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Abstract
Objectives Aggregatibacter actinomycetemcomitans strains
of serotype b and with a deletion of 530 bp in the promoter
region of the leukotoxin gene (JP2 clone) are known to be
associated with severe periodontitis. Our study was aimed to
detect virulence genes of A. actinomycetemcomitans strains

obtained from patients living in four German cities with
different proportions of immigrants.
Material and methods Samples were obtained from severe
periodontitis patients in Frankfurt, Hamburg, Leipzig, and
Jena. Those being tested positive for A. actinomycetemco-
mitans were analyzed for serotypes, deletion in the promoter
region of the leukotoxin gene, presence of cytolethal dis-
tending toxin encoding genes (cdtA, cdtB, and cdtC) and
fibril gene1(flp-1).
Results From all 99 A. actinomycetemcomitans-positive
samples, the JP2 clone was found in two immigrants in Frank-
furt. Seventy strains were tested positive for the cdtA, 52 for
cdtB, and 92 for cdtC and flp-1 genes. Twenty-five strains
belonged to serotype a, 22 to serotype b, 21 to serotype c, 31
to the others or could not be serotyped, respectively. The
distribution of the serotypes differed between the cities. Fur-
ther, differences regarding the serotypes were also significant
between natives and immigrants.
Conclusions The JP2 clone is not spread within the Cauca-
sian inhabitants in German cities. The serotypes distribution
seems to be influenced by the numbers of immigrants in the
cities.
Clinical Relevance Patients originated from North Africa
should be especially screened for the presence of the deletion
in the ltx promoter region.
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Introduction

Periodontitis is an inflammatory disease affecting support-
ing tissues of the teeth. The prevalence of the disease was
found to be up to 90% in Germany [1]. Among others such

Holger Jentsch and Georg Cachovan contributed equally to this
manuscript.

H. Jentsch (*)
Department of Conservative Dentistry and Periodontology,
Medical Faculty, University of Leipzig,
Nürnberger Str. 57,
04103 Leipzig, Germany
e-mail: jenh@medizin.uni-leipzig.de

G. Cachovan
Department of Restorative and Preventive Dentistry,
University Medical Center Hamburg-Eppendorf,
Hamburg, Germany

A. Guentsch
Department of Conservative Dentistry, Jena University Hospital,
Jena, Germany

P. Eickholz
Department of Periodontology, Center for Dental, Oral, and
Maxillofacial Medicine (Carolinum),
Johann Wolfgang Goethe-University Frankfurt am Main,
Frankfurt am Main, Germany

W. Pfister
Institute of Medical Microbiology, Jena University Hospital,
Jena, Germany

S. Eick
Department of Periodontology, Laboratory of Oral Microbiology,
Dental School, University of Bern,
Bern, Switzerland

Clin Oral Invest (2012) 16:1589–1597
DOI 10.1007/s00784-012-0672-x



as Porphyromonas gingivalis and Tannerella forsythia,
Aggregatibacter (formerly Actinobacillus) actinomycetemco-
mitans has been described as a powerful periodontopatho-
genic bacterial species [2]. It is acknowledged that A.
actinomycetemcomitans strains affecting periodontitis patients
vary significantly. Six different serotypes are described with
differences in the structure of their lipopolysaccharides [3–5].
In general, serotype b is thought to be associated particularly
with periodontal disease [6].

A. actinomycetemcomitans expresses many virulence fac-
tors [7]. It produces at least two toxins, a leukotoxin (LtxA)
being a repeats-in-toxin (RTX) and a cytolethal distending
toxin (Cdt). The leukotoxin affects polymorphonuclear
neutrophiles, monocytes, and lymphocytes via binding to
human leukocyte function-associated antigen-1 [8]. For the
full activity of the leukotoxin, e.g., for the lysis of human
leukocytes in vitro, the intracellular calcium level has to be
increased by the leukotoxin [9]. At the beginning of the 1990s,
in highly toxic strains (JP2 clone) of A. actinomycetemcomi-
tans, a deletion of a 530-bp domain in the ltx promoter region
was detected [10]. A high prevalence of these strains has been
found in Morocco [11].

