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ABSTRACT

Bacterial species colonizing the surfaces of the human oral cavity
play an important role in oral health and disease and thus an
accurate means of identification is crucial. Traditionally,
identification has been based on microscopy, biochemical tests,
immunofluorescence staining and antibiotic sensitivity. However,
these tests are labor-intensive and costly, providing sometimes
inconsistent results that make identification rather tentative.
Recently, molecular DNA-based techniques have been used to
identify bacteria directly from clinical samples. Development of
a microbiological diagnostic kit using this technology therefore
requires the ability to extract the bacterial DNA from the plaque
sample and amplify the specific DNA sequence of the target
periodontal pathogen. Polymerase chain reaction has emerged
as the most powerful tool for the amplification of the genes and
their RNA transcripts. The focus of this review is to describe the
current status of the DNA-based method PCR which has
become a standard diagnostic and research tool in dentistry.
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INTRODUCTION

Periodontal diseases are chronic mixed anaerobicinfections
with aremarkably high prevalence and morbidity. Whereas
gingivitis, with some exceptions, is a reversible
polymicrobial infection with no single associated bacterial
agent, periodontitisismoderately torapidly progressiveand
is associated with facultative or obligate anaerobic
pathogens. The species Aggregatibacter actinomyce-
temcomitans, Tannerella forsythia, Campylobacter rectus,
Eikenella corrodens, Fusobacterium nucleatum, Por phyro-
monas gingivalis, Prevotella intermedia and several forms
of uncultivable spirochetes play major roles in the
pathogenesis.*®

For diagnosis of the activity of the different forms of
periodontitis, clinical symptomsalonemay not be sufficient,
because they provide a historical record only (pocket
formation, attachment loss and aveolar bone loss) or have
low predictive value (bleeding on probing). But predictions
of recurrence of disease and prognosis for the patient can
be significantly improved when the presence or absence of
periodontal pathogens is monitored as well .

Historically, culture methods have been widely used in
studies aimed at characterizing the composition of the
subgingival microfloraand arestill considered thereference
method (gold standard) when determining the performance
of new microbial diagnostic methods. However, culture
techniques have important shortcomings. Culture methods
can only grow live bacteria; therefore strict sampling and
transport conditions are essential. Moreover, some of the
putative pathogens, such as Treponema species and
T. forsythia are fastidious and difficult to culture.
Periodontopathogenic bacteria are mainly Gram-negative
requiring anaerobic growth conditions. Therefore, for
diagnostic procedures problems of sampling, transport and
cultivation have to be taken into consideration. The
sensitivity of culture methods is rather low, since the
detection limitsfor selective and nonsel ective mediaaverage
103 to 10* bacteria and hence low numbers of a specific
pathogen in a pocket are undetected. However, the most
important drawback is that culture requires sophisticated
equipment and experienced personnel and isrelatively time
consuming and expensive. When using this method,
clinicians must be confident that the laboratory has the
appropriate technology and expertize in periodontal
microbiology to communicate diagnostically and therapeu-
tically useful information to them.

The development of techniques in molecular biology
aimed at the detection of bacterial pathogens has not only
alowed the acquisition of knowledgein microbial genetics,
but also has set the basis for the development of improved
diagnostic techniques.*® The principles of molecular
biology techniques reside in the analysis of deoxyribo-
nucleic acid (DNA), ribonucleic acid (RNA) and the
structure or function of protein.”® Diagnostic assays
employing molecular biology techniques require specific
DNA fragments that recognize complementary-specific
bacterial DNA sequences from target microorganism.
Development of amicrobiological diagnostic kit using this
technology therefore requires the ability to extract the
bacterial DNA from the plague sample and amplify the
specific DNA sequence of the target periodontal pathogen.

Polymerase chain reaction (PCR) has emerged as the
most powerful tool for the amplification of the genes and
their RNA transcripts. This technique, developed in 1985,
isthe singletechnique used almost universally to study DNA
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and RNA obtained from a variety of tissue sources. PCR
alowslarge quantities of DNA to be obtainedinasimplified
and automated manner.”%1° Dr Kary Banks Mullis was
awarded the Nobel Prize in chemistry in 1993 for his
discovery of PCR.

