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Abstract
Purpose: The purpose of this study was to investigate changes in

and

levels in saliva using TaqMan real-time PCR, once when the subjects were aged 12 13 years, and
again 3 years later when the subjects were aged 15 16 years, in order to gain insights into caries prevention
during adolescence.
Methods: The subjects were 88 Japanese adolescents（46 boys and 42 girls）in their first year of Tsurumi
Junior High School in 2010, and in their first year of high school in 2013. Stimulated saliva was collected, and
salivary

and

levels were obtained by real-time PCR. DMFT scores were also exam-

ined.
Results: Neither

nor

had formed colonies in 32 students（36.4％）at age 12 13 years,

and remained undetected（＜103 cells/m ）in 24 of these students（75％）3 years later. These results suggested that individuals in whom

and

have not formed colonies by age 12 13 remained

non-carriers（＜103）for 3 years. In 9.1％ of students, bacteria were detected in 2013 only, possibly due to
horizontal transmission. In 5.7％ of students,

and

were only detected in 2010, suggest-

ing that transient flora had been detected. In 57.9％ of students, bacteria were detected at both time points,
indicating possible colonization. DMFT scores in

and

carriers tended to be higher than

in non-carriers.
Conclusion: This study demonstrated the importance of inhibiting

and

colonization to

prevent dental caries. As two or more bacterial tests must be conducted in order to determine
and

colonization, it is recommended that such bacterial tests be conducted at a dental clinic or

during school health check-ups.
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changes over time. Furthermore, even follow-up studies
reporting bacterial counts have used the culture

Introduction

method20）. Hence, it is important to determine changes
Dental caries is a common infectious disease caused

in bacterial counts of a large number of subjects using

by dental plaque. Among 500 oral bacterial species,

methods such as real-time PCR to obtain accurate bac-

mutans streptococci（MS）such as

terial counts.

and

are conducive to caries initi-

The incidence of caries among young people in Japan

ation and development in humans1 3）. These two bacte-

and other advanced nations has been declining in

ria synthesize adherent water-insoluble glucans from

recent years. According to the Survey of Dental Dis-

sucrose and adhere to the tooth surface. Once adhered,

eases21） conducted every six years in Japan, DMFT

they form a biofilm with other oral flora and produce

score at age 12 peaked in 1981 at 5.9 and dropped to 1.7

acid that demineralizes the tooth surface within the bio-

in 2005 and 1.4 in 2011. However, the number of caries

film4）.

continues to increase after age 12, and DMFT scores in
has also been

the Survey were 3.2 for age 15 19, 5.9 for age 20 24

implicated in infective endocarditis5）, and recent mouse

and 8.9 for age 25 29. The major reasons for this age-

In addition to dental caries,

studies have suggested that it is a risk factor for hem-

related increase may be that oral care is no longer

orrhagic stroke6）and colitis7）. In other words, prevent-

managed by caregivers and schools as young people get

ing the colonization of

older and the transition from student to adult is accom-

in the oral environ-

ment may not only help prevent caries, but also be
important for general health overall.

panied by lifestyle changes22）.
In order to maintain a low incidence of caries after

Previously, the culture method using a mutans
group-specific selective medium, such as Mitis-Salivar8）

ius agar and/or Mitis-Salivarius-Bacitracin agar , has

age 12, it is essential to determine the changes in caries
risk factors during adolescence.
The purpose of this study was to investigate the car-

lev-

ies risk factors in the same subjects twice, once when

. However, while the culture method is able to

they were 12 13 years of age, and again three years

identify bioactive bacteria, it is difficult to process large

later when they were 15 16 years of age. In particular,

been used to obtain
els1,9

and

11）

numbers of samples, as the method is labor -and time-

the study focused on

intensive.

are known to be cariogenic bacteria, and used real-time

Thus, convenient methods, such as the Strip mutans
test

12）

, have been used for the determination of MS

and

, which

PCR to investigate the detailed changes in bacterial levels. The effects of

and

levels on

levels. The disadvantage of this convenient method is

caries during adolescence were examined in order to

lower sensitivity and accuracy in clinical samples; the

gain insights into caries prevention.

