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Abstract
Objective The aim of this study was to determine the profiles
of periodontopathogenic bacteria in a Chinese population using
quantitative real-time polymerase chain reaction (qRT-PCR).
Materials and methods Twenty-four periodontally healthy
Chinese subjects and 60 patients with chronic periodontitis
(CP) were enrolled in this cross-sectional study. qRT-PCR
was used to quantify Aggregatibacter actinomycetemcomi-
tans, Fusobacterium nucleatum, Porphyromonas gingivalis,
and Prevotella intermedia as well as total bacterial counts
from 252 samples collected from the saliva, supragingival
plaque, and subgingival plaque of all 84 subjects.
Results The detection frequency of A. actinomycetemcomi-
tans was less than 50%. F. nucleatum was detected in all
subjects and CP patients had higher bacterial loads than
healthy subjects. The median proportion of F. nucleatum was
significantly higher in subgingival plaque than in supragingi-
val plaque and saliva. P. gingivalis and P. intermedia had
higher detection frequencies and bacterial loads in CP patients
than in healthy subjects. The median proportion of P. gingiva-
lis was significantly different among the three intraoral loca-
tions in the CP group and its proportion in subgingival plaque

was 9.01%. Moreover, strong positive Spearman’s correla-
tions were found in A. actinomycetemcomitans, P. gingivalis,
and P. intermedia counts across the three intraoral locations.
Conclusion The presence and bacteria loads of these four
bacteria in this Chinese population are similar to those from
other populations.
Clinical relevance Examination of bacterial detection fre-
quency and loads in Chinese adults may assist microbial
studies of periodontal disease and will shed light on peri-
odontal disease diagnosis and treatment using antibiotics in
the Chinese population.

Keywords Oral microbiota . Chronic periodontitis . Dental
plaque . Saliva . Real-time PCR . Quantitative detection

Introduction

Periodontal diseases are distributed worldwide in varied
epidemiologic patterns [1, 2]. Chronic periodontitis (CP),
the most common type, causes an inflammatory host re-
sponse leading to bone loss and connective tissue destruc-
tion and may act as an important risk factor for systemic
chronic diseases such as atherosclerotic cardiovascular dis-
ease [3, 4]. CP is polymicrobial, and bacteria play an im-
portant role in its initiation. Although approximately 700
bacterial species inhabit the oral cavity, only a small number
seems to have the potential to cause periodontal tissue
destruction [5]. Many studies at the epidemiologic and mo-
lecular levels have been conducted to evaluate the microbial
species in the etiology of periodontal disease [6, 7]. Aggre-
gatibacter actinomycetemcomitans and Porphyromonas
gingivalis are ranked high on the list of periodontal patho-
gens due to their high prevalence worldwide and well-
studied pathogenic mechanism and virulence factors [8, 9].
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Other bacteria such as Fusobacterium nucleatum and Pre-
votella intermedia have also been shown to be associated
with periodontal diseases [10, 11].

Microbiological tests are used for disease diagnosis and
mainly for periodontal therapy, especially when antimicro-
bial drugs are considered for treatment [12]. Understanding
the composition of periodontal pathogens along with peri-
odontal disease status in a particular population is very
important for rapid diagnosis and effective treatment. How-
ever, most of the current knowledge regarding oral micro-
bial composition has been established from studies
conducted in the USA and Western Europe. Moreover, wide
variations in the prevalence and proportion of periodontal
pathogens have been extensively documented for different
geographic regions and ethnic groups [13–16].

To our knowledge, very few studies have been done on the
microbial profile of the Chinese population [17–20]. These
studies mainly focused on bacterial profiles in subgingival
plaque and used checkerboard DNA–DNA hybridization,
regular PCR, or culture methods. In this study, the quantitative
real-time polymerase chain reaction (qRT-PCR) based on 16S
rRNA genes was applied to investigate the presence of bacte-
ria and bacterial loads in saliva, supragingival plaque, and
subgingival plaque of Chinese adults. qRT-PCR can quantita-
tively detect oral microorganisms with great accuracy, a rapid
processing time, and a broad detection range, and it is an
important tool to detect and quantify oral microorganisms in
epidemiological and clinical studies [21, 22]. A. actinomyce-
temcomitans, F. nucleatum, P. gingivalis, and P. intermedia
were assessed in saliva, supragingival plaque, and subgingival
plaque from periodontally healthy subjects and patients with
CP, and the corresponding frequencies of detection, absolute
counts of bacteria, and proportions of target bacteria were
determined. We also compared the distributions of these spe-
cies in saliva, supragingival plaque, and subgingival plaque
and the bacterial correlations among these three intraoral
locations.

