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Background and Objective: Qualitative and quantitative changes of the subgingival

plaque biofilm microflora in periodontal pockets are thought to be associated

with the development and progression of periodontitis. The aims of the present

study were to quantify the proportions of nine periodontitis-associated bacterial

species and four Streptococcus species in subgingival plaque, and to evaluate

their relationship with periodontitis quantitatively.

Material and Methods: Subgingival plaque samples were obtained from 12 perio-

dontally healthy subjects and from 28 patients with periodontitis. The amounts of

total and target bacteria were measured by quantitative real-time PCR using

universal and species-specific primers, respectively.

Results: The proportion of total obligate anaerobes was found to be higher in

subjects with periodontitis than in periodontally healthy subjects (p < 0.05).

Among obligate anaerobes, Tannerella forsythia (2.04 ± 5.27%, p < 0.05),

Porphyromonas gingivalis (0.54 ± 1.41%) and Eubacterium saphenum

(0.30 ± 0.96%) were detected at high proportions in subjects with periodontitis,

but not in periodontally healthy subjects. By contrast, the proportion of total

streptococci was lower in subjects with periodontitis (p < 0.05). Specifically, the

proportion of T. forsythia, P. gingivalis or E. saphenum increased (‡ 2.78%) and

the proportion of Streptococcus species decreased to virtually undetectable levels,

in subjects with periodontitis.

Conclusion: Obligate anaerobes, including T. forthysia, P. gingivalis and

E. saphenum, were identified predominantly in microflora from subjects with

periodontitis, whereas Streptococcus species were identified predominantly in

microflora from periodontally healthy subjects, suggesting a change in the

subgingival environment that resulted in conditions more suitable for the survival

of obligate anaerobes. The proportion of these obligate anaerobes in the

subgingival plaque of subjects with periodontitis appears to be associated with the

status of human periodontitis.
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The human oral cavity is considered

healthy when the oral microflora is

composed of indigenous bacteria and is

balanced properly (1). Numerous

environmental changes in the oral

microflora, including pH, anaerobiosis

and nutrition, may lead to an accu-

mulation of periodontitis-associated

bacteria in the subgingival sulcus,

resulting in the initiation of human

periodontitis (2–6). Both qualitative

and quantitative changes in subgingi-

val plaque biofilms in periodontal

pockets are thought to be highly asso-

ciated with both the initiation and

progression of periodontitis (6,7). The

establishment of anaerobic bacterial

culture and molecular biological

methods has enabled researchers to

isolate and detect various species of

periodontitis-associated bacteria from

subgingival plaque biofilms (8–11). It

has been estimated that more than 600

species of bacteria are present in the

human subgingival plaque biofilm (9–

11). Of these, Porphyromonas gingivalis

and Mogibacterium timidum are

detected more frequently in the sub-

gingival microflora of subjects with

periodontitis than in the subgingival

microflora of periodontally healthy

subjects (8,9,11,12).

However, few studies have specifi-

cally investigated the proportions of

periodontitis-associated bacteria as

well as early colonizers on the teeth

(namely Streptococcus species) in the

subgingival plaque biofilm. The aims

of the present study were to quantify

the proportions of P. gingivalis and

M. timidum, in addition to seven other

periodontitis-associated species of

bacteria (Aggregatibacter actinomyce-

temcomitans, Campylobacter rectus,

Eubacterium saphenum, Prevotella

tannerae, Prevotella intermedia, Slackia

exigua and Tannerella forsythia) and

four Streptococcus species (Strepto-

coccus gordonii, Streptococcus oralis,

Streptococcus sanguinis and Strepto-

coccus salivarius) in the subgingival

plaque of periodontitis-affected sub-

jects and periodontally healthy subjects

by quantitative real-time PCR, and to

evaluate the relationship between

periodontitis and the quantity of these

bacteria.

Material and methods

Subjects and sample collection

Twenty-eight subjects with periodonti-

tis (mean age 62 ± 9.9 years; range

41–80 years; mean numbers of residual

teeth 24.5 ± 4.1) and 12 periodontally

healthy subjects (mean age 26 ± 1.8

years; range 22–29 years; mean num-

bers of residual teeth 27.9 ± 1.5) were

included in the present study. The

subjects had not received periodontal

treatment or antimicrobial therapy for

at least 6 mo before sampling and were

free of systemic diseases. Informed

consent was obtained from each sub-

ject before the collection of samples.