The cytolethal-distending toxin-encoding gene locus was
found in a polymorphic region of the chromosome of A.
actinomycetemcomitans and described to be similar to the
genes cdtA, cdtB, and cdtC of Escherichia coli strains and
Haemophilus ducreyi, respectively [12]. The cytolethal dis-
tending toxin acts as an immunosuppressive factor. It is
capable to arrest the cell cycle in the G0/G1 or G2/M phase,
promotes apoptosis, and stimulates the cytokine secretion of
lymphocytes [13–15]. The activity is heavily increased
when CdtA and CdtC are present [16]. CdtB, in contact
with a subunit formed by CdtA and CdtC, acts as a func-
tional toxin unit on the cell surface [15, 17]. Mutations in
the cdtA gene are also known [18].

In addition to that, different virulence genes associated with
adhesion of A. actinomycetemcomitans on host cells and solid
surfaces are described. The species colonizes the oral cavity
and probably forms also tenacious biofilms as seen in vitro on
surfaces of glass and plastic or on saliva-coated hydroxyapatite
[19]. The adherence on surfaces as well as the biofilm forma-
tion is mediated by fibril-associated protein (Flp) pili. The
biogenesis of these Flp pili is encoded at the tad (tight adher-
ence) locus of A. actinomycetemcomitans [20]. The flp-1 gene
is one of 14 genes at the tad locus [21]. Mutations of the flp-1
gene subfamily are related to reduced adherence of A. actino-
mycetemcomitans due to short and unbundled pili [22].

The study was conducted to determine the presence of
different virulence genes within A. actinomycetemcomitans
strains in periodontitis patients living in four cities in Germany.
Two of the four cities are located in the new federal states
where a lower percentage of immigrants within citizens is
common.

Materials and methods

Subject recruitment

Subjects with severe periodontitis and being tested positive
for A. actinomycetemcomitans were recruited from patients
of the Departments of Periodontology at the Universities of
Frankfurt, Hamburg, Jena, and Leipzig over a period of
6 months in 2009. The patients were diagnosed according
to the recent recommendation of the American Academy of
Periodontology [23]. Severe periodontitis was diagnosed as
an attachment loss of ≥5 mm at at least five sites, in different
quadrants. Attachment loss and probing pocket depths were
measured with a periodontal probe (PCP-UNC 15, Hu Friedy,
Leimen, Germany) at six sites per tooth. Bleeding on probing
was calculated as the percentage of positive sites per subject.
Oral hygiene was recorded by using the plaque index
described by O’Leary et al. [24]. Both indices were recorded
and not further processed.

Patients with antibiotic therapy within the last 6 months
or being pregnant or lactating females were excluded. In
addition to that, the ethnic origin of the included subjects
was registered. Ethical approval was obtained from the local
ethics committees of the Universities of Jena, Frankfurt,
Hamburg, and Leipzig. Written informed consent was
obtained from each subject prior to participation.

Sample collection

For sampling, the deepest pocket in every quadrant was
selected. Without removing supragingival plaque [25],
the test site was air-dried and kept dry using cotton rolls.
Sterile paper points were inserted into the selected peri-
odontal pockets for 10 s to obtain subgingival plaque. If
more than one site had the appropriate probing depth,
subgingival plaque was sampled from those sites with
signs of active inflammation, i.e., bleeding on probing,
suppuration, and/or radiographic evidences of bone loss.
Samples from four different pockets per patient were pooled
in the transport vials and sent to the laboratory, where they
were stored at −20°C until analyzed by nucleic acid-based
methods.

