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ABSTRACT
The detection of Streptococcus mutans isolates with high genetic variability in different individuals indicates
the occurrence of transmissibility. In this context, nine low-income families (40 individuals in total) with similar
social conditions were assessed to identify the bioserotypes of S. mutans using both biochemical and RAPD
markers and to establish the degree of similarity among the intra-familial isolates. The polymorphism analysis
used the coefficient of Jaccard in both a Principal Coordinates Analysis (PCO) and in a UPGMA clustering
method. A total of 157 isolates were obtained from salivary samples, using the morphology of colonies
recovered using MSB agar as indicators. From those, 64 were characterized biochemically as S. mutans and 10
as S. sombrinus. Genetic variability among isolates based on RAPD markers was not consistent with their
intra-familial distribution. In particular, some individuals might have experienced multiple infections given the
high genetic variability among their isolates. The occurrence of 4 isolates with 100% genetic similarity is
indicative of intra-familial transmission.
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INTRODUCTION
Brazil has considerably advanced over the past decade in
the implementation of prevention policies for the control of caries
in children. However, the situation in teenagers, adults, and
elderly are among the worst in the world (28). In addition, there is
still great need for dental care, even in the case of children. New
governmental policies have been created to revert this situation,
including several initiatives for oral health aimed at citizens of all
ages, prioritizing low-income families. Therefore, the control of
the disease in families needs to incorporate its microbiological,
physiological, immunological, social, and cultural aspects. The
multifatorial character of the disease can explain this complexity,
in particular its microbiological component, which is investigated
intra-familiarly worldwide (4,10,23,34).
Streptococcus mutans has been the bacterium most often
associated with caries, given that this species has evolved