The aim of the present study was to investigate the
presence and bacterial loads of four target species in Chi-
nese adults. To the best of our knowledge, this study is the
first to report quantitative measures of periodontal patho-
gens in a Chinese population using the qRT-PCR technique.
This provides a foundation for comparative studies in vari-
ous Chinese groups, ultimately to help periodontal disease
diagnosis and treatment in the Chinese population.

Materials and methods

Subjects and clinical assessment

Fifty-five male and 29 female subjects between the ages of
21 and 52 years who visited the Affiliated Hospital of

Stomatology in Zhejiang University were enrolled between
November 2009 and May 2010. All subjects had ≥20 teeth
and were systemically healthy. Exclusion criteria were: use
of antibiotics within the last 3 months, periodontal treatment
in the past 6 months, pregnancy, and conditions such as
heart disease and hypertension that may influence the pro-
gression of periodontal disease. The protocol of the present
study was approved by the Ethics Committee of Zhejiang
University and written informed consent was obtained from
each participant.

Periodontal examination and sample collection were per-
formed by one dentist. Probing depth (PD), clinical attach-
ment level (CAL), and bleeding on probing (BOP) were
recorded at six sites (buccal-mesial, mid-buccal, buccal-
distal, lingual-mesial, mid-lingual, and lingual-distal) on
each tooth using a standard CPI probe (Shanghai Medical
Instruments, Shanghai, China). Subjects were divided into
two groups based on periodontal parameters and radio-
graphic diagnosis: periodontally healthy controls, 24 Chi-
nese subjects who showed no clinical evidence of
periodontal disease, and the CP group, 60 Chinese patients
who exhibited bleeding on probing and attachment loss,
with radiographic alveolar bone loss in four or more teeth,
and PD ≥4 mm in at least four sites that were not on the
same tooth. The demographic and clinical characteristics of
the study population are summarized in Table 1.

Sample collection

Sample collection was performed 1 week after full-mouth
periodontal examination. Participants refrained from eating,
drinking, and brushing at least 1 h prior to the saliva and
plaque collection. Subjects were guided to spit into a paper
cup. Five hundred microliters of saliva was transferred into a
1.5 ml microcentrifuge tube. Supragingival and subgingival

Table 1 Demographic and clinical characteristics of the study
population

Control
(n024)

CP
(n060)

Age (years) ± SD* 26.9±6.0 35.3±9.1

% male* 41.7 75.0

% smoker 12.5 25.0

% of sites with BOP ± SD* 12.5±14.5 41.0±18.7

Mean PD (mm) ± SD* 1.6±0.4 2.7±0.7

Mean CAL (mm) ± SD* 0.1±0.1 2.4±1.8

Mean PD of 4 sampling sites (mm) ± SD* 2.4±0.4 3.9±1.3

Mean CAL of 4 sampling sites (mm) ± SD* 0.0±0.1 3.9±2.7

Mean of PD (CAL) of a subject was calculated by averaging the PD
(CAL) of all measured sites, with six sites per tooth, in the full mouth

*p<0.05, significantly different between the CP and control groups
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plaque sampling was performed in a standardized way on
four teeth [13]. Each target tooth was isolated using cotton
rolls and gentle air drying. Supragingival plaque samples
from the mesial-buccal surface of the first molar (second
molar if first molar was missing) in each quadrant were
collected. Supragingival plaque samples were carefully
scraped with sterile explorers from the gingival margin to
prevent contamination with subgingival plaque. The pooled
supragingival plaque from each subject was placed in a
microcentrifuge tube containing 1.5 ml sterile reduced trans-
fer fluid (RTF) buffer following Syed et al. [23]. Subgingi-
val plaque was sampled from the site of the deepest pocket
of the same tooth where the supragingival plaque was col-
lected. A sterile paper point (ISO 30, Dentsply-De-Trey,
GmbH, Germany) was gently inserted for 20 s and imme-
diately removed to RTF buffer. Four paper points from each
subject were pooled in the same microcentrifuge tube with
RTF buffer. Collections were stored at −80°C until they
were analyzed by qRT-PCR. A total of 252 samples (84
samples each of saliva, supragingival plaque, and subgingi-
val plaque) were collected.