PCR is an excellent tool for directly identifying
periodontal pathogens in subgingival samples. Due to its
sensitivity and specificity, it isarapid and efficient method
for detecting, identifying and differentiating organisms.'*
PCRis considered the easiest and fastest method in clinical
samples.’? PCR may soon become the ideal detection
method for periodontal pathogens due to its greater ease of
use in comparison to cultures associated with biochemical
identification tests. It also demonstrates excellent detection
limits with few cross-reactions under ideal conditions.™®

PCR Technology

PCR typically beginswith theisolation of DNA from afresh
tissue specimen. By heating the complementary double
strands, DNA splits into single stranded forms intended to
act asthetempl ate dictating the nuclectide sequencein vitro.
Theamplificationisfollowed usingaDNA polymerasethat
requiresaprimer, or known short oligonucl eotide sequence
corresponding to the border of the region that is amplified.
For obtaining amplified fragments of constant length and
in large quantities, a second primer, complementary of the
opposed chain, must be used to anneal (bind) the template
and flank the region of interest. This amplification can be
performed several times (usually 25-40), known as cycles.
In each cycle the process of complementary chain
denaturation, primer hybridization, and primer extension
by means of the polymerase takes place. With each cycle
there is an exponential increase in the quantity of DNA.
Throughout this process the temperature during the cycle
iscritical to control the double chain denaturation and the
stability of the hybridization between the model fragment
and the primer. In 1988 a thermostable DNA polymerase
isolated from the organism Thermus aquaticus, known as
Tag-DNA polymerase, was developed.® This Tag-DNA
polymerase has allowed automati zation of the reaction using
specific appliances called thermocyclers (Fig. 1).
A typical thermal cycle might be as follows:

1. Heat denaturation at 94'C for 20 seconds

2. Primer annealing at 55°C for 20 seconds

3. Primer extension at 72°C for 30 seconds.

Post Amplification Detection

Following PCR, the amplification product can be detected
using gel electrophoresis (Fig. 2) followed by ethidium
bromide staining and visualization with ultraviolet

Veriti

Fig. 3: Ultraviolet transilluminator

transillumination (Fig. 3). Visuaization of a band (Fig. 4)
containing DNA fragments of a particular size can indicate
the presence of the target sequence in the original DNA
sample. Absence of a band may indicate that the target
sequence was not present in the original DNA sample.
Confirmation of the amplicons can be made by Southern
blotting using specific probes.
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Fig. 4: Ethidium bromide-stained PCR products

Variations of PCR

Various researchers have used the flexibility of PCR with
great efficiency to come out with several variations to suit
their needs and the laboratory facilities. These variations
are: Real-time PCR, nested PCR, multiplex PCR, reverse
transcription PCR, touchdown PCR, arbitrarily primed PCR,
inverse PCR, alele-specific PCR, asymmetric PCR, hot start
PCR, core sample PCR, degenerate PCR, PCR-ELISA,
methylation-specific PCR, quantitative PCR, assembly PCR
or polymerase cycling assembly, helicase-dependent
amplification PCR, intersequence-specific PCR, ligation-
mediated PCR, miniprimer PCR, solid phase PCR,
touchdown PCR, colony PCR, overlap extension PCR,
thermal asymmetric interlaced PCR, universal fast walking,
variable number of tandem repeats, long PCR, multiplex
ligation-dependent probe amplification, digital PCR.

APPLICATIONS IN DENTISTRY

1. Detection of periodontal pathogens

2. Detection of cariogenic pathogens

3. Detection of microorganismsinvolved with endodontic
infections

4. Detecting viruses present in host cells: To detect human
papillomavirus and hepatitis C virus, and also in other
studies that suggest virus involvement in the etiology
of periodontal disease.

