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Distribution of Oral Bacteria according to Sex and Age
of Patients with Periodontal Disease
Ok Sun Choi
Department of Dental Hygiene, Gimcheon University, Gimcheon, Korea

The purpose of this study was to investigate the frequency of Porphyromonas gingivalis, Filifactor alocis, Campylobater rectus, Porphyromonas endodontalis, Tenerella forsythensis, and Actinobacillus actinomycetemcomitans, which are causative
bacteria of periodontal disease, in order to investigate the distribution pattern of periodontal disease bacteria from children
aged less than 10 years to old people more than 61 years. For this purpose, plaques were collected from the dentate gyrus
and the 16s rRNA gene was amplified by polymerase chain reaction (PCR) to investigate the distribution of periodontal
pathogens by sex and age. The results obtained in this study are the basic data for improving oral health and quality of life.
Among the various kinds of bacteria, Hemophilus aphrophilus, P. gingivalis, A. actinomycetemcomitans, T. forsythensis,
Treponema denticola, Prevotella intermedia, Micromonas micros, Fusobacterium nucleatum, C. rectus, and Eikenella corrodens are recognized as a main causative organisms of periodontal disease. PCR is more specific and sensitive than culture
method, and it is a good method to detect DNA directly from oral gingival epithelium and oral plaque. At least the population of bacteria can be diagnosed.
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Introduction

hormonal changes such as physiological circulation [2].
Periodontal disease [3] is highly related to oral health and cognition [4], and increases the concentration of calcium and
phosphorus in the salivary component, which leads to the
large amount of formation of calculus, and thus results in the
prevalence of periodontal disease increase [5].
It is known that the incidence of periodontal disease increases when the percentage of gram-negative anaerobic bacteria among various types of bacteria present in the gingival of
the periodontal disease increases [6]. Previous studies have
shown that the number of motile bacteria increases in the lesions with disease, while the number of bacteria in the bacterial form decreases [7].
Among the various kinds of bacteria, Hemophilus aphrophilus, Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Tenerella forsythensis, Treponema denti-

The most common cause of periodontal disease is the mi11
crobes, which have 2×10 number of bacteria and more than
500 kinds of bacteria in 1 mg of plaque. These bacteria secrete
toxins and destroy the soft tissues and alveolar bone around
the teeth [1].
Inflammation of the tissues around the teeth is generally
more frequent in males, but in females it is closely related to

Corresponding author Ok Sun Choi
E-mail: oschoi2@nate.com
https://orcid.org/0000-0002-5906-8742
Received July 31, 2019, Revised September 20, 2019,
Accepted September 22, 2019

Copyright ⓒ 2019. Korean Academy of Preventive Dentistry. All rights reserved.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

113

International Journal of Clinical Preventive Dentistry

cola, Prevotella intermedia, Micromonas micros, Fusobacterium nucleatum, Campylobater rectus, and Eikenella corrodens are recognized as a main causative organisms of periodontal disease [1].
In 1996, the World Periodontics Society identified A. actinomycetemcomitans, P. gingivalis, and T. forsythensis as periodontal pathogens causing destructive periodontal disease
[8].
A. actinomycetemcomitans is a gram-negative bacterium
that is associated with pubertal local periodontitis [9], and has
been reported to be increased in childhood periodontitis and
pre-pubertal periodontitis than in healthy periodontal status
[10]. Also, 30% to 90% of adult patients and pubertal patients
are found to have A. actinomycetemcomitans [11], and especially in older periodontal patients [12].
P. gingivalis is gram-negative. In the case of healthy persons or gingivitis, anaerobic uninfected bacillus was more frequently found in patients with periodontal disease, especially
in periodontal disease [13].
T. forsythensis is a gram-negative, anaerobic bacterium that
is found more frequently in the periodontal abscess or destructive periodontal disease than in healthy or gingivitis sites
[14,15]. It has toxic factors such as trypsin-like proteolytic enzymes and is closely related to severe periodontal disease
[16].
Filifactor alocis is gram positive [17]. A major habitat is the
chitin, and the proinflammatory cytokine [18] that causes necrosis of the gingival epithelium in the host [19].
C. rectus is a species of Camphylobater [20]. Gram-negative anaerobic bacteria with strong motility have been identified as a cause of chronic periodontal disease causing bone
damage that can affect the human body and are associated
with early periodontitis and root canal infection [21-24].
Porphyromonas endodontalis is a gram negative anaerobic
strain with black pigment associated with periodontitis, dental
infection, gingivitis, and necrosis [25]. Inactive pathogens
have a cell wall of a peptidoglycan component with a higher
concentration of lysin than other Gram-negative bacteria using nitric acid as an energy source [26]. It is also known that
the release of bubbles from the outer cell membrane, including
lipopolysaccharide [27].
Polymerase chain reaction (PCR) is more specific and sensitive than culture method, and it is a good method to detect
DNA directly from oral gingival epithelium and oral plaque
[28]. At least the population of bacteria can be diagnosed [29].
The purpose of this study was to investigate the frequency
of P. gingivalis, F. alocis, C. rectus, P. endodontalis, T. forsythensis, and A. actinomycetemcomitans, which are causative bacteria of periodontal disease, in order to investigate the
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distribution pattern of periodontal disease bacteria from children aged less than 10 years to old people more than 61 years.
For this purpose, plaques were collected from the dentate
gyrus and the 16s rRNA gene was amplified by PCR to investigate the distribution of periodontal pathogens by sex and
age. The results obtained in this study are the basic data for improving oral health and quality of life.

