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Abstract

The impact of a semiquantitative commercially available test based on DNA-strip technology (microlDent®, Hain Lifescience, Nehren,
Germany) on diagnosis and treatment of severe chronic periodontitis of 25 periodontitis patients was evaluated in comparison with a
quantitative in-house real-time PCR. Subgingival plaque samples were collected at baseline as well as at 3, 6, and 12 months later. After
extracting DNA, Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, and
several other periodontopathogens were determined by both methods. The results obtained by DNA-strip technology were analyzed
semiquantitatively and additionally quantitatively by densitometry. The results for the 4 major periodontopathogenic bacterial species
correlated significantly between the 2 methods. Samples detecting a high bacterial load by one method and negative by the other were always
found in less than 2% of the total samples. Both technologies showed the impact of treatment on microflora. Especially the semiquantitative
DNA-strip technology clearly analyzed the different loads of periodontopathogens after therapy and is useful in microbial diagnostics for

patients in dental practices.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Periodontitis is an infection that results from an imbalance
between periodontopathogenic microorganisms and the local
and systemic host defense and is characterized by a
progressive destruction of the periodontal tissues. The
progression of the disease is related to the colonization of
the microorganisms, including Aggregatibacter actinomyce-
temcomitans, as well as the members of the so-called red
complex Porphyromonas gingivalis, Tannerella forsythia
and Treponema denticola (Holt and Ebersole, 2005). In
addition, bacterial species such as Prevotella intermedia,
Eikenella corrodens, Campylobacter rectus, Fusobacterium
nucleatum, Eubacterium nodatum, and Parvimonas micra
(formerly Peptostreptococcus micros) are considered to be
closely related to periodontitis (consensus report, 1996).
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Microbiological laboratory procedures have been in-
volved in diagnosis and therapy control of severe forms of
periodontitis for many years (Dahlen, 2006; Mombelli et al.,
1994). Nucleic acid based methods being more sensitive for
periodontopathogens than cultivation (Jervoe-Storm et al.,
2005; Savitt et al., 1988) have become the standard methods
in microbiological analysis of subgingival plaque samples.

Qualitative polymerase chain reactions (PCRs) including
multiplex PCR were described by several authors (Ashimoto
et al., 1996; Morikawa et al., 2008; Tran and Rudney, 1999).
Nowadays, many laboratories introduced real-time PCR to
quantify the bacterial loads in subgingival plaque (Lyons
et al., 2000; Morillo et al., 2003; Rudney et al., 2003).
Commercially available test systems have been developed,
such as the IAI-PadoTest (IAI, IAI Institute Zuchwil,
Switzerland), which uses specifically labeled probes directed
against ribosomal RNA (Eguchi et al., 2008), and meridol®
Perio Diagnostics (GABA International, Miinchenstein,
Switzerland), which is a real-time PCR-based test (Jervoe-
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Storm et al., 2005; Verner et al., 2006). Both test systems are
available in a few specialized laboratories where samples
must be sent. About 10 years ago, the company Hain
Lifescience (Nehren, Germany) introduced the microlDent®
test identifying 5 periodontopathogenic marker species (Eick
and Pfister, 2002), and later added the microlDent®plus test
for an additional 6 species (Haffajee et al., 2009). This test
system can be made in each laboratory involved in
microbiological diagnosis. A multiplex PCR is followed by
a reverse hybridization where amplificates bind specifically
to 16SrDNA, which has been commercially placed to strips.

The purpose of this study was to validate the
microlDent® test in comparison to real-time PCR in the
treatment schedule of chronic periodontitis. The comparison
of the 2 methods should also demonstrate benefits and
limitations of each method.

2. Material and methods
2.1. Study design

Samples were collected from 28 systemically healthy
patients (12 male and 16 female) with generalized chronic
periodontitis attending the university dental school clinics of
Leipzig during their treatment schedule. Patients demon-
strating attachment loss >5 mm at more than 30% of sites and
an age of >35 years (mean age, 50.6 years) with generalized
chronic periodontitis were included. Subjects were excluded
if they had administration of medication such as antibiotics,
steroids, or nonsteroidal anti-inflammatory drugs within the
previous 6 months; had received any periodontal treatment in
the previous 12 months; had systemic diseases (e.g., diabetes
mellitus); were heavy smokers (more than 5 cigarettes per
day); were pregnant or nursing.

