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Abstract: This reports provides glimpses on genomic diversity of Streptococcus mutants among
school going children which may help in the development of new treatment strategies for dental caries in order
to prevent disease and promote health in addition to standard prevention treatments. Hence, this study was
aimed to assess the genotypic diversity and to investigate the transmission of Streptococcus mutans genotypes
among school going children. It was observed that detection of S. mutans isolates with high genotypic diversity
in different individual indicated occurrence of transmissibility. A total of 179 isolates of S. mutans from caries
active subjects were obtained from saliva, dental plaque, and carious material, and identify by PCR. The isolates
were submitted to AP-PCR to establish the genotypic diversity and transmission. RFLP technique was used
only on those isolates which were showing identical amplitypes in AP-PCR to confirm the transmission. RAPD
analysis showed the high diversity of S. mutans genotypes within lower socioeconomic school going children
which might have experienced multiple infections. The occurrence of 4 isolates with 100 % genetic similarity is
indicative of horizontal transmission. This study may be important for leading the development caries prevention
program worldwide.
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Introduction
Presence of microorganisms is a natural part

of the proper oral health. However, an imbalance
in the microbial flora can lead to damage the teeth
and gums. Dental caries is a transmissible
infectious disease and S. mutans is generally
considered to be the principal etiological agent for
dental caries. The widely accepted theory for
causing dental caries by S. mutans is production
of water-insoluble glucan from sucrose by
glucosyltransferase (GTF) in biofilm matrix 10, and

the bacteria in the dental biofilm produce acids
that decrease the pH and increase the biofilm
potential in promoting dental demineralization 1. It
has been proved by several phenotyping and
genotyping studies that mother is the chief and
primary source of infection for children 11.

Some evidences have been reported of
horizontal transmission among children of nursery
school 5. Zhan et al. 20 also observed nonmaterial
as well maternal mutans Streptococci trans-
mission. Apart from, other studies for other vertical
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sources like father and care taker are also been
studied and found that, detection of genotypes of
children was not found in their mothers or relatives
indicated the existence of other sources of trans-
mission 8,

Genomic diversity of S. mutans may be present
because of above mentioned transmission from
different sources or modification in base pair by
deletion or insertion of new genetic sequencing
15. Several techniques have been used to prove
this genotypic diversity such as AP-PCR 3,14

multilocus enzyme electrophoresis (MLEE) 17,
restriction fragment length polymorphism (RFLP)
5 and their relation with caries activity. All the
above studies concluded that there is high degree
of genomic diversity in children of 5-8 years.
Therefore, present research was aimed to
evaluate horizontal transmission of dental caries
among school going children and genomic diversity
of S. mutans.

Materials and methods
Subjects

The study groups consisted of 200 children,
divided in two groups (A and B). Each group
consisted 50 boys and 50 girls, aged 4 to 6 years,
belonging to a low economic level. They stayed
at the nursery school five days a week, 7-8 h per
day. Preliminary examination was done by a
trained examiner by using only a mouth mirror
and light. The teeth were cleaned, dried with a
cotton-wool roll and all surfaces were examined
visually for dental caries. Written informed con-
sent was obtained from parents of all individuals.
All consent and experimental procedures were
approved by the research committee of
Barkatullah University of Bhopal, Bhopal, India.

Sampling
All children’s underwent dental examination for

the presence of teeth caries. Dental examinations
were performed under natural light, using a plane
dental mirror and explorer. Samples were
collected from 62 caries active children by swab
for 10 second or by scraping of plaque by spoon
excavator after one hour of taking mid day meal.
Sample collection was done in transporting
medium (thioglycolate broth).