method can only divide results into classes 0 to 3: class
0 for MS＝0, class 1 for 5×105 CFU/m or less, class 2

Materials and Methods

for 5 to 9×105 CFU/m and class 3 for 106 CFU/m or
1 ．Subjects and sur vey of lifestyle habits

more.
On the other hand, recent advances in molecular biol-

The subjects were 88 students（46 boys and 42 girls）

ogy have enabled the development of Polymerase Chain

who were members of Tsurumi University Junior High

Reaction（PCR）methods using DNA13

School in Yokohama, Kanagawa, Japan, at age 12 13

15）

. In addition,

real-time PCR methods have been developed for quanti-

years in 2010, and 3 years later, when they attended

fying DNA from specific pathogens. This method allows

Tsurumi University High School at age 15 16 years in

easy, rapid, and accurate quantitative detection of

2013.
This study was approved by the Tsurumi University

pathogens in clinical samples.
Salivary

and

levels obtained

using real-time PCR have been reported16

19）

ethics committee
（No. 813）, was permitted by the school

. However,

principal, and complied with the Declaration of Helsinki.

these studies quantified bacterial levels at only one

Before conducting the study, the purpose of the

time point in each subject and did not clarify the

study was explained to the subjects and informed con-
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sent was obtained. They also completed a questionnaire

was 5ʼ-CCAGCCTGAGATTCAGCTTGT-3ʼ, and ampli-

about lifestyle habits that are predicted to have an

con size was 88 bp. The TaqMan fluorescent probe

effect on the oral environment.
2 ．Saliva sampling

（S s o b 2 9 8 T）w a s 5 ʼ - F A M - C C T G C T C C A G C G A CAAAGGCAGC-TAMRA-3ʼ.

Before dental examination, at least 1 h had passed

Standard curves for each organism were plotted for

since eating or tooth brushing. Stimulated saliva was

each primer-probe set using

obtained from subjects by chewing tasteless paraffin

the amplification of genomic DNA extracted from sam-

gum for 2 min, and was placed in a centrifuge tube.

ples of

Saliva samples were immediately cooled on ice, and

bers of bacteria were determined by plating culture

were transported to the laboratory within 4 h. Samples

dilutions on Brain Heart Infusion agar（Difco Laborato-

were stored at −30℃ prior to DNA extraction, then

ries, USA）.

values obtained from

strain and

strain. Num-

5 ．Statistical analysis

were tested one time per sample by real-time PCR.
3 ．Dental examination

All statistical analyses were performed using SPSS

Examination was carried out in accordance with the

Statistics Version 17.0（IBM Japan）. Wilcoxon signed-

checkup methods outlined by the School Health and

rank tests were performed in order to analyze changes

23）

Safety Act

in Japan by a team of eight expert den-

in

and

levels from 2010 to 2013.

tists using a standardized procedure. The same team

Kruskal-Wallis tests were performed in order to com-

performed the examinations with the same procedure

pare mean DMFT at a significance level of 0.05.

in 2010 and 2013. A mirror and LED light were used
for the examinations, which were performed in the

Results

school gymnasium. The examination criterion was the
number of decayed, missing and filled teeth（DMFT）
.

Table 1 shows the number of subjects classified by

4 ．DNA extraction and quantitative PCR
Genomic DNA was isolated from saliva samples

and

levels in 2010 and 2013.

The detected

level ranged from 0 to 3.7×

using a QuickGene DNA tissue kit S（Kurabo Indus-

10 （cells/m ）in 2010 and from 0 to 6.2×105（cells/m ）

tries）in accordance with the manufacturerʼs instruc-

in 2013.

5

was not detected at all in 15 stu-

tions. 5ʼ Nuclease-based real-time PCR assay was per-

dents（17.0％）in 2010 and in 23 students（26.1％）in

formed according to the previously described method24）.

2013.

For real-time PCR assay, 20μL of a mixture containing

or 2013 in nine of those students（10.2％）.