Materials and Methods
After the selection of participants and collection of subgingival plaque, DNA extraction, PCR, determination of
DNA sequence and statistical analysis were performed.

1. Selection of subjects and collection of
subgingival plaque
DNA was amplified by PCR in 96 subgingival plaques from
the patients who visited in Kim Dental Clinic located in
Daejeon city from January 2, 2013 to March 10, 2015. The
purpose and method of this study, the assurance of anonymity
about participating in the study, and the voluntary participation of the people were explained orally and requested to
cooperate. The questionnaire was written to the subjects who
wrote the written consent and minors were asked to fill out an
alternate written consent with agreement of their guardians.

2. DNA extraction
After examination of the entire oral cavity with dental sclerosis and probes in the oral care chair, subgingival plaques of
patients with periodontal disease were removed from the periodontal pockets by using aseptic curette.
The subjects over 20 years of age with subgingival plaques
had a periodontal pockets depth of more than 3 mm on the surface of the first molar in the mandibular right side and the subjects from 6 to 20 years of age who had gingivitis presenting
on the surface of the first molar in the mandibular right side
while subjects under 6 years of age were found to have gingivitis on the first and second primary tooth.
DNA extraction was performed using the QIAamp DNA
Mini Kit (Qiagen, Hilden, Germany) and the instructions were
followed.
After placing 200 l of the sample in a 1.5 ml tube, 20 l of
protease K was added. AL buffer solution (200 l) was added
to the sample, mixed with a shaker for 15 seconds, allowed to
stand at 56℃ for 10 minutes, and then passed through a
column. A 100% anhydrous ethanol (200 l) was added to the
new tube, mixed again for 15 seconds with vibration, and
centrifuged.
Tubes centrifuged at 6,000 g for 1 minute in a new tube
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Table 1. Nucleotide sequences of specific primer sets used in this study
Bacteria strains
P. gingivalis (ATCC33277D)
F. alocis (ATCC35896)
T. forsythensis (ATCC700198)
C. rectus (ATCC33238)
P. endodontalis (ATCC35406)
A. actinomycetemcomitans serotype C

Primer sequence (5’→3’)

Size (bp)

Reference

F: 5’-AGGCAGCTTGCCATACTGCG-3’
R: 5’-ACTGTTAGCAACTACCGATGT-3’
F: 5’-CAGGTGGTTTAACAAGTTAGTGG-3’
R: 5’-CTAAGTTGTCCTTAGCTGTCTCG-3’
F: 5’-TACAGGGGAATAAAATGAGATACG-3’
R: 5’-ACGTCATCCCCACCTTCCTC-3’
F: 5’-TTTCGGAGCGTAAACTCCTTTTC-3’
R: 5’-TTTCTGCAAGCAGACACTCTT-3’
F: 5’-GCTGCAGCTCAACTGTAGTC-3’
R: 5’-CCGCTTCATGTCACCATGTC-3’
F: 5’-AATGACTGCTGTCGGAGT-3’
R: 5’-CGCTGAAGGTAATGTCAG-3’

