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Large, general population-based data on carriage rates of periodontal pathogens hardly exist in the current
literature. The objectives of the present study were to examine the salivary detection of Aggregatibacter
(formerly Actinobacillus) actinomycetemcomitans, Campylobacter rectus, Porphyromonas gingivalis, Prevotella in-
termedia, Tannerella forsythensis, and Treponema denticola in a representative sample of the adult population
living in southern Finland and to clarify which determinants are associated with the presence of these
pathogens in saliva. 16S rRNA-based PCR methods with species-specific primers were employed to determine
the presence of the six target bacteria in stimulated saliva samples, which were available from 1,294 subjects
aged >30 years. The age group, gender, level of education, marital status, smoking history, number of teeth,
and number of teeth with deepened pockets were included in the statistical analysis. In general, the carriage
of periodontal pathogens was common, since at least one of the examined pathogens was found in 88.2% of the
subjects. In descending order, the total detection rates were 56.9%, 38.2%, 35.4%, 31.3%, 20.0%, and 13.9% for
T. forsythensis, T. denticola, P. gingivalis, C. rectus, A. actinomycetemcomitans, and P. intermedia, respectively. Age
per se was strongly associated with the carriage of P. gingivalis (P � 0.000), and the level of education with that
of T. denticola (P � 0.000). There was an association between the number of teeth with deepened pockets and
carriage of P. gingivalis (P � 0.000), P. intermedia (P � 0.000), T. denticola (P � 0.000), and A. actinomycetem-
comitans (P � 0.004). The data suggest that distinct species have a different carriage profile, depending on
variables such as age, educational level, and periodontal status.

Periodontitis is characterized by local infection and inflam-
mation of tooth-supporting tissues, leading to various degrees
of periodontal attachment loss in affected teeth. Different
forms of periodontitis are multifactorial diseases where micro-
organisms present in dental biofilms are involved. Etiologic
bacteria of periodontal diseases typically include gram-nega-
tive anaerobic bacteria: among those, Porphyromonas gingiva-
lis, Prevotella intermedia, Tannerella forsythensis (formerly
Bacteroides forsythus), and Treponema denticola are strictly an-
aerobic and Aggregatibacter (formerly Actinobacillus) actinomy-
cetemcomitans and Campylobacter rectus are facultative/mi-
croaerobic (2, 4, 13, 33). Several demographic and behavioral
characteristics, such as race, age, gender, and smoking, as well
as socioeconomic status, appear to be related to the prevalence
of periodontitis, as shown in different populations worldwide
(1). It may be expected that similar factors relate to the car-
riage pattern of periodontitis-associated microorganisms in
similar ways as well. For example, the cumulative increase of
periodontitis due to aging could be reflected by the increasing
carriage of periodontal pathogen(s). As far as we know, natural
carriage rates of periodontal pathogens and determinants of

their carriage have not been studied in representative general
population-based surveys, but mainly in relatively small, more-
or-less-selected study populations available by convenience.

Saliva is an easily obtainable and noninvasively collected
microbiological specimen, containing the microbes which de-
tach from various oral surfaces (5, 8, 15, 18, 32). It is a suitable
sample material for large-scale oral microbiological studies
utilizing PCR-based assays, which offer a labor-minimizing
technique. In oral microbiological studies, culture has been
appreciated as the gold standard despite its relatively low sen-
sitivity. Due to the development of molecular biological meth-
ods, which do not need viable cells for detection, more accu-
rate data on the presence of target bacteria in the specimen
can be expected.

In order to get information on the natural distribution of
periodontal pathogens at the population level, we examined
the salivary carriage of A. actinomycetemcomitans, C. rectus, P.
gingivalis, P. intermedia, T. forsythensis, and T. denticola in a
representative sample of the adult population living in south-
ern Finland. The carriage was related to the age group, gender,
level of education, marital status, and smoking history, as well
as some clinical characteristics, including the number of teeth
and number of teeth with deepened periodontal pockets, the
latter being a manifestation of periodontitis.