This study was approved by the

Research Ethics Committee of Tohoku

University Graduate School of Den-

tistry, Sendai, Japan. Probing depths

were measured in all teeth, at six sites

per tooth for each subject, and the

teeth with the deepest probing depths

were chosen as the target sites for

sampling. The deepest probing depths

were < 4 mm (range 2.0–3.0 mm;

mean 2.4 ± 0.5 mm) in periodontally

healthy subjects (H1–H12, n = 12)

and ‡ 4 mm (range 4.0–10.0 mm;

mean 6.7 ± 1.9 mm) in subjects with

periodontitis (P1–P28, n = 28). The

samples were then collected using

sterile periodontal pocket probes. All

samples were immediately suspended

in 1 mL of sterile distilled water and

stored at )20�C before extraction of

genomic DNA.

Bacterial strains

Nine strains of anaerobic bacteria,

including the microaerophilic bacterial

strains A. actinomycetemcomitans

JCM 8578, C. rectus JCM 6301,

E. saphenum ATCC 49989, M. timi-

dum ATCC 33093, P. gingivalis W83,

P. intermedia JCM 12248, P. tannerae

ATCC 51259, S. exigua JCM 11022

and T. forsythia JCM 10827, and three

mitis groups of Streptococcus, includ-

ing S. gordonii JCM 12995, S. oralis

JCM 12997 and S. sanguinis JCM

5708, and the salivarius group of

Streptococcus, S. salivarius JCM 5707,

were cultured in an anaerobic glove

box (Model AZ-Hard; Hirasawa,

Tokyo, Japan) containing 80% N2,

10% H2 and 10% CO2 at 37�C for

2–7 d. One loopful of a colony of each

strain was then suspended in 1 mL of

sterile distilled water and used for

genomic DNA extraction.

DNA extraction

Genomic DNA was extracted using the

GFX Genomic Blood DNA Purifica-

tion kit (GE Health Care Bio-Science

Corp., Piscataway, NJ, USA) and the

InstaGene Matrix kit (Bio-Rad Labo-

ratories, Richmond, CA, USA), in

accordance with the manufacturer�s
instructions.

Quantification of total bacterial levels
using quantitative real-time PCR

In order to quantify the total amount

of bacteria in the samples, quantita-

tive real-time PCR was undertaken

using the 16S ribosomal RNA gene

universal primers 357F and 907R

(13,14) and iQ SYBR Green Super-

mix (Bio-Rad Laboratories), accord-

ing to the manufacturer�s instructions.
The primer sequences were: 357F,

5¢-CTC CTA CGG GAG GCA GCA

G-3¢; and 907R, 5¢-CCG TCA ATT

CMT TTR AGT TT-3¢. Quantitative

real-time PCR cycling conditions

have been described previously (14)

and were undertaken using an iCycler

(Bio-Rad Laboratories) programmed

for 3 min at 95�C for initial heat

activation, followed by 40 cycles of

15 s at 95�C for denaturation, 30 s at

55�C for primer annealing and 30 s at

72�C for extension. During the

extension step, fluorescence emissions

were monitored and data were

analyzed using iCycler iQ Software

(Bio-Rad Laboratories). Standard

curves were analyzed by comparing

the universal primer set against a

serial dilution of P. gingivalis W83

genomic DNA.

Quantification of specific bacterial
species by quantitative real-time PCR

In order to quantify populations of

specific bacteria in the samples, quan-
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titative real-time PCR was performed

as described above, using bacterial

species-specific primers (Table 1).

Quantitative real-time PCR amplifica-

tion protocols for each bacterium were

as follows. (i) C. rectus, E. saphenum,

P. gingivalis, S. exigua, T. forsythia,

S. gordonii, S. salivarius, S. sanguinis

and S. oralis: initial denaturation at

95�C for 3 min, followed by 40 PCR

cycles at 95�C for 15 s, 55�C for 30 s

and 72�C for 30 s. (ii) A. actinomyce-

temcomitans: initial denaturation at

95�C for 3 min, followed by 40 PCR

cycles at 95�C for 15 s, 55�C for 30 s

and 72�C for 30 s, with fluorescence

emissions monitored at 83�C for 10 s.