Microbiological processing
In order to detect S. mutans, samples were

diluted in a saline solution (0.9 % NaCl). Aliquots
of each dilution were inoculated in thioglycolate
agar supplemented with 20 % sucrose, 2 discs of
bacitracin (each contains 10 U) and 2 ml of blood.
Plates were incubated at 37oC for 48 hrs in an
atmosphere of 10 % CO2. After incubation period,
colonies were examined. Number of colonies with
mutans-like morphology were obtained from the
culture media and sub-cultured on mitis salivarius
and tryptic soy agar plates, and pure cultures were
then frozen at -70°C in 10 % skim milk. These
strains were identified to species level bio-
chemically.

Isolation of DNA and PCR analysis
DNA from a total of 180 S. mutans isolates

was purified using Master Pure DNA purification
kit (Hi-Media) according to the manufacturer’s
instructions. These DNA samples were identified
as S. mutans by PCR using primers designed by
Oho et al 13 to amplify a 517 bp sequence of the
glucosyltransferase B gene (gtfB). The sequences
of these primers were 5’-ACTACACTTTC-
GGGTGGCTTGG-39 and 5’-CAGTATAAGCG-
CCAGTTTCATC-3’. The PCR was processed
in 25 μl of a reaction mixture containing 1 μl
reaction buffer Taq polymerase, 1.5 mM MgCl2,
0.1 mM deoxynucleoside triphosphate, 0.2 μM
each primer, 1.5 U of Taq DNA polymerase, and
2.5 μl of DNA sample.

All PCR reagents were obtained from Hi-Media
Biochem Life Sciences Genexy. Besides the
samples, positive and negative controls were used
in each experiment: purified genomic DNA from
S. mutans (ATCC 25175) was used as positive
controls, and distilled water was used as a negative
control. Amplicons were separated by electro-
phoresis in 1.5 % agarose gels in Tris-borate-
EDTA running buffer. Ethidium bromide-stained
gel images were captured with a digital imaging
system. A 100 base pair DNA ladder was used
as molecular size marker.

RAPD analysis
Out of 180 isolates, 179 Identified as S. mutans

were genotyped by AP-PCR. The sequences of
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the primer and OPA 13 (5’CAGCACCCAC3')
was used. The PCR reactions were performed
as follows: 1x PCR buffer (10 mM Tris-HCl pH
8.4;) with 3.5 mM of MgCl2, 0.2 mM of each
dNTPs, 0.4 mM of primers, 1U of Taq DNA
polymerase and 1.0 μl of DNA sample. The PCR
conditions included 35 cycles of denaturation at
94oC for 1 min, annealing at 36ºC for 2 min,
extension at 72ºC for 2 min, with initial denaturation
at 94oC for 5 min and a final extension at 72oC
for 5 min. The electrophoresis was carried out as
described above; however, the amplification
products were analyzed in 2.5 % agarose gel.

16S rRNA restriction fragment length poly-
morphism

16S rRNA RFLP was done to confirm genotypic
diversity for those subjects who were representing
same RAPD profile.

RFLP patterns
The Hae III enzyme was used to digest the 16S

rRNA gene of S. mutans yielding RFLP patterns
in accordance with GeneBank. The gene contains
13 potential HaeIII restriction sites. The primer
sequences were as follows: 27 F 5’-AGAGTTT-
GATCCTGGCTCAG-3’ 1492R 5’-TACGGGTA-
CCTTGTTACGACTT-3’. A 10 μl of PCR
products were transferred to the tubes. A 2 μl
loading dye were added to all tubes and then
loaded into agarose wells. Amplicons were
resolved by electrophoresis and profiles visualize.
Digestion master mix was prepared as follows:
195.6 μl sterile DH2O was transferred to a fresh
0.5 ml tube; 24 μl 10x buffer was added, followed
by 2.4 μl acetylated bovine serum albumin (10
mg/ml), making a total volume of 222 μl, and about
18.5 μl master mix was transferred to a series of
fresh 0.5 ml tubes. One microliter of PCR product
and about 0.5 μl Hae III was added to all
preparations apart from one of the controls (i.e.
containing neither DNA nor restriction enzyme),
Samples were incubated at 37°C for 2.5 h.
Restriction fragments were resolved by electro-
phoresis using 2 % agarose gel.