MATERIALS AND METHODS

Study population. The study subjects belong to a national population-based
“Health 2000 Health Examination Survey” coordinated by the National Public
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Health Institute (KTL), where the main aim was to provide up-to-date informa-
tion on the health and functional ability of the working-aged and elderly Finnish
population (http://www.ktl.fi/health2000/index.uk.html). All protocols were ap-
proved by the institutional ethics committees. A nationally representative two-
stage stratified cluster sample was formed by Statistics Finland, the final sample
size being 8,028 subjects, aged �30 years and steadily living in Finland. Data on
each individual were gathered by questionnaires, an interview at home or in an
institute, and health examination, including laboratory tests, in the local health
care center or comparable premises. The fieldwork began in September 2000,
lasting until March 2001. Eighty regions all over Finland formed five districts
(around the five university hospitals): southern (Helsinki), western (Turku),
middle (Tampere), eastern (Kuopio), and northern (Oulu) Finland. In the south-
ern district premises, an oral specimen collection for microbiological analyses
was included in the laboratory procedures. This region covers roughly one mil-
lion inhabitants, of whom a random sample of 2,616 subjects was invited to
participate in the survey. The present study includes data on 1,294 subjects who
participated in both the interviews and the clinical oral health examination and
from whom salivary specimens were available.

Saliva collection, transport, and storage. Paraffin-stimulated whole saliva sam-
ples were collected by expectoration into calibrated medical cups. Saliva was
divided into two Eppendorf tubes, which were immediately frozen in carbonic
acid ice for 1 to 3 days before and during the transportation to KTL, where the
specimens were stored frozen at �70°C until they were processed.

Bacterial detection. Bacterial DNA was extracted from saliva samples with a
cation-chelating resin (Chelex 100; Bio-Rad Laboratories, CA) as previously
reported (19), and the supernatant was used as a template for PCR amplifica-
tions. A. actinomycetemcomitans, T. forsythensis, and P. gingivalis were detected
using three species-specific forward primers (AaF, BfF, and PgF) and a con-
served reverse primer (C11R) in a multiplex PCR as previously described (29).
Species-specific primers for C. rectus and T. denticola (4) and for P. intermedia
(24) were used in separate PCR detections as previously reported. DNA from A.
actinomycetemcomitans ATCC 29523, P. gingivalis ATCC 33277, T. forsythensis
ATCC 43037, C. rectus ATCC 33238, P. intermedia ATCC 25611, and T. denticola
ATCC 35405 were used as positive controls and sterile water as negative controls
in each series of PCRs. In cases of faint bands, the PCR was repeated. Only clear
bands were interpreted as positive.

Data analysis. The study subjects (570 men and 724 women) were divided into
nine 5-year age groups (including seven 5-year groups and, from the age of 65
years, two groups) or five 10-year age groups (including four 10-year groups and
one group with subjects older than 70 years). In addition to the age and gender,
explanatory variables used in the present study were gathered by questionnaires
and interviewing (the level of education, marital status, and smoking history) and
by examining oral health status (the number of teeth and number of teeth with
probing-pocket depth(s) �4 mm). Using information on formal schooling and
vocational training, three educational categories were formed: basic (no formal
vocational training or senior secondary education), secondary (completed voca-
tional training or passed matriculation examination), and higher (degree or
diploma from higher vocational institution, polytechnic, or university). The mar-
ital status classifications were married or cohabiting and single, divorced, or
widowed. Smoking history was categorized into four classes to distinguish daily,
occasional, and former (those who had quit �12 months ago) smokers and those
who had never smoked. Information on oral health status was based on clinical
oral examination conducted by a specially trained dentist with the assistance of
a dental nurse in a standard dental unit.

The outcome variables included the salivary carriage of A. actinomycetemcomi-
tans, C. rectus, P. gingivalis, P. intermedia, T. forsythensis, and T. denticola.

As a stratified two-stage cluster sampling design was used in the survey,
weights were used for correcting the effects of oversampling people aged �80
years and nonresponse. Weighting of the sample was based on poststratification
with age group, gender, and region. Chi-square tests were performed to study
associations between the explanatory variables and the six dichotomous outcome
variables. Separate logistic regression analyses were fitted for each outcome
variable, and the results are presented in terms of odds ratios, together with 95%
confidence intervals. A logistic model was used to estimate adjusted indicators in
dentate participants. For adjustment, predictive marginals were calculated by
fixing the values of confounding factors (11, 16). Data analyses were performed
with SAS (version 8.0) software using the SUDAAN program (25).

