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Frequency, biofilm formation and acid susceptibility of streptococcus
mutans and streptococcus sobrinus in saliva of preschool children with
different levels of caries activity
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INTRODUCTION

ABSTRACT

Background: One of the causative factors in development of dental caries is microorganisms.Two
species of Mutans streptococci including Streptococcus mutans and Streptococcus sobrinus are associated
with dental caries in human beings. The aim of this study was to investigate the frequency of S.
mutans and S. sobrinus in saliva of children with different caries activity and ability to form biofilm
and acid susceptibility of these microorganisms.

Materials and Methods: This analytical case-control study was performed on 83 preschool
children, 4-6 years old. Children were divided into two groups including 4| caries-active and 42
caries-free children. Non-stimulated saliva samples were collected and culture and polymerase
chain reaction techniques were used. Statistical analysis was performed using t-test, Chi-square,
ANOVA, and Kappa tests.

Results: S. mutans and S. sobrinus were found in 65% and 21.6% of the samples respectively.
S. mutans was isolated from 75.6% of caries-active and 54.8% of caries-free children. Figures for
S. sobrinus were 29.2% and 14.3% respectively.Acid susceptibility of microorganisms isolated from
saliva was 87.43 in caries-active children and 94.30 for caries-free children. Biofilm formation of
microorganisms in caries-active and caries-free children was 0.77 and 0.73, respectively.
Conclusion: Frequency of S. mutans in caries-active children was significantly higher than caries-
free children, but the difference in frequency of S. sobrinus was not significant. Acid susceptibility
of microorganisms in caries-active children was significantly lower, but the ability to form biofilm
was not significantly different in two groups.
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recognized to require a host, a dietary substrate,
and aciduric bacteria. The saliva, the substrate, and

Dental caries is the most common chronic childhood the bacteria form a biofilm that adheres to the tooth
disease and an infectious disease that leads to surface. Over time, the presence of the substrate
demineralization and destruction of the tooth  serves a nutrient for the bacteria. This process leads

structure.l'! Multiple factors influence the initiation to acid formation by bacteria and demineralization

and progression of the disease. The disease is

of the tooth substance.”! Mutans streptococci are of
special interest in cariogenesis. They are a group

of bacterial species characterized by their ability to

produce extracellular glucans from sucrose and by
their acid production in animal and human studies.
The two species responsible for the initiation of
dental caries in man are Streptococcus mutans
and Streptococcus sobrinus.®*' Hong et al. found
that frequency of S. mutans is positively related to
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the presence of dental caries and determination of
salivary level of S. mutans can be used for prediction
of childhood caries.¥

Studies performed on preschool and school children
all over the world have revealed various prevalences
of S. mutans and S. sobrinus in saliva. A study in
Italy showed that the prevalence of S. mutans and
S. sobrinus in saliva was 55.2% and 54.4% respectively,
where as in a study in Japan the figures were 61.7%
for S. mutans and 56.6% for S. sobrinus.>5!

Three main characteristics of cariogenic bacteria are
their ability to adhere to the tooth surface, to produce
acids and to resist in an acidic environment.[!! Results
of a study performed by Ma et al. have shown that
the ability of S. mutans to adhere to the tooth surface
can be related to susceptibility to dental caries.!”
Loesche stated that aciduricity appears to be the most
consistent attribute of S. mutans and is associated with
its cariogenicity. He also observed that other aciduric
species such as S. sobrinus may be more important in
smooth-surface decay and are perhaps associated with
the rampant caries.”) A study performed by Lembo
et al. showed that S. mutans populations are different
in susceptibility to acid, biofilm formation and other
factors that let them colonize in the sucrose-rich
environment.®!

As shown in several studies, the frequency of S. mutans
and S. sobrinus in saliva of caries-active children is
more than caries-free children. Adherence to the tooth
surface and ability to live and function in an acidic
environment are the main factors in caries formation.!%
The objective of this study was to evaluate the
frequency of S. mutans and S. sobrinus in saliva of
children with different caries activity and to assess
the acid susceptibility and the ability to form biofilm
of the aforementioned microorganisms in preschool
children in Babol, Iran.