404

[30]

594

[24]

745

[31]

598

[32]

672

[33]

559

[32]

were discarded and 500 l of buffer AW1 was added followed
by centrifugation at 6,000 g for 1 minute. AW2 (500 l) was
added to the new tube, centrifuged at 20,000 g for 3 minutes,
and the tube was discarded. Buffer AE (200 l) or distilled water was added to the new tube, allowed to stand at room temperature for 5 minutes, and centrifuged at 6,000 g for 1 minute
for PCR.

3. PCR
After addition of 4 l of 10 mM of dNTP (Bioneer,
Daejeon, Korea), 5 l of 10X Taq DNA polymerase buffer
(Bioneer), 1 l of 10 pM of sense primer and antisense primer
according to each bacterium, 2 U of Taq DNA polymerase
(Bioneer), 10 l of DNA and 50 l of distilled water, PCR had
been implemented using extracted DNA as a sample.
The nucleotide sequences of the primers used in this study
are shown in Table 1 [24,30-33]. The PCR products were confirmed by PCR using QIAxcell Auto Electrophoresis system
(Qiagen).

4. Determination of DNA sequence
Identified PCR products were purified using QIAquick Gel
Extraction kit (Qiagen) or QIAquick PCR purification kit
(Qiagen). Sense primer (1 pM) and antisense primer were
used for DNA sequencing using DNA recovered through
DNA purification.
Using the ABI PRISM Dye terminator (Perkin-Elmer
Applied Biosystem, Waltham, MA, USA) for 45 seconds at 9
4℃, 45 seconds at 52℃, 45 seconds at 58.5℃, 45 seconds at
55℃, 45 seconds at 52℃, 72℃ for 1 minute, 94℃ for 45 seconds, 49℃ for 45 seconds, and 72℃ for 1 minute, determination of DNA sequence had been implemented.
After reaction, the reaction product was precipitated with 3
M sodium acetate (pH 5.8) and ethanol, and the base sequence

Table 2. Demographic characteristics
Characteristic
Sex

No. of patients

%

45
51
96

46.9
53.1
100

Male
Female

Total

was determined using ABI 3100 Genetic Analyzer (Applied
Biosystem, Waltham, MA, USA).

5. Statistical analysis
The detection rate and distribution of bacteria which presenting in the subgingival plaque of subjects by sex and age as
a percentage has been marked, and analyzed using IBM SPSS
Statistics for Windows (ver. 20.0; IBM Corp., Armonk, NY,
2
USA). The chi-square test ( ) was applied to determine that
the p-value was less than 0.05.

Results
1. Distribution of sex and age of subjects
Among the 96 subjects, 45 subjects (46.9%) were males and
51 subjects (53.1%) were females (Table 2). The distribution
by age was 20 subjects (20.8%) under the age of 10, 25 subjects (26.0%) between the ages of 11 and 20, 16 subjects
(16.7%) between the ages of 21 and 40, 16 subjects (16.7%)
between the ages of 41 and 60, and 19 subjects (19.8%) over
61, respectively (Table 3).

2. Bacteria distribution by sex
The distribution of bacteria among the subjects of periodontal disease was found to be slightly lower in females (192
persons, 55.8%) than males (152 persons, 44.2%) in P. gingiwww.ijcpd.org
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valis, F. alocis, T. forsythensis, C. rectus, and P. endodontalis,
respectively. In the case of A. actinomycetemcomitans, 13.8%
of males and 17.7% of females were found to be more common and significant (p<0.05). C. rectus was the highest 41
kinds (27.0%) in males and 49 kinds (25.5%) in females. F.
alocis was the lowest 16 kinds (10.5%) in males and 20 kinds
(10.4%) in females (Table 4).