RESULTS

Carriage of periodontal pathogens in this adult general pop-
ulation-based sample was common, since at least one of the

examined pathogens was found in saliva in 88.2% of the 1,294
subjects (of these, 1,216 were dentate, i.e., they had at least one
tooth). Subjects without any pathogens were typically female,
young, with higher education, married, nonsmoking, and hav-
ing full dentition and no pocket teeth. The mean detection
rates were 56.9% for T. forsythensis, 38.2% for T. denticola,
35.4% for P. gingivalis, 31.3% for C. rectus, 20.0% for A. acti-
nomycetemcomitans, and 13.9% for P. intermedia. Table 1 pre-
sents the detection rates in saliva by different variables.

The adjusted associations between the detection rates of
each species examined and the selected variables in the dentate
subjects are presented in Table 2. After adjusting for multiple
variables, being in the older age group remained as a highly
significant factor for the increasing detection rates of P. gingi-
valis, whereas the level of education was a significant factor for
detecting T. denticola in subjects with lower education and T.
forsythensis in subjects with higher education. Men had slightly
but not significantly higher detection rates for periodontal
pathogens, except for P. gingivalis, which was more common in
women. Single subjects had P. intermedia more often than did
married or cohabiting subjects. Daily smokers harbored P.
intermedia and T. denticola more frequently but A. actinomy-
cetemcomitans less frequently than those who had never
smoked. An increasing number of teeth with probing-pocket
depths of �4 mm associated significantly with the detection
rates of P. gingivalis, P. intermedia, T. denticola, and A. actino-
mycetemcomitans (Table 2).

The unadjusted and adjusted detection rates of P. gingivalis
and T. denticola by age are presented in Fig. 1. When adjusted
with all other variables determined, there was a considerable
increase in the carriage of P. gingivalis by age, from approxi-
mately 20% in the youngest age group up to over 50% in the
two oldest age groups.

DISCUSSION

The present large-scale, general population-based data sug-
gest that distinct species have a different carriage profile, de-
pending on variables such as age group, educational level,
smoking history, and periodontal status. In general, the car-
riage of periodontal pathogens proved to be common, and only
12% of the 1,294 subjects were free of all six target bacteria
examined. More than half of the population had T. forsythensis,
one-third T. denticola, P. gingivalis or C. rectus, and one-fifth P.
intermedia or A. actinomycetemcomitans. Logistic regression
models revealed different variables to be associated with dis-
tinct species in dentate subjects.

Periodontitis-associated organisms colonize not only subgin-
gival sites, but also supragingival sites (20, 35), and appear in
saliva (5, 7, 8, 15, 30, 32). Stimulation by masticating a piece of
paraffin looses still-attached microorganisms or clumps of mi-
croorganisms from oral biofilms into salivary sediment. Ac-
cording to Umeda et al. (30), whole saliva was even superior to
pooled subgingival samples to detect P. gingivalis, P. interme-
dia, and T. denticola in the oral cavity, and reasonably good
detection rates were obtained also for A. actinomycetemcomi-
tans and T. forsythensis (formerly B. forsythus). Also, in a study
by Eger at al. (9), saliva proved to have a high diagnostic value
for the identification of individuals positive for A. actinomycete-
mcomitans. Multiplex PCR for A. actinomycetemcomitans, P.
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TABLE 1. Carriage rates of periodontal pathogens in saliva by background variables and corresponding P values in 1,294 subjects
representing the adult general population in southern Finlanda

Background variable Total no. of subjects,
or P value

% subjects positive for indicated pathogen, or P value

Aa Cr Pg Pi Tf Td

Gender
Men 570 21 34 34 16 59 42
Women 724 19 29 37 12 55 35

P value 0.374 0.065 0.352 0.107 0.168 .006

Age group (yrs)
30–34 188 16 23 13 13 51 31
35–39 172 16 29 19 19 62 33
40–44 158 19 39 31 14 59 46
45–49 155 24 28 28 12 67 38
50–54 205 23 33 46 16 56 38
55–59 123 23 31 51 19 54 40
60–64 89 26 36 56 18 52 51
65–74 110 22 35 51 18 57 46
�75 94 10 33 49 7 47 22

P value .012 0.078 .000 .028 .015 .003

Level of education
Basic 342 21 31 45 16 50 46
Secondary 395 20 31 36 16 59 45
Higher 552 20 32 29 11 60 29
Missing value 5

