diversity of S. mutans in preschoolers with
and without early dental care and to associate it with dental caries experience.

MATERIAL AND METHOD
The protocol for this study was approved by the Research Ethics Committee of the Faculty of
Health Science of the University of North Paraná, Londrina, Paraná, Brazil (Protocol 281/07) and
written informed consent was obtained from all the parents or legal guardians of minors.

The study population consisted of two groups. Group 1 (G1) comprised 20 randomly selected
preschoolers, aged five year old of both genders, and who participated in an educative-preventive
program since they were one year old (Oral Health Program for Babies of the University of
Londrina, Londrina, Paraná, Brazil) In that program, the assistance involves an initial educational
action to encourage families to self-care and routine dental visits for professional cleaning with
pumice cup and topical application of 2% sodium fluoride gel, according to assessment on risk of
dental caries development. Exclusion criteria were presence of systemic diseases or syndromes
and consumption of any form of medication in the last month that might modify the oral
microbiota before starting the study. Group 2 (G2) comprised 20 preschoolers without early
dental care selected from children attending a nursery class. After eligibility criteria, age and
gender were paired among the groups.

Dental caries experience in both groups was assessed using the World Health Organization
criteria18 to determine the dmft index (decayed/missing/filled deciduous teeth), under artificial
light with the aid of a dental mirror and explorer, when necessary, to eliminate debris. Only one
examiner that had been previously trained and calibrated (K=0.97) conducted dental
examinations. The children with dmft=0 were defined as caries-free and with dmft ≥1 as cariesactive, considering at minimum one decayed teeth (white spots and/or cavities)

Microbial samples of saliva were collected using a sterile wooden spatula from subjects. Each
side of the spatula was pressed directly onto mitis salivarius bacitracin sucrose agar plates, a
medium selective for mutans streptococci. The plates were incubated in 5% CO2 at 37°C for
48 hours. After growth, ten representative morphological types of S. mutans colonies per plate
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were selected for subjects. Each single colony was transferred aseptically to a microtube with
brain heart infusion broth (DIFCO Laboratories, Detroit, USA) and incubated in 5% CO2 at 37°C
for 24 hours.

Chromosomal DNA from 400 S. mutans colonies isolates was extracted, as previously described by
Saarela et al.10, with some modifications. For species confirmation, the isolates were analysed by
polymerase chain reaction (PCR) with specific primers for gtfB, encoding glucosyltransferase
B (5’-ACTACACTTTCGGGTGGCTTGG-3’ and 5’-CAGTATAAGCGCCAGTTTCATC-3’)19. After identification,
S. mutans isolates were genotyped by RAPD with two arbitrary primers OPA-02 (5’-TGCCGAGCTG-3’)11
and OPA-13 (5’-CAGCACCCAC-3’)10. In every reaction, S. mutans ATCC 25175 chromosomal DNA and
ultrapure water were supplied as positive and negative controls, respectively.
The amplifications were performed in a thermocycler (Multi Gene II - Labnet International,
São Paulo, Brazil) and the products were separated by electrophoresis (80 Volts) on 2% agarose
gels in Tris-borate-EDTA running buffer (0,5X - pH 8,0). In each gel, 100-bp DNA Ladder
(Invitrogen Life Technologies, São Paulo, Brazil) was run in one of the columns as a molecular
weight marker. Ethidium bromide-stained (5 μg/mL) gel images were visualized under
ultraviolet light (Model ENF - 280C, Spectroline Long Life, New York, USA) and captured with a
digital camera. The RAPD fingerprints were analysed by side-by-side visual comparison and
regarded as similar when the major bands were identical. The data were entered into a binary
matrix and a similarity matrix was constructed with the arithmetical complement of Dice
similarity coefficient. The genetic dissimilarities were represented in a dendrogram generated by
the UPGMA (unweighted pair group method with arithmetic mean) with the program NTSYS-PC
(Numerical Taxonomy System, Applied Biostatistics, Setauket, New York, USA).

