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Detection of Streptococcus mutans in human saliva and plaque using
selective media, polymerase chain reaction, and monoclonal antibodies
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The objective of this study was to evaluate the distribution of dental caries-associated Streptococcus mutans in human saliva and
plaque. The samples for this study were collected from 90 subjects (30 children, 30 adolescents, and 30 adults). The decayed, missing,
and filled teeth (DMFT) and significant caries indices were evaluated. We applied polymerase chain reaction (PCR) analysis to detect
S . mutans in each sample. Enumeration of S . mutans was conducted through culturing on Dentocult-SM and mitis salivarius agar
medium. For saliva samples enzyme-linked immunosorbent assay (ELISA) analysis using monoclonal antibodies specific to antigen
I/II and glucosyltransferase was done. We detected S . mutans in 79.7% and 56.8% of all saliva and plaque samples, respectively using
PCR analyses. S . mutans were detected in 59.1%, 88.0%, and 88.9%, and in 86.4%, 56.0%, and 33.3% of saliva and plaque samples
from children, adolescents, and adults, respectively. There were significantly higher levels of S . mutans in adolescents’ saliva more than
any groups. There was a positive correlation between DMFT and the level of S . mutans reactivity measured using ELISA. Our results
suggest that there should be more emphasis on adolescents’ oral hygiene more than in children or adults early prevention and research
of dental caries.
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INTRODUCTION

iogenic bacteria are typically acquired by children via the
mother’s saliva [5], and while there are greater than 1,000

Dental caries is a chronic disease that is common world-

bacterial species that exist within the oral cavity [6], mu-

wide, and which occurs most frequently in children and

tans streptococci are the bacteria primarily associated with

adolescents [1,2]. Dental caries develop due to the bacte-

dental caries [7,8]. The mutans streptococci species Strep-

rial plaque that covers the teeth [3]. However, it has been

tococcus mutans and Streptococcus sobrinus usually exist

shown that caries do not develop when the bacteria that

separately in an individual, with S . mutans occurring more

cause the disease are not present in the plaque [4]. Car-

frequently in regions around the caries and exhibiting a
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close relationship with the disease [9,10].

of the research and the experimental methods in advance.

Colonization of young children by caries-causing bacte-

The present study was performed following the guidelines

ria results in earlier onset and more severe cases of dental

of the Institutional Review Board of Chonbuk National Uni-

caries. As a result, there have been efforts to prevent the

versity Hospital, and passed the review procedure process

disease by performing caries activity tests to detect the

(IRB no: 2014-08-004).

caries-associated bacteria [11,12]. In particular, passive
immunization studies targeting S . mutans virulence fac-

Clinical examination

tors, such as antigen I/II (Ag I/II) and glucosyltransferases
(Gtfs), were conducted using polyclonal and monoclonal

All clinical examinations were performed by the same

antibodies [13-16]. As a cell surface adhesion molecule,

researcher. This dentist performed oral examinations under

Ag I/II is involved in the adhesion of oral streptococci to

natural daylight using a dental mirror and dental explorer.

the teeth via interaction with various proteins in the saliva.

Teeth were evaluated and the decayed, missing, and filled

Meanwhile, S . mutans encodes at least three types of Gtfs

teeth (DMFT) index was determined based on World Health

(GtfB, GtfC, and GtfD). These proteins have been shown to

Organization standard methods and criteria [18]. In ad-

utilize sucrose for the synthesis of glucan, which serves as

dition, we determined the significant caries index (SiC

a binding site for S . mutans and other oral bacteria, and are

index), a recently described evaluation index used for as-

known to play a key role in the formation of virulent dental

sessing the risk of dental caries, for each patient. For these

plaques [16,17].

analyses, the DMFT value for each patient was compared

The purpose of this study was 1) to compare the prevalence of S . mutans , the primary causative agent of dental

to the average value derived from the third of the population that exhibited the highest DMFT values [19,20].

caries, in the saliva of children and adolescents with that
of adults, 2) to examine the correlation between indices

Plaque and saliva sampling

related to dental caries and the differences between each
group, and 3) to examine the efficacy of monoclonal anti-

Plaque and saliva samples were collected (between 9

bodies against Ag I/II and the Gtfs for detection of S . mu-

to 10 AM) from individuals who had brushed their teeth

tans in saliva samples.