Microflora

The DNAwas extracted from the paper points using a DNA
extraction system (A&A Biotechnology, Gdynia, Poland)
according to the manufacturer's recommendations. First,
the result for the presence of A. actinomycetemcomitans
was confirmed by using polymerase chain reaction (PCR)
which was carried out using a real-time rotary analyzer
(RotorGene 2000; Corbett Research, Sydney, Australia).
The primers for A. actinomycetemcomitans [26] were
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designed as described before. The PCR amplification was
carried out in a reaction volume of 25 μl consisting of
2.5-μl template DNA and 22.5 μl of reaction mixture
composed of 2.5 μl 10× PCR buffer, 2.75 mM MgCl2,
0.2 mM nucleotides, 0.5 μM primer each, 10−4 Sybr-
Green, and 1.5 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 genomic DNA of A. actinomycetemcomitans
Y4 strain; the negative control was dH2O. The cycling con-
ditions comprised an initial denaturation step at 95°C for
5 min, followed by 45 cycles at 95°C for 15 s, at 58°C for
20 s, and at 72°C for 20 s.

PCR detection of serotypes, leukotoxin, cytolethal
distending toxin, and fimbriae gene

In all samples tested positive for A. actinomycetemcomi-
tans, additional PCRs were performed. First, each of the
six PCRs was performed to differentiate the serotypes (a
through f). Then, the samples were tested for the pres-
ence of ltx gene and screened for the 530-bp deletion,
characterizing the highly leukotoxic clone, by PCR.
Here, primers were used as recently described [11]. In

some cases, the PCR products were difficult to analyze
due to of smears on the gels; for that reason, the primers
had been selected using GenBank. As controls, JP2, as a
highly leukotoxic strain, and ATCC 33384, as a strain
without deletion in the ltx promoter region, were used.
The PCRs for detecting the three genes of the cytolethal
distending toxin (cdtA, cdtB, and cdtC) as well as for
detecting the flp-1 gene used the primers described re-
cently [27, 28]. All primers and annealing temperatures
are presented in Table 1.

Using a thermal cycler (Mastercycler proS; Eppendorf,
Hamburg, Germany), all amplifications were carried out
in 25-μl volumes, each containing 0.5 pmol primer,
0.2 mM deoxynucleoside triphosphates, onefold reaction
buffer with 2.5 mM MgCl2, 1 U native Taq polymerase
(Fermentas Life Science), and 2.5-μl template DNA. The
PCR was performed with an initial denaturation at 94°C
for 3 min for 35 cycles, with one cycle consisting of a
denaturation at 94°C for 15 s, annealing at different
temperatures according to the melting temperatures of
the selected primers (Table 1), a polymerization at 72°C
for 30 s, and a final extension at 72°C for 2 min. The
amplified PCR products were analyzed by electrophoresis on
a 1.5% agarose gel.

Table 1 Primers used for PCR reactions of A. actinomycetemcomitans

Gene Primer Size of the product Reference/accession number

16SrDNA Fwd. 5′-ATT GGG GTT TAG CCC TGG TG-3′ 360 bp [20]
Rev. 5′-ACG TCA TCC CCA CCT TCC TC-3′

Ltx Fwd. 5′-GGA ATT CCT AGG TAT TGC GAA ACA ATT TGA TC-3′ 262 bp [50]
Rev. 5′-GGA ATT CCT GAA ATT AAG CTG GTA ATC-3′

Ltx- deletion Fwd. 5′-TGC TCC ATT TTA TCT CCG TTT T-3′ 747 bp EF165100 and S68103
Rev. 5′-TTT TGA ATA AGATAA CCA AAC CAC AA-3′ 216 bp

Serotype a Fwd. 5′-GGA CAA AGT GGT GTT GTT TGG-3′ 362 bp AB046360
Rev. 5′-GCA AGC CAA CTT CTA CAC AAT G-3′

Serotype b and c Fwd 5′-ARA AYT TYT CWT CGG GAATG-3′ [51]
((R0A/G; Y0C/T; W0A/T).)