Baseline of the study was set after hygiene phase, which
included supragingival calculus removal and oral hygiene
instructions and immediately before scaling and root
planing (SRP). Furthermore, subjects were monitored at
baseline as well as at 3, 6, and 12 months after SRP. At all
these appointments, samples were obtained for microbio-
logical analysis.

The study protocol was approved by the ethics commit-
tees of the Universities of Jena and Leipzig, Germany. All
participants gave their informed consent.

2.2. Collection of subgingival plaque samples

Plaque samples from each subject were collected from 3
periodontal pockets with a depth of at least 5 mm. Three
pockets (1 incisor, 1 premolar, 1 molar) were selected for
determination of periodontopathogenic bacteria. At the
selected sites, supragingival plaque was carefully removed,
after which the sample sites were isolated with cotton rolls
and gently air-dried. Each sterile paper point (ISO 35) was
inserted into the periodontal pocket for 20 s. The paper

points were stored at —20 °C until assayed. All specimens
were blinded for laboratory analysis.

2.3. Microflora

The DNA was extracted using a DNA extraction
system (High Pure PCR Template Preparation Kit; Roche,
Mann-heim, Germany) according to manufacturer’s recom-
mendations. Afterward, the DNA was split into aliquots for
real-time PCR and microlDent® test. Real-time PCR was
carried out using a real-time rotary analyzer (RotorGene
2000; Corbett Research, Sydney, Australia). The primers
for Porphyromonas gingivalis, Tannerella forsythia, Tre-
ponema denticola, Prevotella intermedia, Campylobacter
rectus, and Eikenella corrodens were designed as previ-
ously described by Ashimoto et al. (1996); and those for 4.
actinomycetemcomitans, as described by Tran and Rudney
(1999). Primers for Parvimonas micra (accession no.
AF542231; forward: 5'-AACGACGATTAATACCGCAT-
GAGACC-3’ reverse: 5-CTTCCTCCTATGATACCGT-
CATTA-3’) and Eubacterium nodatum (accession no.
U13041; forward: 5'-TTAAGTAAGCGTAGGGTT-
TAAGG-3’, reverse: 5'-AATTAAACCACATGCTCCGC-
3’) have been chosen using a software (Rozen and
Skaletsky, 2000). PCR amplifications were carried out in
a reaction volume of 20 pL consisting of 2 pL template
DNA and 18 pL of reaction mixture containing 2 plL 10x
PCR buffer, 2.75 mmol/L MgCl,, 0.2 mmol/L nucleotides,
0.5 pmol/L primer each, 10™* Sybr Green, and 1 U taq
polymerase (Fermentas Life Science, St. Leon-Rot,
Germany). Negative and positive controls were included
in each batch of specimens. The positive control consisted
of 2 pL genomic DNA in concentrations in a range from
10% to 107 bacteria of the reference strains; the negative
control was 2 pL of sterile water, both added to 18 pL
reaction mixture. The cycling conditions comprised an
initial denaturation step at 95 °C for 5 min, followed by 45
cycles at 95 °C for 15 s, at 60 °C (exception: A.
actinomycetemcomitans, Prevotella intermedia 58 °C; Eu-
bacterium nodatum 56 °C) for 20 s, and at 72 °C for 20 s.
Furthermore, the specificity of the amplification was
always assayed with the use of melting curves. For
quantification, the results from unknown plaque specimens
were projected on the counted pure culture standard curves
of the target bacteria. The numbers of Capnocytophaga
gingivalis, Capnocytophaga ochracea, and Capnocyto-
phaga sputigena were summarized to Capnocytophaga sp.

