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Abstract
Background: Certain specific bacterial species from the subgingival biofilm have
demonstrated aetiological relevance in the initiation and progression of periodontitis.
Among all the bacteria studied, three have shown the highest association with
destructive periodontal diseases: Actinobacillus actinomycetemcomitans (Aa),
Porphyromonas gingivalis (Pg) and Tannerella forsythensis (Tf). Therefore, the
relevance of having accurate microbiological diagnostic techniques for their
identification and quantification is clearly justified.

Aim: To evaluate critically all scientific information on the currently available
microbial diagnostic techniques aimed for the identification and quantification of Aa,
Pg and Tf.

Summary: Bacterial culturing has been the reference diagnostic technique for many
years and, in fact, most of our current knowledge on periodontal microbiology derives
from cultural data. However, the advent of new microbial diagnostics, mostly based on
immune and molecular technologies, has not only highlighted some of the
shortcomings of cultural techniques but has also allowed their introduction as easy and
available adjunct diagnostic tools to be used in clinical research and practice. These
technologies, mostly polymerase chain reaction (PCR), represent a field of continuous
development; however, we still lack the ideal diagnostic to study the subgingival
microflora. Qualitative PCR is still hampered by the limited information provided.
Quantitative PCR is still in development; however, the promising early results
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reported are still hampered by the high cost and the equipment necessary for the
processing.

Conclusion: Quantitative PCR technology may have a major role in the near future as
an adjunctive diagnostic tool in both epidemiological and clinical studies in
periodontology. However, culture techniques still hold some inherent capabilities,
which makes this diagnostic tool the current reference standard in periodontal
microbiology.
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Destructive periodontal diseases are
chronic inflammatory conditions char-
acterised by connective tissue and
alveolar bone destruction, eventually
leading to tooth loss. A substantial
number of publications have reported
that certain microorganisms from the
subgingival microbiota, particularly
Gram-negative anaerobes, are the major
aetiological factors of chronic and
aggressive periodontitis (Dzink et al.
1985, Slots 1986, Newman 1990).
Although the subgingival microenviron-
ment in the periodontal pocket is
characterised by a wide diversity, with
over 300 species having been isolated
from different individuals and as many
as 40 from a single site, only a few
species have been associated with dis-
ease (Moore & Moore 1994). Despite
the difficulty in identifying all the
members of the oral microbiota and
understanding how they interact with
each other and with the host, a limited
number have demonstrated a clear
aetiological role and these have been
identified as periodontal pathogens
(Genco 1996). Evidence for aetiology
is based on the fulfilment of several
criteria described by Socransky (1970).
Using these criteria, strong evidence has
been demonstrated for Actinobacillus
actinomycetemcomitans (Aa), Porphyr-
omonas gingivalis (Pg) and Tannerella
forsythensis (Tf) (formerly Bacteroides
forsythus), as concluded at the World
Workshop in 1996 (Genco 1996).

Aa is a member from the genus
Actinobacillus, belonging to the family
of Pasterurellaceae. It is a Gram-
negative, small rod (1–1.5–0.5mm),
capnophilic facultative anaerobe. In
culture, colonies grow in small flat,
circular colonies that have slightly
blurred borders and a translucent out-
look in solid media, sometimes with a
typical inner star-like morphology
(Zambon 1985, Alsina et al. 2001)
(Fig. 1). Several lines of evidence
support its aetiological role as a true
periodontal pathogen, mostly in relation
to aggressive periodontitis (Fives-Tay-
lor et al. 1999, Slots & Ting 1999,

Socransky et al. 1999). This bacterial
species has a wide intra-specific diver-
sity defined by its six serotypes (Hen-
derson et al. 2002). In the oral cavity,
serotypes a and b are the most frequent
in Caucasians, serotype b being most
frequently associated with localised
aggressive periodontitis and therefore,
the most virulent and pathogenic (Zam-
bon 1985, Zambon et al. 1988, Albandar
et al. 1991, Preus et al. 1994, Haraszthy
et al. 2000a, b, Henderson et al. 2002).

Pg belongs to the genera Porphyr-
omonas from the family Bacteroida-
ceae. These bacteria are Gram-negative
strict anaerobic coco-bacilli. They grow
in culture media forming convex,
smooth glossy colonies of 1–2-mm
diameter, which demonstrate a progres-
sive darkening in the centre, because of
the production of protoheme, the sub-
stance responsible for the typical colour
of these colonies (Fig. 2) (White &
Mayrand 1981, Sha & Collins 1988,
Ohta et al. 1991, Haraszthy et al.
2000b). Several lines of evidence sup-
port its aetiological role as a true
periodontal pathogen, more likely asso-
ciated with chronic periodontitis (Holt et
al. 1999, Slots & Ting 1999, Socransky
et al. 1999). Its importance as a
periodontal pathogen is also highlighted
by the research efforts aimed at devel-
oping a vaccine aimed at immunisation
against this bacterial species and thus
prevent chronic periodontitis (Gibson &
Genco 2001, Nakagawa et al. 2001,
Rajapakse et al. 2002, Yang et al. 2002).

Tf is a non-pigmenting saccharolytic
anaerobic Gram-negative rod. For a
long time, it was denominated Bacter-
oides fusiformes. It was then renamed
Bacteroides forsythus by Tanner et al.
(1986), and very recently a new name
has been proposed and accepted, Tf
(Sakamoto et al. 2002). Its habitat is the
gingival sulcus, and it is usually isolated
in periodontal pockets, although its
presence has also been detected in the
tonsils, dorsum of the tongue and saliva.
This bacterium was not considered a
true periodontal pathogen until recently,
mostly because of its fastidious growth

in culture media. These difficulties in
culturing are related to the lack of
capacity of Tf to synthesise N-acetyl-
muramic acid (NAM), an essential
component of cell wall peptidoglycan.
Therefore, it grows poorly in pure
culture, unless the medium is supple-
mented with NAM, or by growing
together with other microorganisms
(Fig. 3).

Moderately strong evidence has been
demonstrated for other bacteria isolated
from the subgingival microbiota such as
Campylobacter rectus (Cr), Eubacter-
ium nodatum, Fusobacterium nucleatum
(Fn), Peptostreptococcus micros (Pm),
Prevotella intermedia (Pi) and P.
nigrescens (Pn), Streptococcus interme-
dius and various spirochetes, such as
Treponema denticola (Td) (Genco
1996). Most of these pathogens are

Fig. 1. Colonies of Actinobacillus actino-
mycetemcomitans growing on Dentaid-1
medium.

Fig. 2. Colony of Porphyromonas gingiva-
lis, close to another colony of Prevotella
intermedia/nigrescens, growing on blood
agar medium, supplemented with haemin
and menadion.
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members of the resident oral microbiota
and are usually present in healthy or
gingivitis subjects. Therefore, their
aetiologic role is less evident. Prelimin-
ary evidence of periodontal pathogeni-
city has been considered for Eikenella
corrodens (Ec), enteric rods, Pseudo-
monas species, Staphylococcus species
and yeasts (Genco 1996). Some of these
species, such as Pseudomonas species
or enteric rods species, are rarely found,
and in relatively low numbers, in
populations from Western countries;
therefore, their aetiologic role also
remains unclear.