Table 3. Distribution of subjects by age
Characteristic
Age (yr)

No. of patients

%

20
25
16
16
19
96

20.8
26.0
16.7
16.7
19.8
100

≤10
11-20
21-40
41-60
≥61

Total

3. Bacteria distribution by age
In the detection of bacteria by age of the subjects, all six
bacteria increased with increasing age up to 60 years old, but
decreased slightly only when they were over 61 years old.
Eighty-one strains (23.5%) showed the highest bacterial distribution at 41-60 years old and 46 strains (13.4%) at 4-10
years old were the least. There was no significant difference
between the two groups in the number of P. gingivalis, F. alocis, T. forsythensis, P. endodontalis, and A. actinomycetemcomitans (p<0.05) (Table 5).

4. Bacteria distribution according to sex and age
The detection of bacteria by age and sex of the subjects was
high in males only in the age group of 41-60 years, and high in
females in other age groups.
For P. gingivalis, males were higher in elderly people aged
41 to 60 and higher in females in other age groups. For F. alo-

Table 4. Distribution of bacteria in 96 periodontitis by sex
Bacteria
Porphyromonas gingivalis
Filifactor alocis
Tenerella forsythensis
Campylobater rectus
Porphyromonas endodontalis
Actinobacillus actinomycetemcomitans
Total

Sex

No. of isolates (%)

Total (%)

p-value

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

22 (14.5)
26 (13.5)
16 (10.5)
20 (10.4)
28 (18.4)
33 (17.2)
41 (27.0)
49 (25.5)
24 (15.8)
30 (15.6)
21 (13.8)
34 (17.7)
152 (100)
192 (100)

48 (14.0)

0.414

36 (10.5)

0.362

61 (17.7)

0.484

90 (26.1)

0.281

54 (15.7)

0.369

55 (16.0)

0.038*

344 (100)

p-values by chi-square test. *p＜0.05.

Table 5. Distribution of bacteria in 96 periodontitis by age
Age (yr)
≤10
11-20
21-40
41-60
≥61
Total
p-value

No. of bacteria (%)
A

B

C

D

E

F

5 (10.9)
10 (14.9)
9 (12.2)
12 (14.8)
12 (15.8)
48 (14.0)
0.030*

0 (0.0)
4 (6.0)
12 (16.2)
13 (16.0)
7 (9.2)
36 (10.5)
0.000*

9 (19.6)
10 (14.9)
15 (20.3)
14 (17.3)
13 (17.1)
61 (17.7)
0.001*

18 (39.1)
21 (31.3)
16 (21.6)
16 (19.8)
19 (25.0)
90 (26.2)
0.094

4 (8.7)
9 (13.4)
12 (16.2)
15 (18.5)
14 (18.4)
54 (15.7)
0.000*

10 (21.7)
13 (19.4)
10 (13.5)
11 (13.6)
11 (14.5)
55 (16.0)
0.038*

p-values by chi-square test. *p＜0.05.
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Total
46 (13.4)
67 (19.5)
74 (21.5)
81 (23.6)
76 (22.1)
344 (100)
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Table 6. Detection of bacteria in 96 periodontitis by sex and age
Age (yr)

Sex

≤10

M
F
M
F
M
F
M
F
M
F

11-20
21-40
41-60
≥61
Total

No. of isolated bacteria (%)

Total

A

B

C

D

E

F

2 (0.6)
3 (0.9)
3 (0.9)
7 (2.0)
4 (1.2)
5 (1.5)
8 (2.3)
4 (1.2)
5 (1.5)
7 (2.0)
48 (14.0)

0 (0.0)
0 (0.0)
2 (0.6)
2 (0.6)
6 (1.7)
6 (1.7)
6 (1.7)
7 (2.0)
2 (0.6)
5 (1.5)
36 (10.4)

4 (1.2)
5 (1.5)
4 (1.2)
6 (1.7)
7 (2.0)
8 (2.3)
7 (2.0)
7 (2.0)
6 (1.7)
7 (2.0)
61 (17.7)

6 (1.7)
12 (3.5)
9 (2.6)
12 (3.5)
8 (2.3)
8 (2.3)
9 (2.6)
7 (2.0)
9 (2.6)
10 (2.9)
90 (26.2)

1 (0.3)
3 (0.9)
3 (0.9)
6 (1.7)
6 (1.7)
6 (1.7)
9 (2.6)
6 (1.7)
5 (1.5)
9 (2.6)
54 (15.7)

3 (0.9)
7 (2.0)
5 (1.5)
8 (2.3)
4 (1.2)
6 (1.7)
5 (1.5)
6 (1.7)
4 (1.2)
7 (2.0)
55 (16.0)

16 (4.7)
30 (8.7)
26 (7.6)
41 (11.9)
35 (10.2)
39 (11.3)
44 (12.8)
37 (10.8)
31 (9.0)
45 (13.1)
344 (100)

M: male, F: female.