The other aliquot of the plaque samples was used for
performing the microlDent® including microlDent®plus
test, which is able to identify 11 periodontopathogenic
bacterial species (including 2 complexes) in 2 runs. Each
PCR amplification was carried out in a reaction volume of
25 uL consisting of 2.5 pL of template DNA and 22.5 pL of
reaction mixture containing 17.5 pL of primer—nucleotide
mix (microlDent® and microlDent®plus, respectively),
2.5 pL of 10x PCR buffer, 2.5 pL of 25 mmol/L MgCl,,
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and 1 U taq polymerase (Fermentas Life Science). PCR
cycling was carried out in a Mastercycler (Eppendorf,
Hamburg, Germany). The cycling conditions comprised an
initial denaturation step at 95 °C for 5 min; 10 cycles at 95 °C
for 30 s and at 60 °C for 2 min; 20 cycles at 95 °C for 10 s, at
55 °C for 30 s, and at 72 °C for 30 s; and a final extension
step at 72 °C for 10 min. The subsequent reverse
hybridization was performed according to the microlDent®
including microlDent®plus kit. In short, the biotinylated
amplicons were denatured and incubated at 45 °C with
hybridization buffer and strips coated with 2 control lines
and 5 or 6 species-specific probes. After PCR products had
bound to their respective complementary probe, a highly
specific washing step removed any nonspecific bound DNA.
Streptavidin-conjugated alkaline phosphatase was added, the
samples were washed, and hybridization products were
visualized by adding a substrate for alkaline phosphatase.
Finally, the ends of the strips were fixed with tapes on
analysis forms belonging to the microIDent® kits. Each 4 of
the strips were then scanned using Adobe Photoshop®
Elements (Adobe Systems, San Jose, CA). After adjusting
the contrast (autocontrast), the luminescence of the bands
was measured. The range of the white background of the
strips and the conjugate control was set to 100%, and the
value of each measured band was set with relation to the
resulting percentage of staining to the control. Because of
the normally semiquantitative analysis of the strips, the
quantitative results were additionally set to a semiquantita-
tive score: 1 (0.01-9.99%), 2 (10.00-39.99%), 3 (40—
69.99%), 4 (>70.00%). Strips of microlDent® test contain 2
mixed probes: one with F. nucleatum and Fusobacterium
periodonticum; the second with Capnocytophaga gingivalis,
Capnocytophaga ochracea, and Capnocytophaga sputigena.
Two controls, one for amplification (detection of PCR
inhibition) and a second for hybridization, are included.

For adjusting the methods (sensitivity), the following
species have been used in a concentration of 10—100 000 000:
Porphyromonas gingivalis ATCC 33277, Tannerella for-
sythia ATCC 43037, A. actinomycetemcomitans ATCC
33384, Treponema denticola ATCC 35405, F. nucleatum
ATCC 25586, Prevotella intermedia ATCC 25611, Campy-
lobacter rectus ATCC 33238, Eikenella corrodens ATCC
23834, Eubacterium nodatum ATCC 33099, Parvimonas
micra ATCC 33270, Capnocytophaga gingivalis ATCC
33624, Capnocytophaga ochracea ATCC 27872, Capnocy-
tophaga sputigena ATCC 33612. Sensitivities for real-time
PCR and microlDent® were 100—1000 and 1000—10 000,
respectively. No cross-reactivity between the used species
has been found. Furthermore, specificity of the microlDent®
and the primers used in real-time PCR have previously been
checked by database analysis (Ashimoto et al., 1996; Eick
and Pfister, 2002; Tran and Rudney, 1999).

2.4. Data analysis

Differences in the numbers of positive samples were
determined by using y” test. Correlation was determined by

using Spearman test. These 2 analyses were site-based,
whereas other analysis was made subject-based. The changes
in microbiological parameters between baseline and 3, 6 and
12 months were analyzed using the Friedman test. The
Wilcoxon test was used to compare differences between
baseline and each follow-up. Analyses were performed with
statistical software (SPSS 13.0 for Windows, SPSS,
Chicago, IL).

3. Results

Of the 28 patients who began the study, 3 had to be
removed. One patient received therapy with antibiotics
because of a general health problem; the other 2 patients did
not complete all follow-up visits. In total, 300 subgingival
plaque samples were analyzed.

