
Over 500 bacterial species are capable of
colonizing the oral cavity (37). Among
these, Porphyromonas gingivalis,
Actinobacillus actinomycetemcomitans
and Tannerella forsythensis (formerly
Bacteroides forsythus) are described as
the major pathogens associated with per-
iodontal breakdown (59). Subgingival bio-
films containing these bacteria cause an
inflammation in the tooth-supporting tissue
and lead to a progressive loss of periodon-
tal ligament and alveolar bone (10).

The presence of oral bacteria in periodontal
tissues has been reported in patients with
advanced periodontitis (7, 11, 31, 39). Some
histological studies have reported the presence
ofP. gingivalis andA. actinomycetemcomitans
in the gingival tissues of periodontitis patients
(12, 34, 40), and higher numbers of these
bacteria were found in active destructive
periodontal lesions than in non-active sites
(41). In a recent study using the fluorescent in
situ hybridization technique with confocal
microscopy, intercellular P. gingivalis,

A. actinomycetemcomitans and T. forsythensis
were found in human buccal epithelial cells
(38). Attachment and penetration of these
bacteria to oral epithelial cells were also
demonstrated by in vitro model studies
(2, 16, 44). These bacteria seem to have the
ability to persist against immune mechanisms
and can remain in host tissues (34).
The invasion of P. gingivalis, A. actin-

omycetemcomitans and T. forsythensis into
gingival tissue consolidates the infection
and also affects the periodontal conditions.
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Introduction: The identification of invading periodontopathic bacteria in tissues is
important to determine their role in the pathogenesis of periodontal disease. The objective
of this study was to identify periodontopathic bacteria in diseased gingival tissue of
periodontitis patients.
Methods: Subgingival plaque and gingival tissue were collected from 32 generalized
chronic periodontitis (CP), 16 generalized aggressive periodontitis (GAgP) and eight
localized aggressive periodontitis (LAgP) patients. Detection frequencies and quantities
of Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans and Tannerella
forsythensis were investigated by polymerase chain reaction. The prevalences of
Streptococcus oralis and Streptococcus sobrinus were also examined and the distribution
of A. actinomycetemcomitans serotypes was observed.
Results: P. gingivalis and T. forsythensis were detected in approximately 70% of tissue
samples and 50% of plaque samples in the three periodontitis groups. Prevalence of A.
actinomycetemcomitans in tissue samples was higher in the LAgP (63%) group than in
either the CP (16%) or the GAgP (38%) group. A. actinomycetemcomitans serotype c was
detected in 50% of LAgP patients. Detection frequencies of S. oralis and S. sobrinus were
markedly low in both plaque and tissue samples from all three periodontitis groups.
Amounts of P. gingivalis, A. actinomycetemcomitans and T. forsythensis in the tissue
samples were not different among the three periodontitis groups.
Conclusion: P. gingivalis, A. actinomycetemcomitans and T. forsythensis can localize in
diseased gingival tissue and may be involved in periodontal tissue destruction. Serotype c
is the predominant serotype of A. actinomycetemcomitans in Japanese LAgP patients.
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Not only the direct effects of the virulence
factors of bacteria, but also the consider-
able amount of bacterial invasion into
periodontal tissues would lead to severe
inflammatory responses in the host follow-
ing periodontal tissue destruction. The
load of tissue-invading bacteria seems to
be reflected in the tissue-destructive form
taken by the periodontitis. However, the
specific relationship of these three perio-
dontopathic bacteria with the tissue
destruction found in the various clinical
forms of periodontitis is still obscure.
Periodontopathic bacterial DNAs, inclu-

ding those of P. gingivalis, A. actinomyce-
temcomitans and T. forsythensis have been
detected in atheromatous plaques (17, 24)
and recently, these bacteria have become a
focus as risk factors for vascular diseases
(21, 25) and stroke (13). Bacteria that
invade the highly vascularized gingiva can
spread through the bloodstream (23, 26),
and this phenomenon may relate to these
systemic diseases. Identification of the
invading bacteria in periodontal tissues is
necessary to determine their role as risk
factors in systemic diseases, as well as in the
pathogenesis of periodontitis, and to evalu-
ate how their presence affects diagnostic
and therapeutic procedures.
The objective of this study was to identify

the periodontopathic bacteria in diseased
gingival tissue from Japanese patients with
different forms of periodontitis. Detection of
P. gingivalis, A. actinomycetemcomitans and
T. forsythensis in plaque samples and the
quantity of bacteria in tissue samples, were
investigated by conventional and real-time
polymerase chain reactions (PCR). The dis-
tribution of A. actinomycetemcomitans sero-
types in tissue samples was also examined.