After the determination of the mean distinct genotypes of S. mutans from each oral cavity, the
preschoolers were categorized as having lower genotypic diversity (below the group mean) or
greater genotypic diversity (above the group mean). Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS) 17.0 software (SPSS Inc., Chicago, Ill., USA). The
Mann-Whitney test was used to compare dmft index values between G1 and G2. The chi-square
test and the Spearman rank correlation test were used to analyse the associations and
correlations between the results of RAPD and dental caries experience, respectively. The level of
statistical significance was set at P < .05 and the confidence interval at 95%.

RESULT
In our study, S. mutans colonies were isolated from 10 caries-free subjects and 10 caries-active
in both groups. (G1 mean age = 65 months and dmft index = 1.75; 95 percent confidence
interval = 0.98 to 2.38; G2 mean age = 69 months and dmft index = 2.1; 95 percent confidence
interval = 1.34 to 3.02). As the data related to dental caries experience did not present a normal
distribution, we used the Mann-Whitney test to compare the populations, which did not show
significant differences between the two groups (P = 0.082).

From 400 presumptive colonies, a total of 339 isolates (173 from G1 and 166 from G2) were
identified as species S. mutans by PCR, being five to ten isolates from each subject. The results of
RAPD revealed 75 distinct genotypes of S. mutans in G1 and 73 in G2, when the two primers were
combined. Through analysis of the comparative dendrograms, we observed 22 (29%) genotypes
exclusive to G1 and 51 (70%) that were exclusive to G2 (Figure 1). Figure 2 represents the
genotypic diversity of S. mutans found in G1 subject with dental caries based on the profile of
amplifications generated by primers OPA-02 and OPA-13. Amplification of DNA from S. mutans
isolates with the OPA-02 primer resulted in fragments ranging from 250 to 1400-bp in size,
whereas primer OPA-13 generated fragments ranging from 300 to 1500-bp in size.
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Figure 1. Dendrogram based on random amplified polymorphic DNA profiles, showing genotypic diversity of
S. mutans between G1 and G2 subjects. Filled arrows indicate the segments containing exclusive
genotypes of G1 and the dotted arrows indicate exclusive genotypes of G2.

Figure 2. Agarose gel electrophoresis (2%) of the RAPD profiles of S. mutans strains isolated from a G1 subject
with dental caries. DNA polymorphism was obtained with primers OPA-02 (A) and OPA-13 (B).
Designations of isolates are indicated on the top. RAPD: Random Amplified Polymorphic DNA, M: molecular
weight marker (100-bp DNA Ladder), C+: control positive, NO: control negative.

G1 and G2 subjects harboured in their oral cavities one to eight (mean = 3.75) and one to seven
(mean = 3.65) distinct genotypes of S. mutans, respectively. Based on these results, the
preschoolers were categorized as lower genotypic diversity (one to four distinct genotypes of S.
mutans) or greater genotypic diversity (five to eight distinct genotypes of S. mutans). The analysis
between genotypic diversity of S. mutans and experience of dental caries is presented in Table 1.
A statistically significant association (P = 0.021) and a moderate correlation (r = 0.503) were
observed between dental caries experience and genotypic diversity of S. mutans in G1.
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Table 1. Genotypic diversity of S. mutans and dental caries experience
G1 (173)
G2 (166)

Correlation coefficient (r)

95% Confidence interval

P-value

0.503
0.191

0.331--0.805
-0.927--0.578

0.021*
0.653

The number of S. mutans isolates is represented within the parenthesis. r: Spearman rank correlation, P: Significance
level from the chi-square test (P <.05), *Statistically significant association.

DISCUSSION
The maintenance of the oral health of the infantile population is a commitment of the current
preventive dentistry. The application of the concept of early dental care provided for the
development of dentistry for babies and therefore, the implantation of centres of attention for
this population. However, the fact that some children still present dental caries has drawn
attention to the necessity for studies about the risks and aetiologic factors associated with
disease.