Serotype b Rev. 5′-TCT CCA CCA TTT TTG AGT GG-3′ 333 bp [51]

Serotype c Rev. 5′-GAA ACC ACT TCT ATT TCT CC-3′ 268 bp [51]

Serotype d Fwd. 5′-TCC CAG AGG TTG GTT ATT TTT-3′ 300 bp AB041266
Rev. 5′-TTC TTT CCC AAA AA CCA AGT TTA-3′

Serotype e Fwd. 5′-CCT TCG ACC AAA CGG TAA AA-3′ 283 bp AB0300332
Rev. 5′-TTA AAA ATA GCG TGC GTG AGC-3′

Serotype f Fwd. 5′-TTG ATT TTG CAG AGG TCA ATG-3′ 250 bp AF213680
Rev. 5′-TGG CAG AGA GTT TTC ACT TGC-3′

CdtA Fwd.5′-GGT TTA GTG GCT TGT-3′ 583 bp [27]
Rev.5′-CAC GTA ATG GTT CTG TT-3′

CdtB Fwd.5′-GGT TTT CTG TAC GAT GT-3′ 790 bp [27]
Rev.5′-GGA TGT AAT TTG TGA GCG T-3′

CdtC Fwd.5′-GAC TTT GAC GAG TCA TGC A-3′ 512 bp [27]
Rev.5′-CCT GAT TTC TCC CCA-3′

Flp-1 Fwd.5′-CAA ACT CAA GGATTC TTG-3′ 612 bp [28]
Rev.5′-AGC TAC TTT GCT AAC TAT GG-3′
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Statistical analysis

The comparisons between the different cities as well as
between natives and immigrants were made by using the
χ2 test.

Results

Subjects

All patients screened and eligible for the study agreed to
participate. The included patients are characterized in Table 2.
In total, 52 patients suffered from aggressive periodontitis, 46
from chronic periodontitis, and 1 patient from a periodontitis
as a manifestation of a systemic disease (Papillon–Lefèvre
syndrome). Immigrants were included in Frankfurt and
Hamburg; in Jena and Leipzig, all patients were natives.

Serotypes

All six serotypes were detected. Twenty-five strains belonged
to serotype a, 22 to serotype b, 21 to serotype c, 24 to the other
known serotypes, and in 7 samples no serotype was identified.
Different percentages of serotypes were found in the four
cities (p<0.001). Thus, serotype a was detected in 44.4% of
the samples from Leipzig but was not present in Frankfurt.

Differences regarding the serotypes were also significant be-
tween natives and immigrants. Only in 2 of the 21 immigrants
(9.5% originating from Iran) serotype a was detected, whereas
23 (29.5%) A. actinomycetemcomitans strains isolated from
natives were serotype a. Serotypes b and c were present in 14
(17.9%) and 11 (14.1%) of the 78 natives' and in 8 (38.1%)
and 10 (47.6%) of the 21 immigrants' samples (Table 3).

Deletion of the promoter region of leukotoxin gene

All strains exhibited the leukotoxin gene (i.e., lktA). The 530-
bp deletion in the promoter region of the ltx operon was only
found in two immigrants from North Africa who have lived in
Frankfurt for 28 years and 11.5 years, respectively. Both
patients had severe periodontitis characterized by a mean
periodontal pocket depth of >10 mm at the sampling sites.

Cytolethal distending toxin genes

From 99 strains, 70 were tested positive for the cdtA, 52 for
cdtB, and 92 for cdtC genes. The presence of cdtB and cdtC
differed significantly between the cities (cdtB, p<0.001; cdtC,
p00.041). All three genes of the cdt operon are expressed in
45.5% of the samples; here the highest prevalence was seen in
Hamburg, the lowest in Leipzig (difference between the cities,
p<0.001). The CdtB encoding gene as well as all three genes
in a total were more present in A. actinomycetemcomitans

Table 2 Characteristics of the
study population Variable City Total

Frankfurt Hamburg Jena Leipzig

Number of
subjects

18 18 27 36 99

Age (years)

Median 33.5 47.5 43.0 49.0 47.0

Range 7–63 27–80 27–69 25–78 7–80

Gender

Male 55.6% (10/18) 55.6% (10/18) 37.0% (10/27) 38.9% (14/36) 44.4% (44/99)