Data analysis
RAPD and RFLP 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). The UPGMA (Unweighted Pair-
Group Method with Arithmetical Average)
hierarchical method was used to group the units
and to build the dendrogram. The software Boot
3.04 (6) was used for bootstrap analysis, which
assesed the reliability of each grouping after
10.000 pseudo replicates.

Results
Prevalence and status of dental caries in low
socioeconomic children

According to severity in caries active children,
only 19.5 % girls were having severe dental caries
with pain involve pulp, 50 % were having moderate,
and 30.7 % were having low, involve only enamel.
In boys, only 22.2 % were having severe dental
caries, 55.5 % were having moderate, and 63.8%
were low dental caries (Fig. 1).

Genomic diversity of S. mutans in school
children

Strains of S. mutans produced characteristic
colonies of about 1 mm in diameter, with beads,
droplets or puddles containing soluble extracellular
polysaccharide 6 with á or ã hemolysis. All identi-
fied 100 strains of section A and 79 strains from
section B were genotyped by RAPD. Ampli-
fication of DNA from the S. mutans with the OPA
13 primer resulted in 6-9 fragments (amplicons),
ranging from 0.5 to 2 Kb in size (Fig. 2a).

RAPD fingerprinting
In group A, out of 35 caries active children, one

boy and three girls were carried only one geno-
type, remaining children were having more than
one distinct amplitype. Among 100 S. mutans
strains isolated from the children’s oral cavity, 79
different genotypes were found. In group B, 54
different amplitypes were identified out of 76
strains. We observed high genetic diversity in caries
active children. 2 girls and 3 boys carried more
than two distinct amplitypes. One amplitype was
found in one girl and 3 boys. Two amplitypes were
identified in each of other children.
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On RAPD analysis, we found in group A, B19
boys carried 3 genotypes in which one genotype
was similar to B21 boy (B23 carried two
genotype), and another pair of boys B26 and B27
girl shared same genotype in group B, B10 shared
same genotype with C strains of B11 (Fig. 2b).
Digestion of 16s rDNA of children pairs with Hae
III enzyme showed similar result as in RAPD
(Fig. 3).

Discussion
In the present study, children were selected from

a low socioeconomic level received similar mid-
day meal. Most of the children had chapatti or
bread in their breakfast or nothing. In spite of
belonging low socioeconomic status, the pre-
valence of dental caries was found to be very
low in children. The overall prevalence of dental
caries in age group of 4-5 year old children was

Fig. 1. Caries status in children. [     ] Severe with pain involve enamel, dentine and pulp; [     ]
Moderate with no pain involve dentine; and [     ] low with no pain involve only enamel.

Fig. 2a. RAPD amplification profile obtained from Streptococcus mutans using
the OPA 13 primer. Strains isolated from children; Marker: 100 bp DNA ladder
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Fig. 2b. Restriction enzyme Hae III treated 16S rDNA
segments of isolated strains of Streptococcus mutans

31 %, 26 % girls and 36 % boys were caries
active. As compared to other studies which
showed high prevalence of caries in school going
children 4,7, present study observed no association
between economic status and prevalence of dental
caries. In dental caries, S. mutans plays very
important role and its prevalence increases as child
develops. The result of our study showed that S.
mutans isolates displayed genomic diversity. Many
children colonized with more than one genotype
of S. mutans. In addition to this previously
Napimoga et al. 12 proved that individual could be
colonized with 8 genotypes of S. mutans. Similarly
our present study showed higher genomic diversity
from 176 isolates 133 distinct genotypes, which
were properly identified. There are many reviews
on positive relationship between genomic diversity
and caries activity 21. Lembo et al. 9 demonstrated
that there was no significant relationship between
genomic diversity and caries activity and also the
genomic diversity increases with the age of the
children.