5. Detection of useful markersin diagnostic and prognostic
of some types of oral cancer

6. Quantitative estimation of different microorganisms.

APPLICATIONS IN PERIODONTICS

Detection of Bacteria

Many studies have utilized PCR-based methods to detect
specific species directly from ora clinical samples. These

studies focused on the detection of few putative pathogenic
species typically associated with periodontal disease, such
as Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola and Aggregatibacter actinomycete-
mcomitans. 24

Porphyromonas Gingivalis

Shelburne et al,*8in 2002, in order to explore expression of
Porphyromonas gingivalisvirulencefactorsin periodontitis
subjects, modified methods for quantitative measurement
of gene activation. They found quantitative (real-time)
reverse transcription PCR (qRT-PCR) well suited to
examine gene expression of the oral anaerobe
P. gingivalis in periodontal disease in vivo, and they also
described their first resultswith gRT-PCR using aselection
of putative virulence factors. The efficacy of PCR method
for detection of P. gingivalis from salivary samples was
compared with that of bacterial culture by Métto et a, ' in
1998. The authors showed that this bacterium was detected
in saliva three times more often by PCR than by culture.

Treponema Socranskii

PCR technique was also used by Sakamoto et al, % in 1999,
for the detection and identification of Treponema socranskii
associated with periodontal disease. Pathogen frequency
correlated with increasing gingival index scores in both
children and adults. T. socranskii was detected more often
in subgingival plague samples than in saliva samples.

Aggregatibacter Actinomycetemcomitans

Studies have detected Aggregatibacter actinomycete-
mcomitans using PCR in the most distinct patterns in a
population with (70%) and without (19%) periodontal
disease. These studies have also shown the sensitivity and
specificity of PCR in comparison to traditional culture
methods.??? Okada, Hayashi, Nagasaka,?® in 2000, aimed
to detect the presence of Aggregatibacter actinomycete-
mcomitans and P. gingivalis in plaque samples from
children, collected from their toothbrushesusing PCR. This
survey indicated that A. actinomycetemcomitans and
P. gingivalis are rarely present in oral cavities of healthy
children.

Other Bacterias of Periodontal Importance
Capnocytophaga Sputigena,
C. ochracea and C. gingivalis

Hayashi et al,?* in 2001, accomplished a study whose
purpose was to detect the presence of Capnocytophaga
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sputigena, C. ochracea and C. gingivalis, using PCR, in
plague sampl es taken with atoothbrush from children. This
survey indicated that C. sputigena had a moderate
prevalence, whereas C. ochracea and C. gingivalis were
commonly detected in the oral cavities of children,
suggesting that these three species become established in
the early years.

Prevotella intermedia, Prevotella nigrescens, Bacteroides
forsythus, Treponema denticola and Campylobacter rectus:
Using the same methodol ogy, Okada, Hayashi, Nagasaka, >
in 2001, assessed the presence of Prevotella intermedia,
Prevotella nigrescens, Bacteroides forsythus, Treponema
denticola and Campylobacter rectus. The study indicated
that P. intermedia and T. denticola were more associated
with periodontal disease, B. forsythusand P. nigrescens had
amoderate prevalencein all clinical groups, while C. rectus
werethe most commonly detected speciesintheoral cavities
of children also suggesting establishment intheir early years.

T. socranskii, T. denticola and P. gingivalis. Other bacteria
studied by Takeuchi, et a,? in 2001, were T. socranskii,
T. denticolaand P. gingivalis. They aimed to identify these
microorganisms by PCR, and to clarify the relationship
between their presence and the severity of clinical
periodontal parameters such asbleeding on probing, probing
depth and gingival index. So, T. socranskii, T. denticola
and P. gingivalis were identified by PCR in plaque and
saliva samples, and it was found that the presence of
T. socranskii was associated with periodontitis. T. socranskii
was more frequently detected in plaque samples from
aggressive or chronic periodontitis patients than from
healthy subjects. The detection frequency of T. socranskii
was elevated at sites where severe periodontal tissue
destruction was observed. The prevalence of these three
microorganisms was correlated with various clinical
parameters. The data suggested that their presence was
associated with the severity of periodontal tissuedestruction.