MATERIALS AND METHODS

Patient selection and sampling

Study cases were collected from 8 randomly
selected kindergartens in Babol, Iran. Oral informed
consent was obtained from all parents before sample
collection and the study protocol was approved
by the Ethics Committee of Babol University of
Medical Sciences, Iran. Eighty three cases, 4-6 years
old, were examined. History of systemic disease or
using drugs, topical fluoride application and using
antiseptic mouthrinse during a month prior to the

study were considered as exclusion parameters for
this study. Index of diseased, missed and filled teeth
(DMFT) was determined by one examiner using
probe and dental mirror under table lamp and the
children were divided into two groups according to
caries experience. Caries-active children presented
DMEFT=5 and at least one white spot lesion. Caries-
free children presented no history of caries and no
evidence of restorations or extractions due to dental
caries and revealed no white spot lesions in clinical
examination. The two groups were matched for age
and sex.

Saliva sampling was performed from 9-11 AM.
Children had to eat nothing 1 h prior to sampling.
One ml of non-stimulated saliva was obtained from
each child and the samples were transferred to sterile
phosphate buffered saline solution transport medium.

After taking the tubes containing saliva samples to
the laboratory, 1:10, 1:100 and 1:1000 dilutions were
prepared. To isolate the bacteria responsible for dental
caries mainly Streptococcus viridans species, a loop
of diluted samples was inoculated on Streptococcus
selection agar and incubated at 37°C for 48 h.
Colonies obtained from these plates were inoculated
on blood agar and incubated at 37°C for 24 h.

We used gram staining for isolating gram-positive
cocci and Catalase test for separating Staphylococcus
species from Streptococcus species. Hemolysis
ability was assessed and used for specifying different
species of Streptococci. Optochin and Basitracin
tests were used for confirming the diagnosis of
Streptococcus viridans colonies. Other biochemical
tests such as Voges-Proskauer, Arginine dihydrolase,
Esculin hydrolysis, and acid produced from sorbitol
and mannitol were performed according to Finegold
table.l'!)

Biofilm formation

To evaluate the ability to form biofilm, isolated
S. mutans and S. sobrinus from each child were
tested. At first cells were grown in Todd Hewith broth
for 18 h and then adjusted to standard turbidity of
0.5 MacFarland, diluted to 1:100 into fresh media and
transferred to wells in microtiter plates. Todd Hewith
broth contains trace amounts of sucrose, so it provides
a substrate for Glucosyl Transferase activity. After
incubation for 18 h at 37°C under anerobiosis (85%
N,, 10% H, and 5% CO,) in an anaerobic chamber,
the wells in the microtiter plates were washed and
the biofilms were stained with 1% crystal violet. The
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absorbances of crystal violet dissolved in ethanol of
the stained biofilms were measured at A, nm. All
experiments were performed in duplicate. Biofilm
formation ability was considered as the absorbance
value of crystal violet eluted from the biofilm

(A, nm).®

630
Acid susceptibility assay

To evaluate the ability to withstand acid stress,
isolated S. mutans and S. sobrinus species were
cultured in brain heart infusion (BHI) broth and
grown to 0.5 MacFarland. One million bacteria were
added to 0.01 M glycine buffer (pH 2.8), followed by
inoculation for 5 min. Cells resuspended in 0.01 M
glycine buffer (pH 2.8) acted as positive controls.
After incubation, the number of surviving cells was
estimated by inoculating diluted aliquots from each
tube at pH 7.0 and pH 2.8 on the surface of BHI
plates. After growth in 5% CO, at 37°C for 48 h, the
number of colony-forming units was determined for
each pH condition. The experiments were performed
in duplicate. Acid susceptibility was considered as the
percentage of non-viable cells at pH 2.8 in relation to
the total number of viable cells at pH 7.0.18

Deoxyribonucleic acid (DNA) extraction

We wused high pure polymerase chain reaction
(PCR) template preparation kit (Roch, Germany) for
extracting DNA. The supernatant containing DNA
was stored in freezer at 20°C until use.