5. PCR products
The size of PCR product by electrophoresis was 404 bp for
P. gingivalis, 594 bp for F. alocis, 745 bp for T. forsythensis,
598 bp for C. rectus, 672 bp for P. endodontalis, and 559 bp for
A. actinomycetemcomitans (Figure 1).

Discussion
Figure 1. Electrophoresis of the polymerase chain reaction
products for specific bacteria. Lane M: marker, Lane 1: Porphyromonas gingivalis, Lane 2: Filifactor alocis, Lane 3: Tenerella
forsythensis, Lane 4: Campylobater rectus, Lane 5: Porphyromonas
endodontalis, Lane 6: Actinobacillus actinomycetemcomitans.

cis, the detection rate was the same for both males and females
from the age of 10 to 40 years. For T. forsythensis, overall, the
female was slightly higher than the males, but no significant
difference was seen. For C. rectus, females were high up until
age 20, and after that, they were similar in both sexes. For P.
endodontalis, 2.6% were the highest rates among males aged
41-60 years and those aged 60 years and older, and 0.3% in
males under 10 years old. In the case of A. actinomycetemcomitans, the incidence of bacterial infection was higher in all
ages (Table 6).
As a result, F. alocis and A. actinomycetemcomitans demonstrated a higher incidence in females of all age groups, P.
gingivalis, C. rectus, and P. endodontalis were observed only
in males aged 41 to 60, whereas T. forsythensis was reported in
both males and females (Table 6).

