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Aim: The purpose of the present study was to evaluate the relationship between infection with cariogenic
bacteria or periodontal pathogens and the oral condition of children in the primary and mixed dentition
stages. Method: Children aged 3 to 11 years were selected. Detection of cariogenic and periodontopathic
bacteria and single nucleotide polymorphism (SNP) analyses were performed, and the prevalence of infec-
tion with cariogenic bacteria or periodontal pathogens based on caries experience and dental stage was
compared. Results: The prevalence of Streptococcus mutans in both stages was significantly higher in the
caries group than in the caries-free group. The prevalence of Streptococcus sobrinus was significantly
higher in the caries group only in the mixed dentition stage. The prevalence of periodontal pathogens was
significantly higher in the mixed dentition stage than in the primary dentition stage, regardless of caries
experience. However, there were no significant differences in the prevalence of the periodontal pathogens
between the primary dentition and mixed dentition stages, based on caries experience. Conclusion: Our
data suggested that cariogenic and periodontopathic bacteria have different infection patterns, and that the

period of infection with these bacteria also differs.
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INTRODUCTION

ental caries is one of the most common oral diseases
D in children,' so prevention of dental caries is essen-

tial. Periodontal disease affects a large portion of the
general population, and its management constitutes a major
part of general dental care. Although periodontal disease is
not common in children, some researchers have reported
that infection with periodontal pathogens occurs from early

childhood.>® Thus, prevention of periodontal disease is also
necessary in children.
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It is well known that specific types of oral bacteria are
related to these major oral diseases. Loesche' and Hamada et
al * reported that Streptococcus mutans is associated with the
initiation of dental caries, and Fujiwara et al.’ and Hirose et
al® noted that strains of S. sobrinus also had a high cario-
genic potential. Ashimoto et al” reported that 5 periodontal
pathogens (Aggregatibacter actinomycetemcomitans, Por-
phyromonas gingivalis, Prevotella intermedia, Treponema
denticola, Tannerella forsythia) are associated with
advanced periodontitis. In a previous study,® we revealed
that one of the periodontal pathogens, 7. forsythia, was asso-
ciated with periodontal disease in Japanese adolescents. We
further suggested that one of the human leukocyte antigen
Class 1II alleles (HLA-DQBI1) was related to localized
aggressive periodontitis and had an association with 7. for-
sythia infection. The atypical BamHI site is located near the
intron/exon border or the 5’-side of the third exon of HLA-
DQBI gene, which plays an important role in the recogni-
tion of foreign antigens in immune reactions.”!

It is not easy to convince children of their susceptibility
to dental caries and periodontal disease and the necessity of
prevention when they have no symptoms. Caufield et al '>"
reported that infants acquired S. mutans at a median age of
26 months and S. sanguinis at a median age of 9 months.
However, detailed information regarding the period of infec-
tion with periodontal pathogens is not available. Pediatric
dentists must be aware of the period of infectivity with car-
iogenic bacteria and periodontal pathogens, and they should
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explain the susceptibility and need for prevention to parents
and guardians.

The purpose of the present study was to evaluate the rela-
tionship of infection with cariogenic bacteria and periodon-
tal pathogens to the oral condition of children between the
primary dentition and mixed dentition stages. The presence
of 3 oral streptococci (S. mutans, S. sobrinus, and S. oralis),
Lactobacillus (L.B.), and 5 periodontal pathogens (4. actin-
omycetemcomitans, P. gingivalis, P. intermedia, T. denticola,
and 7. forsythia) in dental plaque was examined using poly-
merase chain reaction (PCR) analysis, and the relationship of
the bacterial infection to the oral environment of each child
was investigated. In addition, we hypothesized that locating
the atypical BamHI in HLA-DQB1 gene might be useful to
identify high susceptibility to periodontal disease in children.
To test the hypothesis, HLA-DQB1 BamHI site was selected
to analyze the relationship with 7. forsythia infection in the
primary dentition and mixed dentition stages.