DNA extraction

Total DNAs from cultivated bacterial strains and clinical
samples were isolated using a QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
instructions with some modifications. Saliva samples were
washed three times with 1 ml sterile water in microcentri-
fuge tubes; subgingival plaque samples were dispersed in
RTF buffer by vortexing for 3 min. Bacteria from saliva,
supragingival, and subgingival plaque samples were pel-
leted, resuspended in 180 μl QIAmp-ATL and 20 μl pro-
teinase K, and incubated in a rotating rocker at 56°C for 2 h.
Subsequently, 20 μl lysozyme buffer (50 mg/ml lysozyme,
20 mM Tris·HCl, pH 8.0, 2 mM EDTA, 1.2% Triton) was
added to lyse gram-positive bacteria and incubated at 37°C
for 2 h and then at 95°C for 15 min. QIAmp-AL buffer

(200 μl) was added and incubated at 70°C for 10 min. Then,
220 μl 100% ethanol was added to the samples and mixed by
pulse-vortexing for 15 s. DNA was concentrated by ethanol
precipitation and applied to the QIAmp mini spin column.
After washing with 500 μl QIAmp-AW1 and QIAmp-AW2,
purified DNAwas eluted in 200 μl AE buffer (10 mMTris·Cl,
0.5 mM EDTA, pH 9.0) and stored at −20°C.

The concentrations of DNA from cultured A. actinomy-
cetemcomitans ATCC 29523, F. nucleatum ATCC 25586, P.
gingivalis ATCC 33277, and P. intermedia ATCC 25611
were determined by a Nanodrop 1000 spectrophotometer
(Nanodrop Technologies, Inc., Wilmington, NC, USA).
The number of bacterial cell copies was quantified and
calculated based on the molecular mass formula according
to a previously published method [24]. Serial tenfold dilu-
tions from 107 to 102 cell copies of the quantified cultured
bacteria were prepared.

Quantitative real-time PCR assay

The tested bacteria were identified using a 16S rRNA-based
qRT-PCR analysis. The sequences of primers used are listed
in Table 2. Bacteria-specific primer pairs were used to
identify A. actinomycetemcomitans, F. nucleatum, P. gingi-
valis, and P. intermedia based on the species-specific region
on the 16S rRNA gene according to the literature [25–28].
In addition, a universal primer pair based on the conserved
region of the 16S rRNA gene was used to quantify the total
amount of eubacterial species in the sample [29].

All samples were run in duplicate in 96-well plates in a
LightCycler® 480 qRT-PCR System (Roche Diagnostics,
Mannheim, Germany). The 10 μl reaction mixture
contained 1 μl template DNA, 5 μl LightCycler® 480
SYBR Green I Master, 1 μl 2.5 μM primer pair, and
3.5 μl ddH2O. The amplification cycling conditions were
95°C for 10 min; 40 cycles of 10 s at 95°C, 15 s at a
bacterium-specific annealing temperature (temperatures
listed in Table 2) and 40 s at 72°C. Melting analysis was

Table 2 16S rRNA bacterial primers and annealing temperatures (Tm) used in qRT-PCR and the expected product size

Primer Sequence (5′→3′) Tm (°C) Amplicon size (bp) Reference

A. actinomycetemcomitans CTTACCTACTCTTGACATCCGAA 60 77 [25]
ATGCAGCACCTGTCTCAAAGC

F. nucleatum CGCAGAAGGTGAAAGTCCTGTAT 65 101 [26]
TGGTCCTCACTGATTCACACAGA

P. gingivalis AGGCAGCTTGCCATACTGCG 60 404 [27]
ACTGTTAGCAACTACCGATGT

P. intermedia CGTGGACCAAAGATTCATCGGTGGA 64 259 [28]
CCGCTTTACTCCCCAACAAA

Universal TCCTACGGGAGGCAGCAGT 58 466 [29]
GGACTACCAGGGTATCTAATCCTGTT
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performed for each run by 10 s at 95°C, 40°C for 10 s, and
the annealing temperature was increased from 60°C to 95°C
at a ramp rate of 0.11°C/s. The melting temperature profile
was used to verify the specificity of the PCR products.
Quantification analysis of target bacterial DNA isolated
from saliva, supragingival plaque, and subgingival plaque
samples was performed using the LightCycler® 480 soft-
ware. Quantification was based on the standard curve for
each target species, ranging from 102 to 107 cells. The
minimal detection limit is ~102 cells of these four species.
A standard curve was prepared in each plate for each target
bacterium using the genomic DNAs from pure culture and
the bacterium-specific primer pair. Serially diluted genomic
DNA of P. gingivalis ATCC 33277 was used as a DNA
template to generate the standard curve to quantify the total
number of bacteria as determined using universal 16S rRNA
primers that detect all bacterial species. Genomic DNA of P.
gingivalis was used to make the standard curve of total bac-
teria because it is commonly present in dental biofilm and is
reported to be a good standard in qRT-PCR analysis [30].