P value 0.952 0.897 .000 0.071 0.168 .000

Marital status
Married/cohabiting 881 21 30 33 12 50 37
Single 408 19 34 41 18 59 40
Missing value 5

P value 0.304 0.223 .003 .004 0.168 0.380

Smoking history
Never 627 20 32 29 11 60 29
Former 274 20 32 29 11 60 29
Occasional 74 20 31 36 16 59 45
Daily 313 21 31 45 16 50 46
Missing value 6

P value 0.952 0.897 .000 0.071 0.168 .000

Number of teeth
25–32 876 20 31 31 14 58 38
20–24 168 24 38 45 18 60 48
10–19 102 28 40 53 17 63 49
1–9 70 14 20 57 16 48 31
0 75 2 14 20 3 33 5
Missing value 3

P value .000 .001 .000 .000 .003 .000

Number of teeth with pocket(s)
�4 mmb

0 222 12 27 23 10 57 19
1–3 330 20 27 29 10 58 31
4–6 232 20 30 35 10 64 41
�7 414 28 39 49 23 60 58
Missing value 18

P value .000 .019 .000 .000 .046 .000

a Aa, A. actinomycetemcomitans; Cr, C. rectus; Pg, P. gingivalis; Pi, P. intermedia; Tf, T. forsythensis; and Td, T. denticola. P values refer to chi-square tests. Significant
P values are marked in bold.

b Data on dentate subjects.
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TABLE 2. Associations of the salivary carriage of periodontal pathogens with indicated variables in 1,216 dentate subjects in logistic
regression models

Variable
Odds ratio (95% confidence interval), or P value, for:a

Aa Cr Pg Pi Tf Td

Gender
Men 1.0 1.0 1.0 1.0 1.0 1.0
Women 1.0 (0.7–1.3) 0.8 (0.6–1.1) 1.4 (1.0–1.9) 0.8 (0.6–1.2) 0.9 (0.7–1.1) 0.9 (0.7–1.1)

P valueb 0.757 0.139 .037 0.285 0.378 0.263

Age group
30–34 yr 1.0 1.0 1.0 1.0 1.0 1.0
35–39 yr 1.0 (0.5–1.8) 1.4 (0.9–2.3) 1.5 (0.8–2.8) 0.8 (0.4–1.4) 1.5 (1.0–2.2) 1.1 (0.7–1.7)
40–44 yr 1.2 (0.6–2.3) 2.3 (1.4–3.7) 2.7 (1.6–4.7) 1.0 (0.5–1.9) 1.4 (0.9–2.2) 1.8 (1.1–2.9)
45–49 yr 1.5 (0.8–2.7) 1.3 (0.8–2.1) 2.1 (1.1–3.9) 0.9 (0.5–1.7) 1.8 (1.2–2.9) 1.1 (0.7–1.8)
50–54 yr 1.3 (0.7–2.4) 1.5 (0.9–2.5) 4.5 (2.6–7.6) 1.1 (0.6–2.1) 1.2 (0.7–1.9) 1.1 (0.7–1.7)
55–59 yr 1.5 (0.8–2.6) 1.7 (1.0–3.0) 5.6 (3.0–10.4) 1.8 (0.9–3.4) 1.3 (0.8–2.0) 1.3 (0.8–2.2)
60–64 yr 1.6 (0.8–3.3) 2.0 (1.1–3.8) 7.7 (3.8–15.6) 1.4 (0.6–3.1) 1.1 (0.6–2.0) 2.0 (1.1–3.6)
65–74 yr 1.4 (0.7–2.8) 1.9 (1.0–3.6) 5.5 (2.6–11.6) 1.7 (0.8–3.6) 1.5 (0.9–2.8) 1.7 (1.0–3.2)
�75 yr 0.8 (0.3–2.1) 2.3 (1.1–4.6) 8.5 (3.9–18.5) 0.8 (0.3–2.4) 1.5 (0.8–3.1) 1.0 (0.5–2.2)

P value 0.667 0.069 .000 0.234 0.238 0.088

Level of education
Basic 1.0 1.0 1.0 1.0 1.0 1.0
Secondary 0.9 (0.6–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 0.9 (0.6–1.4) 1.4 (1.0–1.9) 0.8 (0.6–1.2)
Higher 0.9 (0.5–1.5) 1.1 (0.8–1.6) 0.8 (0.6–1.2) 0.8 (0.5–1.2) 1.5 (1.1–2.0) 0.5 (0.3–0.6)

