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Aggregatibacter actinomycetemcomitans (Aa), a member of
the normal oral flora, is also implicated as a pathogen in periodontitis. Some
serotypes and clones are more often detected in aggressive periodontitis
forms and early colonization of the mouth by this bacterium is thought to
increase the risk for disease development. To examine the extent of Aa
transmission from mothers to their children and to study the prevalence
of Aa and the distribution of its serotypes in dental plaque from Greek
children.
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Samples of supragingival plague were collected
both from 108 children aged 5-12 years and their 83 mothers and cultured
on agar media. Isolates of Aa from the cultures were characterized by
biochemical and molecular techniques. Aa was found in four mother/child
pairs. In three of these pairs, the isolates from the child and the mother
exhibited the same genotype. Aa was detected in 12% of children and 23%
of mothers. The isolated strains from children belonged to serotypes a
(17%), b (50%), and c (33%). In mothers, the serotype distribution was 21%
a,37% b, 32% c, 5% e, and 5% f. None of the Aa isolates belonged to the
highly leukotoxic JP2 clone.

The prevalence of Aa and its serotype distribution pattern in
Greek children are similar with those reported for other Caucasians. Aa
occurrence in dental plaque of children and their mothers infrequently
coincides.
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Acquisition of Aa can start in early childhood and the rate of
children colonized increases with their age [3]. The main source of
acquisition is considered to be the close household contacts, such
as between mothers carrying the pathogen and their children [5].
Early acquisition of potentially pathogenic oral bacterial species
might impact the development of mucosal responses in the
gingiva and may provide an enhanced risk for the development of

Introduction

Aggregatibacter actinomycetemcomitans (Aa) is a capnophilic,
Gram-negative coccobacillus, colonizing the human oral cavity
[1,2]. Aa belongs to the normal oral flora in many healthy subjects,
and is also implicated as a pathogen in certain aggressive forms
of periodontal diseases such as the juvenile periodontitis [3]. A

considerable genetic diversity and a variable ability to produce
virulence factors have been found among Aa isolates [1,4].

© Copyright iMedPub | This article is available from: www.acmicrob.com

periodontitis later in life [6]. Aa was found in periodontally healthy
family members of Aa positive adults with periodontitis [7].
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Based on serotyping, a possible Aa strain transmission has been
suggested between parents and children with localized juvenile
periodontitis [7] and between family members with aggressive
periodontitis who were Aa-positive [8]. It is also well established
that severe periodontitis clusters in families [9]. Nevertheless,
about 33% of periodontally healthy children carrying Aa, had
parents that did not possess the same pathogens [10]. Another
study [11] found no Aa transmission between Brazilian women
with severe chronic periodontitis and their children. Based
on a literature review, [12] concluded that transfer of bacteria
between spouses occurs, but it appears to happen infrequently,
however the transfer of organisms does not necessarily result in
colonization or infection of the host. Furthermore, individuals
who harbor putative pathogens frequently do not manifest any
signs of periodontal disease

Seven distinct serotypes and several genotypes of Aa have been
identified. Serotypes a, b, and c are the most predominant, while
serotypes d, e, f, and g are more rarely isolated from oral samples
[13-16].

The serotype association to the disease is rather unclear [17]
and genetic factors, geographic origin, age and socioeconomic
status seem to influence the serotype distribution [1,9]. Strains of
serotype b are frequently found in subjects with localized juvenile
periodontitis [18], while strains of serotype appear more often
in healthy subjects or subjects with mild forms of periodontal
infection. Contradictory results are reported for serotype c strains
that appear associated with both extra-oral infections and severe
periodontitis and periodontal health [15].

Aa produces two exotoxins, a cytolethal distending toxin and
a leukotoxin [1]. The former kills host cells by blocking their
proliferation [19], while leukotoxin selectively destroys human
cells of hematopoetic origin by disrupting the membrane integrity
[20]. The production of leukotoxin greatly varies. Among the high
toxin producers are strains that belong to a serotype b clone, the
JP2 genotype, characterized by a deletion in the leucotoxin gene
operon. Strains of JP2 genotype are particularly implicated in the
pathogenesis of aggressive periodontitis [1,4].

Worldwide, the bacterium has been detected in oral samples of
children and adolescents, irrespective of their periodontal health
[21]. The prevalence found in these studies varied from 3% to
78%. In Greek children, the prevalence of Aa was previously
examined in two studies; however, the reported results have
been strongly conflicting; in a group of 40 healthy children, Aa
was detected in 2.8% and 3.3% of children with permanent and
primary dentition, respectively [21]. In the second study [22] that
focused on the microbiota of various oral surfaces in 93 healthy
children, Aa was found in all 93 children. In none of these studies,
serotype or genotype identification of the strains was attempted.