More recently, viruses including
cytomegaloviruses, Epstein–Barr virus,
papillomavirus and herpes simplex virus
have been proposed to play a role in
causing periodontal diseases (for a
review, see Contreras & Slots 2000,
Slots & Contreras 2000). The presence
of these viral genomes has been isolated
from periodontitis lesions in cross-
sectional studies. These genomes have
been found in chronic periodontitis
(Contreras & Slots 1996), aggressive
periodontitis (Michalowicz et al. 2000)
and periodontitis associated with sys-
temic diseased patients (Contreras et al.
2001). These authors hypothesise that
environmental or systemic factors
would allow for the activation of these
viruses, whose inhibitory impact on
various host factors would allow for
the accumulation of periodontal patho-
gens and development of destructive
inflammatory disease.

Even though the aetiological role of
Aa, Pg and Tf in periodontitis seems
uncontentious, the use and utility of
diagnostic tests aimed at identifying and
quantifying the presence of these bac-
teria in periodontitits patients remain
very controversial. The purpose of this
review is, firstly, to analyse critically
the available evidence on the rationale
of the use of microbial diagnosis in the
management of periodontitis patients,
and secondly, to review the different
diagnostic methodologies used to iden-

tify and quantify these putative perio-
dontal pathogens, with special emphasis
on those methods aimed at clinical use
and based on molecular technologies.

Rationale for microbial diagnosis in
the management of patients with
periodontitis

For microbial diagnosis to be of value, it
needs to have an impact on the overall
diagnosis and/or treatment planning,
resulting in a superior treatment out-
come, and/or providing a clear benefit to
the patient.

The utility of microbiological testing
for diagnosing the different forms of
destructive periodontal diseases remains
controversial. The limitations of testing
for the presence or absence of Pg and
Aa, aimed at distinguishing subjects
with aggressive periodontitis from sub-
jects with chronic periodontitis, was
clearly shown in the systematic review
recently published by Mombelli et al.
(2002). Although the diagnosis of
aggressive periodontitis may be less
likely in a subject with no detection of
Aa, the sensitivity and specificity for a
positive clinical diagnosis of aggressive
periodontitis in the presence of these
bacteria are low and heterogeneous, and
therefore, the mere presence or absence
of these putative pathogens is not able
to discriminate subjects with aggressive
periodontitis from those with chronic
periodontitis.

The utility of microbial identification
as an aid in the treatment planning of
patients with periodontitis has been
tested in a limited number of studies,
mostly case reports dealing with aggres-
sive or non-responding periodontitis
patients (Levy et al. 1993, Rosenberg
et al. 1993, Renvert et al. 1996,
Eickholz et al. 2001, Ishikawa et al.
2002). The aim of most of these studies
was to guide in the selection of
adjunctive antimicrobial therapy based
on the microbial data. Only one of these
publications reported a controlled study
(Levy et al. 1993), where two different
groups of periodontists developed their
treatment plans based on the results of
adjunctive diagnostic microbiology
(test), or just on standard clinical
diagnosis (controls). The use of micro-
bial diagnosis resulted in the use of
more systemic antibiotics and less
periodontal surgery. However, the
long-term outcome of these patients
was not reported. The rest of the
publications involved case reports,

where the use of microbial diagnosis
guided periodontal therapy. In most of
these studies, the patients improved
following treatment, some even show-
ing dramatic improvements. The lack of
appropriate controls, however, makes
the interpretation of these results diffi-
cult and therefore, the utility of micro-
bial testing in developing specific
treatment plans cannot be ascertained.

The utility of microbiological testing
as an indicator of healing or disease
progression has been suggested by
several prospective studies, where the
detection or lack of detection of putative
periodontal pathogens was significantly
associated with a different clinical
response (Wennström et al. 1987, Haf-
fajee et al. 1991, 1995, 1996, Rams
et al. 1996, Dahlen & Rosling 1998,
Buchmann et al. 2000, Chaves et al.
2000, Tran et al. 2001). In most of these
studies, the absence of these pathogens
was a better predictor of periodontal
health than their presence as a predictor
of periodontal disease (Wennström et al.
1987, Dahlen & Rosling 1998). Some
studies showed that the presence of
these pathogens above certain critical
levels increased the risk for perio-
dontitis recurrence. Rams et al. (1996)
showed a 2.5 times increased risk of
disease recurrence when Aa, Pg, Pi, Cr
or Pm were detected at baseline.
Similarly, Haffajee et al. (1995, 1996)
showed a significant increased risk of
attachment loss when Aa was present at
threshold levels above 104, and Pg
above 105. Chaves et al. (2000) showed
that the presence of Pg was predictive
of disease progression and bone loss,
and Tran et al. (2001) demonstrated that
patients with persistent Tf were 5.3
times more likely to develop loss of
attachment than those without Tf.
Although these prospective studies
monitoring patients after therapy would
indicate that the use of microbial testing
could aid in the selection of a more
targeted therapy, mostly in patients with
aggressive or recurrent periodontitis, the
lack of clinical trials with adequate
controls prevents from demonstrating
the real value of microbial diagnosis.
Therefore, the available evidence does
not fully prove the utility of microbio-
logical testing in periodontitis patients.

Microbiological diagnostic methods

Different methods have been used for
the detection of putative periodontal
pathogens in subgingival samples. Some

Fig. 3. Colony of Tannerella forstythesis,
growing on blood agar medium.
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of these methods have been strictly
used for research purposes, while others
have been adapted or modified for clini-
cal use.

Bacterial culturing

Historically, culture methods have been
widely used in studies aimed at char-
acterising the composition of the sub-
gingival microflora and are still
considered the reference method (gold
standard) when determining the utility
of a new microbial diagnostics in
periodontics. Generally, subgingival
plaque samples are cultivated anaerobi-
cally and by using selective and non-
selective media, together with several
biochemical and physical tests, the
different putative pathogens can be
identified. The main advantage of this
method is the possibility to obtain
relative and absolute counts of the
cultured species. Moreover, it is the
only method able to characterise prop-
erly new species and to assess the
antibiotic susceptibility of the grown
bacteria (Socransky et al. 1987, Green-
stein 1988, Marchal et al. 1991, Lamster
et al. 1993). However, culture techni-
ques have significant shortcomings.
Culture methods can only grow viable
bacteria; therefore, strict sampling and
transport conditions are essential. More-
over, some of the putative pathogens,
such as Treponema sp. and Tf, are very
fastidious and difficult to culture (Saka-
moto et al. 2002). The sensitivity of
bacterial culturing can be rather low,
especially for non-selective media, with
detection limits averaging 103–104 bac-
terial cells, and therefore, low numbers
of a specific pathogen in a subgingival
sample will be undetected. However,
the most important drawback is that
culture requires specific laboratory
equipment and experienced personnel,
besides being relatively time-consuming
and expensive.