Primer sequences were designed in such a way that
could replicate a sequence of 517-base-pair in gtfB
gene of S. mutans and a sequence of 712-base-pair in
gtfl gene of S. subrinus.

Each reaction consisted of 5 pl template DNA, 50
picomol of each primer, 200 puM of each dNTP,
1.5 mM MgCI2 (pH 8.3), 10 mM Tris HCI and
1.5U super taq DNA polymerase in a total volume
of 50 pl. The amplification reaction was performed
in a thermocycler system as following: primary
denaturation at 95°C for 5 min in a single cycle
and then 30 cycles was performed as following:
denaturation at 95°C for 30 s, annealing at 57°C for
30 s and extension at 72°C for 30 s and at last 5 min
at 72°C for replication of uncompleted parts. The
resulting amplicons were submitted to electrophoresis
in 1.5% agarose gel for 60 min, visualized by
transilluminator and documented by a photosystem
under ultraviolet light. The 517-base-pair amplicon
was considered specific for S. mutans and the
712-base-pair amplicon was considered specific

for S. sobrinus. Data were analyzed using SPSS-18
and statistical analysis was performed using #-test,
Chi-square, ANOVA and kappa test and P value
<0.05 was considered significant.

RESULTS

Among the 83 children studied 41 (41.4%) were girls
and 42 (50.6%) were boys with age ranging from
4-6 years (mean age 5.08 + 0.79 years). There was no
significant difference in age and sex between caries
free and caries active groups. Index of DMFT in
caries active group was 7.73 £ 2.28 and there was a
statistically significant relationship between age and
DMFT (P < 0.05).

The number of S. mutans and S. sobrinus in 1 ml of
saliva samples of caries active and caries free children
was 2.29 + 420 (x10% and 1.71 £ 6.22 (x10%)
respectively, but the difference was not statistically
significant (P > 0.05).

Tables 1 and 2 show that the frequency of S. mutans
in caries active group was significantly higher than
caries free group but the frequency of S. sobrinus

Table 1: Frequency of Streptococcus mutans and
Streptococcus sobrinus in saliva samples of two
groups according to culture technique

Type of Caries-active Caries-free P value
bacteria frequency (%) frequency (%)

S. mutans 31 (75.6) 23 (54.8) 0.046
S. sobrinus 12 (29.2) 7 (16.7) 0.172
S.mutans and 6 (14.6) 2 (4.8) 0.128
S.sobrinus

S.mutans or 37 (90.2) 28 (66.7) 0.009
S.sobrinus

None of the 4(9.8) 14 (33.3) 0.009

two bacteria

Table 2: Frequency of Streptococcus mutans and
Streptococcus sobrinus in saliva of two groups
according to PCR technique

Type of bacteria Caries-active Caries-free P value
frequency (%) frequency (%)

S. mutans 31 (75.6) 23 (54.8) 0.046

S. sobrinus 12 (29.2) 6(14.3) 0.098

S. mutans and S. 6 (14.6) 2(4.8) 0.128

sobrinus

S. mutans or 37 (90.2) 27 (64.3) 0.005

S. sobrinus

None of the 4(9.8) 15 (35.7) 0.005

two bacteria

PCR: Polymerase chain reaction
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Table 3: Acid susceptibility and biofilm formation of Streptococcus mutans and Streptococcus sobrinus
isolated from saliva of caries active and caries free children