The present study was conducted to examine the extent of Aa
transmission from mothers to children and also to elucidate the
Aa prevalence and the distribution of its serotypes in dental
plaque of periodontally healthy Greek children and their mothers.
Furthermore, the occurrence of strains from the highly leukotoxic
clone JP2 was explored in this population.

2
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Methods

Participants

A total of 108 children (58 boys and 50 girls) aged 5-12 years
(Median age 100 months, min=45 max=162) and 83 mothers
participated in the study. The children included were healthy
(ASA 1, 1) and co-operative with no clinical and radiographical
signs of periodontitis (no bone loss and deep pockets). The extent
of dental plaque accumulation greatly varied among the children.
They visited the clinics of Paediatric Dentistry in the Dental School
of Aristotle University of Thessaloniki and that of Social Insurance
Institute of Thessaloniki for oral check-up and eventually dental
treatment during the period 2010-2011. All participants had no
history of antibiotic therapy during the previous three months.
The study was approved by the Ethics Committee of the Dental
School of Aristotle University of Thessaloniki. Informed consent
was obtained from all participants and their guardians.

Sample collection and microbiological analysis

Dental plague was collected using a micro-brush from all buccal
tooth surfaces. The plaque sample was transported in sterile
potassium Phosphate-Buffered (0.05 M, pH 7.0) Saline (PBS),
to the laboratory, within 4 hours. Each sample was dispersed
by vorted-mixing and serially diluted. For Aa detection, aliquots
from appropriate dilutions were inoculated onto the selective
agar media AASM [23] and TSBV [4] modified by omitting the
serum (TBV). The diluted sample was also inoculated on the
non-selective medium Brucella agar [24]. All agar plates were
incubated in air with 5% CO,, at 37°C, for 3 days, and examined
under a stereoscopic microscope. On the selective media,
all catalase positive (tested with a drop of 3% H,0,) colonies
with characteristic morphology, i.e. small (~1mm in diameter)
translucent with rough surface and an internal star-shaped
formation [4], were counted. The detection limit of the cultural
method was at 50 Colony-Forming Units (CFU) per sample. On
Brucella agar, all colonies were counted to determine the total
number of facultatively anaerobic bacteria of each sample.

From the agar plates, up to five colonies tentatively identified as
Aa, were isolated and cultured on Brucella agar to ensure purity
before being subjected to further genetic characterization.

Genetic analysis of isolates

DNA was extracted from pure cultures by boiling a cell suspension
of each isolate in distilled water for 10 min. The boiled suspension
was placed in an ice bath for 5 min centrifuged to remove cell
debris and the supernatant was used as template for PCR analysis.
Species identification was accomplished with species-specific
primers for 16S rDNA [25] and for the leukotoxin gene [26].

The assay conditions were as described elsewhere [25,26]. Briefly,
the PCR mixture contained 2 pl of each primer, 2 ul of dNTP
mixture, 10X Ex taq Buffer, 0.1 pl of Takara Ex taq (Takara Biomed.,
Shiga, Japan) and 5 ul of template DNA in a 20 ul reaction volume.
PCR reactions were carried out in a DNA thermal cycler (Applied
Biosystems 2720 Thermal Cycler; Applied Biosystems., CA, USA).
The PCR running condition included an initial denaturation at 94°C
for 3 min followed by 36 cyclesconsisting of 94°C for 45 s, 55°C for

This article is available from: www.acmicrob.com



2015

ARCHIVES OF CLINICAL MICROBIOLOGY

30 s, 72°C for 45 s and a final extension at 72°C for 10 min. PCR
products were analysed by 2.0% agarose gel electrophoresis. A
100-bp DNA ladder (Takara Biomed., Shiga, Japan) was used as a
molecular size marker.

To detect the characteristic for the JP2 (highly leukotoxic) clone
deletion of 530 bp in the leukotoxin promoter, PCR was run using
leukotoxin promoter gene primers as previously described [26].
Under these conditions DNA templates from strains belonging
to the JP2 clone give a 504-bp amplicon [27], while DNA from
all other strains produces a 1034-bp amplicon (Figure 1). The
PCR mixture was as described above and the running condition
included an initial denaturation at 94°C for 5 min followed by 35
cycles consisting of 94°C for 1 min, 32°C for 2 min, 72°C for 2 min
and a final extension at 72°C for 5 min.