Female 44.4% (8/18) 44.4% (8/18) 63.0% (17/27) 61.1% (22/36) 55.6% (55/99)

Smoking habits

Non smokers 88.9% (16/18) 77.8% (14/18) 92.6% (25/27) 50.0% (18/36) 73.7% (73/99)

Former smokers 11.1% (2/18) 0% (0/18) 0% (0/27) 22.2% (8/36) 10.1% (10/99)

Smokers 0% (0/18) 22.2% (4/18) 7.4% (2/27) 27.8% (10/36) 16.2% (16/99)

Origin

Natives 16.7% (3/18) 55.6% (10/18) 100% (27/27) 100% (36/36) 76.8% (76/99)

Immigrants 83.3% (15/18) 44.4% (8/18) 0% (0/27) 0% (0/36) 23.2% (23/99)

Periodontitis

Aggressive 72.2% (13/18) 94.4% (17/18) 59.3% (16/27) 16.7% (6/36) 52.5% (52/99)

Chronic 22.2% (4/18) 5.6% (1/18) 40.7% (11/27) 83.3% (30/36) 46.5% (46/99)

Papillon–Lefèvre
syndrome

5.6% (1/18) 0% (0/18) 0% (0/27) 0% (0/36) 1.0% (1/99)
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positive samples originated from immigrants (cdtB, p00.013;
cdtABC, p00.025; Table 4).

The cdtA and cdtC genes were found in all serotype b
samples. Further all serotype d samples were tested positive
for cdtA; contrary, cdtB was missing there (differences
between serotypes—cdtA, p00.007; cdtB, p00.009; cdtC,
p00.009; cdtABC, p00.003; Fig. 1).

Fimbriae gene

The flp-1 gene was found in 92 (92.9%) of all cases. The
gene was detectable in all samples from Frankfurt. In all
these patients the flp-1 gene was found (Table 4). The flp-1
gene was partially missing in serotype e and f as well as in
non-serotypeable samples, but the detection failed in only 1
of the 25 serotype a samples and in none of the b and c
samples (differences between serotypes, p00.002; Fig. 2).

Clinical diagnosis of periodontitis and presence of genes

The patient diagnosed with Papillon–Lefèvre syndrome (sero-
type c, flp-1 negative, and cdtB negative) was not included in

an analysis comparing aggressive and chronic periodontitis
patients. Serotype distribution differed between chronic and
aggressive periodontitis patients (p00.005). In aggressive
periodontitis, 31 of the 52 strains (59.6%) belonged to serotype
b or c (32.7% b, 26.9% c), whereas in chronic periodontitis
only 11 of the 46 strains (23.9%) were serotyped as b (10.9%)
or c (13.0%).

All three cdt genes (cdtABC) were detected in 33 of 52
(63.5%) strains originated from aggressive periodontitis and
only in 12 of the 46 (26.1%) A. actinomycetemcomitans-
positive chronic periodontitis samples (p00.002). The pres-
ence of the flp-1 gene did not differ between aggressive and
chronic periodontitis patients.

Discussion

A. actinomycetemcomitans-positive samples obtained from
periodontitis patients living in four cities in Germany with
different proportions of immigrants have been analyzed by
nucleic acid-based methods for presence of virulence genes
of that bacterial species. Only nucleic acid-based methods

Table 3 Presence of genes of the different serotypes

Serotypes

a b c d e f Nontypeable

Total (n099) 25 (25.3%) 22 (22.5%) 21 (21.2%) 7 (7.1%) 7 (7.1%) 10 (10.1%) 7 (7.1%)

Cities

Frankfurt (n018) 0 (0%) 7 (38.9%) 8 (44.4%) 0 (0%) 1 (5.6%) 2 (11.1%) 0 (0%)

Hamburg (n018) 6 (33.3%) 5 (27.8%) 4 (22.2%) 0 (0%) 0 (0%) 1 (5.6%) 2 (11.1%)

Jena (n027) 3 (11.1%) 7 (25.9%) 6 (22.2%) 0 (0%) 4 (14.8%) 5 (18.5%) 2 (7.4%)