Subject Caries-active mean + SD Caries-free mean + SD P value
Number of bacteria in pH: 7 139.13 + 134.25 (x103) 119.11 + 108.45 (x103) 0.521
Presence of bacteria in pH: 2.8 32 (86.7) 20 (71.4) 0.13
Presence of viable bacteria in pH: 2.8 21.6 +24.5 (x103) 13.4 £ 22.3 (x103) 0.04
Acid susceptibility 87.43 + 10.50 94.30 + 5.25 0.001
Acid susceptibility of S. mutans 86.27 + 11.71 949 +5.35 0.002
Acid susceptibility of S. sobrinus 93.31 + 6.55 92.82 + 3.78 0.88
Biofilm formation 0.77 £ 0.18 0.73 +0.20 0.356
Biofilm formation of S. mutans 0.79+0.2 0.71 +0.21 0.23
Biofilm formation of S. sobrinus 0.69 + 0.09 0.79+0.18 0.28

did not show a significant difference, using both PCR
and culture techniques. Frequency of presence of
each bacterium in caries active group and frequency
of absence of both bacteria in caries free group were
significantly higher than the other group. Comparing
two techniques, PCR and culture revealed no
statistically significant difference.

Table 3 shows acid susceptibility and biofilm
formation of S. mutans and S. sobrinus isolated from
saliva samples of both groups. Acid susceptibility of
the microorganisms isolated from the saliva of caries
free children was significantly higher than the caries
active group (P < 0.05). Biofilm formation in caries
active children was more than caries free children,
but the difference was not statistically significant
(P > 0.05). Comparing acid susceptibility and biofilm
formation of S. mutans between the two groups
revealed the same results as above.

DISCUSSION

This study was performed on saliva samples of
83 children of 4-6 years of age. S. mutans was
isolated from 65% of the samples which was more
prominent than S. sobrinus (21.6%). We have found
contradicting results with some other populations.>*
The inconsistencies may be due in part to different
nutritional and hygienic habits, various amounts
of fermentable carbohydrates used by the children,
differences in detection methods and ethnic
background of the study population

Presence of S. mutans in caries-active group was
significantly higher than the caries free group. Studies
by Cogulu et all'®, Warren et al!"! and Irigoyen
Camacho et al!'" on saliva samples of preschool
children showed that S. mutans was the most principle
bacterium in dental caries.

Loyola Rodriguez et al. ! and Hong et al. evaluated
the saliva samples of children <5 years old and found
that the frequency of S. mutans in caries active group
was significantly higher than the caries free group.
Zhi et al" and Choi et al." performed the same
study and found the same results.

We did not find any significant difference between
caries free and caries active children in the frequency
of S. sobrinus alone. This confirms the results
obtained by Franco et all'®l, Acevedo et al'7 and
Jiang et al'" but not the results of studies carried
out by Zhi et al.', Loyola Rodriguez et al.’!, Choi
et al™ and Qin et al. ", As the sampling area and
method and the age of the samples were the same in
these studies, the difference in results can be due to
differences in ethnical and nutritional characteristics
of the study populations.

In the current study, there was a significantly
positive relationship between DMFT index and age.
Teanpaisen et al.”® found that the number of children
with carious teeth and the number of carious teeth
significantly increased by age. It is reasonable because
as the age increases, more exposure to cariogenic
factors will occur.

In the current study, biofilm formation in caries
active group was more than caries free group,
but the difference was not statistically significant.
Few studies are carried out in this field including
studies of Lembo et al.® and Napimoga et al.*"
that found the same results as ours. Jiang et al.l*?
and Ma et al. ! found that adherence ability of
S. mutans in caries active children was significantly
higher compared to caries free children. This may
be because biofilm formation is just one of the
properties of the bacteria that help them remain in
mouth environment.
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In our study, acid susceptibility of the microorganisms
isolated from saliva samples in caries active group
was significantly more than the caries free group.
This shows that these microorganisms have more
acid tolerance in caries active group. A similar study
performed by Lembo et al®! has shown the same
results. Results of the studies by Van Houte et al.[*)
and McNeil et al.?¥ showed robust acid tolerance of
S. mutans and its acidogenic ability in low pH. This is
expectable due to acidogenesis and aciduricity of this
bacterium.

CONCLUSION

Results of the current study show that frequency
of S. mutans in saliva of caries active children is
significantly higher than caries free children but the
frequency of S. sobrinus does not differ significantly.
Acid susceptibility of these microorganisms is
significantly more in caries free children, but in
regard to biofilm formation there is no significant
difference.
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