MATERIALS AND METHOD
Subjects

Subjects, aged 3 to 11 (mean, 7.04 years; SD = 2.05; 41
boys and 41 girls), who were in the primary dentition or
mixed dentition stage, were chosen from the patients attend-
ing the Pediatric Dental Clinic at The Nippon Dental Uni-
versity Niigata Hospital. All subjects were Japanese, had no
relevant medical history, and were not on antibiotic therapy.
Their parents and guardians gave informed consent to the
study protocol, which was approved by the ethics committee
of The Nippon Dental University School of Life Dentistry at
Niigata.

The dental caries experience in primary and permanent
teeth was calculated using the decayed, missing, and filled
teeth (DMFT) index without radiographs, according to the
World Health Organization." The patients were classified
into a caries-free group and a caries group (= 1 dmft +
DMFT) (Table 1).

Table 1. Subjects of this study

Caries group Caries-free group

PD MD PD MD Total
Boys B 13 3 1 )
Girls 6 2 2 1 41
Total 19 35 6 2 32

PD, primary dentition stage; MD, mixed dentition stage.

DNA preparation for detection of cariogenic bacteria and
periodontal pathogens

Plaque samples were collected from the buccal surface of
the maxillary left molars with a sterile cotton swab for 10 s
before dental treatment and at least 1 h after tooth brushing.
The swab was placed in 200 pL of sterile phosphate-
buffered saline (PBS) in an Eppendorf tube, then the tube
was vortexed for 1 min and centrifuged at 10,000 X g for 5
min at 4°C. The pellet was resuspended in 25 L of sterile
Tris-EDTA (TE) buffer, boiled at 100°C for 5 min, and kept
frozen at —20°C until ready for PCR analysis.
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Genomic DNA extraction for SNP analyses

Genomic DNA was isolated from the buccal mucosal
cells. The buccal mucosa was rubbed with a swab for 15 s,
then the swab was stored in 200 pL of extraction buffer in
an Eppendorf tube at room temperature. DNA was extracted
using the ISOHAIR" kit (Nippon Gene Co, Toyama, Japan),
according to the manufacturer’s protocol.

Detection of cariogenic bacteria and periodontal
pathogens

PCR was performed to target regions of the glucosyl-
transferase (GTF) gene from 3 oral streptococci: gtfb and
gtfd from S. mutans, gtft and gtfi from S. sobrinus, and gtfr
from S. oralis.

For the detection of L.B. and the 5 periodontal pathogens
(A. actinomycetemcomitans, P. gingivalis, P. intermedia, T.
denticola, and T. forsythia), PCR targeting 16S rRNA was
performed.

Specific primers used in this study have been reported in
previous studies (Table 2).%'5"7

Table 2. Species-specific primers for the detection of bacteria by
PCR8.15-17

By

Primer pairs (5'-3 Basc Position (bp)

g b
ACT ACA CTT TCG GGT GGC TTG G
CAG TAT AAG CGC CAG TTT CAT C

793-1309 (517)

gifd
GGC ACC ACA ACA TTG GGA AGC TCA GTT
GGA ATG GCC CCT AAG TCA ACA GGA T

325-755 (431)

gift
GAT GAT TTG GCT CAG GAT CAA TCC TC
ACT GAG CCA GTA GTA GAC TTG GCA ACT

432-757 (326)

gifi
GAT AAC TAC CTG ACA GCT GAC T
AAG CTG CCT TAA GGT AAT CAC T

871-1582 (712)

gifr
TCC CGG TCA GCA AAC TCC AGC C
GCA ACC TTT GGA TTT GCA AC

2962-3333 (372)

L.B
TGG AAA CAG ATG CTA ATA CCG
GTC CAT TGT GGA AGA TTC CC

157-360 (204)

A. actinomy cetemcomitans
AAA CCC ATC TCT GAGTTC TTC TTC
ATG CCA ACT TGA CGT TAA AT

478-1,034 (557)

P. gingivalis
AGG CAG CTT GCC ATA CTG CG
ACT GTT AGC AAC TAC CGA TGT

729-1,132 (404)

P. intermedia
TTT GTT GGG GAG TAA AGC GGG
TCA ACA TCT CTG TAT CCTGCG T

458-1,032 (575)

T. denticola
TAA TAC CGA ATG TGC TCATTT ACAT
TCA AAG AAG CAT TCC CTC TTC TTC TTA

193-508 (316)