after breakfast and did not consume any food or drinks for
at least an hour prior to the examination. Plaque samples

MATERIALS AND METHODS

were taken by applying gentle pressure to the buccal of the

Study population

plaque, saliva samples were obtained and collected using

first molar with a sterilized toothpick. After obtaining the
paraffin tablets and stored in 5 to 10 mL plastic tubes. The

A total of 90 individuals lacking any special medical his-

saliva and plaque samples were immediately placed in an

tory were selected from three population groups residing

ice box set below 4°
C, and experiments were promptly

in Jeonju, South Korea. Group 1 consisted of 30 second

conducted on the day the samples were obtained.

grade elementary school children (8 years old, 1:1 malefemale ratio); Group 2 consisted of 30 second year high

Culture methods

school adolescents (17 years old, 1:1 male-female ratio);
and Group 3 consisted of 30 adults in their middle and late

Examination of S . mutans levels using mitis salivarius

twenties who were admitted to a dental clinic (average

(MS) agar medium (log10 colony forming units [CFU]/mL)

of 28.4 years old, 1:1 male-female ratio). All participants
provided informed, written consent. For study participants

Saliva samples were mixed by vortexing, and 100 µL of
each sample was diluted 1:10 with double-distilled wa-

that were minors, consent was obtained from both the

ter in 1.5 mL tubes. Samples were then serially diluted,

participant and their guardian after explaining the purpose

and 100 µL aliquots were spread onto MS agar, a selective
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medium used for detection of S . mutans . Plates were in-

and GtfD, which were developed previously in our labora-

cubated at 37°
C with 5% CO2 for more than 48 hours, the

tory [21-24], were utilized for ELISA-based detection of S .

resulting S . mutans colonies were quantified, and the log10

mutans virulence determinants within saliva samples. For

CFU/mL of each sample was calculated.

these experiments, 100 µL of each saliva sample was pipet-

Examination of S. mutans levels using the Dentocult-SM
kit

ted into 96-well plates coated with 20 µL of recombinant
Ag I/II, GtfB, GtfC, or GtfD protein (Nunc A/S, Roskilde,
Denmark), and incubated at 4°
C overnight. After blocking

Enumeration of S . mutans using the Dentocult-SM kit

with 3% skim milk at room temperature for 30 minutes,

(Orion Diagnostica, Espoo, Finland) was performed ac-

plates were washed three times with phosphate-buffered

cording to the manufacturer instructions. Bacitracin discs

saline (PBS). Corresponding monoclonal antibodies were

were placed into test tubes containing liquid cultures. After

then added and incubated at 37°
C for 1 hour. After wash-

approximately 15 minutes, the screening strips from the kit

ing with PBS to remove the antibodies, samples were incu-

were immersed into the test tubes containing the saliva and

bated with alkaline phosphatase-tagged goat anti-mouse

then transferred to clean test tubes. The caps were loosely

immunoglobulin G (Sigma Chemical Co., St. Louis, MO,

sealed and tubes were cultured at 37°
C for 48 hours. The

USA) at 37°
C for 1 hour. Plates were again washed four

caries activity was then characterized as level 0, 1, 2, or 3

times with PBS, and alkaline phosphatase substrate was

using the evaluation chart provided by the manufacturer,

added. Plates were inserted into the ELISA reader (Packard

which is based on the number of S . mutans colonies pres-

Instrument Co., Downers Grove, IL, USA) and the optical

ent in the sample.

density at 405 nm (OD405) was measured. Reactions with
each monoclonal antibody were performed three times,

Detection of S. mutans by polymerase chain reaction
(PCR)

and data are presented as average values.

Statistical analysis
PCR analysis of saliva and plaque samples was performed
using the oligonucleotide primers GtfB-F (5´-AGC CAT

One-way analysis of variance (ANOVA) and Student’s t-

GCG CAA TCA ACA GGT T-3´) and GtfB-R (5´-CGC AAC

tests were utilized to evaluate differences in the results ob-

GCG AAC ATC TTG ATC AG-3´), which were designed to

tained for each group, and Spearman’s correlation analysis

amplify a fragment of the gtfB gene of S . mutans . Reactions

was conducted to examine correlations between groups.

were carried out in 20 µL volumes containing 1 µL of genomic DNA, 4 µL 5× PCR mixture (Elpis Biotech, Daejeon,

All analyses were performed using SPSS version 19.0 soft-

Korea), 1 µL of each primer (5 pM stocks), and 14 µL of
distilled water. The reaction conditions were as follows:

ered statistically significant for all tests.