Materials and methods

Subjects

Periodontitis patients visiting the Tokyo
Medical andDental Universitywere selected
for this study. The subjects included 34 with
generalized chronic periodontitis (CP), 17
with generalized aggressive periodontitis
(GAgP) and eight with localized aggressive
periodontitis (LAgP), all of whom were
diagnosed based on the classification des-
cribed by the American Academy of Period-
ontology in 1999 (1). No patient had any
relevant systemic diseases and none had
taken any antibiotics within the previous
3 months. No subject currently smoked and
all were in good general health. The study
protocol was approved by the Ethical Com-
mittee of our institution, and informed
consent was obtained from each patient. All
patients had received initial periodontal

treatment consisting of scaling and root
planing and had thenbeen givenoral hygiene
instruction by competent periodontists.

Sampling procedures for subgingival

plaque and gingival tissues

Three weeks after scaling and root planing,
clinical parameters, including probing
pocket depth, clinical attachment level
and bleeding on probing, were measured
and the site with the deepest probing
pocket depth was chosen as the sampling
site. A subgingival plaque sample was
taken with a sterile paper point as in the
previous report by Takeuchi et al. (50).
The paper point was placed into a 1.5-ml
microtube containing 500 ll sterile dis-
tilled water. After the gingival flap had
been made, diseased gingival tissue was
taken by sterilized curette at the bone
defect site corresponding to the subgingi-
val plaque sampling site. A total of 40–
55 mg (mean 50 mg) of gingival tissue
was collected from each patient.

Bacterial detection and quantification in

clinical samples

The paper point sample was mixed for
1 min by vortexing and a plaque suspension
was prepared.A collected tissue samplewas
separately washed twice with physiological
saline. To examine the contamination dur-
ing tissue sampling 500 ll of the latter wash
solutionwas taken for examination.Washed
tissue sample was minced into small frag-
ments and homogenized manually using a
mortar and pestle. Then, the sample was
transferred into 500 ll of new sterilized

saline. Bacterial DNAwas extracted using a
High Pure PCR Template Preparation kit
(Roche Applied Science, Mannheim,
Germany) according to the manufacturer’s
instructions and stored in )20�C until the
PCR procedure was performed.
The presence of bacterial DNA for

P. gingivalis, A. actinomycetemcomitans
and T. forsythensis in plaque, tissues
samples and wash solution from each
patient was examined by conventional
PCR. The presence of Streptococcus oralis
and Streptococcus sobrinus in periodonti-
tis was also examined. P. gingivalis ATCC
33277, A. actinomycetemcomitans ATCC
43718 and T. forsythensis ATCC 43037
were cultivated, and the numbers of bac-
terial cells were determined using a Petr-
off–Hauser counting chamber as described
by Umeda et al. (52). S. oralis OMZ 607
and S. sobrinus OMZ 176 were anaerobi-
cally cultivated for 3 days on trypticase
soy blood agar plates (49) and the cells
were harvested. The DNAs of these bac-
terial strains were extracted and used as a
positive control in the present study. The
primer sequences are described in Table 1.
Conventional PCR procedures were mani-
pulated as reported in Ashimoto et al. (3)
and Hoshino et al. (19).
P. gingivalis, A. actinomycetemcomitans

and T. forsythensis in tissue samples were
quantified using real-time PCR. LightCy-
cler II (Roche Diagnostic, Mannheim,
Germany) and double-stranded DNA bind-
ing dye SYBR Green I were utilized in this
experiment. PCR was performed as previ-
ously reported by Sakamoto et al. (43).
Briefly, amplification was performed in a
20 ll reaction mixture containing 2 ll

Table 1. PCR primers used in this study

Target Sequence (5¢ fi 3¢) Product size (bp) Source

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

404 (45)