T forsythia
GCG TAT GTA ACC TGC CCG CA
TGC TTC AGT GTC AGT TAT ACCT

120-760 (641)
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DNA samples were amplified by PCR in a final volume
of 25 pL reaction mixture containing 22 wL of Platinum®
PCR SuperMix (Invitrogen, Tokyo, Japan), 1 wL of 10 uM
specific primers, and 1 wL of each DNA sample. Amplifica-
tion of S. mutans and S. oralis was performed with an initial
denaturation step at 95°C for 2 min followed by 45 cycles at
95°C for 30 s, 63°C for 1 min, 72°C for 1 min, and a final
extension step of 72°C for 7 min. Amplification of S. sobri-
nus was performed with an initial denaturation step at 95°C
for 2 min, followed by 45 cycles at 95°C for 30 s, 61°C for
1 min, 72°C for 1 min, and a final extension step of 72°C for
7 min. Amplification of the 5 periodontal pathogens and L.B.
was performed with an initial denaturation step at 95°C for
2 min, followed by 45 cycles at 95°C for 30 s, 55°C for 1
min, 72°C for 1 min, and a final extension step of 72°C for
7 min.

SNP analyses

HLA-DQB1 BamHI site polymorphism was genotyped
as described previously.® Genomic DNA from each subject
was amplified by PCR with specific primers, and the PCR
reaction was performed in a final volume of 50 pL reaction
mixture containing 45 pL of Platinum® PCR SuperMix
(Invitrogen), 1 pnL of 10 wM specific primers, 1 pwL of
genomic DNA sample and 2 pL of distilled water. PCR
products were digested with BamHI restriction endonucle-
ase and separated by 2% agarose gel electrophoresis with
ethidium bromide staining.

Statistical Analyses

Statistical analyses were performed using the computer
software package SPSS Statistics 17.0 (SPSS, Tokyo,
Japan). The relationship between two categorical variables
was analyzed by 2 x 2 contingency tables. The significance
of the difference between the two proportions was assessed
with Pearson’s chi-square test when all the expected fre-
quencies in the table were more than 5 or with Fisher’s exact
test when any expected frequency was 5 or less.

RESULTS
Prevalence of cariogenic bacteria and periodontal
pathogens based on caries experience

The distribution and prevalence of each bacterium based
on caries experience are shown in Tables 3 and 4. The preva-
lence of S. mutans (gtfb- or gtfd-positive) in the primary den-
tition stage was significantly higher in the caries group than
in the caries-free group (Fisher; P = 0.0055); the prevalence
of S. mutans in the mixed dentition stage was also signifi-
cantly higher in the caries group than in the caries-free group
(Xo" = 28.24; P < 0.001) (Table 3a). The prevalence of
S. sobrinus (gtft- or gtfi-positive) in the mixed dentition
stage was significantly higher in the caries group than in the
caries-free group (Fisher; P = 0.0043), whereas in the pri-
mary dentition stage, there was no significant difference (P
> 0.05) between the caries group and the caries-free group in
the prevalence of S. sobrinus (Table 3b). There were no sig-
nificant differences (P > 0.05) between the caries group and
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Table 3. Prevalence of S. mutans (a) and S. sobrinus (b) based on
caries experience

@)

S. mutans-positive S. mutans-negative Total (7o)

Caries group

D 16 (84.2)] - 3(15.8) 19 (100)
Caries-free group 1(16.7) 5(83.3) 6 (100)
MD Caries group 31 (8&6)] s 4(11.4) 35 (100)
Caries-free group 4(18.2) 18 (81.8) 22 (100)

Total 52 30 82
**p <0.01; ™ p < 0.001.

PD, primary dentition stage; MD, mixed dentition stage.

(b)

S. sobrinus-positive . sobrinus-negative Total (%)

D Caries group 6(31.6) 13 (68.4) 19 (100)
Caries-free group 0(0) 6 (100) 6 (100)
MD Caries group 10 (28.6)] . 25(71.4) 35 (100)
Caries-free group 0(0) 22 (100) 22 (100)
Total 16 66 82
**p <0.01.

PD, primary dentition stage; MD, mixed dentition stage.

caries-free group in the prevalence of S. oralis and L.B. in
the primary or mixed dentition stage (Table 4).