physiological and morphological characteristics that have
determined its cariogenicity and virulence (20). In addition to
several structures that facilitate its adherence, such as glycocalix
and fimbriae, S. mutans has enzymes that are able to convert
sugar molecules into extracellular polymers (e.g.,
glycosyltransferase and fructosyltransferase). These polymers
are responsible for the adherence of this microorganism to
dental surfaces, as well as for its aggregation with other
microorganisms in the oral cavity.
Studies have demonstrated that S. mutans is associated
with caries in humans, and that there is a correlation between
the salivary concentration of this bacterium and the risk of
developing this disease. However, S. mutans is widespread,
not only among populations with moderate to high incidence
of the disease, but also in low-incidence populations, suggesting
that the colonization by these organisms alone does not
necessarily lead to the development of dental caries (2).
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While seeking to identify the etiology of caries, studies
have demonstrated the existence of difference genotypes of S.
mutans in the mouth (11,29). In addition, several markers based
on the PCR method have been utilized to identify bioserotypes
of the mutans group and their relative occurrence within the
oral microbiota (14,16,21,25,31,32). Among those, RAPD
markers have been widely used in the study of the genetic
polymorphism and in the distribution of populations of S.
mutans (13,18,19,29,34,38).
Several authors have suggested different patterns in the
acquisition and transmission of S. mutans based on its intrafamilial distribution. Alternative hypotheses suggest that the
mother is the strongest source of infection (3,4,5,22,23), or that
transmission and acquisition occurs among adults (1,27,36). In
addition, the role of the father as a route of transmission has
also been emphasized (10,35,36), as well as other sources of
transmission outside the family (7,17).
In this context, the goal of the present study is to investigate
the genetic variability of S. mutans isolates using RAPD markers
and their potential pattern of transmission in low-income families
in the Municipality of Curitiba, PR, Brazil.
MATERIALS AND METHODS
Samples
Strains of S. mutans and S. sobrinus, were isolated from
salivary samples of individuals belonging to nine families living
in an industrial area at Curitiba, State of Paraná, Brazil. The
studied families have a monthly per capita income between
US$15 and US$50. The parents in those families had between
1 and 8 years of formal education. Reference strains of S.
mutans (ATCC 25175) and S. sombrinus (ATCC 33478) were
used as positive controls, and two strains of S. pyogenes
(ATCC 13540 and BAA572) were used as the outgroup in the
analyses.
Isolation and characterization of the isolates
Colonies were selected in MSBS agar (Mitis-SalivariusBacitracin-Saccarose) (12) and tested biochemically for manitol
and sorbitol fermentation, arginine and esculin hydrolysis, and
the production of the catalase enzyme.
DNA extraction
Samples were inoculated in BHI (Brain Heart Infusion) broth
and incubated for 24 h at 36ºC. The cultures were then
centrifuged at 49,000 x g for 2 min. DNA extraction was carried
out using the CTAB (hexadecyl trimethyl ammonium bromide)
buffer, together with a 2:1 silica gel and celite mixture under
ultra sound (3 pulses of 30 s) in a modification of the protocol of
De Hoog, et al. (8). DNA integrity was assessed using 0.8% gel
electrophoresis, followed by visualization using ethidium
bromide under UV light.
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DNA amplification
The protocol for DNA amplification was based on Pereira et
al. (33), with modifications. Each 15 µL reaction included 1.5 U
of Taq DNA polymerase (Invitrogen), 0.4 mM of each dNTP, 4.0
mM of MgCl2, 0.4 mM of primer, 1X reaction buffer and 12 ng of
template DNA. The following primers were used: OPA 2 (5’
TGCCGAGCTG 3’), OPA 5 (5’ AGGGGTCTTG 3’), OPA 7 (5’
AAAACGGGTG 3’), OPA 9 (5’ GGGTAACGCC 3’), and OPA 13
(5’ CAGCACCCAC 3’) (Operon Technologies).
Thermo cycling conditions followed a modification of the
settings used by Spolidorio et al. (37) in a PTC-100 thermocycler,
with an initial denaturation of 5 min at 94ºC, followed by 40
cycles of: 30 s at 94ºC; 30 s at 36ºC and 1 min at 72ºC, and a final
extension of 3 min at 72ºC. Following amplification, the PCR
products were electrophoresed in a 1.4% agarose gel. The gel
was stained with ethidium bromide and photographed under
UV light.
Data analysis
RAPD bands were used to generate a binary (presence/
absence) matrix, from which a genetic similarity matrix was
computed using the Jaccard coefficient, as implemented in
NTSYS 2.11 (Numerical Taxonomy System of Multivariate
Programs). A significance test between the genetic similarity
matrix and the cophenetic matrix obtained from the dendrogram
was carried out using the Mantel test (25). A Principal
Coordinates Analysis (PCO) was conducted based on the
genetic similarity matrix to assess the distribution and clustering
of isolates. The UPGMA (Unweighted Pair-Group Method with
Arithmetical Average) hierarchical method was used to group
the units and to build the dendrogram. The software Bood 3.04
(6) was used for bootstrap analysis, which asses the reliability
of each grouping after 10.000 pseudo replicates.
RESULTS AND DISCUSSION
A total of 157 colonies were isolated from salivary samples
of the 40 studied individuals, using the colony morphology in
MSBS as an indicator. Sixty-four of those isolates were
characterized biochemically as S. mutans and 10 as S. sobrinus.
All analyzed individuals showed evidence of the presence of S.
mutans in their salivary samples, with the number of isolates of
S. mutans per individual varying among one (20 individuals),
two (16 individuals), and three (4 individuals). Ten isolates of S.
sobrinus were obtained from individuals that had been colonized
by both species.
Five primers were used to characterize these isolates for a
total of 101 reliable bands. The presence of genetic
polymorphism was observed based on the amplification profiles
(Fig. 1). The analysis of these profiles generated a dendrogram
that separated the isolates into only two groups of high genetic
similarity based on reliable bootstrap values (Fig. 2).
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Group I included 11 isolates of S. mutans from family 6 (SM38
through SM48), with 75% genetic similarity and 99% bootstrap
support, as well as several isolates with 100% genetic identity
(SM38 and SM40, SM45 and SM46). Isolates SM1 and SM2,
with 100% genetic similarity, were obtained from the same
individual. Some isolates were grouped into small clusters of
low similarity but high bootstrap values (above 90%): SM3 and
SM4; SM9 and SM10; SM35, SM36 and SM37; SM32 and SM34;
SM51 and SM52.
The 74 strains isolated in the present study showed high
variability when comparing with reference strains (ATCC 25175
of S. mutans and ATCC 33478 of S. sobrinus). There was no
concordance between the molecular and biochemical
characterization of the analyzed oral streptococci, given that
the RAPD markers only grouped the SS75 strain with the
reference strain of S. sobrinus.
Interestingly, Truong et al. (38) analyzed reference strains
of oral streptococci using RAPD for the identification and subclassification of all the studied strains and suggested that RAPD
can be valuable to discriminate the species S. mutans and S.
sobrinus, both from each other and from other oral streptococci.
However, similarly to those authors, the present study indicated
that the RAPD markers discriminated the strains ATCC 13540
and BAA572 of S. pyogenes, forming a separate group (Group
II, Fig. 2).
The principal coordinate analysis (Fig. 3) grouped together
isolates from families 6 (I), 5 (IV), and 1 (III), explaining 16% of the
total variance in the dataset. Therefore, the large diversity among
salivary samples of S. mutans and S. sobrinus from the individuals
of the nine analyzed families justified the different forms and
intensities of the clinical manifestation of caries in this population.
Of the 74 isolates, 36 belonged to individuals that showed active
caries at the time of collection, yet these isolates did not show a
consistent mutual similarity based on the cluster analysis.