Multiple genotypes found in oral cavity of one

individual showed acquiesce of S. mutans from
different sources such as through mother, father,
sibling, care taker, spouse, and class mates etc.
Studies using phenotyping and/or genotyping
methods suggest that the mother is the major
primary source of infection for children who carry
S. mutans and/or S. sobrinus strains 18. Zhan 20

observed non-maternal transmission is more
prevalent than maternal in children with severe
early dental caries. However, detection of geno-
types that are not found in children’s mothers or
other family members indicates that S. mutans
and/or S. sobrinus may also be acquired from
other sources 10.

S. mutans matching genotypes in children from
unrelated families and attending the same day
nursery showed evidence for horizontal trans-
mission reported in Brazilian 10 Japanese 19 and
Chinese children 16. Study was also done for the
children older than 4 year (school going 5-7 age
group) and showed similar result 2. Present study
hypothesized that S. mutans could be laterally
transmitted among school children with prolonged
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Fig. 3. Dendrogram (Group A) representing the genomic similarities obtained based on RAPD.
Model: Jaccard’s similarity coefficient, Methods: UPGMA Neighbor-Hood joining, Data

Replication method: Bootstrap, number of replicates: 100. Software: PAST

exposure to an environment that favors the spread
of infectious agents, having same mid-day meal
and shorter periods of contact with mothers, hence
horizontal transmission is suggested from the
present study.

Conclusions
To our knowledge, this is the first report in India

reported S. mutans matching genotypes in children
from unrelated families that had no contact. Our

study favors the horizontal transmission through
the sharing the food and pacifiers. Since dental
caries can potentially be prevented by interfering
with transmission of S. mutans, this study can
further direct the development of caries-preventive
programs worldwide. It could also be recommen-
ded that several preventive programs could be
beneficial to prevent the intra-familial transmission
by directing antibacterial measures at highly
colonized children.

References
1. Arthur, R.A., Tabchoury, C.P.M., Mattos-Graner, R.O., Del Bel Cury, A.A., Leme, A.F.P.

and Vale, G.C. (2007). Genotypic diversity of S. mutans in dental biofilm formed in situ under
sugar stress exposure. Braz. Dent. J. 18: 185-91.

Sapna Singh et al. / JAM 1 (6) 2014 pp 305 - 312 310



2. Baca, P., Castillo, A.M., Liébana, M.J., Castillo, F., Martín-Platero, A. and Liébana, J.
(2012). Horizontal transmission of Streptococcus mutans in school children. Med. Oral Patol.
Oraly Cirug. Bucal. 17: 495-500.

3. Braga, M.P., Piovesan, A., Valarini, N., Sandra Mara Maciel, S.M., Bombarda de Andr-
ade, F, And Poli-Frederico, R.C. (2013). Genotypic diversity and virulence factors of Strepto-
coccus mutans in caries-free and caries-active individuals. Braz. Arch. Biol. Technol. 56: 241-
248.

4. Datta, P. and Datta, P.P. (2013). Prevalence of Dental Caries among School Children in Sundar-
ban, India. Epidemiol. 3: 100-135.

5. Doméjean, S., Zhan, L., DenBesten, P.K., Stamper, J., Boyce, W.T. and Featherstone,
J.D. (2010). Horizontal transmission of mutans Streptococci in children. J. Dent. Res. 89: 51-
55.

6. Hardie, J.M. (1986). Genus Streptococcus P.H.A. Sneath (Ed.), Bergey’s Manual of Systematic
Bacteriology, vol. II Williams &Wilkins, Baltimore, USA 1043-1007.

7. Karunakaran, R., Somasundaram, S., Gawthaman, M., Vinodh, S., Manikandan, S. and
Gokulnathan, S. (2014). Prevalence of dental caries among school-going children in Namakkal
district: A cross-sectional study. J. Pharm. Bioallie. Sci. 6: 160-161.