In2002, Kimuraet al?’ carried out across-sectional study
to assessthe preval ence and distribution of putative bacteria
in 144 children (2 to 13 years old, 12 subjects from each
year of age) who showed no or negligible periodontal
inflammation. This study used a PCR assay with species-
specific primer for 10 putative periodontopathogenic
bacteria: P. gingivalis, B. forsythus, P. intermedia, P.
nigrescens, C. rectus, E. corrodens, A. actinomycete-
mcomitans, C. ochracea, C. sputigena and T. denticola. A
subject-based analysis of bacterial infection indicated that
the number of bacterial species in plague samples had
increased gradually by age in this study, and further
suggested that E. corrodens, A. actinomycetemcomitans,
C. ochracea, C. sputigena and C. rectus could be early

colonizers of dental plague. Moreover, no positive
association for bacterial combinations in colonization was
found in this study of periodontally healthy children.

P. gingivalis, P. intermedia and A. actinomycetemcomitans:
Doungudomdacha, Rawlinson, Douglas,*! in 2000,
developed a sensitive quantitative-competitive PCR (QC-
PCR) technique for the identification of P. gingivalis, P.
intermedia and A. actinomycetemcomitans, in either
laboratory strains or subgingival plaque samples, with
specific primersfor the fimA gene, the 16S rRNA gene and
the IktA gene, respectively. Thismethod proved to berapid,
reproducible and extremely sensitive; the primersemployed
were highly specific and capabl e of differentiating thetarget
organisms from a number of closely related cultivable
Species.

Real-time PCR offers a sensitive, efficient and reliable
approach to quantitation. Using the TagMan system, Lyons,
Griffen, Leys,?® in 2000, were able to determine both the
amount of P. gingivalis and the total number of bacteria
present in plaque samples directly without culturing. In
addition, it allowed them to determine the percentage of
P. gingivalisin a complex sample.

Sakamoto et al,%° in 2001, compared conventional PCR
method, real-time PCR method using the LightCycler™
system, and the culture method to detect and quantify
periodontopathogenic bacteria including A. actinomycete-
mcomitans, B. forsythus, P. gingivalis, T. denticola and T.
socranskii in salivaand subgingival plaque. Therewasgood
agreement between the results of conventional PCR and
real-time PCR methods for all saliva samples. Use of the
LightCycler™ system greatly simplified the process, and
was able to determine the amount of periodontopathogenic
bacteriawithin an hour. Periodontopathogenic bacteriawere
morefrequently detected in salivathan in subgingival plaque
samples. Thisstudy suggested that salivaisequal to or better
than subgingival plaguefor detecting and quantifying perio-
dontopathogenic bacteriain the oral cavity.

T. denticola, Eubacterium saphenum, Porphyromonas
endodontalis, P. gingivalis, T. forsythensis, Filifactor alocis,
Prevotella denticola, Cryptobacterium curtum, Treponema
medium, T. socranskii, and Actinomyces naeslundii: Kumar
et al,%%in 2003, eval uated the association of newly identified
bacterial species or phylotypes with periodontitis. Targets
for investigation included both uncultivated phylotypesand
characterized species that were not previously thought to
be associated with periodontitis. In addition, species
previously strongly linked to periodontitis were included
for comparison. Species-specific ribosomal 16S primersfor
PCR amplification were developed for detection of new
species. Associations with chronic periodontitis were
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observed for several new species or phylotypes. Species
more commonly found in subjectswith chronic periodontitis
thanin healthy subjectsincluded T. denticola, Eubacterium
saphenum, Porphyromonas endodontalis, P. gingivalis,
T. forsythensis, Filifactor alocis, Prevotella denticola,
Cryptobacteriumcurtum, Treponema medium, T. socranskii
and Actinomyces naeslundii.