Methods based on immune diagnosis

Immunological assays use antibodies
that recognise specific bacterial anti-
gens, and the identification of these
specific antigen–antibody reactions
allows the detection of target micro-
organisms. This reaction can be visua-
lised using a variety of techniques and
reactions, including direct (DFA) and
indirect (IFA) immunofluorescent
microscopy assays, flow cytometry,
enzyme-linked immunosorbent assay

(ELISA), membrane assays and latex
agglutination (Greenstein 1988, Lam-
ster et al. 1993). Both direct (DFA) and
IFA are able to identify the selected
pathogen and quantify its percentage in
the flora by using a plaque smear. IFA
has been used mainly to detect Aa, Pg
and Tf. Zambon et al. (1985) showed
that this technique was comparable with
bacterial culture in its ability to identify
Aa and Pg in subgingival plaque
samples. In fact, IFA demonstrated a
higher sensitivity when compared with
culture, probably because of a lower
detection limit. Comparative studies
indicated that the sensitivity of these
assays ranged from 82% to 100% for
detection of Aa and from 91% to 100%
for detection of Pg, with specificity
values of 88% to 92% and 87% to 89%,
respectively (Zambon 1985, Zambon
et al. 1985, 1986). Listgarten et al.
(1995) compared the diagnostic utility
of IFA and culture for the detection of
Aa. They showed a higher sensitivity of
IFA (41.8%) and a significantly higher
detection rate (39.4 % for culture versus
81.8% for IFA). These authors also
compared the diagnostic utility of IFA
for the detection of Pg and Tf when
compared with oligonucleotide probes
complementary to the hypervariable
region of the 16S rRNA of the target
bacteria. They also demonstrated sig-
nificantly higher detection rates and
higher sensitivity than DNA probes for
both bacteria.

Cytofluorography or flow cytometry
for the rapid identification of oral
bacteria involves labelling bacterial
cells from a patient plaque sample with
both species-specific antibodies and a
second fluorescein-conjugated antibody.
The suspension is then introduced into
the flow cytometer, which separates the
bacterial cells into an almost single-cell
suspension by means of a laminar flow
through a narrow tube (Kamiya et al.
1994). The sophistication and cost
involved in this procedure precludes its
wide usage

ELISA is similar in principle to other
radioimmunoassays, but instead of the
radioisotope, an enzymatically derived
colour reaction is substituted as the
label. The intensity of the colour
depends on the concentration of the
antigen and it is usually read photome-
trically for optimal quantification. ELI-
SA has been used primarily to detect
serum antibodies to periodontal patho-
gens; however, it has also been used in
research studies to quantify specific

pathogens in subgingival samples using
specific monoclonal antibodies. A mem-
brane immunoassay has been adapted
for chair-side clinical diagnostic use and
has been marketed (Evalusites, East-
man Kodak, Rochester, NY, USA). It
involves linkage between the antigen
and a membrane-bound antibody to
form an immunocomplex that is later
revealed through a colorimetric reac-
tion. Evalusites has been designed to
detect Aa, Pg and Pi (Boyer et al. 1996,
Chaves et al. 2000). Snyder et al. (1996)
found a detection limit of 105 for Aa and
106 for Pg.

In summary, immunological assays
for oral bacteria provide a quantitative
or semi-quantitative estimate of target
microorganisms. These methods have
shown a higher sensitivity and specifi-
city than bacterial culturing for the
detection of target microorganisms
(Aa, Pg and Tf); however, they require
the use of monoclonal antibodies to
assure high specificity and the detection
limits are not significantly lower than
bacterial culturing (103–104). These
tests also have the advantage of not
requiring stringent sampling and trans-
port methodology to assure bacterial
viability. However, they are limited to
the number of antibodies tested, they are
not amenable for studying antibiotic
susceptibility and they lack the validity
of well-controlled clinical studies.

Enzymatic methods of bacterial

identification

Tf, Pg, the small spirochete Td and
Capnocytophaga species share a com-
mon enzymatic profile, since they all
have a trypsin-like enzyme in common.
The activity of this enzyme can be
measured with the hydrolysis of the
colourless substrate N-benzoyl-DL-argi-
nine-2-naphthylamide (BANA). A diag-
nostic kit has been developed using this
reaction for the identification of this
bacterial profile in plaque samples
(Perioscans, Oral B Laboratories, Bel-
mont, CA, USA). Loesche (1992) pro-
posed the use of this BANA reaction in
subgingival plaque samples to detect the
presence of any of these periodontal
pathogens and thus serve as a marker of
disease activity. Using probing depths
as a measure of periodontal morbidity,
they showed that shallow pockets exhib-
ited only 10% positive BANA reac-
tions, whereas deep pockets (7mm)
exhibited 80–90% positive BANA reac-
tions. These authors (Loesche et al.
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1992) tested the diagnostic utility of the
BANA test compared with culture, IFA,
ELISA and DNA probes, rendering
similar results with regard to sensitivity
and accuracy (above 90% to detect
combination of these organisms). How-
ever, a clear BANA reaction was
indicative of more than 105 BANA-
positive organisms, which indicates a
rather high limit of detection. Beck et al.
(1990) also used the BANA test as a risk
indicator for periodontal attachment
loss; however, the obtained odds ratios
were not statistically significant. In
summary, this chair-side test, although
very easy and fast to use, has significant
limitations. Mainly, since it only detects
a combined and limited number of
pathogens, its negative result does
not rule out the presence of other
important periodontal pathogens or even
the tested pathogens when present in
low number.

The simplicity, quick response and
easy-to-read use made these enzymatic
and immune-based diagnostic methods
ideal for chair-side use. In the 1990s
they were commercially available
(Evalusites and Perioscans). However,
the lack of appropriate clinical trials to
validate their diagnostic utility and their
intrinsic problems regarding low sensi-
tivity (Evalusites) and low specificity
(Perioscans) made them disappear from
the market soon.

Molecular biology techniques

The development of techniques in
molecular biology, aimed at the detec-
tion of bacterial pathogens, has allowed
not only the acquisition of knowledge in
microbial genetics but has also set the
bases for the development of improved
diagnostic techniques (Holt & Pro-
gulske 1988, Saiki et al. 1988, Gibbs
1990). The principles of molecular
biology techniques reside in the analysis
of DNA, RNA or the protein structure
or function (Lewin 1993, Dawson et al.
1996). The genetic material of a bacter-
ium is composed of a chromosomal
DNA and transferring, ribosomal and
messenger RNA. Chromosomal DNA is
dispersed in the bacterial cell without
any membrane envelope (Holt & Pro-
gulske 1988). Diagnostic assays using
molecular biology techniques require
specific DNA fragments that recognise
complementary-specific bacterial DNA
sequences from target microorganisms.
For the development of a microbiologi-
cal diagnostic test using this technology,

it is therefore fundamental to be able to
extract the bacterial DNA from the
plaque sample and to be able to amplify
the specific DNA sequence of the target
periodontal pathogens.

Different chemical, enzymatic or
physical methods have been used to
obtain DNA of sufficient quantity and
quality for its subsequent analysis by
means of either DNA probes or the poly-
merase chain reaction (PCR). Among
them, organic chemicals or detergents
have been used to destroy the cellular
components (membranes and proteins)
and thus avoid interference with the
subsequent DNA assays (Smith et al.
1989a, b). As enzymes, lysozyme is
used to cleave the bacterial wall and
proteinase K is used to destroy the
proteinic components of the cell (Leys
et al. 1994). Physical methods such as
heat allow disruption of the cell and
denaturation of the proteins. Subse-
quently, the use of centrifugation and
chromatographic columns enables the
separation and purification of DNA. For
periodontal microbial diagnosis, most of
the tests developed have used proteinase
K or boiling and centrifugation (Ting &
Slots 1997, Umeda et al. 1998b). Once
the DNA from the subgingival plaque
samples have been extracted and pur-
ified, different diagnostic methods have
been developed to specifically detect
and in some cases quantify the target
periodontal pathogens.