The distribution and prevalence of periodontal pathogens
based on caries experience are shown in Table 4. There were
no significant differences (P > 0.05) in the prevalence of any
periodontal pathogens between the primary or mixed denti-
tion stage.

Table 4. Distribution of each bacterium based on caries experience

Positive bacteria
S.oralis__L.B. Pi. Td. I'f. Pg  Aa
D Caries group (n=19) 19 19 0 2 11 1 1
Caries-free group (n=6) 6 6 0 0 3 0 0
D Caries group (n=35) 35 35 0 32 3 3
Caries-free group (n=22) 21 22 1 4 17 2 0
Total 81 32 | 13 63 [} 4

PD, primary dentition stage; MD, mixed dentition stage.

Prevalence of S mutans and periodontal pathogens in
different dental stages

The distribution and prevalence of S. mutans and peri-
odontal pathogens in the primary and mixed dentition stages
are shown in Table 5. The prevalence of periodontal
pathogens was significantly higher in the mixed dentition
stage than in the primary dentition stage (x,* = 6.84; P <
0.01) (Table 5a). On the other hand, there were no signifi-
cant differences (P > 0.05) in the prevalence of S. mutans
depending on dental stage.

Relationship of infection by T forsythia to genetic factor
in different dental stages

The relationship of 7. forsythia infection to the genetic
carrier of HLA-DQB1-BamHI site (BamHI site +) is shown
in Table 6. The BamHI site + group constituted 25.6% (n =
21) of all subjects. Statistical analysis revealed a significant
association of T forsythia infection in both the primary and
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Table 5. Prevalence of S. mutans and periodontal pathogens in
different dental stages

(@

S. mutans Periodontal pathogens
Positive Negative Positive Negative
PD 17 (68.0%)  8(32.0%) 15 (60.0%)]** 10 (40.0%)
MD 35(61.4%) 22 (38.6%) 49 (86.0%) 8 (14.0%)
Total 52 30 64 18

**p < 0.01.
PD, primary dentition stage; MD, mixed dentition stage.

(b)

Periodotal pathogens - positive
15 (60.0%)  * ¥
27(84.4%) -
22 (88.0%)

S. mutans - positive
PD (n=25) 17 (68.0%) - -
MD1 (n=32) 17(53.1%) -
MD2 (n=25) 18 (72.0%)

*p<0.05 -p>0.05

PD, primary dentition stage; MD1, under 8 years old in mixed den-
tition stage; MD2, 8 years old and over in mixed dentition stage.

Table 6. Distribution of T. forsythia infection in the genetic carrier
HLA-DQB1-BamHI site group

Bam HI restriction site +

— - Total (%)
T forsythia-positive T. forsythia-negative ota

PD 2(400) 7, 3 (60.0) 5 (100)
MD 15 (93.7) 1(6.3) 16 (100)
Total 17 4 21

*p < 0.05.

PD, primary dentition stage; MD, mixed dentition stage.

mixed dentition stages (Fisher; P = 0.028) with BamHI site
+ group. No statistically significant association (P > 0.05)
was found between infection by cariogenic bacteria and
other periodontal pathogens in the two different dental
stages or the BamHI site.

DISCUSSION

Dental caries is the most common oral disease in children.'
Periodontal disease also affects a large proportion of the
general population. Some researchers have reported an asso-
ciation between the two diseases.’*” However, detailed
information regarding the period of infection with periodon-
tal pathogens, which is needed for pediatric dentists to moti-
vate parents and guardians to prevent these two diseases,
is not available. In the present study, we investigated the
relationship of infection with cariogenic bacteria and peri-
odontal pathogens to the oral condition of children in the
primary and mixed dentition stages, and also investigated
one of the polymorphisms, HLA-DQB1 BamHI site, to ana-
lyze the relationship with bacterial infection for evaluation
of the susceptibility to dental caries and periodontal disease
in children.

Three oral streptococci (S. mutans, S. sobrinus, and S.
oralis), and Lactobacillus associated with dental caries and
5 periodontal pathogens (4. actinomycetemcomitans, P. gin-
givalis, P. intermedia, T. denticola, and T. forsythia) associ-
ated with advanced periodontitis were selected for detection
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by PCR. Most oral streptococci produce GTF enzymes,
which are necessary for biofilm formation on tooth surfaces
and which play a key role in cariogenesis.”** Some
researchers have reported that the region of the g#f gene is a
species-specific sequence for each of the oral strepto-
cocci.”™"® Therefore we amplified the gtf gene to detect each
oral streptococcus using PCR.