1μL of template DNA, 1×TaqMan Fast Universal PCR

was not detected at all in either 2010

With regard to

, this bacteria was

Master Mix（Life Technologies Japan）
, 200 nmol/ for-

detected in the range of 0 to 2.9×105（cells/m ）in 2010

ward and reverse primers, and 100 nmol/ TaqMan

4
and 0 to 6.6×10（cells/m
）in 2013. In 2010, 82 students

probe were placed in each well of a 96-well plate.

（93.2％）were non-carriers and in 2013, 81 students

Amplification and detection were performed using the

（92.0％）were non-carriers of

.

7500 Fast Real-Time PCR System（Life Technologies

was not detected at all in either 2010 or 2013 in 80 of

Japan）with the following cycle profile: 95℃ for 20 s,

those students（90.9％）.

and 40 cycles of 95℃ for 3 s, and 60℃ for 30 s.
Sequences of

-specific primers were as fol-

Ten students（11.4％）in 2010 and six students（6.8％）
in 2013（one subject had both 9.6×10 4 cells/m
and 1.2×104 cells/m

lows: forward primer（Smut3368-F）was 5ʼ-GCCTACAGCTCAGAGATGCTATTCT-3ʼ, reverse primer

）had MS levels

5

of 10 cells/m or more（Table 1）.

（S mut3481-R）was 5ʼ-GCCATACACCACTCAT-

As shown in Table 2, the students were divided into

GAATTGA-3ʼ, and amplicon size was 114 bp. The Taq-

four groups; A, B, C and D. Group A comprised stu-

Man fluorescent probe（Smut3423T）was 5ʼ-FAM-

dents who were non-carriers（＜103）in both 2010 and

TGGAAATGACGGTCGCCGTTATGAA-TAMRA-3ʼ.

2013. Group B comprised students who were non-carri-

specific primers were as fol-

ers（＜103）in 2010, but who were carriers in 2013.

lows: forward primer（Ssob287-F）was 5ʼ-TTCAAAGC-

Group C comprised students who were carriers in 2010,

CAAGACCAAGCTAGT-3ʼ, reverse primer
（Ssob374-R）

but who were non-carriers（＜103）in 2013. Group D

Sequences of

日
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and

levels in 2010 and 2013
2010

2013

Bacterial levels
（cells/m ）
0
0＜
102≤

＜10

2

＜103
＜104

103≤
104≤

＜105

105≤
Total（subjects）
Table 2

15

82

23

81

0

0

1

0

19

1

7

0

15

1

17

1

30

3

35

6

9

1

5

0

88

88

88

88

Number and ratio（％）of mutans streptococci（
and
）carriers in 88 adolescents in 2010 and 2013
2013

−
−

2010

＋

4.4×10 （cells/m ）in 2013, and there were no statistically significant differences between the means for
these time points.

＋

Changes in

A

24（27.3％）

8（ 9.1％）

C

D

5（ 5.7％）

level for Group D was 6.2×104 in 2010 and
4

levels over 3 years for the

seven students in whom

B

was detected

（≥10 ）are shown in Fig. 2. The
3

51（57.9％）

−: no mutans streptococci were detected（＜10 ）
＋: mutans streptococci were detected（≥103）
3

level in Group D was 2.9×105 cells/m in
2010, and the minimum and maximum

comprised students who were carriers（≥103）in both
2010 and 2013.
Eight students belonged to Group B（9.1％）
, and carried
in 2013, including one student who also carried

in 2013. Five students belonged to

Group C（5.7％）. They carried
include any

and did not

lev-

els were 1.6×103 and 6.6×104（cells/m ）, respectively,
in 2013. The mean

Twenty-four students belonged to Group A（27.3％）.

level in

Group B in 2013 was 5.7×104 cells/m . The maximum

level for Group D was

7.2×104 in 2010 and 2.4×104（cells/m ）in 2013, and
there were no statistically significant differences
between the means for these time points.
Mean DMFT per group in 2010 and 2013 and
changes in the distribution of number of students in

carriers. Fifty-one students

each DMFT category per group are shown in Table 3.

belonged to Group D（57.9％）
. In Group D, 45 students

DMFT in one student in Group A increased by 14 dur-

were carriers of only

ing the 3-year period; it is likely that factors other than

in both years, two stu-

dents were carriers of only

in both years,

three students were carriers of both

and

in both years and one student was a carrier of
in both years and
Changes over 3 years in

only in 2013.
levels（≥103）in

students are shown in Fig. 1.