Data analysis

The demographics and clinical characteristics of the CP and
healthy control groups were compared using standard sta-
tistical tests. The t test was used to compare continuous
attributes such as age and average CAL of the two groups;
Fisher’s exact test was used to compare proportions such as
gender and smoker ratios. Age and gender ratios were
significantly different between the two groups (Table 1);
therefore, age and gender were adjusted in the regression
analyses. Considering the potential effect of smoking on
bacterial profiles according to the literature, we also adjust-
ed for smoking history even though there was no statistical-
ly significant difference between these two groups.

The bacterial detection frequency was calculated by di-
viding the number of subjects positive for a specific bacte-
rium by the total number of subjects in each group. For each
bacterium and intraoral location, logistic regression was
used to compare the detection frequencies between the CP
and control groups, adjusting for age, gender, and smoking
history.

The absolute bacterial counts of four target species and
the total number of bacteria in samples were exported from
LightCycler® 480 software. The absolute bacterial counts
were log10 transformed. Prior to the log10 transformation, 1
was added to all counts to handle cases of zero counts. For
each species and intraoral location, quantile regression was
applied to compare the medians of the log10 bacterial counts
between samples from different disease statuses, controlling
for age, gender, and smoking history.

The proportion of each species at a particular oral loca-
tion was calculated by dividing the number of target bacteria

by the total number of bacteria in each clinical sample. For
each species in each oral location, quantile regression was
applied to compare the medians of the bacterial proportions
between samples from the CP and control groups, adjusting
for age, gender, and smoking history. The Kruskal–Wallis
test was used to compare the medians of the species pro-
portions among saliva, supragingival plaque, and subgingi-
val plaque, and the Wilcoxon rank sum test with
Bonferroni’s correction was applied to determine differen-
ces between groups with respect to target bacteria at differ-
ent intraoral locations. Spearman’s rank correlation
coefficient was used to summarize the strength of the rela-
tionship in absolute bacterial counts in 84 subjects among
three intraoral locations.

All tests were two-sided with a significance level of 0.05.
All statistical analyses were performed with SAS version
9.2.

Results

Comparison of species detection frequencies between CP
and control groups

The target species in the CP and control groups from the
saliva, supragingival plaque, or subgingival plaque samples
are listed in Table 3. Detection frequencies in the samples
from the CP group were equal to or higher than those from
periodontally healthy controls. A. actinomycetemcomitans
was detected in 48.3% of the CP group, which was not
significantly different from the control group; F. nucleatum
was detected in all samples from subjects with or without
periodontal disease; P. gingivalis was detected in 96.7% of
the CP group and 45.8% of the control group; and P.
intermedia was detected in 100% of the CP group and
83.3% of the control group. The differences in detection
frequencies between the CP and control groups were signif-
icant for P. gingivalis (p<0.01) and P. intermedia (p<0.05)
among saliva, supragingival plaque, and subgingival plaque.

Comparison of bacterial loads between the CP and control
groups

To quantitatively assess the loads of target species in the CP
and healthy groups, we compared the absolute bacterial
counts of each species and their corresponding proportions
in saliva, supragingival plaque, and subgingival plaque
(Table 3).

The differences in median bacterial counts between the two
groups were statistically significant for F. nucleatum (p<0.05
in saliva and supragingival plaque; p<0.01 in subgingival
plaque), P. gingivalis (p<0.01 in all three locations), and P.
intermedia (p<0.05 in saliva and supragingival plaque; p<
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0.01 in subgingival plaque) (Table 3). Higher total counts of
bacteria were detected in subgingival plaque in the CP group
than the control group (p<0.01). No significant differences
were found for the total bacterial counts between the CP and
control groups in saliva and supragingival plaque.

The differences in the median proportions between the
CP and control groups were statistically significant for F.
nucleatum (p<0.05 in supragingival plaque), P. gingivalis
(p<0.01 in all three locations), and P. intermedia (p<0.01 in
all three locations) (Table 3). The median proportions of F.