3.1. Coincidence of real-time PCR with
DNA-strip technology

Real-time PCR was more accident-sensitive than micro-
IDent®kit resulting in re-runs. Furthermore, all negative
results were confirmed in a second run.

The number of positive results was significantly (P <
0.001) higher for Parvimonas micra, Campylobacter
rectus, and Eubacterium nodatum using real-time PCR
and for A. actinomycetemcomitans, Porphyromonas gingi-
valis, Treponema denticola, Prevotella intermedia, and F.
nucleatum using strip technology. Nevertheless, samples
detecting a high bacterial load by one method (>100,000
real-time PCR, score 4 microlDent) and negative by the
other were always found in less than 2% of total samples.

The sensitivity of microlDent® using real-time PCR as
reference ranged between 83.5% (4. actinomycetemcomi-
tans) and 96.4% (Porphyromonas gingivalis) for the major
pathogens and between 40.9% (Eubacterium nodatum) and
97.9% (F. nucleatum) for the others; the specificity for
all was between 18.9% (F. nucleatum) and 97.3%
(Eubacterium nodatum). The respective sensitivity values
for the real-time PCR using microlDent® as reference are
42.5% (Porphyromonas gingivalis), 76.6% (A. actinomy-
cetemcomitans), 79.2% (F. nucleatum), and 88.7%
(Eubacterium nodatum); specificity ranged between
33.7% (Capnocytophaga sp.) and 93.8% (Treponema
denticola) (Table 1).

All correlations between the 2 methods were highly
significant; the correlation coefficients (R) of the 2 methods
were between 0.62 (Treponema denticola) and 0.74
(Porphyromonas gingivalis) for the major pathogens and
0.33 (Capnocytophaga sp.) and 0.64 (Prevotella intermedia)
for the others (Fig. 1, Table 1).

3.2. Real-time PCR in treatment of periodontitis

Analyzing real-time PCR-results, 4. actinomycetemcomi-
tans did not differ significantly between the different
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Table 1
Correlation between real-time PCR and microlDent® using each one method as reference®
Reference real-time PCR Reference microlDent® Spearman
Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) R P
A. actinomycetemcomitans 83.5 76.2 57.3 92.4 0.68 <0.001
Porphyromonas gingivalis 96.4 42.5 81.0 82.2 0.74 <0.001
Tannerella forsythia 88.4 66.0 72.5 84.9 0.69 <0.001
Treponema denticola 89.0 70.0 55.5 93.8 0.62 <0.001
Prevotella intermedia 77.6 82.8 88.7 68.6 0.64 <0.001
Parvimonas micra 44.8 91.6 84.1 62.4 0.53 <0.001
F. nucleatum 97.9 18.9 79.2 73.7 0.59 <0.001
Campylobacter rectus 57.2 82.0 86.9 48.0 0.63 <0.001
Eikenella corrodens 81.4 68.3 80.1 70.1 0.59 <0.001
Eubacterium nodatum 40.9 97.3 85.7 80.5 0.59 <0.001
Capnocytophaga sp. 49.1 69.0 80.9 33.7 0.33 <0.001

? Sensitivity of real-time PCR 1000—10,000 bacteria per sample, sensitivity microlDent® 1000 (4. actinomycetemcomitans)—10,000 (other species) per
sample, checked by Porphyromonas gingivalis ATCC 33277, Tannerella forsythia ATCC 43037, A. actinomycetemcomitans ATCC 33384, Treponema
denticola ATCC 35405, F. nucleatum ATCC 25586, Prevotella intermedia ATCC 25611, Campylobacter rectus ATCC 33238, Eikenella corrodens ATCC
23834, Eubacterium nodatum ATCC 33099, Parvimonas micra ATCC 33270, Capnocytophaga gingivalis ATCC 33624, Capnocytophaga ochracea ATCC

27872, Capnocytophaga sputigena ATCC 33612, and clinical isolates.