In the distribution and prevalence of each bacterium
based on caries experience, the prevalence of S. mutans in
the primary dentition stage was significantly higher in the
caries group than in the caries-free group, and its prevalence
in the mixed dentition stage was also significantly higher in
the caries group than in the caries-free group (Table 3a).
This result supports the fact that S. mutans has been impli-
cated as the prime causative bacterium of human dental
caries; children are infected by S. mutans through adults at
an early age.”” On the other hand, the prevalence of S.
sobrinus in the mixed dentition stage was significantly
higher in the caries group than in the caries-free group,
whereas in the primary dentition, there was no significant
difference between the caries group and caries-free group
(Table 3b). It is known that S. sobrinus is frequently isolated
from the oral cavity,* and in accordance with another study,*
our results also suggest that infection with S. sobrinus devel-
oped at a later stage than that with S. mutans. In addition,
there were no significant differences based on caries experi-
ence in the prevalence of all periodontal pathogens in the
primary or mixed dentition stage (Table 4). This indicates
that infection with these periodontal pathogens had no asso-
ciation with caries experience, and that cariogenic bacteria
and periodontal pathogens have different infection patterns.

The prevalence of periodontal pathogens was signifi-
cantly higher in the mixed dentition stage than in the pri-
mary dentition stage, and the prevalence of S. mutans did not
significantly differ with dental stage (Table 5a). However,
periodontal pathogen detection might increase with an
increase in the number of permanent teeth. The mixed den-
tition stage (mean, 8.00 years, SD = 1.72) was thus divided
into mixed dentition 1 (MD1; mean, 6.69 years, SD = 0.78)
and mixed dentition 2 (MD2; mean, 9.61 years, SD = 1.04).
MD1 included subjects in the mixed dentition stage under 8
years old and MD?2 included subjects in the mixed dentition
stage 8 years old and over. Children under 8 seldom have lat-
eral segment teeth, so 8 years was considered the best age at
which to divide the subjects. The prevalence of periodontal
pathogens was significantly higher in both MD1 (x,’ = 4.30;
P <0.05) and MD2 (x,,’ = 5.09; P < 0.05) than in the pri-
mary dentition stage, and there were no significant differ-
ences (P> 0.05) in terms of dental stage in the prevalence of
S. mutans (Table 5b). These results coincided with the data
shown in Table 5a. On the other hand, there were no signif-
icant differences (P > 0.05) between MD1 and MD?2 in the
prevalence of periodontal pathogens. These data suggest that
infection with periodontal pathogens progresses with devel-
opment of the dentition, especially during the transition
from primary to mixed dentition. Wang et al * reported
that genes affecting susceptibility to caries in the primary
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dentition may differ from those in permanent teeth. Accord-
ing to Carvalho et a/ * the formation, distribution, and mat-
uration of plaque differ with dental stage. These results sup-
port the findings of the present study. In spite of the strong
relationship with caries experience, infection with S. mutans
had no association with development of the dentition. Thus,
infection with S. mutans may occur in early childhood.

There was a significant association between 7. forsythia
infection and dental stage in the BamHI site + group (Table
6). In a previous report,* we had suggested that HLA-DQBI1
was associated with 7. forsythia infection in Japanese ado-
lescents. In the present study, we selected younger subjects
(3 to 11 years) with unknown periodontal conditions. How-
ever, our present results also indicate an important associa-
tion of 7. forsythia infection and HLA-DQB1 with dentition
development. Thus, we postulate that locating the atypical
BamHI in HLA-DQB1 gene might be useful to determine
the tendency of high susceptibility to periodontal disease in
children. Further studies with larger samples would be
needed to confirm this hypothesis.

CONCLUSIONS

Our data suggested that cariogenic bacteria and periodontal
pathogens have different infection patterns and that the
period of infection of these bacteria also differs. Thus, pedi-
atric dentists must educate patients and their guardians
regarding the susceptibility to dental caries and periodontal
disease and the necessity of prevention from an early age.
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