(iii)M. timidum and P. tannerae: initial

denaturation at 95�C for 3 min, fol-

lowed by 40 PCR cycles at 95�C for

15 s, 55�C for 30 s and 72�C for 30 s,

with fluorescence emissions monitored

at 82�C for 10 s. (iv) P. intermedia:

initial denaturation at 95�C for 3 min,

followed by 40 PCR cycles at 95�C for

15 s, 55�C for 30 s and 72�C for 30 s,

with fluorescence emissions monitored

at 81�C for 10 s.

Detection frequency of each bacterial
species

Based on the results obtained from the

quantitative real-time PCR, the detec-

tion frequency of each bacterial species

in subgingival plaque was calculated

(i.e. the prevalence, in per cent, of each

bacterial species was determined).

Data analysis

Fisher�s exact probability test and

Tukey tests were used to determine

statistical significance. A p-value of

< 0.05 was considered statistically

significant.

Results

Thequantitative real-timePCRanalysis

results demonstrated that the total

amounts of bacteria per probing depth

in periodontitis subjects (4.10 ± 0.85

Log fg DNA/lL per probing depth

mm) were similar to those in perio-

dontally healthy subjects (3.86 ± 0.53

Log fgDNA/lLper probing depthmm)

(Fig. 1). By contrast, the proportion of

total obligate anaerobes (T. forsythia,

P. gingivalis, E. saphenum,M. timidum,

P. intermedia, S. exigua and C. rectus)

in subgingival plaque biofilmwas higher

in the subjects with periodontitis than in

the periodontally healthy subjects (p <

0.05,Fig. 2).T. forsythia (2.04 ±5.27%,

p < 0.05), P. gingivalis (0.54 ± 1.41%)

and E. saphenum (0.30 ± 0.96%) were

detected at high proportions in subjects

with periodontitis (Fig. 3) and were

not detected at all in periodontally

healthy subjects, with the exception of

P. gingivalis, which was detected in one

sample (H12, Fig. 4).

The proportions of S. exigua,

C. rectus and P. intermedia were

slightly higher in subjects with perio-

dontitis than in periodontally healthy

subjects (Fig. 3). M. timidum was only

detected in subjects with periodontitis,

but at a relatively low proportion

(0.04 ± 0.21%). A. actinomycetem-

comitans and P. tannerae were not de-

tected in either group of subjects in the

present study.

Table 1. Target bacteria and their species-specific primers used in the present study

Species Target genes Sequence (5¢–3¢) Product size (bp) References

Aggregatibacter

actinomycetemcomitans

16S rRNA CTC AGA GAT GGG TTT GTG CC 273 (15)

AGA TTC ACT CCC CAT CGC TG

Campylobacter rectus 16S rRNA TTT CGG AGC GTA AAC TCC TTT TC 598 (16)

TTT CTG CAA GCA GAC ACT CTT

Eubacterium saphenum 16S rRNA TCT ACT AAG CGC GGG GTG A 430 (17)

ATA CCC GAT TAA GGG TAC

Mogibacterium timidum 16S rRNA AAG CTT GGA AAT GAC GC 524 (17)

CCT TGC GCT TAG GTA A

Porphyromonas gingivalis 16S rRNA GCG TAT GCA ACT TGC CTT AC 518 (15)

GTT TCA ACG GCA GGC TGA AC

Prevotella intermedia 16S rRNA TCC ACC GAT GAA TCT TTG GTC 98 (18)

ATC CAA CCT TCC CTC CAC TC

Prevotella tannerae 16S rRNA CTT AGC TTG CTA AGT ATG CCG 550 (19)

CAG CTG ACT TAT ACT CCC G

Slackia exigua 16S rRNA GCC AAG CGG CCT CGT CGA AG 697 (17)

GCC GGC TTT AAG GGA TTC GCT CG

Tannerella forsythia 16S rRNA AGC GAT GGT AGC AAT ACC TGT C 88 (18)