Leipzig (n036) 16 (44.4%) 3 (8.3%) 3 (8.3%) 7 (19.4%) 2 (5.6%) 2 (5.6%) 3 (8.3%)

Ethnical origin

Natives (n078) 23 (29.5%) 14 (17.9%) 11 (14.1%) 7 (8.9%) 6 (7.7%) 10 (12.8%) 7 (8.9%)

Immigrants (n021) 2 (9.5%) 8 (38.1%) 10 (47.6%) 0 (0%) 1 (4.8%) 0 (0%) 0 (0%)

Table 4 Presence of genes of
the cytolethal distending toxin
(cdt) and the fimbriae gene
(flp-1)

Variable cdt flp-1

cdtA cdtB cdtC cdtABC

Total (n099) 70 (70.7%) 52 (52.5%) 92 (92.9%) 45 (45.5%) 92 (92.9%)

Cities

Frankfurt (n018) 14 (77.8%) 13 (72.2%) 17 (94.4%) 10 (55.5%) 18 (100%)

Hamburg (n018) 16 (88.9%) 17 (94.4%) 17 (94.4%) 16 (88.9%) 17 (94.4%)

Jena (n027) 17 (63.0%) 12 (44.4%) 22 (81.5%) 9 (33.3%) 24 (88.9%)

Leipzig (n036) 23 (63.9%) 10 (27.8%) 36 (100%) 10 (27.8%) 33 (91.7%)

Ethnical origin

Natives (n078) 52 (66.7%) 36 (46.2%) 72 (92.3%) 31 (39.7%) 71 (90.0%)

Immigrants (n021) 18 (85.7%) 16 (76.2%) 20 (95.2%) 14 (66.7%) 21 (100%)
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were finally chosen. Initially cultivation was tried but failed in
part due to issues concerning the transport of the samples. It is
the first study comparing A. actinomycetemcomitans strains
between cities in a closed area within Central Europe. The
study population was representative of each of the participating
university departments. Patients with severe periodontitis and

tested positive for A. actinomycetemcomitans were studied.
Their median age was between 33 and 49 years in the four
German cities. The classification of periodontal diseases
introduced in 1999 removed the age dependency as a pri-
mary criterion [23]. The discrimination between aggressive
and chronic periodontitis was secondary in our study. A.
actinomycetemcomitans was prevalent in both forms of
periodontitis. This is not in contrast to other studies. Those
described a high prevalence and percentage of A. actino-
mycetemcomitans in aggressive but also in chronic periodon-
titis patients [30]. The study did not focus on the prevalence
of A. actinomycetemcomitans in the population of the stud-
ied cities. Our results suggest disease-related differences of
the prevalence of A. actinomycetemcomitans between the
cities. Two cities (Hamburg and Frankfurt) are located in
the old federal states and the other two (Jena and Leipzig) in
the new federal states of Germany. It is known that the
percentage of immigrants living in these cities is different.
In 2009, according to a publicly available data, the percen-
tages of foreigners were 12–13% in the German federal states
Hamburg and Hesse (Frankfurt) compared to about 2% in
Saxonia (Leipzig) and Thuringia (Jena); the percentage of
people with migration background is 39.5% in Frankfurt
which is among the highest in Germany [29].
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In this study, the distribution of genotypes of A.
actinomycytemcomitans was found not to be uniform in
the four included cities. In only two samples, obtained
from North Africans (19 and 29 years old) who have
lived in Frankfurt for many years, the deletion of a 530-
bp domain in the ltx promoter region was detected. This
supports former reports of an ethnic tropism of this
clone. The JP2 clone is known to be strongly associated
with aggressive periodontitis in North and West Africa
[30]. Like in other studies [4, 31–33], highly leukotoxic
JP2 clones of A. actinomycetemcomitans with the 530 bp
in deletion in the ltx promoter region could not be
isolated from the natives. Only one description of JP2
clones in two individuals, one 33 and one 62-year-old
female, within the Caucasian family was published [34];
thus in Caucasions the JP2 clone may occur in older
people. Also within Asian populations, studies failed to
detect A. actinomycetemcomitans with the JP2-like pro-
moter of the ltx operon in patients with moderate to
advanced periodontitis [35, 36]. Different data were
reported from Brazil. Cortelli et al. [37] detected the
highly leukotoxic JP2-like ltx promoter pattern in 31%
of A. actinomycetemcomitans isolates, whereas Vieira et
al. [38] found only non-JP2 clones in plaque and saliva
samples from Brazilian Indians. In the study of Cortelli
et al. [37], the ethnicity of the patients was not mentioned, but
the population living in Brazil has 45% inhabitants with
African background [39].