Table 3 Frequencies of detection and bacterial loads in saliva, supragingival, and subgingival plaque from periodontally healthy and CP subjects

Frequency of
detection N (%)

Median
proportion (%)

log10 bacterial load

Median Mean Min 25th
percentile

75th
percentile

Max

A. actinomycetemcomitans

Saliva CP 29 (48.3) 0 0 2.07 0 0 3.61 6.81

Control 8 (33.3) 0 0 1.50 0 0 3.33 5.86

Supragingival plaque CP 21 (35.0) 0 0 1.25 0 0 2.51 6.00

Control 8 (33.3) 0 0 1.03 0 0 2.10 5.03

Subgingival plaque CP 12 (20.0) 0 0 0.94 0 0 0.00 7.25

Control 3 (12.5) 0 0 0.44 0 0 0.00 4.30

F. nucleatum

Saliva CP 60 (100.0) 0.26 6.65* 6.57 6.65 6.29 6.83 7.64

Control 24 (100.0) 0.12 6.25 6.11 6.25 5.86 6.55 6.77

Supragingival plaque CP 60 (100.0) 1.68* 7.29* 7.22 7.29 6.97 7.50 7.75

Control 24 (100.0) 1.27 6.90 6.82 6.90 6.63 7.32 7.74

Subgingival plaque CP 60 (100.0) 2.43 6.38** 6.35 6.38 5.94 6.79 7.36

Control 24 (100.0) 2.34 5.20 5.27 5.20 4.94 6.02 6.31

P. gingivalis

Saliva CP 58 (96.7)** 0.88** 7.15** 6.90 7.15 6.88 7.53 8.03

Control 11 (45.8) 0 0 2.87 0 0 6.18 7.10

Supragingival plaque CP 58 (96.7)** 0.35** 6.50** 6.22 6.50 5.69 7.08 8.46

Control 11 (45.8) 0 0 2.35 0 0 5.19 6.75

Subgingival plaque CP 57 (95.0)** 9.01** 6.90** 6.31 7 6.18 7.26 8.36

Control 10 (41.7) 0 0 1.96 0 0 4.32 6.77

P. intermedia

Saliva CP 60(100.0)* 0.09** 6.14* 6.00 6.14 5.56 6.53 6.96

Control 20 (83.3) 0.01 4.44 3.93 4.44 3.29 5.38 6.96

Supragingival plaque CP 60(100.0)* 0.11** 6.20* 5.88 6.20 5.30 6.76 7.55

Control 17 (70.8) 0 3.97 3.14 3.97 0.00 5.21 6.17

Subgingival plaque CP 59 (98.3)* 0.12** 5.09** 4.74 5.09 3.97 5.58 6.65

Control 15 (62.5) 0 2.24 2.07 2.24 0.00 3.68 5.21

Total bacteria

Saliva CP 60(100.0) – 9.26 9.18 9.26 9.01 9.42 9.86

Control 24 (100.0) – 9.13 9.09 9.13 8.83 9.38 9.93

Supragingival plaque CP 60(100.0) – 9.05 9.05 9.05 8.88 9.32 9.59

Control 24 (100.0) – 8.93 8.79 8.93 8.59 9.04 9.94

Subgingival plaque CP 60(100.0) – 7.99** 7.94 7.99 7.63 8.23 8.97

Control 24 (100.0) – 6.82 6.93 6.82 6.55 7.36 8.26

Statistical differences in detection frequency between the CP and control groups were calculated from multivariate logistic regression adjusted for
age, gender, and smoking history. Median, mean, min, 25th percentile, 75th percentile, and max are presented for the detected bacterial load (log10
transformed) of A. actinomycetemcomitans, F. nucleatum, P. gingivalis, and P. intermedia and total bacteria in saliva, supragingival plaque, and
subgingival plaque from periodontally healthy individuals and CP patients. Tests of equal median of bacterial load between CP and control groups
were performed using quantile regression, adjusted for age, gender, and smoking history

*p <0.05; **p <0.01
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nucleatum in the CP group were higher than those in con-
trols in all three locations, though the differences were not
significant for saliva and subgingival plaque. The median
proportions of P. gingivalis and P. intermedia were signifi-
cantly higher in the CP group than that in the control group
at all three locations. Overall, the species proportions
revealed increased bacterial loads of F. nucleatum, P. gingi-
valis, and P. intermedia in the CP patients. The result shown
in proportions was consistent with those in absolute bacte-
rial counts.