Nucleic acid probes

A probe is a known nucleic acid
molecule (DNA or RNA) from a speci-
fic microorganism artificially synthe-
sised and labelled for its detection when
placed together with a plaque sample.
DNA probes entail segments of a single-
stranded nucleic acid, labelled with
an enzyme or radioisotope that is able
to hybridise to their complementary
nucleic acid sequence and thus detect
the presence of target microorganism.
Hybridisation refers to the pairing of
complementary DNA strands to produce
a double-stranded nucleic acid. The
nucleotide base-pair relationship is so
specific that strands cannot anneal
unless the respective nucleotide strand
sequences are complementary. All
hybridisation methods use radio-
labelled or fluorescence-labelled DNA
probes that bind to the target DNA of
interest, thus allowing its visualisation
(Lawer et al. 1990, Loesche 1992,
Nicholl 1994, Dawson et al. 1996,

Tanner et al. 1998, Crockett & Wittwer
2001). DNA probes may target whole-
genomic DNA or individual genes.
Whole-genomic DNA is more likely to
cross-react with non-target microorgan-
isms because of the presence of homo-
logous sequences between different
bacterial species. Currently, most of
the probes used are oligonucleotides
ranging from 20 to 30 nucleotides
(Nicholl 1994, Dawson et al. 1996).

Whole-genomic probes for the detec-
tion of Aa, Pg, Pi and Td have been
developed and tested, being the bases of
commercially available diagnostic
methods (DMDxs, Omnigene, Cam-
bridge, MA, USA). When compared
with culture, van Steenberghe et al.
(1999) reported a sensitivity of 96% and
specificity of 86% for Aa, and 60% and
82%, respectively, for Pg in pure
laboratory isolates. However, when
tested in clinical specimens, both the
sensitivity and specificity were reduced
significantly, suggesting cross-reactivity
with unknown bacteria in subgingival
plaque samples. In order to overcome
this drawback, oligonucleotide probes
complementary to variable regions of
the 16S rRNA bacterial genes have been
developed for the detection of various
periodontal pathogens. These bacterial
16S rRNA genes contain both regions
shared by different bacteria and short
stretches of variable regions shared only
by specific organisms of the same
species or genus (Moncla et al. 1990).
When these oligonuclotide probes were
compared with culture in clinical sam-
ples for the detection of Aa, Pg and Pi
(Savitt et al. 1988), an effectiveness of
100% in detecting Aa and Pi and of
91% in detecting Pg was calculated at
culture-positive levels (X103 cells).
However, DNA probes were more
sensitive than culture in detecting these
pathogens in samples from periodontitis
patients (for example, Aa was detected
by probe analysis in 70% of localised
juvenile periodontitis samples, but only
detected in 10% by culture analysis).
Conversely, when these probes were
compared with IFA for the detection of
Pg and Tf (Listgarten et al. 1995), IFA
showed significantly higher detection
rates and higher sensitivity.

Checkerboard DNA–DNA
hybridisation technology

Socransky et al. (1994) developed this
technique by for the detection and levels
of 40 bacterial species commonly found
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in the oral cavity. The assay uses whole
genomic, digoxigenin-labelled DNA
probes and facilitates rapid processing
of large numbers of plaque samples with
respect to a multiple hybridisation for
up to 40 oral species in one single test.
The DNA probes used in this technol-
ogy are commonly be adjusted to permit
detection of 104 cells of each species,
but can adjusted to detect 103 cells. The
method requires sophisticated labora-
tory equipment and expertise, and it is
highly specific. These factors have not
led to generalisation of this assay for
diagnostic purposes. It is particularly
applicable, however, for epidemiologi-
cal research and ecological studies,
since it does not require viable bacteria
and allows for the assessment of a large
number of plaque samples and multi-
tude of species (Haffajee et al. 1997,
2001, Papapanou et al. 1997a, Levy et al.
1999, Ximenez-Fyvie et al. 2000a, b,
Feres et al. 2001, Haffajee & Socransky
2001). Papapanou et al. (1997b) made a
comparison of this method with culture
for the identification of subgingival
bacteria. The checkerboard technology
resulted in higher prevalence figures for
half of the species tested (Pg, Pi, Pn, Fn
and Tf) and statistically significant
higher bacterial counts for the majority
of the species. Both techniques rendered
a reasonable degree of agreement.

PCR methodology

PCR has emerged as the most powerful
tool for the amplification of genes and
their RNA transcripts. This technique,
developed in 1985, is the single techni-
que used almost universally to study
DNA and RNA obtained from a variety
of tissue sources. PCR allows for
obtaining high quantities of DNA in a
simplified and automated fashion (Scho-
chetman et al. 1988, Shibata 1992,
Dawson et al. 1996, Jankowski & Polak
1996). PCR typically begins with the
isolation of DNA from a fresh tissue
specimen. By heating, the complemen-
tary double strands of DNA split into
single-stranded forms intended to act as
the template dictating the nucleotide
sequence in vitro. Then, the amplifica-
tion is followed using a DNA polymer-
ase that requires a primer, or known
short oligonucleotide sequence corre-
sponding to the border of the region that
is amplified. For obtaining amplified
fragments of constant length and in high
quantities, a second primer, comple-
mentary to the opposed chain, must be

used to anneal (bind) the template and
flank the region of interest. This ampli-
fication can be performed several times,
known as cycles. In each cycle, the
processes of complementary chains
denaturation, primer hybridisation and
primer extension by means of the
polymerase take place (Fig. 4). With
each cycle, there is an exponential
increase in the quantity of DNA. During
all these processes, the temperature
during the cycle is critical in order to
control the double chain denaturation
and the stability of the hybridisation
between the model fragment and the
primer. In 1988, a thermo-stable DNA
polymerase, isolated from the organism
Thermus aquaticus, known as Taq
polymerase, was developed (Saiki
et al. 1988). This Taq polymerase has
allowed the automatisation of the reac-
tion using specific appliances named
thermo-cyclers. This sequenced DNA is
then detected and visualised through
electrophoresis in agarose gel and
ethidium bromure, obtaining a qualita-
tive signal (Jankowski & Polak 1996,
Neumaier et al. 1998).

Although PCR is an extremely sensi-
tive technique, being able to detect even
one copy of the searched DNA fragment
(Greenstein 1988), it has a number of
important limitations. Difficulties can
be encountered when studying small
quantities of DNA, since the ingredients
necessary for PCR (oligonucleotide
primers, dNTPs, Taq polymerase) may
be exhausted before sufficient target is
produced. The specificity of the reaction

depends on many complex, interrelated
factors, including oligonucleotide pri-
mer size, annealing temperature and
buffer salt concentration. A major
limitation of PCR is the susceptibility
of the process to contamination, parti-
cularly in experiments intended to
detect rare DNA sequences (Gibbs
1990, Neumaier et al. 1998). In order
to overcome some of these drawbacks,
different varieties of PCR have been
developed. Multiplex PCR allows the
amplification of several target regions,
placing all the necessary primers in one
single reaction (Dangtuan & Rudney
1996, Henegariu et al. 1997, Garcı́a
et al. 1998). Quantitative PCR allows
the quantification of all DNA fragments
detected by PCR using specific controls
of known quantity (Doungudomdacha et
al. 2001). Quantification of DNA by
PCR has tremendous potential in perio-
dontal microbial diagnosis since it
allows the analysis of a large number
of samples relatively easily, providing a
measure of flexibility not permitted by
other conventional laborious and time-
consuming methods. In practice, how-
ever, a number of technical challenges
had to be overcome to develop reliable
and reproducibility quantitative PCR.
One of the principal challenges in this
technique is the nature of PCR product
accumulation. During the reaction, there
are two defined growth phases. At low
cycles, PCR product accumulates expo-
nentially (exponential phase); however,
at higher cycles, as template DNA and
primer are being consumed, the rate of

Fig. 4. Diagram depicting the polymerase chain reaction process defined by the three stages
that comprise this technique: amplification is carried out by a DNA polymerase, once in each
cycle. Each cycle includes the denaturalisation or separation of complementary chains,
hybridisation of primers with the original chains and the extension of the primer by the
polymerase. Between 30 and 40 cycles are necessary to obtain a significant amount of the
studied sequence.