A. actinomycetemcomitans serotypes a, b, and c were the
predominant serotypes in Germany, more than two thirds of
the detected strains belonged to these serotypes. These sero-
types are globally dominant as reported from Taiwan [40],
the USA [4], and Greece [33]. Nevertheless, the distribution
of serotypes depends on geographic regions. In Asia sero-
type c is more often detectable than serotype b, in Europe
the prevalence is vice versa in periodontitis patients [41].
The serotypes b and c were most prevalent in Frankfurt
associated with the high percentage of immigrants included
from this city in the study. In addition, the clinical diagnosis
of periodontitis may be of importance; both serotypes were
more often detectable in aggressive periodontitis patients
than in chronic periodontitis patients. Serotype a was dom-
inant in Leipzig. This serotype occurred more often than
other serotypes in a population of untreated periodontitis
patients in Greece [33]. As in other studies [28, 36], the
prevalence of the other serotypes (especially d) was much
lower, in Leipzig only seven strains were detected. Further,
a few strains were not typeable to serotypes a–f. Some of
these may belong to the recently described serotype g [42],
but we have not examined that. Only one serotype was
found per patient which confirms studies published some
years ago [43, 44]. Other authors describe different serotypes
within one patient [36, 40]. In the present study, only selected

deep pockets were used, and probably not all strains coloniz-
ing the oral cavity were included.

In about half of our samples, all three cdtABC genes
were detected. cdtB gene presence is essential for func-
tional Cdt [27]. Again, a difference between the cities in
the old and the new German federal states was obvious.
In Frankfurt and Hamburg, these numbers were much
higher than in Jena and Leipzig. In Jena and Leipzig,
immigrants did not contribute to the study. The percent-
age of samples positive for all three genes was only in
Hamburg close to former studies [45, 46]. Serotypes a,
b, and c strains showed the highest frequency of detec-
tions of all cdt genes, whereas cdtB was not found in
any of the serotype d samples, which suggests a lower
virulence of that serotype. In Leipzig the percentage of
included cases with chronic periodontitis was higher than
in other cities. In chronic periodontitis, a lower percent-
age of samples being positive for all cdt genes was
found in comparison to aggressive periodontitis. This is
a contrast to recently published data where no differ-
ences in the cdt gene complex prevalence between
patients with and without aggressive periodontitis were
reported [47].

The flp1-gene plays a role for periodontal bone loss as
well as for the immune response to A. actinomycetemcomi-
tans in rats [48]. More than 90% of the strains investigated
in this study have been tested positive for flp-1. Thus, our
data reveal higher frequencies than those reported by others
with 75–80% [28, 49]. All serotypes b, c, and d strains were
positive for that gene, which generally confirms the results
described before [28].

The different genotypes of A. actinomycetemcomitans
are not evenly spread within a population. Even in a
small geographic area, the genotype primarily depends
on the ethnicity of the patient. In natives in Leipzig,
more uncommon serotypes often associated with missing
virulence genes were detected. Further analysis is needed
to correlate microbiological findings and clinical data
more detailed. In patients originating from North Africa,
the JP2 clone is prevalent even after living in a European
country for more than 10 years. Especially, these patients
should be screened for the presence of deletion in the ltx
promoter region to have an additional but important tool
to assess the individual risk and to adjust the treatment
on the individual level.
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