TTC GCC GGG TTA TCC CTC

Streptococcus gordonii gtfG CTA TGC GGA TGA TGC TAA TCA AGT G 440 (20)

GGA GTC GCT ATA ATC TTG TCA GAA A

Streptococcus oralis gtfR TCC CGG TCA GCA AAC TCC AGC C 374 (20)

GCA ACC TTT GGA TTT GCA AC

Streptococcus salivarius gtfK GTG TTG CCA CAT CTT CAC TCG CTT CGG 544 (20)

CGT TGA TGT GCT TGA AAG GGC ACC ATT

Streptococcus sanguinis gtfP GGA TAG TGG CTC AGG GCA GCC AGT T 313 (20)

GAA CAG TTG CTG GAC TTG CTT GTC
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The proportion of total streptococci

was significantly higher in perio-

dontally healthy subjects than in perio-

dontitis subjects (p < 0.05, Fig. 2). In

particular, the proportions of S. oralis

(5.53 ± 9.81%) and S. sanguinis

(0.33 ± 0.57%) were higher in perio-

dontally healthy subjects than in

periodontitis subjects (Fig. 3), while

the proportions of S. salivarius (0.32 ±

1.68%) and S. gordonii (0.16 ±

0.42%) were slightly higher in perio-

dontitis subjects than in periodontally

healthy subjects (Fig. 3).

The detection frequencies of

T. forsythia, P. gingivalis, E. saphe-

num, M. timidum, S. exigua, C. rectus,

P. intermedia and S. gordonii were

higher in subjects with periodontitis

than in periodontally healthy subjects

(Fig. 5).

The proportions of target bacteria

for each sample and its probing depth

are shown in Fig. 4. Among obligate

anaerobes, T. forsythia, P. gingivalis

and E. saphenum were found in 43% of

subjects with periodontitis (samples

P17–P28), while Streptococcus species

were detected in small amounts

( £ 8.91%) in 25% of subjects with

periodontitis (samples P17–P22, P26).

However, Streptococcus species

disappeared as any of T. forsythia,

P. gingivalis or E. saphenum increased

(2.78–27.04%) in subjects with perio-

dontitis (samples P23–P25, P27 and

P28).

In the subjects with periodontitis,

there was no apparent relationship

between probing depths and total

numbers of bacterial species present or

between probing depths and the pro-

portions of the above-mentioned three

species (T. forsythia, P. gingivalis and

E. saphenum) (Fig. 4).

Discussion

In the present study, the total bacterial

amounts per probing depth in subjects

with periodontitis were similar to those

in periodontally healthy subjects.

However, the predominant bacterial

species identified in subgingival plaque

biofilm microflora from subjects with

periodontitis differed from those iden-

tified in periodontally healthy subjects.

The proportions of obligate anaerobes,

in particular T. forsythia, P. gingivalis

and E. saphenum, were higher in sub-

gingival plaque biofilm microflora

from subjects with periodontitis.

However, the proportions of Strepto-

coccus species, especially S. oralis and

S. sanguinis, were higher in subgingival

plaque biofilm microflora from perio-

dontally healthy subjects, indicating

that Streptococcus species are one of

the major components of periodontally

healthy subgingival plaque biofilm.

Furthermore, the findings of the

present study led to an understanding

of total subgingival plaque biofilm and

its significant difference in health and

disease.

Focusing attention on the propor-

tion of T. forsythia, P. gingivalis and

E. saphenum that are frequently

isolated and detected in human

periodontal pockets (8,9,11,21,22),

periodontitis subjects were divided into

three groups; these were termed the

no-detection group (samples P1–P16),

the low-level group (0.01–1.38%,

samples P17–P22) and the high-level

group (2.78–27.04%, samples P23–

P28). In order to investigate the rela-

tionship between the three obligate

anaerobes (T. forsythia, P. gingivalis

and E. saphenum) and Streptococcus,

the proportions of the three obligate

3.00

4.00

5.00

6.00
T

ot
al

 b
ac

te
ria

l a
m

ou
nt

s
(lo

g 
fg

 D
N

A
/µ

L/
pr

ob
in

g 
de

pt
h 

m
m

) 

1.00

0

2.00

Periodontitis Healthy

Fig. 1. Comparison of total bacterial

amounts per probing depth between sub-

gingival plaque biofilm obtained from sub-

jects with periodontitis and that from

periodontally healthy subjects.