P value 0.876 0.734 0.321 0.511 .033 .000

Marital status
Married/cohabiting 1.0 1.0 1.0 1.0 1.0 1.0
Single 0.9 (0.6–1.2) 1.2 (0.9–1.6) 1.1 (0.8–1.6) 1.5 (1.1–2.1) 0.9 (0.7–1.1) 1.0 (0.8–1.4)

P value 0.315 0.186 0.396 .011 0.383 0.863

Smoking history
Never 1.0 1.0 1.0 1.0 1.0 1.0
Former 0.7 (0.4–1.1) 1.2 (0.8–1.6) 1.2 (0.9–1.7) 1.0 (0.6–1.6) 0.9 (0.6–1.2) 0.7 (0.5–0.9)
Occasional 0.7 (0.4–1.5) 0.9 (0.5–1.6) 0.9 (0.5–1.7) 1.7 (0.9–3.4) 0.8 (0.5–1.3) 1.4 (0.8–2.4)
Daily 0.6 (0.4–0.8) 0.9 (0.7–1.3) 0.9 (0.7–1.3) 1.9 (1.3–2.9) 1.2 (0.8–1.8) 1.4 (1.0–2.0)

P value .022 0.637 0.579 .005 0.246 .007

Number of teeth
25–32 1.0 1.0 1.0 1.0 1.0 1.0
20–24 1.0 (0.6–1.5) 1.1 (0.8–1.6) 0.9 (0.6–1.4) 1.0 (0.6–1.7) 1.1 (0.7–1.7) 1.0 (0.7–1.5)
10–19 0.3 (0.8–2.2) 1.4 (0.8–2.3) 1.1 (0.6–1.9) 0.9 (0.5–1.6) 1.5 (0.9–2.4) 1.1 (0.7–1.7)
1–9 0.7 (0.3–1.7) 0.4 (0.2–8.8) 1.6 (0.8–3.0) 0.8 (0.3–2.0) 0.8 (0.4–1.3) 0.6 (0.3–1.2)

P value 0.619 .030 0.396 0.976 0.191 0.450

Number of teeth with pocket(s)
�4 mm

0 1.0 1.0 1.0 1.0 1.0 1.0
1–3 1.7 (1.0–2.9) 0.9 (0.6–1.3) 1.3 (0.8–2.1) 1.0 (0.5–1.9) 1.3 (0.9–1.8) 1.6 (1.1–2.4)
4–6 1.7 (1.0–3.0) 0.9 (0.6–1.4) 1.5 (1.0–2.4) 0.9 (0.5–1.6) 1.5 (1.0–2.2) 2.5 (1.6–3.7)
�7 2.8 (1.6–5.0) 1.3 (0.8–2.1) 2.6 (1.5–4.4) 2.0 (1.2–3.5) 1.3 (0.9–1.9) 4.2 (2.8–6.4)

P value .004 .160 .000 .000 .193 .000

a Aa, A. actinomycetemcomitans; Cr, C. rectus; Pg, P. gingivalis; Pi, P. intermedia; Tf, T. forsythensis; and Td, T. denticola.
b The significance of the variables is based on the Wald F test. Significant P values are marked in bold.
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gingivalis, and T. forsythensis (B. forsythus) (29) and individual
PCRs for C. rectus, P. intermedia, and T. denticola (4, 24) have
been developed for the detection of these bacteria in subgin-
gival plaque. Since inhibitory agents present in saliva result in
difficulties in PCR, the protocols were slightly modified by
treating the saliva samples with cation-chelating resin to avoid
false-negative results (19). The PCR assays showed a good
reproducibility; the samples that had differences in the repli-
cates were due to weak bands, probably containing small quan-
tities of the target microbe, near to the detection limit.