Detection of A. actinomycetemcomitans, P. gingivalis, and T. forsythensis 1039



product formation progressively decrea-
ses until it ends (saturation phase). To
obtain reliable quantitative PCR, the
measurement of the obtained product
must be made during the exponential
phase of the reaction, since during the
saturated phase the results will be
inaccurate. At present, the method of
choice for quantitative PCR is contin-
uous monitoring of the amount of
product at the end of each cycle. This
is accomplished by real-time quantita-
tive PCR. It uses the 50–30-endonuclease
activity of Taq DNA polymerase to
detect target sequences during PCR and
included in the mixture is a short
fluorescent oligonucleotide probe as a
labelling system. During PCR, the probe
hybridises to the target DNA, and Taq
polymerase cleaves the probe into short-
er fragments, thereby releasing fluores-
cence that is directly proportional to the
amount of PCR product generated. By
measuring the amount of PCR produced
at the end of each single cycle, PCR
growth curves can be plotted and
measurements can be taken from the
exponentially expanding region of the
reaction (Crockett & Wittwer 2001,
Meuer et al. 2001).

PCR in the detection of periodontal
pathogens

Since the advent of PCR technology,
different microbiological tests have
been developed for the detection of
Aa, Pg and Tf using a variety of DNA
extraction methods and primers (see
Tables 1–3). Riggio et al. (1996)
compared the detection of Aa and Pg
in subgingival plaque samples in patients
with periodontitis using either PCR or
culture. PCR was more accurate than
conventional culture methods for iden-
tification of these periodontal pathogens
in subgingival plaque samples and
demonstrated a higher frequency of
detection of these target microorgan-
isms. Ashimoto et al. (1996) developed
a 16S rRNA-based PCR detection
method to determine the prevalence of
Aa, Tf, Cr, Ec, Pg, Pi, Pn and Td.
Matched results between PCR and
culture occurred in 28% (Tf) and 71%
(Aa) of the samples; the major discre-
pancy occurred in the PCR-positive/
culture-negative category. This is prob-
ably because of the PCR lower detec-
tion limit, ranging from 25 to 100 cells,
in comparison with culture (104–105

cells). Eick & Pfister (2002) recently
compared a commercial multiplex PCR

of 16S rDNA for Aa, Pg, Pi, Tf and Td
with standard culturing. The PCR test
was able to detect Pg and Tf more often
than cultivation. Aa was detected in
similar numbers with both techniques.
Most of the available PCR tests devel-
oped to detect Aa, Pg or Tf have used, as
primers, the 16S rRNA genes (Umeda
et al. 1998a, b, Takamatsu et al. 1999,
Choi et al. 2000, Contreras et al. 2000,
Darby et al. 2000, Mullally et al. 2000,
Okada et al. 2000, 2001, Kamma et al.
2001, Takeuchi et al. 2001, Tan et al.
2001a, Avila-Campos & Velásquez-
Meléndez 2002). Only a small number
of PCR assays have used oligonucleo-
tides derived from single copy genes as
primers, such as the Pg collagenase prtC
gene or the fimbrillin fimA gene, the Aa
leukotoxin lktA gene or the Tf protease
prtH gene. 16S rRNA genes as primers,
although very specific (cross-reactivity
is rare), may not be appropriate for
quantitative analysis since there are a
variable number of these molecules per
cell, which prevents a reproducible
quantification. These PCR tests provide
only qualitative information (preva-
lence) and therefore, their use for
diagnostic and prognostic purposes in
clinical use is limited. Most of these
diagnostic tests have been used in
ecological studies assessing the preva-
lence of the target microorganisms in
different populations, both in health or
disease. Results from these studies are
very heterogeneous showing different
prevalences (ranging from 2% to 95%
for Aa) of the target bacteria in different
populations both in health and disease
(Tables 1–3). This heterogeneity might
indicate that the high sensitivity of this
technique is able to detect low numbers
of bacteria that might be irrelevant
in terms of pathogenicity or the possi-
bility of different serotypes from
the same species being highly prevalent
in some populations without leading
to pathogenicity.

The importance of a quantitative
assessment of the target bacteria has
led to the recent development of quan-
titative PCR methods. The first assays
used end-point PCR (Fujise et al. 1995,
Doungudomdacha et al. 2001). How-
ever, this technique obtains PCR pro-
duct in the saturated phase, disregarding
the early exponential phase; therefore,
the amount of PCR product obtained
shows a weak correlation with the initial
DNA quantity. To overcome this limita-
tion, real-time PCR assays have been
developed. With this technology and by

using a single copy of these genes per
cell, a good correlation between the
fluorescent signal measured and the
number of cells was obtained (Lyons
et al. 2000, Shelbourne et al. 2000).
Morillo et al. (2003) tested a real-time
PCR assay, based on single copy gene
sequence and on the SYBR Green I
chemistry, aimed at the quantification of
Aa and Pg in subgingival plaque
samples. This assay demonstrated a
high degree of specificity and a very
reproducible and consistent method to
quantify these pathogenic species. Real-
time PCR, although demonstrating a
high degree of sensitivity, specificity
and reproducible quantification,
requires expensive laboratory equip-
ment, which makes this method very
expensive for routine diagnostic clinical
microbiology. Recently, Rudney et al.
(2003) also reported a quantitative PCR
assay for Aa, Pg and Tf. This proposed
technique, although cheaper than real-
time PCR, may be associated with a
higher variability, since it lacks detec-
tion during the exponential phase.
Moreover, the primers used are 16S
rRNA genes, which makes a reproduci-
ble quantification difficult.

This review clearly shows that
standard PCR technology, although
demonstrating high sensitivity and spe-
cificity for the identification of target
periodontal pathogens, is unable to
accurately quantify them in clinical
samples, and therefore its role as a
routine clinical diagnostic tool is lim-
ited. However, the advent of quantita-
tive PCR technology may circumvent
this limitation and at the same time may
clearly improve some of the shortcom-
ings of standard cultural techniques.
These quantitative PCR assays must be
validated in clinical studies in order to
demonstrate their diagnostic utility,
and actual cost–benefit evaluation of
their use in routine clinical diagnosis
must also be carried out since they
require expensive and sophisticated
technology. Moreover, it is important
to keep in mind that although quanti-
tative PCR technology may have a
major role as an adjunctive diagnostic
tool in both epidemiological and clini-
cal studies in periodontology, culture
techniques still hold some inherent
capabilities, such as its ability to
detect multiple bacterial species coin-
cidentally, to detect unexpected bac-
teria or to allow the determination
of antibiotic resistance, which still
makes this diagnostic tool the current
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reference standard in periodontal micro-
biology.