Genetic and molecular biology studies point to a wide genotypic diversity of S. mutans15,17. Our
findings are similar to earlier reports that found up to eight distinct genotypes of S. mutans
colonizing the human oral cavity1,7,8,13,20. Redmo Emanuelsson et al.13 suggest that a greater
number of isolates analysed would increase the possibility of detecting different genotypes.
However, Napimoga et al.7 showed no relationship between the number of strains found in each
subject and the number of genotypes detected. In the present study, the number of isolates of S.
mutans, evaluated by child, supports previous findings3,17 which indicate five to ten isolates from
each individual must be investigated.

Distinct clonal types of S. mutans detected within the oral cavity of one subject can have
different phenotypic and genetic properties21. The identification of 22 exclusive genotypes in
preschoolers with dental care since their first year demonstrates the necessity of future research
efforts aimed at exploring these S. mutans strains and their virulence factors, such as water-insoluble
glucan synthesis, final pH of cultures and sucrose-dependent adherence. Additionally, the
presence of 51 exclusive genotypes of S. mutans in G2 suggests a lack of selectivity of
microorganisms; consequently, strong selective pressure does not occur in this population
compared with G1. Li et al.22 add that the adaptation to an environmental stress by genetic
transformation is a very infrequent event; however, when it occurs, it can be highly significant if
the transforming DNA, such as an antibiotic resistance gene or a virulence factor, provides a
selective advantage to the recipient cells.

The possession of a particular genotype or genotypes of S. mutans by an individual could be
related to dental caries activity and the extent of genotypic diversity may reflect the nature of the
oral environment16. Although the variety in genotypes of S. mutans in both populations was
numerically similar, we also observed that the diversity from the molecular genetic point of view
influenced the occurrence of the disease in different ways. An interesting result was found in
relation to the association of genotypic diversity of S. mutans and dental caries experience in G1,
wherein the children with a larger number of genotypes presented disease. In addition, as
observed in our study, previous studies3,7,9,20,22,23 have reported higher genotypic diversity of
S. mutans in caries-active subjects than in caries-free individuals.

Heavy colonization of S. mutans and growth of multiple genotypes in the same oral cavity are
likely to be consequences of frequent consumption of fermentable carbohydrates21. Alaluusua et
al.3 suggest that this consumption could be favourable for the acquisition of certain strains by
children and that the simultaneous action of several genotypes with possibly differing cariogenic
potentials further increases the risk of dental caries. According to Lembo et al.1, S. mutans
genotypes that are highly resistant to acid shock are more prevalent in caries-active children than
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in caries-free children, and this finding may help to explain the differences in dental caries
experience observed among S. mutans infected children.

The knowledge that dental caries is a multifactorial, diet-dependent, fluoride-mediated
disease with genetic and behavioral susceptibility components24 and that its prevention involves
actions on the main predisposing factors helps us to understand why some children still
experience dental caries, even with a history of dental care since their first year. Although some
variables were not explored in this study, as dietary and behavioral factors, our results support
the ﬁndings of genetic diversity of S. mutans in preschool children being associated with dental
caries. The results emphasize the importance of the educative-preventive actions carried out by
dental program and in their domiciles, mainly through the control of behavioural habits.

In addition to environmental and host factors, such as diet, the identification of specific
pathogenic genotypes of S. mutans that may be more virulent colonizers might predict sites that
are more susceptible to disease25. We suggest an expansion of this study to include the analysis
of the biofilm formed on dental caries lesions and research into the persistence of those genotypes
in the children's oral cavities. The present study, a molecular biology investigation to evaluate
genetically S. mutans isolated from a differentiated population, emphasizes the necessity of
identification of individuals at high risk for dental caries and paves the way for new studies aimed
at better understanding the genotypic diversity of S. mutans in the development of dental caries.

CONCLUSION
Although our results point higher genotypic diversity of S. mutans in children with dental
caries experience and dental care since their first year, from the limitations of the study design,
we just can hypothesize that the actions of early dental carried out by an educative-preventive
program can contribute to the establishment of a distinct oral microbiota.
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