A. actinomycetemcomitans ATG CCA ACT TGA CGT TAA AT
AAA CCC ATC TCT GAG TTC TTC TTC

557 (3)

T. forsythensis GCG TAT GTA ACC TGC CCG CA
TGC TTC AGT GTC AGT TAT ACC T

641 (45)

S. oralis TCCCGGTCAGCAAACTCCAGCC
GCAACCTTTGGATTTGCAAC

374 (19)

S. sobrinus GATGATTTGGCTCAGGATCAATCCTC
ACTGAGCCAGTAGTAGACTTGGCAACT

328 (19)

A. actinomycetemcomitans
Serotype a GCAATGATGTATTGTCTTCTTTTGGA

CTTCAGTTGAATGGGGATTGACTAAAAC
428 (48)

Serotype b CGGAAATGGAATGCTTGC
CTGAGGAAGCCTAGCAAT

298 (48)

Serotype c AATGACTGCTGTCGGAGT
CGCTGAAGGTAATGTCAG

559 (48)

Serotype d TTACCAGGTGTCTAGTCGGA
GGCTCCTGACAACATTGGAT

690 (48)

Serotype e CGTAAGCAGAAGAATAGTAAACGT
AATAACGATGGCACATCAGACTTT

211 (48)
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template DNA, 2 ll LightCycler FastStart
DNA Master SYBR Green I (Roche
Molecular Biochemicals), 1 lm of each
primer, and either 4 mm MgCl2 for
P. gingivalis and T. forsythensis or 3 mm

MgCl2 for A. actinomycetemcomitans. The
initial denaturation step at 95�C for 2 min
was followed by 40 cycles that comprised
heating at 95�C for 20 s and then annealing
stepswere60�C in5 s forP. gingivalis, 55�C
in 5 s for A. actinomycetemcomitans and
62�C in 5 s for T. forsythensis. Heating was
continued at 72�C for 16 s for P. gingivalis,
22 s for A. actinomycetemcomitans and
26 s for T. forsythensis and a last step was
performed of 1 s at 84�C for P. gingivalis
andA. actinomycetemcomitans, and at 83�C
for T. forsythensis. Fluorescent products
were detected at the last step of each cycle
and melting curves were used to determine
the specificity of the PCR. Quantification of
clinical samples was calculated using
LightCycler Data Analysis software
based upon the known cell counts of the
control bacterial strain. The log-linear por-
tion of the standard amplification curve was
identified and the crossing point was the
intersection of the best-fit line through the
log-linear region and the noise band.
The standard curve was the plot of the
crossing point against the log of the cell
numbers. Bacterial cell numbers per ml
were calculated, and theminimumdetection
level of the real-time PCR assay was
103 cells/ml in sample suspension.

A. actinomycetemcomitans serotype-

specific genotyping

A. actinomycetemcomitans serotypes were
examined by PCR using a DNA thermal
cycler (PTC-200; MJ Research, Boston,
MA). Primer designs (Table 1) and PCR
protocol were performed as described by
Suzuki et al. (48) with some modifications.
Briefly, 1 lm of each of the indicated
primers and 2 ll template DNA in a 10 ll
PCR mixture containing 2.5 units of
TaKaRa Ex TaqTM polymerase (TAKARA
Bio Inc., Shiga, Japan), 2 ll 10· Ex TaqTM

buffer with MgCl2, 2.5 mm each of dNTPs
and PCR-grade water. After denaturation at
96�C for 2 min, a total of 36 cycles was
performed; each cycle comprising 15 s of
denaturation at 94�C, followed by 30 s of
annealing at 56�C for serotype a, 54�C for
serotypes b, c and e, and 57�C for serotype
d, respectively. The final step was a 60 s
extension at 72�C. DNA from A. actin-
omycetemcomitans ATCC 29523 (serotype
a), ATCC 43718 (serotype b), NCTC 9710
(serotype c), IDH 781 (serotype d) and
OMZ 534 (serotype e) were employed as

positive controls, and the specificity of the
primers was also confirmed (Fig. 1). PCR
products were analysed by 1.0% agarose gel
electrophoresis using 0.01 lg/ml ethidium
bromide, and the product band was ob-
served under 300 nm ultraviolet light (50).