sampling times. Only 3 months after treatment, an increase
of that species was found. Contrary, the bacterial loads of the
other major pathogens Porphyromonas gingivalis, Tanner-
ella forsythia and Treponema denticola differed clearly
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Fig. 1. Comparison of the loads of the major periodontopathogenic bacteria determined by real-time PCR (numbers of bacteria within plaque sample) and by
DNA-strip technology (percentage of the densitometry reference). P and R values are shown in Table 1.
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Table 2
Microbiological evaluation of treatment 3 months (t2), 6 months (t3), and 12 months (t4) after baseline (t1) by real-time PCR*

Friedman Wilcoxon test (each compared with baseline t1)

test ") 3 t4
A. actinomycetemcomitans 0.132 0.016° 0.717 0.802
Porphyromonas gingivalis <0.001 0.007 <0.001 <0.001
Tannerella forsythia <0.001 0.006 <0.001 <0.001
Treponema denticola <0.001 0.001 <0.001 <0.001
Prevotella intermedia 0.084 0.196 0.064 0.001
Parvimonas micra 0.591 0.159 0.044 0.088
F. nucleatum <0.001 0.001 0.012 0.102
Campylobacter rectus 0.120 0.033 0.002 0.073
Eikenella corrodens 0.026 0.024 0.012 0.004
Eubacterium nodatum 0.080 0.020 0.000 0.021
Capnocytophaga sp. 0.422 0.067 0.118 0.773

? P values—subject-based (significant differences are in bold) obtained from 25 patients at each time point; results of the first 4 species are presented in Fig. 2.
® Increased numbers were found after treatment compared to baseline; all others are lowered.

corrodens and Eubacterium nodatum were counted up to 12
months after baseline; decreases of counts of Parvimonas
micra, F. nucleatum, and Campylobacter rectus were only
temporary. Prevotella intermedia was found to be reduced
only 12 months after baseline. The summarized numbers of
Capnocytophaga did not change at any time (statistics,
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Fig. 2. Numbers of the major periodontopathogens within plaque samples (expressed as median including quartiles) determined by real-time PCR at different
times of periodontitis treatment (t1: baseline, t2: 3 months, t3: 6 months, t4: 12 months after treatment; each time 75 samples). P values are shown in Table 2.
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Table 3

Microbiological evaluation of treatment by DNA-strip technology (semiquantitative analysis) 3 months (t2), 6 months (t3), and 12 months (t4) after baseline (t1)*

Friedman Wilcoxon test (each compared with baseline t1)

test 2 3 t4
A. actinomycetemcomitans 0.004 0.007° 0.536 0.138
Porphyromonas gingivalis <0.001 0.012 <0.001 <0.001
Tannerella forsythia <0.001 0.007 0.001 <0.001
Treponema denticola 0.005 0.227 0.001 0.001
Prevotella intermedia 0.071 0.924 0.021 0.020
Parvimonas micra 0.001 0.011 0.005 0.000
F. nucleatum 0.003 0.001 0.001 0.001
Campylobacter rectus 0.001 0.001 <0.001 0.001
Eikenella corrodens 0.006 0.716 0.020 0.002
Eubacterium nodatum 0.010 0.015 0.002 0.001
Capnocytophaga sp. 0.048 0.027 0.024 0.002

? P values—subject-based (significant differences are in bold) obtained from 25 patients at each time point; results of the first 4 species are presented in Fig. 3.
® Tncreased load was found after treatment compared to baseline; all others are lowered.

3.3. Semiquantitative strip technology in treatment
of periodontitis

Analysis of semiquantitative microlDent® results showed
significant differences between all time points for all species
except for Prevotella intermedia. Compared to baseline, the
bacterial loads were lower for Porphyromonas gingivalis,
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Fig. 3. Semiquantitative load (determined by percentage of relative of densitometry controls; low: 0.01-9.99%, moderate: 10.00-39.99%, high: 40—69.99%,
very high: >70.00%) of periodontopathogens determined by DNA-strip technology at different times of periodontitis treatment (t1: baseline, t2: 3 months, t3: 6
months, t4: 12 months after treatment; each time 75 samples). P values are shown in Table 2.
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the 6- and 12-month follow-ups (statistics Table 3, results of
the major pathogens Fig. 3).