Summary

Although different methods of micro-
bial diagnosis have been used for the
detection and quantification of putative
periodontal pathogens in subgingival
samples, there is not a single one that
has demonstrated ideal characteristics.
The choice of the optimal microbial test
for adjunctive diagnostic aid in perio-
dontics should be based on the follow-
ing parameters:

1. Sensitivity and specificity of the test.
Real-time PCR technology has
demonstrated a high degree of sensi-
tivity and specificity, mostly when
compared with standard culturing.
Qualitative PCR tests, although
highly sensible and specific, do not
provide accurate information on the
number of bacteria identified, and this
information might be crucial in
clinical diagnosis. Research evidence,
although limited, clearly shows an
association between a higher bacter-
ial count and disease occurrence and
severity. The mere presence of a
bacterial pathogen has, therefore,
limited value as an adjunct to clinical
diagnosis and treatment planning.

2. Availability of use and cost. Culture,
checkerboard analysis and real-time
quantitative PCR require sophisti-
cated laboratory facilities and are
labour intensive, but makes them
expensive for routine clinical diag-
nostic use. Standard PCR tests and
other easy-to-use periodontal micro-
biological methods based on immune
or molecular technologies have lim-
ited capability for accurate quantifi-
cation and are limited to the target
bacteria, which limits their diagnos-
tic validity for clinical use.

3. Information provided. Only bacterial
culturing enables the study of anti-
bacterial susceptibilities and detec-
tion of unexpected bacteria, while
PCR and other molecular techniques
would allow the detection of non-
cultivable microorganisms.

4. To date, there is no ideal microbial
diagnostic for adjunctive clinical use
in periodontics. Bacterial culturing
still remains the gold standard.
However, improved quantitative
PCR technology may have an impor-
tant role in the future, once it has

been fully validated with well-
designed clinical trials and their
costs have been reduced with more
available technology.

References

Albandar, J. M., Buischi, Y. A. P. & Barbosa,

M. F. Z. (1991) Destructive forms of

periodontal disease in adolescents. A 3-year

longitudinal study. Journal of Perio-

dontology 62, 370–376.

Alsina, M., Olle, E. & Frias, J. (2001)

Improved, low-cost selective culture medium

for Actinobacillus actinomycetemcomitans.

Journal of Clinical Microbiology 39,

509–513.

Amano, A., Kuboniwa, M., Nakagawa, I.,

Akiyama, S., Morisaki, I. & Hamada, S.

(2000) Prevalence of specific genotypes of

Porphyromonas gingivalis fimA and perio-

dontal health status. Journal of Dental

Research 79, 1664–1668.

Amano, A., Nakagawa, I., Kataoka, K., Mor-

isaki, I. & Hamada, S. (1999) Distribution of

Porphyromonas gingivalis strains with fimA

genotypes in periodontitis patients. Journal

of Clinical Microbiology 37, 1426–1430.
Ashimoto, A., Chen, C., Bakker, I. & Slots J, .

(1996) Polymerase chain reaction detection

of 8 putative periodontal pathogens in

subgingival plaque of gingivitis and

advanced periodontitis lesions. Oral Micro-

biology and Immunology 11, 266–273.
Avila-Campos, M. J. & Velásquez-Meléndez,

G. (2002) Prevalence of putative perio-

dontopathogens from periodontal patients

and healthy subjects in Sao Paulo, Brazil.

Revista do Instituto de Medicina Tropical de

Sao Paulo 44, 1–5.

Beck, J. D., Koch, G. G., Rozier, R. G. &

Tudor, G. E. (1990) Prevalence and risk

indicators for periodontal attachment loss in a

population of older community-dwelling

blacks and whites. Journal of Periodontology

61, 521–528.

Boyer, B. P., Ryerson, C. C., Reynolds, H. S.,

Zambon, J. J., Genco, R. J. & Snyder, B.

(1996) Colonization by Actinobacillus acti-

nomycetemcomitans, Porphyromonas gingi-

valis and Prevotella intermedia in adult

periodontitis patients as detected by the

antibody-based Evalusite Test. Journal of

Clinical Periodontology 23, 477–484.
Buchmann, R., Muller, R. F., Heinecke, A. &

Lange, D. E. (2000) Actinobacillus actino-

mycetemcomitans in destructive periodontal

disease. Three-year follow-up results. Jour-

nal of Periodontology 71, 444–453.

Chaves, E. S., Jeffcoat, M. K., Ryerson, C. C. &

Snyder, B. (2000) Persistent bacterial colo-

nization of Porphyromonas gingivalis, Pre-

votella intermedia, and Actinobacillus

actinomycetemcomitans in periodontitis and

its association with alveolar bone loss after 6

months of therapy. Journal of Clinical

Periodontology 27, 897–903.

Choi, B. K., Park, S. H., Yoo, Y. J., Choi, S. H.,

Chai, S. K., Cho, K. S. & Kim, C. H. K.

(2000) Detection of mayor putative perio-

dontopathogens in Korean advanced adult

periodontitis patients using a nucleic acid-

based approach. Journal of Periodontology

71, 1387–1394.

Contreras, A., Mardirossian, A. & Slots, J.

(2001) Herpesviruses in HIV-periodontitis.

Journal of Clinical Periodontology 28,

96–102.

Contreras, A., Rusitamonta, T., Chen, C.,

Wagner, W. G., Michalowicz, B. S. & Slots,

J. (2000) Frequency of 530-bp delection in

Actinobacillus actinomyctemcomitans leuko-

toxin promoter region. Oral Microbiology

and Immunology 15, 338–340.

Contreras, A. & Slots, J. (1996) Mammalian

viruses in human periodontitis. Oral Micro-

biology and Immunology 11, 381–386.

Contreras, A. & Slots, J. (2000) Herpesviruses

in human periodontal disease. Journal of

Periodontal Research 35, 3–16.

Crockett, A. O. & Wittwer, C. T. (2001)

Fluorescein-labeled oligonucleotides for

real-time PCR: using the inherent quenching

of deoxyguanosine nucleotides. Analytical

Biochemistry 290, 89–97.
Dahlen, G. & Rosling, B. (1998) Identification

of bacterial markers by culture technique in

evaluation of periodontal therapy. Interna-

tional Dental Journal 48, 104–110.

Dangtuan, S. T. & Rudney, J. D. (1996)

Multiplex PCR using conserved and spe-

cies-specific 16S rRNA gene primers for

simultaneous detection of Actinobacillus

actinomycetemcomitans and Porphyromonas

gingivalis. Journal of Clinical Microbiology

34, 2674–2678.

Darby, I. B., Hodge, P. J., Riggio, M. P. &

Kinane, D. F. (2000) Microbial comparison

of smoker and non-smoker adult and early-

onset periodontitis patients by polymerase

chain reaction. Journal of Clinical Perio-

dontology 27, 417–424.

Dawson, M. T., Powell, R. & Gannon, F. (1996)

Gene Technology. Oxford: BIOS Scientific

Publishers.

Doungudomdacha, S., Rawlinson, A., Walsh, T.

F. & Douglas, C. W. I. (2001) Effect of non-

surgical periodontal treatment on clinical

parameters and the numbers of Porphyromo-

nas gingivalis, Prevotella intermedia and

Actinobacillus actinomycetemcomitans at

adult periodontitis sites. Journal of Clinical

Periodontology 28, 437–445.

Dzink, J. L., Tanner, A. C. R., Haffajee, A. D.