Statistical analysis

All data were handled in the StatView

software package. The difference of
bacterial prevalence among CP, GAgP and
LAgP groups were tested by Fisher’s exact
test. The prevalence of bacteria between
plaque samples and tissue samples was also
examined. Quantity of bacterial DNA was
transformed as a log number because of the
skewed distribution among the subjects.
One-way factorial analysis of variance was
applied to compare probing pocket depth,
clinical attachment level and quantity of
each bacterial DNA among the three peri-
odontitis groups. All statistical tests were
two-tailed, and P < 0.05 was considered
statistically significant.

Results

All the plaque, tissue and wash solution
samples from each patient were investi-
gated by conventional PCR assay to
detect bacteria. If bacterial DNA was
detected in the wash solution, the corres-
ponding tissue sample would be con-
sidered as having been bacterially
contaminated during the sampling proce-
dures, and consequently dropped from
data collection. With this taken into
account, two subjects from the CP group
and one from the GAgP group were
excluded and the final participants were
a total of 56 subjects consisting of 32 CP
patients, 16 GAgP patients and eight
LAgP patients. Clinical data of the samp-
ling sites are summarized in Table 2. No
statistically significant difference was
observed in the mean values of probing
pocket depth, clinical attachment level
and the percentage of sites that were
positive for bleeding on probing among
the three periodontitis groups.

Primers for serotype a Primers for serotype b

Primers for serotype c           Primers for serotype d              

Primers for serotype e              

M  C  A   B   D  E  N M  D  A  B  C  E  N 

M  E  A  B   C  D  N 

100 bp

428 bp 

100 bp

298 bp

559 bp 

100 bp 

690 bp

100 bp

100 bp 

211 bp 

M  A  B  C  D   E   N M  B  A  C  D   E  N

Fig. 1. PCR analysis for Actinobacillus actinomycetemcomitans serotype-specific DNA. Lane M,
molecular size marker (100-bp DNA ladder); lane A, A. actinomycetemcomitans ATCC 29523
(serotype a); lane B, A. actinomycetemcomitans ATCC 43718 (serotype b); lane C, A. actinomyce-
temcomitans (NCTC 9710) serotype c; lane D, A. actinomycetemcomitans IDH 781 (serotype d); lane
E, A. actinomycetemcomitans OMZ 534 (serotype e) and lane N, negative control. Large arrow
indicates a single DNA band of the predicted size obtained by PCR. Small arrow indicates 100 bp.
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The detection frequencies of bacteria in
plaque and tissue samples are summarized
in Table 3. High detection rates of
P. gingivalis and T. forsythensis were
observed in gingival tissue of the three
periodontitis groups. The prevalence of
P. gingivalis and T. forsythensis was not
significantly different in the CP, GAgP and
LAgP patients in either the plaque or the
tissue samples. The detection frequency of
A. actinomycetemcomitans in the tissue
sample was higher in LAgP patients than
in the GAgP and CP patients, although a
statistical difference was only found be-
tween the LAgP and CP groups
(P < 0.05). Detection frequencies of
P. gingivalis and T. forsythensis in tissue
samples were higher than in plaque sam-
ples, but the difference was not significant.
A similar tendency was also observed in
the prevalence of A. actinomycetemcomi-
tans in LAgP patients. Only a few tissue
and plaque samples were positive for
S. oralis and S. sobrinus in three perio-
dontitis groups, and their detection fre-
quencies were lower than those of
P. gingivalis, A. actinomycetemcomitans
and T. forsythensis.
Figure 2 shows the amounts of

P. gingivalis, A. actinomycetemcomitans
and T. forsythensis in bacterium-positive

tissue samples. Amount of P. gingivaliswas
higher than A. actinomycetemcomitans and
T. forsythensis in the tissue samples of all
periodontitis groups. The amounts of each
bacterium were not markedly different
among the CP, GAgP and LAgP patients
in this experiment. The distribution of
A. actinomycetemcomitans serotypes in
tissue samples is shown in Table 4.
A. actinomycetemcomitans serotype c was
commonly found in A. actinomycetemcom-
itans-positive samples of all the periodon-
titis groups and it was detected in 50% of
LAgP patients. One sample taken from the
GAgP group was not classified as any
serotype. Multiple serotypes were simulta-
neously found in a few samples. Three
serotypes (serotype b, c and d) and two
serotypes (serotype a and d) were identified
in two samples from the GAgP group. Two
serotypes (serotype b and c) were detected
in one sample from the LAgP group.