and

caused the increase in the

number of caries in this individual. Excluding this student as an outlier, analyses gave a mean DMFT of 0.9
for Group A in 2013.
Mean DMFT differed significantly between Group A
and Group D in 2010, but did not differ significantly in

The minimum and maximum

levels in

Group B in 2013 were 2.2×103 and 2.6×105（cells/m ）
,

2013. Many students in Group D had a high DMFT
when compared with students in other groups, and this

respectively. The minimum and maximum

group tended to include many students with a large

levels in Group C in 2010 were 1.2×103 and 4.7×104

number of caries indicated by a DMFT of 3 or higher.

（cells/m ）, respectively. The minimum and maximum

In order to examine the effects on changes in

levels in Group D were 1.2×103 and 3.7×105
（cells/m ）, respectively, in 2010 and 1.2×10 and 6.2×
3

10 （cells/m ）, respectively, in 2013. The mean
5

and

levels in saliva, questionnaires

were administered to the subjects with questions on
lifestyle habits that are predicted to have an effect on

2014 年 10 月
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（cells/ml）

and

Group B
（N=8）
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Group C
（N=5）

Group D
（N=49）

6

1.0 10

2.6 10

3.7 10

5

5

6.2 10

5

1.2 10

3

5

1.0 10

1.0 10

4.7 10

4

2.2 10
1.0 10

4

3

3

1.2 10

3

1.2 10

3

0
2010

2013

2010

2013

2010

2013

Changes in
levels for 62 subjects in groups B, C and D in whom
was detected in saliva. See Table 2 for groups B, C and D.
In group B, two subjects were included the point at 2.2×104 cells/m in 2013.

Fig. 1

levels Group B
（cells/ml）
（N=1）
1.0 10

6

1.0 10

5

1.0 10

4

1.0 10

3

2.9 10
5.7 10

was selected as a cut-off（Figs. 1, 2）because there are
about 108 to 109 cells/m of bacteria in the oral cavity in

5

total, compared to which 103 cells/m is minuscule. In
6.6 10

4

4

addition, MS levels of 105 cells/m or less have been
reported to be a low caries risk using the conventional
Strip mutansʼtest25）. Even if changes in bacterial levels

1.6 10

3

were examined in more detail, the effects of MS levels
of 103 cells/m or less on caries incidence can be considered very small.

0
Fig. 2

1.0×103 cells/m were deemed to be non-carriers. This

Group D
（N=6）

2010

2013

Changes in

2010

2013

levels for 7 subjects in

groups B, C and D in whom
was
detected in saliva. See Table 2 for groups B
and D.

2 ．MS non-carriers group
The results in Groups A and B（Table 2）showed that
neither

nor

were present in 32

students（36.4％）at age 12 13 years in 2010, and
remained undetected（＜103）in 24 of these students
（75％；Group A）3 years later. In this study, a real-time

the oral environment（snacking, typically consumed

PCR method was used and this enabled very precise

drinks, tooth brushing, time taken for tooth brushing,

measurement. As oral bacterial count fluctuates, the

use of dental floss and fluoride use）
. Logistic analysis

absence of bacteria in one test does not necessarily

did not reveal any clear associations with increases or

mean that there is no colonization. In addition, as

decreases in

or

levels or their

presence（data not shown）
.

is reported to have an infection rate of 82％ or
higher1,9

11）

, the colonization rate of MS was believed to

be high. However, as bacteria were undetected（＜103）

Discussion

in the students in Group A not only once but again 3
years later, this strongly suggests that

1 ．Cut-off levels of S. mutans and S. sobrinus for
non-carriers
In this study, students with MS levels of less than

and

did not colonize the oral environment in these
students during those 3 years.
Loesche4） suggested that preventing colonization of
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Mean DMFT and number of subjects in each DMFT category（0, 1

Table 3

or 2, 3≤）in 2010 and 2013
DMFT

Group＊1

Subjects

A
B
C
D

mean＊2

23
8
5
51

0.1
0
0.2
0.9

2010

2013

0

1, 2

3≤

mean

0

1, 2

3≤

21
8
4
34

2
0
1
10

0
0
0
7

0.9
0.4
0.6
2.0

14
6
3
25

6
1
2
10

3
1
0
16

In group A, one subject whose DMFT score increased from 1 to 14 was
excluded for the statistical reasons.