& Socransky, S. S. (1985) Gram negative

species associated with active destructive

periodontal lesions. Journal of Clinical

Periodontology 12, 648–659.

Eick, S. & Pfister, W. (2002) Comparison of

microbial cultivation and a commercial PCR

based method for detection of periodonto-

pathogenic species in subgingival plaque

samples. Journal of Clinical Periodontology

29, 638–644.

Eickholz, P., Kugel, B., Pohl, S., Naher, H. &

Staehle, H. J. (2001) Combined mechanical

and antibiotic periodontal therapy in a case of

1044 Sanz et al.



Papillon–Lefevre syndrome. Journal of

Periodontology 72, 542–549.

Feres, M., Haffajee, A. D., Allard, K., Som, S.

& Socransky, S. S. (2001) Change in

subgingival microbial profiles in adult perio-

dontitis subjects receiving either systemically-

administered amoxicillin or metronidazole.

Journal of Clinical Periodontology 28,

597–609.

Fives-Taylor, P. M., Meyer, D. H., Mintz, K. P.

& Brissette, C. (1999) Virulence factors of

Actinobacillus actinomycetemcomitans.

Periodontology 2000 20, 136–167.
Fujise, O., Hamachi, T., Hirofugi, T. & Maeda,

K. (1995) Colorimetric microtiter plate based

assay for detection and quantitation of

amplified Actinobacillus actinomycetemco-

mitans DNA. Oral Microbiology and Immu-

nology 10, 372–377.

Fujise, O., Hamachi, T., Inoue, K., Miura, M. &

Maeda, K. (2002) Microbiological markers

for prediction and assessment of treatment

outcome following non-surgical periodontal

therapy. Journal of Periodontology 73,

1253–1259.

Garcı́a, L., Tercero, J. C., Legido, B., Ramos, J.

A., Alemany, J. & Sanz, M. (1998) Rapid

detection of Actinobacillus actinomycetem-

comitans, Prevotella intermedia and Por-

phyromonas gingivalis by multiplex PCR.

Journal of Periodontal Research 33, 59–64.

Genco, R. J. (1996) Current view of risk factors

for periodontal diseases. Journal of Perio-

dontology 67, 1041–1049.
Gibbs, R. A. (1990) DNA amplification by the

polymerase chain reaction. Analytical Chem-

istry 62, 1202–1214.

Gibson, F. C. III & Genco, C. A. (2001) Pre-

vention of Porphyromonas gingivalis-induced

oral bone loss following immunization with

gingipain R1. Infection and Immunity 69,

7959–7963.

Greenstein, G. (1988) Microbiologic assess-

ments to enhance periodontal diagnosis.

Journal of Periodontology 59, 508–515.

Griffen, A. L., Becker, M. R., Lyons, S. R.,

Moeschberger, M. L. & Leys, E. J. (1998)

Prevalence of Porphyromonas gingivalis and

periodontal health status. Journal of Clinical

Microbiology 36, 3239–3242.
Griffen, A. L., Lyons, S. R., Becker, M. R.,

Moeschberger, M. L. & Leys, E. J. (1999)

Porphyromonas gingivalis strain variability

and periodontitis. Journal of Clinical Micro-

biology 37, 4028–4033.

Haffajee, A. D., Cugini, M. A., Dibart, S.,

Smith, C., Kent, R. L. Jr. & Socransky, S. S.

(1997) The effect of SRP on the clinical and

microbiological parameters of periodontal

diseases. Journal of Clinical Periodontology

24, 324–334.

Haffajee, A. D., Dibart, S., Kent, R. L. Jr. &

Socransky, S. S. (1995) Factors associated

with different responses to periodontal ther-

apy. Journal of Clinical Periodontology 22,

628–636.

Haffajee, A. D., Smith, C., Torresyap, G.,

Thompson, M., Guerrero, D. & Socransky,

S. S. (2001) Efficacy of manual and powered

toothbrushes (II). Effect on microbiological

parameters. Journal of Clinical Perio-

dontology 28, 947–954.

Haffajee, A. D. & Socransky, S. S. (2001)

Relationship of cigarette smoking to the

subgingival microbiota. Journal of Clinical

Periodontology 28, 377–388.
Haffajee, A. D., Socransky, S. S., Dibart, S. &

Kent, R. L. Jr. (1996) Response to perio-

dontal therapy in patients with high or low

levels of P. gingivalis, P. intermedia, P.

nigrescens and B. forsythus. Journal of

Clinical Periodontology 23, 336–345.
Haffajee, A. D., Socransky, S. S., Smith, C. &

Dibart, S. (1991) Microbial risk indicators for

periodontal attachment loss. Journal of

Periodontal Research 26, 293–296.

Haraszthy, V. I., Hariharan, G., Tinoco, E. M.

B., Cortelli, J. R., Lally, E. T., Davis, E. &

Zambon, J. J. (2000a) Evidence for the role

of highly leukotoxic Actinobacillus actino-

mycetemcomitans in the pathogenesis of

localized juvenile and other forms of early-

onset periodontitis. Journal of Perio-

dontology 71, 912–922.

Haraszthy, V. I., Zambon, J. J., Trevisan, M.,

Zeid, M. & Genco, R. J. (2000b) Identifica-

tion of periodontal pathogens in atheroma-

tous plaques. Journal of Periodontology 71,

1554–1560.

Henderson, B., Wilson, M., Sharp, L. & Ward,

J. M. (2002) Actinobacillus actinomycetem-

comitans. Journal of Medical Microbiology

51, 1013–1020.
Henegariu, O., Heerema, N. A., Dlouhy, S. R.,

Vance, G. H. & Vogt, P. H. (1997) Multiplex

PCR: critical parameters and step-by-step

protocol. BioTechniques 23, 504–511.
Holt, S. C., Kesavalu, L., Walker, S. & Genco,

C. A. (1999) Virulence factors of Porphyr-

omonas gingivalis. Periodontology 2000 20,

168–238.

Holt, S. C. & Progulske, A. (1988) General

microbiology, metabolism and genetics. In:

Oral Microbiology and Immunology, eds.

Newman, M. G. & Nisengard, R., pp. 55–

125. Philadelphia: WB Saunders Co.

Ishikawa, I., Kawashima, Y., Oda, S., Iwata, T.

& Arakawa, S. (2002) Three case reports of

aggressive periodontitis associated with Por-

phyromonas gingivalis in younger patients.

Journal of Periodontal Research 37,

324–332.

Jankowski, J. A. Z. & Polak, J. M. (1996)

Clinical Gene Analysis and Manipulation.

Cambridge: Cambridge University Press.

Kamiya, I., Okuda, K. & Hara, K. (1994) Flow-

cytometric identification and detection of

Porphyromonas gingivalis by a LPS specific

monoclonal antibody. Journal of Perio-

dontology 65, 309–315.

Kamma, J. J., Contreras, A. & Slots, J. (2001)

Herpes viruses and periodontopathic bacteria

in early-onset periodontitis. Journal of Clin-

ical Periodontology 28, 879–885.

Lamster, I. B., Celenti, R. S., Jans, H. H., Fine,

J. B. & Grbic, J. T. (1993) Current status of

tests for periodontal disease. Advances in

Dental Research 7, 182–190.

Lawer, G., Lippke, J., Frey, G., Theodoras, A.

& Keville, M. (1990) Isolation of a DNA

probe for tetracycline resistance from B.

intermedius. Journal of Dental Research 69,

376 (abstract 2139).