Discussion

In the present study, we collected the
gingival tissue 3 weeks after scaling and
root planing and examined the presence of
the DNA of three periodontopathic bac-
teria. It is known that transient bacteremia
can occur after scaling and root planing

(53), and this phenomenon suggests that
bacteria can be driven into the gingival
epithelium by the periodontal instrumen-
tation and then spread through the blood-
stream. However, it is also reported that
such bacteremia could last only several
minutes (29), and that those bacteria
driven inside the hosts seem to be quickly
trapped and efficiently degraded by the
host immune systems (23). Moreover,
gingival epithelial cells generally turn over
within 5–7 days (26), and the remaining
bacterial DNA in the epithelial layers may
be eliminated. We considered that the
bacterial DNA driven inside by the peri-
odontal instrumentation might have been
cleared before sampling.
Approximately 70% of tissue samples

were positive for P. gingivalis and
T. forsythensis in GAgP and LAgP
patients, showing that their prevalence
was as high as that in the CP group. Our
findings indicate that these two bacteria
can be harbored in diseased gingival
tissues and may be associated with perio-

Table 2. Clinical data

CP GAgP LAgP

Number of subjects 32 16 8
Gender (male : female) 12 : 20 9 : 7 4 : 4
Age (mean ± 1SD) 55.13 ± 7.46 35.07 ± 8.23 31.29 ± 5.56
Sampling sites
PPD (mean ± 1SD; mm) 5.74 ± 1.34 6.10 ± 1.46 6.37 ± 2.04
CAL (mean ± 1SD; mm) 6.26 ± 1.73 6.39 ± 2.06 6.74 ± 2.27
BOP (% of positive sites) 67 69 86

CP, chronic periodontitis; GAgP, generalized aggressive periodontitis; LAgP, localized aggressive
periodontitis; PPD, probing pocket depth; CAL, clinical attachment level; BOP, bleeding on probing.

Table 3. Prevalence of bacteria in plaque and tissue samples

CP GAgP LAgP

P. gingivalis
Plaque 23/32 (72) 8/16 (50) 5/8 (63)
Tissue 25/32 (78) 11/16 (69) 7/8 (88)

A. actinomycetemcomitans
Plaque 6/32 (19) 4/16 (25) 3/8 (38)
Tissue 5/32 (16)* 6/16 (38) 5/8 (63)*

T. forsythensis
Plaque 22/32 (69) 7/16 (44) 5/8 (63)
Tissue 24/32 (75) 13/16 (81) 6/8 (75)

S. oralis
Plaque 2/32 (6) 1/16 (6) 0/8 (0)
Tissue 3/32 (9) 2/16 (13) 0/8 (0)

S. sobrinus
Plaque 0/32 (0) 0/16 (0) 0/8 (0)
Tissue 0/32 (0) 0/16 (0) 0/8 (0)

Data are given as bacterium-positive sample/total samples (%).
CP, chronic periodontitis; GAgP, generalized aggressive periodontitis; LAgP, localized aggressive
periodontitis.
*P < 0.05.
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Fig. 2. Quantitative analysis in tissue samples
was made by real-time PCR. Statistical com-
parison (log-transformed number of cell counts)
was performed for each bacterium among CP,
GAgP and LAgP patients. The box represents
the first and third quartiles (rectangular boxes);
the line within the box is the median.