4. Discussion

Subgingival microflora consists of more than 300
different species that can be detected by techniques such as
quantitative 16S rDNA cloning and sequencing (Kumar
et al., 2006) as well as by microarrays (Colombo et al.,
2009). Checkerboard hybridization technique using DNA
from subgingival plaque and crossing with whole genomic
DNA probes for mostly 40 species were also used (Haffajee
et al., 2008; Socransky et al., 1994; Socransky et al., 1998;
Socransky et al., 2004). Because of the methodology, cross-
reactions cannot be completely excluded between closely
related taxa (Socransky et al., 2004). These methods are
useful to understand complexity and shifts in microbial
profiles according to disease, but it is still difficult to validate
these data for a single patient. These techniques present
limitations in detecting all colonizers of a periodontal pocket
(Shaddox and Walker, 2009) as it might be difficult to
validate sensitivity and specificity of microbial analysis for
clinical signs of periodontitis. Enumeration of well-known
pathogens helps to characterize the patient’s form of disease.
In clinical trials, identification of 4. actinomycetemcomitans,
Porphyromonas gingivalis, Tannerella forsythia, Trepo-
nema denticola, and so on, is used to analyze periodontal
therapy (Christodoulides et al., 2008; Guentsch et al., 2008).
Microbiological findings are considered to be important
prognostic markers predicting whether attachment gain will
be stable or not (Nieminen et al., 1996).

A few studies compared different nucleic acid-based
methods with culture. In general, the PCR-based methods
showed a higher prevalence of relevant species (Jervoe-
Storm et al., 2005; Verner et al., 2006). Nevertheless, the
PCR technique is not without any limitation; different
molecules found in periodontal pockets such as hemoglobin,
lactoferrin, immunoglobulin G, and collagen are known to
inhibit PCR (Hanioka et al., 2005; Jentsch et al., 2004;
Radstrom et al., 2004). Recently, mutational-altered DNA
taq polymerase was synthesized to overcome the problem
(Kermekchiev et al., 2009).

There was a significant correlation between microlDent®
and real-time PCR; the accordance of the results reached a
maximal coefficient (R) of 0.74. This is higher than in
another study that reached a coefficient of 0.58 when they
compared checkerboard and microlDent® in 350 samples
(Haffajee et al., 2009). In our study, the same DNA was used
for 2 methods that allowed direct comparison. Nevertheless,
the correlation was not close to 1.00. Our in-house real-time
PCR uses Sybr Green I, which binds nonspecifically to
double-stranded DNA. This cheap, widely used method has
limitations, such as limited dye stability as well as dye-
dependent PCR inhibition (Monis et al., 2005). To prevent
dye instability, we added the dye directly to the PCR buffer;

thus, inhibition of the PCR cannot be excluded in several
cases. Samples showing a low signal in all real-time PCRs
compared to the microlDent® results have led to the
conclusion that constituents of the subgingival plaque such
as host proteins interact with Sybr Green I. A later control of
these samples by spiking them with A. actinomycetemcomi-
tans ATCC 33384 to inhibit PCR did not support this
suggestion. Contrary, in very few cases, major period-
ontopathogens such as A. actinomycetemcomitans and Por-
phyromonas gingivalis were not detected by means of the
microlDent® tests, which were found in high numbers in
real-time PCRs. Mostly, other samples of the same patient
were positive, suggesting that the problem was sample-
specific and might be associated with the multiplex PCR,
which is made in microlDent® analysis first.

A. actinomycetemcomitans is cultivable using selective
trypic soy-serum-bacitracin-vancomycin (TSBV) agar; the
accordance of culture with PCR was found to be good in a
few reports (Eick and Pfister, 2002; Riggio et al., 1996).
Others described more discrepancies, so a study comparing
checkerboard with culture found only 20% of the detected
cultured A. actinomycetemcomitans by checkerboard and
26% of the detected A. actinomycetemcomitans using
checkerboard by culture (Papapanou et al.,, 1997). If 4.
actinomycetemcomitans 1is detected in severe cases of
aggressive periodontitis, an adjunctive usage of an
antibiotic along with mechanical debridement is recom-
mended (Walker and Karpinia, 2002). High levels of that
species before SRP might be a negative predictor of
treatment outcome (Fujise et al., 2002). Therefore, correct
identification of that species is essential for treatment
schedule and evaluation. In our study, the general positive
accordance between our used methods may indicate this.
Nevertheless, it should be noted that an increase of that
species after SRP was found in the study population. 4.
actinomycetemcomitans is more frequently prevalent in
aggressive periodontitis (Schacher et al., 2007).