Levy, D., Csima, A., Birek, P., Ellen, R. P. &

McCulloch, C. A. (1993) Impact of micro-

biological consultation on clinical decision

making: a case–control study of clinical

management of recurrent periodontitis. Jour-

nal of Periodontology 64, 1029–1039.
Levy, R. M., Giannobile, W. V., Feres, M.,

Haffajee, A. D., Smith, C. & Socransky, S. S.

(1999) The short-term effect of apically

repositioned flap surgery on the composition

of the subgingival microbiota. International

Journal of Periodontics and Restorative

Dentistry 19, 555–567.
Lewin, B. (1993) Genes, Vol. V. Oxford:

Oxford University Press.

Leys, E. J., Griffen, A. L., Strong, S. J. &

Fuerst, P. A. (1994) Detection and strain

identification of Actinobacillus actinomyce-

temcomitans by nested PCR. Journal of

Clinical Microbiology 32, 1288–1294.

Leys, E. J., Lyons, S. R., Moeschnerger, M. L.,

Rumpf, R. W. & Griffen, A. L. (2002)

Association of Bacteroides forsythus and a

novel Bacteroides phylotype with perio-

dontitis. Journal of Clinical Microbiology

40, 821–825.

Listgarten, M. A., Wong, M. Y. & Lai, C. H.

(1995) Detection of Actinobacillus actino-

mycetemcomitans, Porphyromonas gingiva-

lis, and Bacteroides forsythus in an

A. actinomycetemcomitans-positive patient

population. Journal of Periodontology 66,

158–164.

Loesche, W. J. (1992) DNA probe and enzyme

analysis in periodontal diagnostics. Journal

of Periodontology 63, 1102–1109.

Loesche, W. J., Lopatin, D. E., Giordano, J.,

Alcoforado, G. & Hujoel, P. (1992) Compar-

ison of the benzoyl-DL-arginine-naphthyla-

mide (BANA) test, DNA probes, and

immunological reagents for ability to detect

anaerobic periodontal infections due to

Porphyromonas gingivalis, Treponema den-

ticola, and Bacteroides forsythus. Journal of

Clinical Microbiology 30, 427–433.

Lyons, S. R., Griffen, A. L. & Leys, E. J. (2000)

Quantitative real-time PCR for Porphyromo-

nas gingivalis and total bacteria. Journal of

Clinical Microbiology 38, 2362–2365.

Marchal, N., Bourdon, J. L. & Richard, C.

(1991) Les milieux de culture. Paris: Doin.

McClellan, D. L., Griffen, A. L. & Leys, E. J.

(1996) Age and prevalence of Porphyromo-

nas gingivalis in children. Journal of Clinical

Microbiology 34, 2017–2019.
Meuer, S., Wittwer, C. & Nakagawara, K.

(2001) Rapid cycle Real-time PCR. Methods

and Applications. Berlin: Springer-Verlag.

Michalowicz, B. S., Ronderos, M., Camara-

Silva, R., Contreras, A. & Slots, J. (2000)

Human herpesviruses and Porphyromonas

gingivalis are associated with juvenile perio-

dontitis. Journal of Periodontology 71,

981–988.

Mombelli, A., Casagni, F. & Madianos, P. N.

(2002) Can presence or absence of perio-

dontal pathogens distinguish between sub-

Detection of A. actinomycetemcomitans, P. gingivalis, and T. forsythensis 1045



jects with chronic and aggressive perio-

dontitis? A systematic review. Journal of

Clinical Periodontology 29, 10–21.

Moncla, B. J., Braham, P., Dix, K., Watanabe,

S. & Schwartz, D. (1990) Use of synthetic

oligonucleotide DNA probes for the identifi-

cation of Bacteroides gingivalis. Journal of

Clinical Microbiology 28, 324–327.
Moore, W. E. & Moore, L. V. (1994) The

bacteria of periodontal diseases. Perio-

dontology 2000 5, 66–77.

Morillo, J. M., Lau, L., Sanz, M., Herrera, D. &

Silva, A. (2003) Quantitative real-time PCR

basedon single copy gene sequence for

detection of Actinobacillus actinomycetem-

comitans and Porphyromonas gingivalis.

Journal of Periodontal Research 38,

518–524.

Mullally, B. H., Dace, B., Shelbourne, C. E.,

Wolff, L. F. & Coulter, W. A. (2000)

Prevalence of periodontal pathogens in

localized and generalized forms of early-

onset periodontitis. Journal of Periodontal

Research 35, 232–241.

Nakagawa, T., Sims, T., Fan, Q., Potempa, J.,

Travis, J., Houston, L. & Page, R. C. (2001)

Functional characteristics of antibodies

induced by Arg-gingipain (HrgpA) and Lys-

gingipain (Kgp) from Porphyromonas gingi-

valis. Oral Microbiology and Immunology

16, 202–211.
Neumaier, M., Braun, A. & Wagener, S., for the

International Federation of Clinical Chemis-

try Scientific Division Committee on Mole-

cular and Biology Techniques (1998)

Fundamentals of quality assessment of mole-

cular amplification methods in clinical diag-

nostics. Clinical Chemistry 44, 12–26.

Newman, H. N. (1990) Plaque and chronic

inflammatory periodontal disease. A question

of ecology. Journal of Clinical Perio-

dontology 17, 533–541.

Nicholl, D. S. T. (1994) An Introduction to

Genetic Engineering. Cambridge: Cambridge

University Press.

Nozaki, T., Kusumoto, Y., Kitamura, M.,

Hirano, H., Kohyama, A., Hayakawa, M.,

Takiguchi, H., Abiko, Y., Murakami, S. &

Okada, H. (2001) A sensitive method for

detecting Porphyromonas gingivalis by poly-

merase chain reaction and its possible

clinical application. Journal of Perio-

dontology 72, 1228–1235.
Ohta, H., Kato, K., Fukui, K. & Gottschal, J. C.

(1991) Microbial interaction and the devel-

opment of periodontal disease. Journal of

Periodontal Research 26, 255–257.

Okada, M., Hayashi, F. & Nagasaka, N. (2000)

Detection of Actinobacillus actinomycetem-

comitans and Porphyromonas gingivalis in

dental plaque samples from children 2 to 12

years of age. Journal of Clinical Perio-

dontology 27, 763–768.

Okada, M., Hayashi, F. & Nagasaka, N. (2001)

PCR detection of 5 putative periodontal

pathogens in dental plaque samples from

children 2 to 12 years of age. Journal of

Clinical Periodontology 28, 576–582.

Papapanou, P. N., Baelum, V., Luan, W. M.,

Madianos, P. N., Chen, X., Fejerskov, O. &

Dahlen, G. (1997a) Subgingival microbiota

in adult Chinese: prevalence and relation to

periodontal disease progression. Journal of

Periodontology 68, 651–666.
Papapanou, P. N., Madianos, P. N., Dahlen, G.

& Sandros, J. (1997b) ‘‘Checkerboard’’

versus culture: a comparison between two

methods for identification of subgingival

microbiota. European Journal of Oral

Sciences 105, 389–396.

Preus, H. R., Zambon, J. J., Dunford, R. G. &

Genco, R. J. (1994) The distribution and

transmission of Actinobacillus actinomyce-

temcomitans in families with established

adult periodontitis. Journal of Perio-

dontology 65, 2–7.
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