204 Thiha et al.



dontal tissue destruction. These two
species are obligate anaerobic bacteria,
and their characteristics might be favorable
to them residing in the tissues that provide
a low-oxygen environment. Several stud-
ies have also described how P. gingivalis
and T. forsythensis were frequently detec-
ted in the subgingival plaque of patients
with aggressive periodontitis (8, 20, 49,
57). Taken together, these reports demon-
strate the role of P. gingivalis and
T. forsythensis in the tissue destruction of
aggressive periodontitis.
A. actinomycetemcomitans is known as

one of the pathogens most responsible for
LAgP (5, 60). Christersson et al. (6) have
shown that substantial suppression of sub-
gingivalA. actinomycetemcomitanswas not
achievable by scaling and root planing
alone, but could be accomplished by surgi-
cal removal of periodontal tissue in LAgP
patients. The present findings showed that
over half of LAgP patients harbored
A. actinomycetemcomitans in tissue sam-
ples, and its prevalence was relatively
higher than in subgingival plaques. It is
considered that its invading ability would
allow A. actinomycetemcomitans to evade
the mechanical debridement. Localization
of A. actinomycetemcomitans in the perio-
dontal tissue of LAgP patients may cause
severe tissue destruction. Gwinn et al. (14)
demonstrated that 29 of 30 LAgP patients
had a defect in their neutrophils and
decreased chemotactic activity. Although
the exact mechanism has not yet been
explained, this apparent major defect in
the neutrophils seemed more susceptible to
A. actinomycetemcomitans than other
bacteria (18).
The detection frequencies of periodont-

opathic bacteria in tissue samples were
generally higher than those in plaque
samples. The most likely reason for this
phenomenon is the collection of the sub-
gingival plaque and tissues samples after
initial periodontal treatment. A certain
amount of periodontopathic bacteria would
be eliminated from the periodontal pockets

by the initial treatment, whereas some
bacteria that were already residing in the
tissues could still remain. Since there
would be relatively more bacterial DNA
in the tissue samples than in the plaque
samples, the detection frequencies might
be increased in the tissue samples.
To further our understanding of the

bacterial presence in periodontal tissue,
we also examined the presence of S. oralis
and S. sobrinus in the same samples.
S. oralis is known as the predominant
colonizer in the early stage of dental
plaque biofilm formation (27), while
S. sobrinus is directly involved in the
formation of human dental caries (28).
These two bacteria seem less pathogenic
for periodontitis, and our results also
showed that their prevalences were mark-
edly low in both plaque and tissue samples
of periodontitis patients. In previous re-
ports, S. oralis was detected in approxi-
mately 50% (54), while S. sobrinus was
rarely found (33), in gingival plaque
samples of periodontitis patients. Although
there is little information about the inva-
sion of these two bacteria in periodontal
tissues, Colombo et al. (7) used DNA
probes and showed that S. oralis was
detected in 34% of crevicular epithelial
cell samples from periodontitis patients.
We assumed that the considerable amount
of S. oralis could be eliminated from the
periodontal pockets by initial treatments,
and its prevalence in subgingival plaque
would decrease in the present study. Fur-
thermore, the possibility of invasion might
become low and it could lead to the low
prevalence of this bacterium in gingival
tissue.
Socransky et al. (46) reported that there

must be a sufficient number of pathogenic
bacteria for the onset of disease. It has been
suggested that there is a positive relationship
between the severity of periodontal tissue
destruction and the quantities of some per-
iodontopathic bacteria in subgingival pla-
ques (15, 47). In our results, P. gingivalis,
A. actinomycetemcomitans and T. forsythen-

sis were observed in the tissue samples, but
the amounts of each bacterium did not differ
among CP, GAgP and LAgP patients. In the
present study, tissue samples were collected
from the corresponding sites of deep perio-
dontal pockets, which still remained after
initial periodontal treatment. The clinical
periodontal conditions were similarly severe
in the sampling sites of the patients from
different periodontitis groups. This may be
the reason that differences in the amount of
bacteria were not observed among the three
periodontitis groups.
In contrast, the amount of P. gingivalis

in tissue samples appeared higher com-
pared with that of A. actinomycetemcom-
itans and T. forsythensis in all three
groups. Some previous reports showed
that the quantity of P. gingivalis was
higher than that of A. actinomycetemcom-
itans and T. forsythensis in subgingival
plaque from periodontitis patients (49, 54).
The abundance of P. gingivalis in subgin-
gival plaque favored the frequent oppor-
tunity for bacterial invasion and resulted in
increased numbers of this bacterium in
gingival tissue. Moreover, in vitro study
suggested that P. gingivalis could multiply
in human oral epithelial cells (30). How-
ever, it should be borne in mind that PCR
actually detects specific DNA fragments,
and it is possible that DNA from dead
bacteria in tissue might also be detected.
We considered that although the volume of
such DNA fragments in gingival tissue
was limited, it could increase the number
of bacterial cells in the present study.
The implication of A. actinomycetem-