Periodontitis *18.0

16.0 Healthy

*

10.0

12.0

14.0

.

6.0

4.0

8.0

P
ro

po
rt

io
ns

 in
 s

ub
gi

ng
iv

al
 p

la
qu

e 
bi

of
ilm

 (
%

)

Obligate anaerobes Streptococci 
0.0

2.0

Fig. 2. Proportions of total obligate

anaerobes and total streptococci in subgin-

gival plaque biofilm obtained from subjects

with periodontitis and in periodontally

healthy subjects. *p < 0.05.

16.0
Periodontitis
Healthy6.0

5.0

*

3.0

4.0

P
ro

po
rt

io
ns

 in
 s

ub
gi

ng
iv

al
 

pl
aq

ue
 b

io
fil

m
 (

%
)

0

1.0

2.0

T. 
for

sy
th

ia

P. 
gin

giv
ali

s

E. s
ap

he
nu

m

M
. ti

m
idu

m

S. e
xig

ua

C. r
ec

tu
s

P. 
int

er
m

ed
ia

S. g
or

do
nii

S. s
ali

va
riu

s
S. s

an
gu

ini
s

S. o
ra

lis

Fig. 3. Proportions of Tannerella forsythia, Porphyromonas gingivalis, Eubacterium saphe-

num, Mogibacterium timidum, Slackia exigua, Campylobacter rectus, Prevotella intermedia,

Streptococcus salivarius, Streptococcus gordonii, Streptococcus sanguinis and Streptococ-

cus oralis in subgingival plaque biofilm obtained from subjects with periodontitis and in

periodontally healthy subjects. *p < 0.05.

392 Yuki Abiko et al.



anaerobes for each sample are shown

in sequence in Fig. 4. Streptococcus

species were specifically detected in the

no-detection group and in the low-level

group, but not in the high-level group,

with the exception of sample P26 in the

present study. These results suggest

that environmental conditions, includ-

ing oxygen concentration, nutritional

supply and pH levels, are diverse

among periodontal pockets and that

the high-level group have an environ-

ment with low oxygen, nitrogenous-

compound supply and stable neutral

pH, which is suitable for the growth of

periodontitis-associated bacteria (6,7).

The proportions of periodontitis-

associated bacteria, such as T. for-

sythia and P. gingivalis, in subgingival

plaque biofilm from subjects with

periodontitis were relatively lower in

the present study than in previous

studies (18,23,24). This may be as-

cribed to the fact that the instruments

used for sample collection in the pres-

ent study (periodontal pocket probes),

were different from those used in pre-

vious studies (Gracey curettes or paper

points). Although it has been reported

that the subgingival biofilm-forming

bacteria detected were different when

the sampling technique was different

(25–27), the tendency to find higher

proportions of periodontitis-associated

bacteria in subgingival plaque biofilm

from subjects with periodontitis was

similar between the present study and

previous studies. In addition, to our

knowledge, this is the first study that

specifically investigated, using real-

time PCR, the proportions of early

colonizers (such as Streptococcus spe-

cies) in subgingival plaque biofilm iso-

lated from the teeth of subjects with

periodontitis.

Because we were unable to find

periodontally healthy subjects in the

elderly, the mean age of the perio-
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dontally healthy subjects was 26 years

in the present study. However, it has

been reported that the subgingival mi-

croflora of periodontally healthy sub-

jects does not change markedly with

age (28,29), and thus the mean age of

the periodontally healthy subjects may

not influence greatly the results of the

present study.

The present study demonstrated that

bacterial species frequently detected in

the subgingival plaque biofilm of sub-

jects with periodontitis did not always

represent a major proportion of the

microflora (Figs 3 and 5). For exam-

ple, the detection frequencies of S. ex-

igua, C. rectus and P. intermedia were

higher than those of T. forsythia, while

the proportion of T. forsythia was

higher than that of these three species.