Serotyping of the isolates was performed by a serotype-specific PCR
assay using O-polysaccharide antigen cluster primers [28]. DNA from
the Aa strains ATCC 29523, ATCC 29522, ATCC 33384, IDH 781, OMZ
534, and MUM-A.a 5005 was used as the standards for serotypes
a3, b, ¢, d, e, and f, respectively [28]. Electrophoretic separation and
detection of the PCR products were performed as described earlier
[28]. A typical pattern of serotype specific amplicons is shown in
(Figure 2). The PCR mixture contained 0.5 pl of each primer, 2 pl
of dNTP Mixture, 10X Ex taq Buffer, 0.1 ul of Takara Ex taq (Takara
Biomed., Shiga, Japan) and 5 pl of template DNA in a 20 pl reaction
volume. The running condition included 30 cycles (94°C for 30 s and
55°C for 30's).

To determine a possible strain transmission between children
and their mothers the genotype of the isolates was examined by
Arbitrarily Primed PCR (AP-PCR) using the random sequence primer
OPA 3 and OPA 13 [29]. The PCR mixture and running conditions
were the same as for species identification described above.

Statistical Analysis

Statistical results are presented as absolute and relative
frequencies (%), minimum, median and maximum values. Mann
Whitney test was used to compare distributions relative to their
central tendency (median values). Chi squared test was used
for comparing percentages and frequency distributions. In all
non-parametric statistical tests the observed significance level
(P value) was computed either by the Monte-Carlo simulation
method (utilizing 10,000 re-sampling circles) or by the exact
method. These methods allow drawing safe inductive conclusions
even in cases where the required methodological assumptions
of the corresponding tests (e.g. large samples, independent
measurements, symmetrical distributions, absence of heavy
outliers) are not met [30]. In all hypotheses testing procedures,
the significance level was predetermined at a=0.05. Statistical
analyses was done using the software SPSS v.15.0 (SPSS Inc,
Chicago, lllinois, USA) enhanced with the module Exact Tests (for
Monte-Carlo and Exact method computations)

Results

The total number of cultivable facultatively anaerobic microbes
in the plagque samples from children ranged from 7 x 10° to 5 x
107 CFU/ml sample with a median value of 1 x 10° CFU/ml. The
corresponding numbers for the samples from mothers were in
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the range of 2 x 10° to 9 x 10 CFU/ml and the median value was
1 x 10° CFU/ml.

About 13% of the children, i.e. 14 out of 108, and 23% of the
mothers, i.e. 19 out of 83, were found to carry Aa in their
supragingival plaque. Aa comprised a minor part of the microflora
(Figure 3). The median proportion for the children was 0.087%
(min-max: 0.002-4.8%) and for the mothers 0.005% (min-max:
0.001-6.667%). Aa detection was accomplished with the selective
culture media TBV and AASM (Table 1). In 23 out of 33 Aa positive
samples, Aa was found on both media. In 4 samples, Aa was
found only on TSBV and in 6 samples only on AASM. Yet, in 13
samples, a 10-fold higher number of Aa colonies grew on AASM
compared to TBV. The opposite finding was recorded in 4 of the
Aa-containing samples (Table 1). As expected, a greater number
of non-Aa colonies often grew on TBV than on AASM.

Aa was found in 4 out of 108 mother/child pairs. Three pairs had
the same serotype, one pair had serotype a and the other two
pairs had serotype c. The genetic similarity of the isolates from
each mother and her child was established by AP-PCR (Figure 4).
From the fourth couple, the strains isolated from the mother and
the child were serotype a and c, respectively. Sixteen mothers
had more than one child that participated in the study. Eleven
mothers had 2 children, 4 had 3, and 1 had 4 children. Among
the four siblings, only one, the youngest child, was Aa carrier. In
one of the families with three children, the mother and one child
harbored Aa in their supragingival plaque.

Aa strains isolated from the children belonged to serotypes a, b,
and c (Table 2). A similar serotype distribution was found in the
samples from the mothers (Chi squared P=0.965). In addition, two
strains one of each serotype e and f were detected in mothers. For
both children and mothers, serotype b was the most prevalent,
although serotype ¢ was almost as common as serotype b in
mothers (Table 2). None of the strains in the examined population
belonged to JP2 clone. No statistically significant difference (Chi
squared P=0.554) in serotype distribution was found between

Table 1 Aa detection by the two selective culture media TBV and AASM.
The numbers of dental plaque samples with (+) or without (-) Aa colonies

on each medium are given. >10: A 10-fold difference in colony numbers
between the media.