＊1

: Group A: mutans streptococci were detected in neither 2010 nor 2013
Group B: mutans streptococci were detected in 2013 only
Group C: mutans streptococci were detected in 2010 only

＊2

Group D: mutans streptococci were detected in both 2010 and 2013

: p＜0.05, Kruskal-Wallis test.

and

in the pits and fissures in the

first molar occlusal surface that erupt under conditions
without MS is a major step in preventing caries in permanent teeth. As per Loescheʼs suggestion, this followup study demonstrated that it is possible to maintain no

3 ．Carriers of MS
In Group D, as MS was detected both in 2010 and
2013, MS colonization was strongly suspected（Table 2）
.
（Fig. 1）and

The

（Fig. 2）levels

in saliva of the students in Group D did not differ

oral colonization of MS for at least 3 years from the age

greatly between 2010 and 2013, and there were no sig-

of 12 13 years without any special intervention.

nificant differences in average levels. However, the lev-

The

window of infectivity

when

and

first begin colonizing the oral cavity in humans

els varied greatly among individuals. Further studies
are necessary to determine the factors that contribute

is reportedly between 19 33 months of age26）. Accord-

to colonization of MS in the oral cavity and to the

ing to another study, the source of infection is the childʼs

increase and decrease in bacterial level.

caregiver27）. It is highly likely that students in Groups

4 ．Hypothesis for transient and resident flora

A and B in whom

were not

When bacteria are transmitted from another individ-

detected at age 12 13 years, had never been carriers

ual, they may become transient flora that pass to the

from childhood.

infected individual only temporarily, or

and

resident flora

A number of host factors are thought to play a role

that form a colony. The same applies to MS. Most of

in whether bacteria form a colony. The conditions for

the bacteria transmitted from other individuals are only

colonization of

in the oral

transient flora that are later expelled from the body,

cavity were examined by questionnaire, but no clear

and only a small portion remains in the oral cavity,

associations were found. The lack of any associations

becoming resident flora that form micro-colonies on

may be the result of having surveyed conditions at age

tooth surfaces.

and

12 13 years rather than in infancy.

In students in Groups B and C,

was only

Kanagawa Prefecture, where the study took place,

detected in either 2010 or 2013（Figs. 1, 2）. In Group B,

had the second smallest caries rate out of the 47 pre-

colonization was not observed at age 12 13

28）

fectures in Japan in 2010 . It has also been reported

years. The detection of this type of bacteria 3 years

that preventive intervention in mothers was able to

later may have been due to horizontal transmission.

suppress caries development in their children29）. It has

The bacteria detected in Group C students may have

therefore been suggested that there were low levels of

been transient flora.

MS in caregivers in this region, and it is also possible

5 ．Level of MS and DMFT

that MS was not transmitted to the subjects.

As shown in Table 3, compared to subjects in other

2014 年 10 月
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groups, a large number of those in Group D had high
DMFT scores at the start of the study in 2010. There
was also an increase in the number of subjects with
high DMFT scores after 3 years, indicating a high predisposition for dental caries. These results showed that
oral colonization of MS may lead to increases in dental
caries and reaffirmed the importance of preventing colonization of MS in order to prevent dental caries.
As noted earlier, this study was not able to identify
the conditions needed to inhibit MS colonization nor

and
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insightful comments were invaluable during this study. I
also thank Prof. H ANADA Nobuhiro, Dr. NOMURA Yoshiaki
and Dr. OKAMOTO Masaaki（Tsurumi University School of
Dental Medicine）for their useful advice.
I would also like to thank Mr. T A N A K A Hideo, Mr.
NAKADA Yoshinori and Mr. ABE Shunichi of the Yamate
Information Processing Center for their assistance and
advice in statistical analysis. Special thanks go to Dr.
FUKAYA Meri（Tsurumi University School of Dental Medicine）and Mr. TAKAYAMA Kazuto, Mr. NAITO Hiroki and Mr.
KUMAGAI Tomohiro（GC Corporation）
.