These results indicated the possibility

that T. forsythia becomes predominant

once it colonizes, although this bacte-

rium cannot colonize efficiently, and

suggest that the quantitative analysis is

more reliable for evaluating bacterial

status in the microflora.

In the present study, periodontal

pocket depths were not found to cor-

relate with either the total bacterial

amounts or the proportions of indi-

vidual bacteria in the microflora

(Fig. 4). For instance, sample P7, ob-

tained from a 10-mm periodontal

pocket depth, did not contain P. gin-

givalis, T. forsythia or E. saphenum,

while samples P23 and P24, obtained

from a 5-mm periodontal pocket

depth, contained large amounts of

these bacteria. These results suggest

that the depth of the periodontal

pocket does not directly reflect the

amount of bacteria found in the perio-

dontal microflora.

In conclusion, facultative anaerobes,

including Streptococcus species, were

found to be the predominant bacterial

species in subgingival plaque biofilm

microflora from periodontally healthy

subjects, whereas obligate anaerobes,

including T. forsythia, P. gingivalis

and E. saphenum, were the predomi-

nant bacterial species in subgingival

plaque biofilm microflora from

patients with periodontitis. The

microbial diversity found in the present

study suggests that environmental

changes occur in the subgingival area,

providing a more suitable environment

for the survival of obligate anaerobes

and thus the subsequent progression of

periodontitis (6,7), and that the pro-

portions of these obligate anaerobes in

subgingival plaque from subjects with

periodontitis are associated with the

status of human periodontitis disease

(21). The findings of the present study

support the hypothesis that quantifi-

cation of bacteria in subgingival plaque

biofilm microflora is an appropriate

tool for the diagnosis and prognosis of

periodontitis (21). In addition to a

large-scale study on the relationship

between the periodontitis status and

periodontitis-associated bacteria, a

comparative and quantitative study on

the changes observed in the oral

microflora during the healing process,

from periodontitis to healthy status,

is required in order to verify the

hypothesis.

Acknowledgements

This study was supported in part by

Grants-in-Aid for Scientific Research

(18390605, 19390539, 20592220) from

the Ministry of Education, Culture,

Sports, Science and Technology,

Japan.

References

1. Socransky SS, Haffajee AD. Dental bio-

films: difficult therapeutic targets. Perio-

dontol 2000 2002;28:12–55.

2. Takahashi N. Acid-neutralizing activity

during amino acid fermentation by Por-

phyromonas gingivalis, Prevotella interme-

dia and Fusobacterium nucleatum. Oral

Microbiol Immunol 2003;18:109–113.

3. Takahashi N, Saito K, Schachtele CF,

Yamada T. Acid tolerance and acid-neu-

tralizing activity of Porphyromonas gingi-

valis, Prevotella intermedia and

Fusobacterium nucleatum. Oral Microbiol

Immunol 1997;12:323–328.

4. Mettraux GR, Gusberti FA, Graf H.

Oxygen tension (pO2) in untreated human

periodontal pockets. J Periodontol 1984;

55:516–521.

5. Marquis RE. Oxygen-metabolism, oxida-

tive stress and acid–base physiology of

dental plaque biofilms. J Ind Microbiol

1995;15:198–207.

6. Takahashi N. Microbial ecosystem in the

oral cavity: metabolic diversity in an eco-

logical niche and its relationship with oral

diseases. Int Cong Ser 2005;1284:103–112.

7. Marsh PD. Microbial ecology of dental

plaque and its significance in health and

disease. Adv Dent Res 1994;8:263–271.

8. Mayanagi G, Sato T, Shimauchi H,

Takahashi N. Detection frequency of

periodontitis-associated bacteria by poly-

merase chain reaction in subgingival and

supragingival plaque of periodontitis and

healthy subjects. Oral Microbiol Immunol

2004;19:379–385.

9. Moore WEC, Moore LVH. The bacteria

of periodontal diseases. Periodontol 2000

1994;5:66–77.

10. Paster BJ, Boches SK, Galvin JL et al.

Bacterial diversity in human subgin-

gival plaque. J Bacteriol 2001;183:3770–

3783.

11. Uematsu H, Hoshino E. Predominant

obligate anaerobes in human periodontal

pockets. J Periodont Res 1992;27:15–19.