8. Kozai, K., Nakayama, R., Tedjosasongko, U., Kuwahara, S., Suzuki, J. and Okada, M.
(1999). Interfamilial distribution of mutans streptococci in Japanese families and possibility of
father-to-child transmission. Microbiol. Immunol. 43: 99-106.

9. Lembo, F.L., Longo, P.L., Ota-Tsuzuki, C., Rodrigues, C.R. and Mayer, M.P. (2007).
Genotypic and phenotypic analysis of Streptococcus mutans from different oral cavity sites of
caries-free and caries-active children. Oral Microbiol. Immunol. 22: 313-319.

10. Mattos-Graner, R.O., Li, Y., Caufield, P.W., Duncan, M and Smith, D.J. (2001). Genotypic
diversity of Streptococcus mutans in Brazilian nursery children suggests horizontal transmission.
J Clin Microbiol 39: 2313-2316.

11. Mitchell, S.C., Ruby, J.D., Moser, S., Momeni, S., Smith, A. and Osgood, R. (2009).
Maternal transmission of mutans Streptococci in severe-early childhood caries. Pediat. Dent.
31: 193-201.

12. Napimoga, M.H., Kamiya, R.U., Rosa, R.T., Rosa, E.A., Hofling, J.F., Mattos-Graner,
R.O. and Goncalves, R.B. (2004). Genotypic diversity and virulence traits of Streptococcus
mutans in caries-free and caries-active individuals. J. Med. Microbiol. 53: 697-703.

13. Oho, T., Yamashita, Y., Shimazaki, Y., Kushiyama, M. and Koga, T. (2000). Simple and
rapid detection of Streptococcus mutans and Streptococcus sobrinus in human saliva by poly-
merase chain reaction. Oral Microbiol. Immunol. 15: 258-262.

14. Qianzhou, J., Miao, Y., Zhipeng, M., Anhua, Y., Dong, C. and Qi, Z. (2012). AP-PCR
detection of Streptococcus mutans and Streptococcus sobrinus in caries-free and caries-active
subjects. Mol. Cell Biochem. 1:159-164.

15. Robinson, W.G., Old, L.A. and Shah, R.R.B. (2003). Chromosomal insertions and deletions
in Streptococcus mutans. Caries Res. 37: 148-156.

16. Shang, R., Zou, J. and Zhou, X.D. (2006). Study on the horizontal transmission of oral
Streptococcus mutans in day-nursery children. West China J. Stomatol. 24: 527-9.

17. Tahmourespour, A., Nabinejad, A., Shirian, H., Rosa. E.A.R. and Tahmourespour, S.
(2013). Typing of Streptococcus mutans strains isolated from caries free and susceptible subjects
by multilocus enzyme electrophoresis. Braz. J. Microbiol. 44: 873-877.

18. Teanpaisan, R., Chaethong, W., Piwat, S. and Thitasomakul, S. (2012). Vertical transmission
of mutans streptococci and lactobacillus in Thai families. Pediat. Dent. 34: 24-29.

19. Tedjosasongko, U. and Kozai, K. (2002). Initial acquisition and transmission of Mutans

Sapna Singh et al. / JAM 1 (6) 2014 pp 305 - 312 311



Streptococci in children at day nursery. ASDC J. Dent. Child. 69: 284-288.
20. Zhan, L., Tan, S. and Den, Besten, P., Featherstone, J.D.B. and Hoover, C.I. (2012).

Factors related to maternal transmission of mutans streptococci in high-risk children-pilot study.
Pediat. Dent 34: 86-91.

21. Zhou, Q., Qin, X., Qin, M. and Ge, L. (2011). Genotypic diversity of Streptococcus mutans
and Streptococcus sobrinus in 3-4-year-old children with severe caries or without caries. Int. J.
Paedat. Dent. 21: 422-431.

Sapna Singh et al. / JAM 1 (6) 2014 pp 305 - 312 312