On the other hand, when analyzing isolates from family 6
alone, group I showed approximately 75% similarity (100%
bootstrap support) (Fig. 4). In this cluster, isolates SM38 and
SM40 (obtained from the mother and the father, respectively)
showed 100% genetic similarity (100% bootstrap support). A
similar pattern was observed in the case of isolates SM45 and
SM46, which were obtained from two brothers of the same
family (95% bootstrap support). These observations are
consistent with the occurrence of intra-familial transmission.
In that family, only two individuals (sons 3 and 4) showed
active caries and shared isolates with high genetic similarity,
possibly indicating the existence of a more virulent
biosorotype of S. mutans. Moreover, son 3 reported a high
consumption level of saccharose, whereas son 4 had a low
frequency of dental brushing, two important causal components
to determine the occurrence of this characteristically
multifactorial disease.
The reference strain of S. mutans, SM-ATCC 25175,
showed a 33% genetic similarity with these isolates (99%
bootstrap support, Fig. 4). However, one of the isolates (SM49)
showed a particularly large genetic distance in relation to the
other isolates. The reference strain of S. sobrinus, SS- ATCC
33478, showed a genetic dissimilarity level of 87% in relation
to the S. mutans isolates. Also, isolates SM45 and SM46, in
spite of showing 100% genetic similarity, presented distinct
colonial morphologies, demonstrating that morphological
differences among isolates are not necessarily indicative of
underlying genetic differences. However, this pattern needs
to be further studied given the low number of isolated colonies
per individual in the present study. Several authors (9,24,30)
reported that, in the case of highly selective media, only the
bacteria with high concentration in the saliva are often isolated,
and therefore other isolates might also be present but
undetected.

Figure 1. RAPD amplification profile obtained from S. mutans, S. sobrinus and S. pyogenes using the OPA 9 primer. Samples 1
through 64 and 66 through 75: strains isolated from nine families; Sample 65: reference strain of S. mutans ATCC 25175; sample 76:
reference strain of S. sobrinus ATCC 33478; Samples 77 and 78: reference strains of S. pyogenes ATCC 13540 and BAA572; M: 100
bp DNA ladder; B: negative control (without DNA).
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Figure 2. Dendrogram generated from the genetic similarity, using the Jaccard coefficient and the UPGMA clustering method.
Isolates characterized biochemically as S. mutans (SM), 1 through 64. Isolates of S. sobrinus (SS) 66 through 75. Group I: isolated
from family 6. Group II: reference strain of S. pyogenes (SP); ATCC 13540 BAA572. Reference strain of S. mutans SMATCC 25175
and reference strain of S. sobrinus SSATCC 3347.
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Figure 3. Principal coordinate analysis of the genetic
polymorphism of the studied isolates. Clustering of S. mutans
isolates of family 1 (III), family 5 (IV), and family 6 (I). Reference
strains of S. mutans ATCC 25175 (V), S. sobrinus ATCC 33478
(VI), and of S. pyogenes ATCC 13540 and BAA572 (II).

The intra-familial distribution of this cariogenic
microorganism was different among families, a pattern already
reported by Emanuelsson et al. (10). These results are
consistent with those of Spolidorio et al. (37), who suggested
that members of the same family can harbor different bacterial
genotypes. The present study also indicates that multiple
infections might have occurred in the same individuals, as
has been suggested by the high genetic variability detected
using RAPD markers.
In conclusion, the high genetic variability among isolates of
S. mutans within and among families and with different patterns
of intra-familial distribution suggested the occurrence of multiple
infections. Moreover, the RAPD analysis suggests that the
biochemical marker might not be efficient in the identification of
S. mutans and S. sobrinus. Finally, there was no relationship
between the morphological and biological characteristics of the
isolates and their genetic proximity based on the RAPD markers.
The data indicated intra-familial transmission due to the presence
of isolates with 100% genetic similarity in different members of
the same families.

Figure 4. Dendrogram of genetic similarity of S. mutans isolates from salivary samples of individuals from family 6, obtained using
RAPD markers and Jaccard coefficient. SM: intrafamilial isolates; SP-ATCC 13540 and SP-ATCCBAA572: reference strain of S.
pyogenes, SS-ATCC 33478: reference strain of S. sobrinus; SM-ATCC 25175: reference strain of S. mutans.
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RESUMO
Variabilidade genética de Streptococcus mutans
isolados de famílias de baixa renda, demonstrados por
marcadores RAPD
A detecção de isolados de S. mutans com alta similaridade
genética em indivíduos diferentes, sugere a existência de
transmissibilidade. Neste contexto, nove famílias (40 indivíduos)
de baixo poder aquisitivo com condições sociais homogêneas
foram avaliadas, visando identificar os biosorotipos de S.
mutans por meio de bioquimismo e marcadores RAPD e
estabelecer o grau de similaridade entre os isolados intra-familiar.
Para a análise de polimorfismo utilizou-se coeficiente de Jaccard,
análise de coordenadas principais (PCO) e método “UPGMA”.
Foram obtidos 157 isolados, a partir de amostras salivares,
usando como indicador a morfologia das colônias recuperadas
em ágar MSB. Destes, 64 foram caracterizados bioquimicamente
como S. mutans e 10 como S. sobrinus. A partir dos marcadores
RAPD verificou-se variabilidade genética entre isolados, sendo
diferente a distribuição intra-familiar destes. Em determinados
indivíduos podem ter ocorrido infecções múltiplas, devido a
grande variabilidade dos isolados. A existência de quatro
isolados apresentando 100% de similaridade, sugeriu
transmissão intra-familiar.
Palavras chave: Streptococcus mutans, variabilidade genética,
RAPD
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