was it able to determine the conditions needed to
decrease MS. Therefore, further studies are necessary.
6 ．Two-point assessment of cariogenic bacteria
As in this study, two or more tests at two or more
time points must be conducted in order to study bacterial colonization. It is therefore recommended to perform bacterial tests on a regular basis at a dental clinic
or during school dental check-ups to enable comparison
with previous values. The ideal time interval for testing
bacterial colonization will be investigated in future
studies.
Those suspected of MS colonization after repeated
testing are considered to be at high risk of caries, so
implementing an individualized program consisting of
professional care（such as PMTC and fluoride application）, self-care（such as the use of dental floss and fluoride toothpaste）and education on lifestyle modification
（such as limiting the frequency of sugar intake）is crucial.

Conclusions
The present study showed that in 27.3％ of subjects,
and

had not formed colonies by

the age of 12 13 years and these subjects remained
non-carriers for 3 years. Conversely, MS colonization
was strongly suspected in 57.9％ of the subjects. DMFT
scores tended to be higher in MS carriers than in noncarriers. To prevent dental caries, prevention of MS
colonization was found to be crucial. To determine such
bacterial colonization, two or more tests are required;
thus, the incorporation of bacterial testing into regular
school health check-ups is recommended.
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リアルタイム PCR 法を用いて測定した唾液中の

と

菌数について日本人の青年期における
3 年間のフォローアップ研究
石

原

容

子

鶴見大学歯学部保存修復学講座
株式会社ジーシー 研究所

抄録
目的：本研究の目的は，12〜13 歳時とその 3 年後の 15〜16 歳時の 2 度，同一対象者に対してう蝕のリスク
要因の調査，比較を試みることである．特に，リアルタイム PCR 法を用いてう蝕原因菌の
と
と

の詳細な細菌数の変化を調査することにより，この時期のう蝕に与える
菌数の影響を検討し，青年期のう蝕予防の手がかりを得ようと試みた．

方法：2010 年に中学 1 年生（12〜13 歳）で，2013 年に高校 1 年生（15〜16 歳）に進学した合計 88 名を対象
とした．口腔内検査に先立ち刺激唾液を採取して，リアルタイム PCR 法によって唾液中の

と

の菌数を測定した．事前に手技を統一した歯科医師によって，DMFT が調査された．
結果：12〜13 歳の段階で

と

が非検出（103 cells/m 未満）だった者が 32 名（36.4％）

で，その内の 75％にあたる 24 名は，3 年後でもこれらの細菌は非検出だった．また，15〜16 歳時のみこれら
の細菌が検出（103 cells/m 以上）された者は 9.1％，12〜13 歳時のみに検出された者は 5.7％だった．12〜13
歳時とその 3 年後の 15〜16 歳時ともにこれらの細菌が検出された者は，57.9％だった．両年ともに検出された
者は，その他の者たちに比べて DMFT 値が高い傾向にあった．
結論：本研究から，27.3％の者において，12〜13 歳時に

と

3 年間非定着のままで経過することが確認された．また両年ともに
おいては，両菌の定着が強く疑われた．

や

が定着しておらず，その後
や

が検出された者に

が定着した者たちは，非定着の者に比べより

重度なう蝕が多い傾向にあり，う蝕予防やう蝕を重症化させないためには，両菌を定着させないことが重要で
あることが示された．また本研究から，細菌の定着を確認するには 2 回以上の細菌検査が必要であり，これが
学校健診などの場で実施されることが望ましいことが示唆された．
キーワード：リアルタイム PCR，

，

責任著者連絡先：石原容子
〒 174 8585 東京都板橋区蓮沼町 76 1 株式会社ジーシー 研究所
TEL：03 3965 1233，FAX：03 3965 1655，E-mail：yoko̲ishihara@mb.gcdental.co.jp
受付：平成 26 年 7 月 15 日/受理：平成 26 年 8 月 29 日