95°
C for 1 minute, followed by 30 cycles of 95°
C for 10

RESULTS

seconds, 58°
C for 10 seconds, and 72°
C for 10 seconds, and
a final extension at 72°
C for 5 minutes. PCR products were

ware (IBM Corp., Armonk, NY, USA). p ＜0.05 was consid-

Analysis of the DMFT and SiC indices

analyzed by 1% agarose gel electrophoresis and ethidium
bromide staining.

Not surprisingly, the group 3 subjects (adults) exhibited
the highest average DMFT value (average, 7.10 [female,

Detection of S. mutans virulence factors in saliva
by enzyme-linked immunosorbent assay (ELISA)
analysis

7.47; male, 6.73]), indicating a tendency towards an increased risk of dental caries with age. Notably, the average
DMFT value was slightly higher in the female population than in the male population of each of the three age

Monoclonal antibodies specific to Ag I/II, GtfB, GtfC,

groups. Meanwhile, although group 2 exhibited the highest
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SiC index value, there was no statistically significant differ-

Detection of S. mutans in saliva and plaque by PCR

ence between this value and those obtained for groups 1
PCR analysis detected S . mutans in 79.7% and 56.8% of

and 3 (Table 1).

saliva and plaque samples, respectively. Notably, the per-

Salivary levels of S. mutans

centage of saliva samples from children that contained S .

mutans (59.1%) was significantly lower than those from adThe highest average Dentocult-SM score (1.17) was ob-

olescents (88.0%) and adults (88.9%). Conversely, S . mutans

tained from the group 2 samples (female, 1.27; male, 1.07).

was detected significantly more frequently in the plaque

Similarly, the group 2 samples yielded significantly higher

samples harvested from children (86.4%) than in those har-

levels of S . mutans (log10 CFU/mL) on MS agar (average, 5.34

vested from adolescents (56.0%) and adults (33.3%) (Table 3).

[female, 5.38; male, 5.30]) than the group 1 and 3 samples.
When compared by gender, the Dentocult-SM score and
the levels of S . mutans on MS agar were slightly higher in

Detection of S. mutans virulence factors in saliva by
ELISA analysis

females than in males (Table 2).
The saliva samples were subjected to ELISA analysis using the following monoclonal antibodies: anti-AgI/II, antiTable 1. DMFT and SiC index according to gender and groups
Index
DMFT
Female
Male
Total
p -value
SiC
Total

Total (n=90)

Group 1 (n=30)

Group 2 (n=30)

Group 3 (n=30)

p -value

7.11±3.95
5.89±4.84
6.50±4.43
0.193

6.80±4.21
4.27±3.26
5.53±3.92
0.076

7.07±4.10
6.67±6.15
6.87±5.14
0.835

7.47±3.78
6.73±4.57
7.10±4.14
0.636

0.902
0.288
0.340

11.40±3.36

9.90±2.33

12.40±4.65

11.90±2.33

0.217

Values are presented as mean±standard deviation.
Group 1, children (age: 8 years); Group 2, adolescents (age: 17 years); Group 3, adults (mean age: 28.4 years); DMFT, decayed, missing, and filled
teeth; SiC, significant caries index.
Group 1= DMFT+dmft.
Table 2. Dentocult-SM scores and MS agar Streptococcus mutans levels (log10 CFU/mL) according to gender and groups
Dentocult-SM scores
Female
Male
Total
p -value
MS agar S . mutans levels (log10 [CFU/mL])
Female
Male
Total
p -value

Total (n=90)

Group 1 (n=30)

Group 2 (n=30)

Group 3 (n=30)

p -value

1.00±0.83
0.89±0.71
0.94±0.77
0.497

0.87±0.83
0.80±0.86
0.83±0.83
0.831

1.27±0.88
1.07±0.80
1.17±0.83
0.521

0.87±0.74
0.80±0.41
0.83±0.59
0.764

0.316
0.509
0.154

5.07±0.60
4.84±0.66
4.96±0.64
0.082

4.95±0.41
4.74±0.60
4.84±0.52
0.299

5.38±0.70
5.30±0.54
5.34±0.62
0.711

4.89±0.54
4.48±0.57
4.68±0.59
0.055

0.044a
0.001b
<0.001c

Values are presented as mean±standard deviation.
MS, mitis salivarius; CFU, colony-forming units; Group 1, children (age: 8 years); Group 2, adolescents (age: 17 years); Group 3, adults (mean
age: 28.4 years).
a
p <0.05, bp <0.01, cp <0.001.
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Table 3. Comparison between saliva and plaque detection of Streptococcus mutans using polymerase chain reaction (PCR) (%)
Group 1