Comparison of bacterial proportions among saliva,
supragingival plaque, and subgingival plaque

The proportion of each target species present was compared
across the different sampling locations: saliva, supragingival
plaque, and subgingival plaque. The median proportions of
A. actinomycetemcomitans, F. nucleatum, and P. gingivalis
in the CP group showed overall significant differences
across the three locations (p<0.05; Table 4). Significant
differences between these three locations were found for
A. actinomycetemcomitans (p00.04, saliva vs subgingival
plaque), F. nucleatum (p<0.001 for all pairwise compari-
sons between the three locations), and P. gingivalis (p0
0.002, saliva vs supragingival plaque; p<0.001, supragin-
gival plaque vs saliva and subgingival plaque). In the
healthy group, the median proportion of F. nucleatum was
significantly higher in both plaque surfaces than saliva and
significantly higher in subgingival than supragingival

plaque (p<0.001, saliva vs subgingival and supragingival
plaque; p00.003, subgingival vs supragingival plaque).

Correlations of bacterial loads among saliva, supragingival
plaque, and subgingival plaque

Spearman correlation analysis was used to evaluate the
correlations of the target bacteria among saliva, supragingi-
val plaque, and subgingival plaque. There were significant
positive correlations of bacterial counts of A. actinomyce-
temcomitans, F. nucleatum, P. gingivalis, and P. intermedia
across the three intraoral locations (Table 5). The correlation
coefficients of bacterial counts of A. actinomycetemcomi-
tans, P. gingivalis, and P. intermedia among saliva, supra-
gingival plaque, and subgingival plaque ranged from 0.65 to
0.75, from 0.63 to 0.77, and from 0.58 to 0.72, respectively,
which indicated strong correlations. However, the bacterial
counts of F. nucleatum had weak correlations across the
three locations (r, 0.25–0.33).

Discussion

It is widely accepted that the development of periodontal
disease is accompanied by a shift of bacterial profile [31,
32]. Many observational studies showed that the presence
and amount of some periodontal pathogens such as P. gin-
givalis in periodontal disease patients are different from
those in healthy subjects [33–35]. It was also noted that

Table 4 Bacterial proportions (in percent) in saliva, supragingival, and subgingival plaque from periodontally healthy and CP subjects

Saliva
median
[25th, 75th
percentile]

Supragingival
plaque
median
[25th, 75th
percentile]

Subgingival
plaque
median
[25th, 75th
percentile]

pa Saliva vs
supragingival

Saliva vs
subgingival

Supragingival
vs subgingival

A. actinomycetemcomitans

CP 0 [0, <0.01] 0 [0, <0.01] 0 [0, 0] 0.03 *
Control 0 [0, <0.01] 0 [0, <0.01] 0 [0, 0] 0.28

F. nucleatum

CP 0.26 [0.15, 0.39] 1.68 [1.21, 1.93] 2.43 [1.34, 5.27] <0.01 ** ** **

Control 0.12 [0.06, 0.24] 1.27 [0.89, 1.85] 2.34 [1.57, 3.89] <0.01 ** ** **

P. gingivalis

CP 0.88 [0.54, 1.63] 0.35 [0.05, 1.09] 9.01 [2.69, 15.20] <0.01 ** ** **
Control 0 [0, 0.12] 0 [0, 0.02] 0 [0, 0.58] 0.80

P. intermedia

CP 0.09 [0.03, 0.15] 0.11 [0.02, 0.40] 0.12 [0.01, 0.32] 0.48
Control <0.01 [<0.01, 0.02] <0.01 [0, 0.02] <0.01 [0, 0.04] 0.87

*p<0.05; **p<0.01, pairwise comparisons with Bonferroni’s correction was used to calculate the significance of differences between any two of
three intraoral locations
a Overall p values for testing equality of the bacterial proportions among saliva, supragingival plaque, and subgingival plaques for each bacterial
species and each disease status group
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the distribution of bacteria varies in different popula-
tions and geographic regions. Understanding the bacte-
rial profile for a particular population sheds light on the
etiology of periodontal diseases and antibacterial treat-
ment for people in that population. Therefore, this study
assessed the presence and bacterial loads of A. actino-
mycetemcomitans, F. nucleatum, P. gingivalis, and P.
intermedia in Chinese adults.