The MicroDent Test (Hain Diagnostika Ltd., Nehren,
Germany) is a commercially available method using
multiplex PCR that tests for five oral species and has been
used to comparethemicrobial profilesof subgingival plague
samples in oral health and periodontitis. 32

MyPerioPath from OralDNA labs (Brentwood, TN) isa
commercially available service that utilizes TagMan PCR
to determine the presence and the microbial profile of 13
putative pathogens from oral specimens provided by
clinicians.®

Detection of Viruses

To begin to elucidate on a possible involvement of human
viruses in periodontal disease, Parra and Slots,®* in 1996,
determined the prevalence of human cytomegalovirus
(HCMV), Epstein-Barr virustype 1 and 2 (EBV-1 and -2),
herpes simplex virus, human papillomavirus and HIV in
crevicular fluid from individuals with various forms of
periodontal disease. Viral identification was performed
using a PCR-based technique. Thisstudy provided evidence
of human virusesin the crevicular fluid of many advanced
adult periodontitis lesions.

Studying Chemokines

In order to study the role of chemokines in periodontal
diseases, Garlet et al,* in 2003, examined the expression
of chemokines, chemokine receptors and cytokines
characteristic of the patterns of immuneresponsein gingival
biopsies from aggressive periodontitis and chronic
periodontitis patients by means of reversetranscription-PCR
(RT-PCR) techniques. The expression of the chemokines
macrophage inflammatory protein-1 apha and interferon-
gamma inducible protein 10 and of their respective
receptors, CCR5 and CXCR3, were more prevaent and
higher in aggressive periodontitis. In addition, these patients
a so showed higher interferon-gammaexpression and lower
interleukin (IL)-10 expression. In contrast, chronic
periodontitis patients exhibited a more frequent and higher
expression of monocyte chemoattractant protein-1 and its
receptor CCR4, and higher expression of IL-10.

Limitations of PCR

While a very powerful technique, PCR can also be very
tricky. The polymerasereactionisvery sensitivetothelevels

of divalent cations (especially Mg?*) and nuclectides, and
the conditions for each particular application must be
worked out. Primer design is extremely important for
effective amplification. The primers for the reaction must
be very specific for the template to be amplified. Cross
reactivity with nontarget DNA sequences results in
nonspecific amplification of DNA. Also, the primers must
not be capable of annealing to themselves or each other, as
this will result in the very efficient amplification of short
nonsense DNAS.

The reaction is limited in the size of the DNAs to be
amplified (i.e. the distance apart that the primers can be
placed). Themost efficient amplification isin the 300-1,000
bp range. However, amplification of products up to 4 Kb
has been reported. Also, Taq polymerase has been reported
to make frequent mismatch mistakes when incorporating
new bases into a strand. The most important consideration
in PCR is contamination. If the sample that is being tested
has even the smallest contamination with DNA from the
target, the reaction could amplify this DNA and report a
falsely positive identification.®®

Future of PCR

PCR is the wave tool of the future in molecular biology.
PCR technology not only overcomes the time-consuming
process using conventional culture and microscopic
analysis, but also has increased sensitivity, specificity. An
interesting PCR is digital PCR. Digital PCR combines the
amplification and quantification power of PCR with limiting
dilution of template targets. This allows not only for the
quantification of PCR products but also for quantification
of rare nucleic acid targets. In the future, incorporation of
computer in different PCR will helpin deciphering theentire
genome of various organismsand generate moreinformation
on the evolutionary relation between organisms.®®

CONCLUSION

The recognition of the universality of the genetic code in
living organisms has been essential to the development and
application of genetic technologies. The publication of the
PCR technique was arevol utionary watershed for medicine
and science. It has become a standard diagnostic and
research tool in dentistry, permitting the early diagnosis
diseases.®” This approach not only enables the diagnosis of
putative pathogens but also contributes to the identification
of new ones.® Microbiological testing that uses DNA probes
and primers in advanced forms of periodontitis is a very
promising tool to determine active disease and predict future
attachment loss, ultimately improving treatment prognosis.
Therefore, PCR has revolutionized the understanding of
periodontal pathogenesis.?
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