PCR-saliva
PCR-plaque

Group 2

Group 3

Total

O

X

O

X

O

X

O

X

59.1
86.4

40.9
13.6

88.0
56.0

12.0
44.0

88.9
33.3

11.1
66.7

79.7
56.8

20.3
43.2

p -value
0.012a

Analysis was done only on individuals with S . mutans .
Group 1, children (age: 8 years); Group 2, adolescents (age: 17 years); Group 3, adults (mean age: 28.4 years); O, total percent rate of detection
individuals with S . mutans ; PCR-saliva X, the detected percent rate of individuals with S . mutans in plaque who did not show S . mutans in saliva;
PCR-plaque X, the detected percent rate of individuals with S . mutans in saliva who did not show S . mutans in plaque.
a
p <0.05.
Table 4. Levels of monoclonal antibodies reacted to Streptococcus mutans in saliva according to groups*
Monoclonal antibody
Anti-AgI/II
Anti-GtfB
Anti-GtfC
Anti-GtfD

Total

Group 1

Group 2

Group 3

p -value

1.34±0.17
1.20±0.19
1.52±0.27
1.42±0.25

1.20±0.20
1.15±0.16
1.09±0.16
1.06±0.21

1.40±0.17
1.03±0.16
1.26±0.17
1.10±0.12

1.42±0.14
1.44±0.16
2.23±0.45
2.09±0.30

0.601
0.188
<0.001
<0.001

Values are presented as mean±standard deviation.
Group 1, children (age: 8 years); Group 2, adolescents (age: 17 years); Group 3, adults (mean age: 28.4 years); Ag, antigen; Gtf, glucosyltransferase.
*Measured at optical density=405 nm.
Table 5. Correlation analysis between variables of all subjects*
DMFT

Dentocult-SM

MS agar

PCR-saliva

PCR-plaque

Anti-AgI/II

Anti-GtfB

Anti-GtfC

Anti-GtfD

0.022

0.038

0.080

–0.227a

0.144

0.307b

0.248a

0.282b

MS, mitis salivarius; PCR, polymerase chain reaction; Ag, antigen; Gtf, glucosyltransferase; DMFT, decayed, missing, and filled teeth.
*Spearman’s correlation coefficient.
a
p <0.05, bp <0.01.

GtfB, anti-GtfC, and anti-GtfD. The OD405 values obtained
for each monoclonal antibody are depicted in Table 4.

DISCUSSION
Dental caries is an infectious oral disease that is preva-

Correlation analysis between variables

lent in children and adolescents, and S . mutans is a primary
causative agent of the disease [1,3,25]. The acidogenic bac-

Spearman’s correlation analysis was performed to ex-

teria that cause dental caries do not attach directly to the

amine whether there were associations between the DMFT

surface of teeth, but adhere to teeth via the formation of a

values and caries variables for all participants. There was a

pellicle. In particular, S . mutans adheres to teeth through

positive correlation between DMFT values and the level of

both sucrose-independent and sucrose-dependent pro-

anti-GtfB (r=0.307, p ＜0.01), anti-GtfC (r=0.248, p ＜0.05),

cesses. In the absence of sucrose, expression of the com-

and anti-GtfD (r=0.282, p ＜0.01) reactivity, as detected by

bination of Ag I/II protein and salivary agglutinin glycopro-

ELISA analysis. Conversely, there was no correlation be-

tein promotes adherence to the oral biofilm. Meanwhile,

tween the results obtained by Dentocult-SM analysis and

in the presence of sucrose, the Gtfs (GtfB, GtfC, and GtfD)

by cultivation of samples on MS agar (Table 5).

synthesize glucan, which is bound by bacterial cells (both
streptococcal and non-streptococcal species) expressing

125

Detection of Streptococcus mutans

glucan-binding proteins, thereby promoting bacterial clus-

proach has been considered a more useful diagnostic tool

tering and increasing the number of S . mutans within the

than the collection of plaque [11]. To assess the efficacy of

biofilm [8,17].