A. actinomycetemcomitans is closely associated with ag-
gressive periodontitis and commonly present in CP [36].
Previous studies showed that the presences of A. actino-
mycetemcomitans ranges from 20.0% to >50% depending
on the sampling method and study population [14, 37, 38].
Our study conducted in eastern China found that it was up to
48.3% and there was no significant difference between CP
and healthy controls. This is consistent with a checkerboard
hybridization study performed on northern rural Chinese
adults by Papapanou et al. (1997), who found that among
18 bacterial species examined A. actinomycetemcomitans
was the least prevalent (83.1% at the subject level and
37.7% at the site level) and no significant difference was
found with regard to disease status [20]. On the other hand,
Meng et al. (2009), using 16S rRNA PCR analysis, found
that A. actinomycetemcomitans is more frequent in Chinese
periodontitis patients (33.62%) than in healthy controls
(0.9%) in southwestern China [18]. This discrepancy may
be explained by the difference in detection technique as well
as the geographic difference in the study population. Taking
into account the low presence and small proportion of total
bacterial counts in our study, the role of A. actinomycetem-
comitans needs to be further examined.

F. nucleatum has been shown to have a close association
with periodontal disease and it is also well known as a
bridge organism between early and late colonizers of the
tooth surface [39]. High detection levels have been reported
in adults worldwide using cell culture. Herrera et al. (2007)
found that the detection frequency of Fusobacterium spp. in
CP patients from Chile, Columbia, and Spain were 63.9%,
82.9%, and 100%, respectively [13]. van Winkelhoff et al.
(2002) reported a high prevalence of F. nucleatum in the
Netherlands, and it was significantly higher in periodontitis
patients than in non-periodontitis subjects (95.7% vs 85.5%)
[40]. In our study, a high presence of F. nucleatum was

confirmed in the CP group; however, the periodontally
healthy group also had 100% detection frequencies, sug-
gesting that F. nucleatum is commonly present in the Chi-
nese population regardless of disease status. Moreover, we
found that the absolute counts of F. nucleatum increased in
CP patients as compared to healthy subjects, as well as the
proportion in each intraoral location, although the differences
in proportions in saliva and subgingival plaque did not reach
significance. The discrepancy of nonsignificant differences in
proportions as opposed to significant absolute bacterial counts
of F. nucleatum in saliva and subgingival plaque may be
explained by the variation of the total number of bacteria in
each sample. The presence and bacterial load of F. nucleatum
is in agreement with a previous report by Boutaga et al. (2006)
using the qRT-PCR technique [41]. These authors found a
high prevalence of Fusobacterium spp. (>95%) in both perio-
dontitis patients and non-periodontitis subjects, and signifi-
cantly higher bacterial loads in periodontitis patients than that
in controls. The distribution of F. nucleatum in this study
supports the idea that not only does the presence of specific
pathogenic bacteria influence the development of periodonti-
tis, but also the numbers of these bacteria may be important to
evaluate disease status [10].

P. gingivalis is strongly associated with periodontitis and
widely accepted as an important periodontopathogen [9].
Studies have demonstrated that it is present in low numbers
in health but more frequently detected with higher counts in
periodontitis. Ximenez-Fyvie et al. (2006) examined 40 CP
and 20 periodontally healthy Mexican subjects and reported
a significantly higher detection frequency of P. gingivalis,
higher mean levels, and higher proportions in periodontitis
subjects, using checkerboard DNA-DNA hybridization [42].
Nonnenmacher et al. (2005) used the qRT-PCR technique
and reported a statistically higher detection frequency and
higher bacterial load of P. gingivalis in 83 periodontally
diseased patients as compared to 43 periodontally healthy
subjects in Germany [43]. In accord with previous reports in
other populations, our study found a statistically higher
detection frequency and bacterial load of P. gingivalis in
CP groups than in controls, confirming the association of P.
gingivalis with CP. Moreover, our result is in accord with
previous reports showing a high presence of P. gingivalis in
Chinese adults [19, 20].

Table 5 Correlations of bacterial loads between three intraoral locations

Correlation coefficient Subgingival plaque and saliva Subgingival plaque and supragingival plaque Supragingival plaque and saliva

A. actinomycetemcomitans 0.71** 0.75** 0.65**

F. nucleatum 0.33** 0.25* 0.26*

P. gingivalis 0.77** 0.69** 0.63**

P. intermedia 0.58** 0.72** 0.63**

*p<0.05; **p<0.01, p values for testing zero correlation of bacterial loads between intraoral locations
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P. intermedia has been implicated in the development
of periodontal disease [44]. A high prevalence is asso-
ciated with CP and its detection frequency varies from
50% to ~100% [34, 40, 45, 46]. The presence of P.
intermedia in our study is consistent with previous
studies; it was more frequently detected in the CP group
than in the control group, indicating that its presence is
significantly related to periodontal status. Moreover, we
found significantly higher levels of P. intermedia in
terms of bacterial counts and proportions in CP patients
than in periodontally healthy subjects. Our results sup-
port previous reports that the bacterial load of P. inter-
media is significantly associated with CP [40, 41].