comitans in LAgPwas confirmed by the fact
that the prevalence of this bacterium was
found to differ significantly between tissue
samples from CP and LAgP patients. How-
ever, the level ofA. actinomycetemcomitans
in the tissue samples was not statistically
different among the three periodontitis
groups. We assumed that various clinical
forms of periodontitis might be associated
with the different pathogenic potentials
of A. actinomycetemcomitans strains and
focused on its serotypes. A. actinomycetem-
comitans is classified into six serotypes
(a–f) based on the serological specificity of
polysaccharide antigens which exit on the
surface of this bacterium (22, 58). It has
been suggested that some A. actinomyce-
temcomitans serotypes are more closely
associated with periodontal disease than
others (59). Some studies reported that
A. actinomycetemcomitans strains Y4 and
JP2 (serotype b) had potent pathogenicity
(4, 35) and were strongly associated with
LAgP patients from the United States (61).
A. actinomycetemcomitans serotype b has

Table 4. Distribution of Actinobacillus actinomycetemcomitans serotypes in tissue samples

Number of samples

CP GAgP LAgP

A. actinomycetemcomitans (+)/total 5/32 6/16 5/8
A. actinomycetemcomitans
Serotype a 1 1 1
Serotype b 1 1 1
Serotype c 3 4 4
Serotype d 0 2 0
Serotype e 0 0 0
Non-typeable 0 1 0

CP, chronic periodontitis; GAgP, generalized aggressive periodontitis; LAgP, localized aggressive
periodontitis.
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been indicated as a highly pathogenic
serotype. In this study, we performed
A. actinomycetemcomitans serotype-specific
genotyping by PCR instead of using immu-
nological procedures. This PCR method
seems to be sensitive and it is easy to identify
serotypes of A. actinomycetemcomitans in
clinical samples contaminated with various
other bacteria (48, 58). Our results showed
that A. actinomycetemcomitans serotype c
was predominantly identified in the gingival
tissues of Japanese LAgP patients, while the
prevalence of serotype b was rather low. A
similar tendency was observed in A. actin-
omycetemcomitans-positive tissue samples
from GAgP and CP patients. Several studies
have shown geographical discrepancies in the
distributionofA. actinomycetemcomitans ser-
otypes (9, 51, 56), and our results do not rule
out this possibility. There are previous
reports of serotype c being commonly found
in the subgingival plaque of A. actinomyce-
temcomitans-positive subjects from some
Asian populations (32, 42, 55, 58).
One strain that could not be typed was

detected from sixteen A. actinomycetem-
comitans-positive samples. It is still unclear
whether this non-typeable strain had a
serotype f-specific genotype or a different
one. Paju et al. (36) indicated that non-
serotypeable A. actinomycetemcomitans
isolates might originate from serotypeable
isolates. Further investigation is needed to
clarify the characteristics of this non-type-
able strain. In the present study, multiple
serotypes of A. actinomycetemcomitans
were detected in a few samples. It has
been suggested that patients are usually
infected by only a single serotype of
A. actinomycetemcomitans (61). Suzuki
et al. (48) investigated the subgingival
plaque samples of five periodontitis patients
using A. actinomycetemcomitans serotype-
specific genotyping and also found only a
single serotype in each sample. In contrast,
several studies have reported multiple ser-
otypes of A. actinomycetemcomitans in the
same sample from periodontitis patients
(32, 51, 56, 58). Although results were
inconsistent, it is possible that periodontitis
patients might be infected by multiple
serotypes of this bacterium.
In conclusion, the localization of

P. gingivalis, A. actinomycetemcomitans
and T. forsythensis was observed in dis-
eased gingival tissues of various clinical
forms of periodontitis. In Japanese perio-
dontitis patients, the role of P. gingivalis
and T. forsythensis in LAgP and GAgP is
as important as in CP for periodontal tissue
destruction. Serotype c is the predominant
serotype of A. actinomycetemcomitans in
LAgP patients.
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