Also, a good correlation for Porphyromonas gingivalis,
Tannerella forsythia, and Treponema denticola was found
between microlDent® and real-time PCR. Numbers of Por-
phyromonas gingivalis, Tannerella forsythia, and Trepo-
nema denticola exist concomitantly in subgingival biofilms
and are increased in sites with higher probing depths and
bleeding on probing (Mineoka et al., 2008). Residual
coexistence of Porphyromonas gingivalis and Tannerella
forsythia and high levels of Porphyromonas gingivalis are
more frequent in sites with less reduction and bleeding on
probing after SRP (Fujise et al., 2002). Combination of high
salivary MMP-8 and Treponema denticola in subgingival
plaque displays a robust characteristic in predicting peri-
odontal disease severity (Ramseier et al., 2009). Thus, these
species belong to the major pathogens, which should be
detected in each microbial analysis of periodontitis.

In addition, the correlation coefficient was found to be
>0.5 between the 2 used nucleic acid-based methods for all
other analyzed species except for that of Capnocytophaga
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sp. Mostly, a clear decrease of the bacterial loads was
observed after treatment. Campylobacter rectus, Eubacter-
ium nodatum, Eikenella corrodens as well as F. nucleatum,
Prevotella intermedia, and Parvimonas micra (Edwardsson
et al., 1999) are known to be associated with clinical
periodontal disease status (Booth et al., 2004; Edwardsson
et al., 1999; Haffajee et al., 2009; Rams et al., 1996). We did
not find lower levels of Capnocytophaga sp. using real-time
PCR after treatment, resulting from the unchanged numbers
of Capnocytophaga sputigena. Confirming the report by
others (Salari and Kadkhoda, 2004), Capnocytophaga
sputigena was present in higher numbers than Capnocyto-
phaga gingivalis in subgingival plaque. This may be because
microlDent® uses a mixed probe for Capnocytophaga,
which might be more sensitive for Capnocytophaga
gingivalis. It might be favorable to use F. nucleatum and
Capnocytophaga gingivalis as representatives of fusobac-
teria and Capnocytophaga instead of mixed probes in
microbial analysis of periodontitis.

Periodontopathogens are found in low numbers also in
periodontally healthy subjects (Lau et al., 2004; Mineoka et
al., 2008); therefore, using a threshold might be helpful.
According to the relevance, microlDent® uses 10° for A.
actinomycetemcomitans and 10* for the other species
included in the test systems. Both methods showed the
changed numbers of periodontopathogens after treatment. In
part, the difference was more visible using microlDent®
analysis probably resulting from the used threshold and the
semiquantitative analysis. Semiquantification might mask
small changes after treatment. Furthermore, both methods
are based on conservative 16SrDNA, where an exact
enumeration of bacterial numbers is impossible because
each bacterial cell may contain a variable amount of this
molecule, so in part search of primers based on single gene
sequence is recommended (Morillo et al., 2003).

The treatment schedule did not allow any intervention
depending on the microbial analysis. To include this into a
study protocol would strengthen the importance of microbial
diagnosis in periodontitis treatment. For example, the only
application of metronidazole is suggested in periodontitis
with high loads of Porphyromonas gingivalis, Tannerella
forsythia, and Treponema denticola, but not in an A.
actinomycetemcomitans-associated disease (Shaddox and
Walker, 2009).

Using in-house real-time PCR as a cheap method should
be restricted for large studies. Semiquantitative DNA-strip
technology is more suitable for microbial analysis in
individual diagnosis, treatment schedule, and control of
periodontitis patients.
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