12. Booth V, Downes J, Van den Berg J,

Wade WG. Gram-positive anaerobic

bacilli in human periodontal disease.

J Periodont Res 2004;39:213–220.

13. Lane DJ. 16S/23S rRNA sequencing. In:

Stackebrandt E, Goodfellow M, eds. Nu-

cleic Acid Techniques in Bacterial System-

atics. Chichester: John Wiley & Sons,

1991:115–175.

14. Yamaura M, Sato T, Echigo S, Takahashi

N. Quantification and detection of bacte-

ria from postoperative maxillary cyst by

polymerase chain reaction. Oral Microbiol

Immunol 2005;20:333–338.

15. Wahlfors J, Meurman JH, Vaisanen P

et al. Simultaneous detection of Actino-

bacillus actinomycetemcomitans and Por-

phyromonas gingivalis by a rapid PCR

method. J Dent Res 1995;74:1796–1801.

16. Ashimoto A, Chen C, Bakker I, Slots J.

Polymerase chain reaction detection of 8

putative periodontal pathogens in sub-

gingival plaque of gingivitis and advanced

periodontitis lesions. Oral Microbiol

Immunol 1996;11:266–273.

17. Hashimura T, Sato M, Hoshino E.

Detection of Slackia exigua, Mogibacteri-

um timidum and Eubacterium saphenum

from pulpal and periradicular samples

using the polymerase chain reaction

(PCR) method. Int Endod J 2001;34:463–

470.

18. Kuboniwa M, Amano A, Kimura KR

et al. Quantitative detection of perio-

dontal pathogens using real-time poly-

merase chain reaction with TaqMan

probes. Oral Microbiol Immunol 2004;

19:168–176.

19. Xia T, Baumgartner JC, David LL. Iso-

lation and identification of Prevotella

tannerae from endodontic infections. Oral

Microbiol Immunol 2000;15:273–275.

20. Hoshino T, Kawaguchi M, Shimizu N,

Hoshino N, Ooshima T, Fujiwara T. PCR

detection and identification of oral strep-

tococci in saliva samples using gtf genes.

394 Yuki Abiko et al.



Diagn Microbiol Infect Dis 2004;48:195–

199.

21. Teles RP, Haffajee AD, Socransky SS.

Microbiological goals of periodontal

therapy. Periodontol 2000 2006;42:180–

218.

22. Uematsu H, Nakazawa F, Ikeda T, Hos-

hino E. Eubacterium saphenum sp. nov.,

isolated from human periodontal pockets.

Int J Syst Bacteriol 1993;43:302–304.

23. Lyons SR, Griffen AL, Leys EJ. Quanti-

tative real-time PCR for Porphyromonas

gingivalis and total bacteria. J Clin

Microbiol 2000;38:2362–2365.

24. Boutaga K, van Winkelhoff AJ, Van-

denbroucke-Grauls CM, Savelkoul PH.

The additional value of real-time PCR in

the quantitative detection of periodontal

pathogens. J Clin Periodontol 2006;

33:427–433.

25. Tanner ACR, Goodson JM. Sampling of

microorganisms associated with perio-

dontal disease. Oral Microbiol Immunol

1986;1:15–20.

26. Hartroth B, Seyfahrt I, Conrads G. Sam-

pling of periodontal pathogens by paper

points: evaluation of basic parameters.

Oral Microbiol Immunol 1999;14:326–330.

27. Wikstrom M, Renvert S, Dahlen G,

Johnsson T. Variance in recovery of peri-

odontitis-associated bacteria caused by

sampling technique and laboratory pro-

cessing. Oral Microbiol Immunol 1991;

6:102–106.

28. Socransky SS, Smith C, Haffajee AD.

Subgingival microbial profiles in refrac-

tory periodontal disease. J Clin Periodon-

tol 2002;29:260–268.

29. Haffajee AD, Cugini MA, Tanner A et al.

Subgingival microbiota in healthy, well-

maintained elder and periodontitis sub-

jects. J Clin Periodontol 1998;25:346–353.

Profiling of subgingival plaque biofilm microflora 395



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.

Users should refer to the original published version of the material.