So far, there have been hardly any data on carriage rates of
periodontal pathogens at the general population level. In a
culture-based study on subgingival bacteria among a random
sample of employees in an industrial company in Sweden (22),
a quite similar prevalence, i.e., 25%, as seen in the present
study, was recorded for A. actinomycetemcomitans. In contrast
to the present population, only 14% of these 171 randomly
selected adults harbored P. gingivalis in subgingival plaque,
whereas C. rectus and P. intermedia sensu lato were common,
being found in 81% and 58% of the subjects, respectively (22).
In an Australian study population, which was comprised of 504
adult subjects recruited from the staff of the University of
Queensland, the prevalences of A. actinomycetemcomitans, P.
gingivalis, and P. intermedia were 23%, 15%, and 10%, respec-
tively, when multiple subgingival sites were collected and the
pooled samples examined using monoclonal antibodies (14).
Both above-mentioned studies presented surprisingly low re-
covery rates for P. gingivalis from subgingival samples com-
pared to those from saliva in the present study, which, in some
cases, may be due to different techniques used for the detec-
tion of target bacteria. Indeed, culture, immunologic assays,
and DNA-based methods can reveal quite different results (4,
17, 23, 26). Not only various techniques but also ethnic and/or
geographical factors may partly explain different observations.
For example, the present and above-mentioned Western car-
riage rates of A. actinomycetemcomitans are seemingly low

compared to much higher rates reported for rural populations
in Far Eastern countries (6, 21, 28).

In the present southern Finnish population, 13% of the
subjects in the youngest age group (30 to 34 years of age)
harbored P. gingivalis, and then detection rates increased up to
56% in the age group of 60 to 64 years. After adjusting its
carriage with other variables measured in the present study,
the increasing age per se remained significantly associated with
the increasing detection rates of P. gingivalis. Factors which
may influence this age-dependent carriage pattern could not be
explained here. In a previous PCR-based study on 263 Finnish
subjects representing different age groups (19), the organism
was detected in 5% of the subjects between 5 and 10 years of
age, in 14% of the subjects between 11 and 30 years of age, and
in 63% of the subjects between 31 and 80 years (mean 43
years) of age. Among an ethnically heterogeneous study pop-
ulation in Los Angeles (n � 202), an association between the
age and prevalence of salivary P. gingivalis was observed (31).

In the present study, gender proved to have very little impact
on the carriage of periodontal pathogens. Women were more
likely to have P. gingivalis than men, whereas other pathogens
were found more frequently in men than women but, after
adjustment for confounding factors, any difference did not
reach statistical significance. Subjects with basic and secondary
educational levels had more T. denticola in their saliva than
subjects with higher education. Detecting T. denticola was also
associated with daily smoking. These observations may partly
be explained by better oral hygiene levels, which have been
related to the female gender, higher education, and nonsmok-
ing status. In a study by Umeda et al. (31), current smoking
brought a 5-fold risk for having T. denticola in saliva, whereas
Mager et al. (18) failed to demonstrate any significant differ-
ences in the microbial composition of saliva samples collected
from current smokers compared with those of nonsmokers for
more than one year. Eggert et al. (10) suggested that smoking
favors the growth of periodontal pathogens, such as A. actino-

FIG. 1. Crude and adjusted carriage rates of P. gingivalis (Pg) and T. denticola (Td) in dentate subjects (n � 1,216) by 10-year age cohorts.
Adjustment was made by the gender, level of education, marital status, smoking history, number of teeth, and number of teeth with probing-pocket
depth(s) �4 mm.
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mycetemcomitans, P. gingivalis, and P. intermedia, in shallow
periodontal sites, i.e., supragingival plaque as being the reser-
voir of pathogens in smokers. If so, stimulated saliva should
reflect this event. In the present study, daily smokers had not
only T. denticola but also P. gingivalis and P. intermedia in saliva
more frequently than nonsmokers. In contrast, A. actinomycete-
mcomitans proved to be most common in those who had never
smoked.

There is abundant evidence that the prevalence of major
periodontal pathogens in oral specimens varies between indi-
viduals due to differences in their periodontal health status (3,
4, 12, 19, 20, 27, 30). In the present study, where the detection
of selected pathogens was examined in a large, true popula-
tion-based study population, this seemed to be the case for P.
gingivalis, P. intermedia, T. denticola, and A. actinomycete-
mcomitans but, surprisingly, not for T. forsythensis. In pathogen
carriers, the proportion of pathogens increases in saliva due to
deteriorating periodontal status (34), indicating that a subject
with advanced periodontitis can serve as a potential source of
pathogens to his/her close contacts. Monitoring the carriage
pattern of periodontal pathogens at the general population
level may help in designing preventive strategies to attempt to
control the acquisition of less beneficial members of the hu-
man oral microbiota.
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