It is noteworthy that all four species studied were
found among periodontally healthy subjects as well as
CP patients. The control group showed high prevalence
of F. nucleatum (100%), P. gingivalis (45.8%), and P.
intermedia (83.3%), and this has been documented in
other populations. Wara-aswapati et al. (2009) found
that the prevalence of P. gingivalis was as high as
45% in healthy Thai adults [15]. Braga et al. (2010)
reported that the detection frequencies of F. nucleatum,
P. gingivalis, and P. intermedia were 100%, 46.6%, and
80%, respectively, in female Brazilian adults without
periodontal disease [47]. Moreover, our findings showed
that the bacterial loads were lower in periodontally
healthy subjects than in CP patients, which suggests
that these species are opportunistic pathogens. Armitage
(2010) stated that periodontally healthy subjects carry
putative periodontal pathogens as part of the normal
oral microbiota because these bacteria are detected at
low numbers and are often found in periodontally
healthy individuals in the absence of periodontal disease
[8]. The results of our study are in accord with this
idea. The presence of these bacteria at low levels may
have a beneficial effect on the host for developing
innate and adaptive immunity.

Periodontal tissue breakdown is associated with the dy-
namic intraoral translocation of periodontopathogens. Many
periodontopathogenic bacteria can colonize multiple eco-
logical sites, but these bacteria are not uniformly distributed.
Mager et al. (2003), using checkerboard hybridization,
found that the microbial profile varies distinctly among
different intraoral surfaces with 34 of 40 bacterial species
differing significantly [48]. In our study, the target species
were present in almost all subjects at high detection frequen-
cies, but the compositions of the microbiota at the different
intraoral locations were different. In comparison to supra-
gingival plaque and saliva, the proportions of F. nucleatum
and P. gingivalis were significantly higher in subgingival
plaque in CP patients, with 2.43% and 9.01% of the total
microbiota, respectively. These two species are strictly an-
aerobic and they often colonize an anaerobic environment in

host tissues such as subgingival plaque to establish them-
selves in the oral cavity. A study has also described how
these two species are present in high proportions in the
subgingival plaque of CP subjects from Brazil, Chile, Swe-
den, and USA [6].

Bacterial species in tooth and saliva samples are known
to be strongly associated in individuals, and periodonto-
pathic bacteria are more frequently detected in saliva than
in subgingival plaque [49–51]. Saliva is more often colo-
nized by bacteria, and anaerobic bacteria which are estab-
lished around the teeth may also thrive in saliva. Our study
found that the presence of the four target species in saliva
was higher than or as high as in plaque samples, which is in
agreement with the findings of Sakamoto et al. (2001) where
higher detection frequencies for periodontopathic bacteria
were found in saliva than in subgingival plaque [27], indi-
cating that saliva serves as a reservoir and deserves thera-
peutic attention and preventive intervention. Moreover, a
consistent pattern emerged from our study—for each species
that had a significantly different detection frequency be-
tween CP and healthy subjects in saliva, a significant dif-
ference was also found in plaque. The same pattern was
found for the median proportions and absolute bacterial
loads. Furthermore, our results quantitatively showed that
the bacterial loads of A. actinomycetemcomitans, P. gingi-
valis, and P. intermedia were highly correlated among the
three locations. Taken together, we found that bacterial
presence and loads in saliva were correlated with those in
dental plaque.

Conclusion

In summary, our study found that F. nucleatum, P. gingiva-
lis, and P. intermedia occurred frequently in both periodon-
tally healthy and CP subjects, but bacterial loads were
higher in the CP subjects. Significant correlations of the
bacterial loads of studied species between different intraoral
locations were found. These results help us to understand
the bacterial profiles in the oral cavity and further help
in the development of microbiological testing in peri-
odontal disease diagnosis and treatment. The differences
of bacterial proportions in saliva and supragingival and
subgingival plaque and the association of these three
species of bacteria with periodontal status need to be
taken into consideration in periodontal disease preven-
tion or treatment.
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