In this study, the distribution and frequency of six germs, P.
gingivalis, F. alocis, T. forsythensis, P. endodontalis, C. rectus,
and A. actinomycetemcomitans, among the major pathogens
of gingivitis and periodontitis. The subjects were examined
according to sex. Bacterial detection results (Table 3). P. endodontalis, F. alocis, C. rectus, P. gingivalis, and T. forsythensis
were slightly higher in males. In the case of A. actinomycetemcomitans, 17.7% in female and 13.8% in male, indicating that there was significant difference according to sex
(p<0.05). In some studies, P. gingivalis is highly detected in
females [34]. T. forsythensis and A. actinomycetemcomitans
showed higher distribution in men [35]. Unlike in this study, P.
gingivalis was found higher in men and A. actinomycetemcomitans was higher in female.
In addition, P. gingivalis, T. forsythensis, and A. actinomycetemcomitans showed a high frequency of occurrence of
periodontal disease in patients with chronic periodontitis in
Korea [36]. T. forsythensis, F. alocis, C. rectus, and P. endodontalis were not highly distributed, but 10.5% to 26.1% were
detected, and C. rectus showed the highest occurrence rate.
The reason is that C. rectus absorbs alveolar bone during periodontal disease and is a bacterium that leads downward
growth. It is thought that the difference in the detection distribution of bacteria in various studies may be due to differwww.ijcpd.org
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ences in the method of collecting strains using paper point or
curette and the method of detecting bacteria such as specificity
and sensitivity of primer.
In the results of bacteria detection by age (Table 4), C. rectus was the highest at 39.2% under 10 years of age, and gradually decreased at 61 years of age or older. However, in the past,
the detection rate of C. rectus aged 33 to 63 years was 80.0%,
and in this study, 45.7% of the cases were over 40 years old.
The reason for the difference in the frequency of occurrence
among the two studies is that the age distribution of the subjects in this study is a result of a more detailed study comparing the detection distribution of the age range of the subjects.
Rectus was frequently detected in children younger than 10
years of age. Therefore, bacteriological epidemiological studies of C. rectus may be necessary.
In previous studies, P. gingivalis increased after 10 years of
age [30], and A. actinomycetemcomitans was more prevalent
in younger age groups [32], and T. forsythensis was similar in
age distribution [31]. In the present study (Table 4), the age
distribution of P. gingivalis and A. actinomycetemcomitans
was highly consistent, and T. forsythensis showed similar incidence by age from 10 to 60 years of age. In children with gingivitis, P. gingivalis, T. forsythensis, and A. actinomycetemcomitans were reported to be present in 8% to 14% of the cases, and P. gingivalis, T. forsythensis, and A. actinomycetemcomitans showed high incidence which is consistent with the
results [33].
In addition, Savit and Kent [37] reported that A. actinomycetemcomitans appeared frequently in the teenagers, then
gradually decreased, and P. gingivalis was the smallest in the
teenager and continued to increase until age 40 and declined
after 40 years. Kim et al. [31] also found that the incidence of
A. actinomycetemcomitans was highest at 8 to 10 years of age,
and gradually decreased with age. In the present study, the incidence of A. actinomycetemcomitans was highest at less than
10 years of age. Vincent et al. [38] reported that the antibody
index of A. actinomycetemcomitans increased in childhood
periodontitis or rapidly progressive periodontitis, and the antibody index of P. gingivalis increased in adult periodontitis. In
general, children and adolescents have the ability to manage
and prevent their own mouths and lack of oral health knowledge, so students should be given the right knowledge about
oral health at this time and positive attitudes and behaviors toward oral care [39].
In the case of less than 10 years old, C. rectus, A. actinomycetemcomitans, and T. forsythensis were found in 19.6% to
39.2%, respectively. In the case of 11-20 years old, C. rectus,
A. actinomycetemcomitans, T. forsythensis, and P. gingivalis
were 14.9 C. rectus, T. forsythensis, and P. endodontalis were
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16.3% to 21.7% at 21-40 years of age, respectively. C. rectus,
P. endodontalis, and T. forsythensis were present in 17.1% to
25.1% of the patients over the age of 61 years. However, the
incidence of C. rectus was higher in all age groups. Among the
six bacteria, the bacteria were found to be most related to gingivitis and periodontal disease. T. forsythensis, C. rectus, and
P. gingivalis were bacteria that were known to be the main
cause of periodontal disease in previous experimental studies
[1].
However, Kimura et al. [40] showed that P. gingivalis was
not found in children between 2 and 13 years of age, and P.
gingivalis, T. forsythensis, and A. actinomycetemcomitans
were found in the same age group in Korea. The rate of occurrence of P. gingivalis was 61.5%, T. forsythensis was 53.8%
[41], and that of A. actinomycetemcomitans was 15.4% [31].
In this study, P. gingivalis was 25.7%, T. forsythensis was
35.5%, and A. actinomycetemcomitans was 41.2%. The same
species appeared but the frequency was different.
In this study, C. rectus was the highest at 26.2% in all ages,
especially 39.2% and 31.4% at the age group of 10 and 11
years old, respectively. The incidence of C. rectus is higher
than other bacteria because it has strong motility and is caused
by bacterium that causes bone damage. The results of this
study and other studies have shown that the distribution and
frequency of bacteria are different according to age.

Conclusion
The subgingival plaques had been collected from 96 subjects (51 of females and 45 of males) who had gingivitis and
periodontal disease from 4 to 83 years of age. Through this
study, PCR for 16S rRNA had been implemented on 6 kinds of
pathogens such as P. gingivalis, F. alocis, C. rectus, P. endodontalis, T. forsythensis, and A. actinomycetemcomitans.
Also, distribution and characteristics of bacteria by sex and
age were identified and following conclusions were reached.
1. In case of detection distribution by bacteria according to
sex, five types of bacteria demonstrated that the value of detection distribution in males was somewhat higher than that in
females (range, approximately 10.5% to 26.1%). However, A.
actinomycetemcomitans were significantly higher in females
than in males (p<0.05).
2. The distribution of detection by age was increased with
increasing age until the age 60 years and decreased slightly after 60 years. In case of T. forsythensis, A. actinomycetemcomitans, P. endodontalis, P. gingivalis and F. alocis but C.
rectus were statistically significant (p<0.05).
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