this method, we compared the sensitivity of a PCR-based

In this study, the highest DMFT values for both males and

test for the detection of S . mutans in saliva and plaque

females were observed in the group 3 subjects, and there

samples. While S . mutans was detected in significantly

was a general trend towards an increase in DMFT values

fewer saliva samples from children than from adolescents

with age. Meanwhile, the average SiC index, Dentocult-SM

or adults, the organism was detected in a significantly

score, and log10 CFU/mL of S . mutans were higher in the

larger number of plaque samples from children than from

group 2 subjects than in the other groups. In particular, the

the other groups. Previous studies have demonstrated that S .

S . mutans levels were significantly higher in the adolescent

mutans is detected with greater accuracy in plaque samples

group, for both males and females, than in the other two

than in saliva samples [11,33,38]. Notably, however, while

groups.

the results of the present study indicate that S . mutans is

Studies have shown that there are differences between

detected with greater accuracy in children using plaque

males and females in the prevalence of dental caries, and

samples, greater accuracy is obtained in both adolescents

that these differences are due to physiological, environ-

and adults via the analysis of saliva samples. Therefore,

mental, and behavioral factors, including sex hormones,

different methods for the detection of S . mutans should

early eruption of teeth, snacking frequency, and saliva se-

be used in accordance with age. Meanwhile, a possible

cretion. Specifically, most studies have detected a higher

explanation for the increased Dentocult-SM scores and S .

prevalence of dental caries in females [26-28]. Consistent

mutans levels on MS agar observed in adolescents is that

with these findings, we detected slightly higher DMFT val-

this age comprises a transitional period in the development

ues, Dentocult-SM scores, and S . mutans levels on MS agar

of an individual from a child to an adult. As children gain

in the females of each age group compared to the males.

more independence during this period, oral hygiene may

To date, there have been conflicting reports regarding

become neglected due to reduced parental control over

the presence of a correlation between DMFT values and

eating habits and oral hygiene. Therefore, stricter manage-

the levels of S . mutans present in the saliva. Indeed, while

ment of oral hygiene is needed in adolescents, as microbial

several studies have detected a significant relationship

factors combined with lifestyle changes in this age group

between these factors [29-33], other studies have failed to

can result in an increased risk for the development of oral

detect such a correlation [34-37]. Consistent with this lat-

disease.

ter group, we did not observe a statistically significant rela-

Many researchers have attempted to effectively prevent

tionship between these factors. Notably, according to one

dental caries using Ag I/II and Gtfs, which are virulence

report, the development of dental caries is not dependent

factors of S . mutans [39-42]. In the present study, Ag I/II-,

on the number of S . mutans present, but on the presence

GtfB-, GtfC-, and GtfD-specific monoclonal antibodies de-

of particular S . mutans strains that exhibit higher levels of

veloped in our laboratory were used to measure the levels

toxicity and acid production [35]. This factor could explain

of these virulence factors in saliva samples [21-24]. Similar

the inconsistent detection of a statistically significant rela-

to the observed age-dependent increase in DMFT values,

tionship between DMFT and S . mutans levels.

there was a trend towards an increase in the levels of these

A recently developed saliva-based diagnostic test allows

proteins with increasing age. Furthermore, there was a

for convenient, painless sample collection. This test can

statistically significant positive correlation between DMFT

simultaneously detect host immune factors and markers of

values and the signals obtained using the anti-GtfB, anti-

the bacterial species responsible for dental caries and peri-

GtfC, and anti-GtfD antibodies. Indeed, our results indicate

odontal disease within the oral cavity. In addition, it can

that there was a better correlation between DMFT values

detect systemic diseases such as human immunodeficiency

and the results obtained by ELISA analysis using our mono-

virus and hepatitis. As a result, in recent years, this ap-

clonal antibodies than between DMFT values and the levels
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of S . mutans observed on MS agar. As such, these findings
suggest that ELISA analysis using our monoclonal antibodies could be utilized as a tool to rapidly measure caries activity in the clinical setting.
Dental caries not only induce pain but also hinder nutrient intake, thereby adversely affecting proper physical
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growth. Hence, early diagnosis and treatment of dental
caries during childhood and adolescence is very important. Therefore, we examined the prevalence of S . mutans
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