+>10

- 6 158

Table 2 Prevalence of Aa serotypes in the populations studied. The
prevalence is given in number of Aa carriers.

a 2 4
T A
C 5 6
40 0
e 0 1
R
g 0 0
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Figure 1 Detection of the promoter deletion in Aa strains of
the highly leukotoxic JP2 clone (strain ATCC 700685).
The promoter amplicon of this clone has a size of 504
bp, being 530-bp shorter than the promoter amplicon
K (1034 bp) from a non-JP2-clone strain (ATCC 29522). J
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Figure2 Prevalence of Aa serotypes in the populations studied.
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Figure 3 Distribution of Aa (expressed in percent of the total
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DNA Aa strain DNA Aa strain
ladder 8 11 81 ladder 270 273 278

Primer OPA 13

100 Primer OPA 3

Genetic similarity (detected by AP-PCR using the primers
OPA 13 and OPA 3) of Aa isolates from two child-mother
pairs. Strains 8 and 270 were isolated from the children
and strains 11 and 273 from their mothers. Strains 81
and 268 (negative control) were isolated from non-

K related children. J

boys and girls. Neither was the Aa prevalence related to the age
of children (Mann-Whitney P=0.148).

Figure 4

Discussion

Based on the present results, a considerable number of
periodontally healthy Greek children appear to harbor Aa in
their supragingival plaque flora. The proportion of Aa carriers,
13%, is far different from those previously reported for Greek
populations [21,22], but is close to the ones found in most other
Caucasian groups [31,32].

Several methodological factors, such as the sample material and
transport, the culture conditions and the detection-identification
techniques, may have affected the results of various studies.
Based on earlier observations that indicated tooth surfaces as
the main colonization site of Aa in the oral cavity [33,34], dental
plague was chosen as the sample material. A culture-based
detection technique was also preferred to enable isolation of
Aa strains for further characterization. Culture techniques are
often less sensitive than molecular methods in detecting small
quantities of bacteria. The culture procedure with the selective
media TBV and AASM presently used, has a detection limit of 50
CFU/ml per sample, which was considered satisfactory for the
aim of the study.

This article is available from: www.acmicrob.com
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Although more sensitive in detecting small bacteria numbers,
molecular methods based on reactions of whole genomic DNA, as
in the case of checkerboard technique used elsewhere [22], may
sometimes result in false positive samples due to probe cross-
reactivity with DNA from other bacteria especially if the probes
are not optimized for a bacteria density in the range 10*107 in
the sample [35]. Furthermore, the technique was developed for
subgingival plaque samples and it has to be optimized for other
biological samples to give reliable results.

The culture medium AASM contains higher antibiotic
concentrations and is more selective than TBV [23]. TSBV and
TBV have extensively been used for the detection of Aa, mainly
in samples from periodontal pockets and recovery of Aa is
conveniently accomplished when incubated aerobically and in
the presence of 5% CO, [4,36]. However, when samples with
a different flora composition, e.g. supragingival plaque, are
cultured, the higher selectivity of AASM might be preferable. The
greater recovery of Aa by AASM than TBV in 39% of the samples,
mainly due to a lessen growth of non-Aa colonies, compared to
TSBV, supports the above aspect.

Intra-familial spread of Aa, often from parents to their children,
has previously been suggested [9,10]. On the other hand, Aa has
been isolated from children whose parents lacked the bacterium
in their oral flora [10]. Genotypic identity of isolates between
mothers and their children has been observed in about 30% of
the cases [9]. Although at lower frequency, genotypic similarity
of Aa isolates between mothers and children was also observed
in the present study. However, it seems that acquisition of Aa
by children mostly happens through contamination from other
sources since most of the children harbored Aa genotypes
than were different from those in their mothers. The possibility
for intra-familiar contamination cannot be excluded to occur
beside the one from other sources. However, contamination
is not the only requirement to be fulfilled for a bacterium to
colonize a specific environment. Several ecological factors may
affect bacterial colonization in a particular habitat. As presently
revealed, Aa is not always found in all siblings, while different
genotypes are detected among children and their mothers,
this being in line with previous results [9,10]. Probably, the
conditions prevailing in the oral environment of the host have
to match the colonization requirements of each Aa genotype
and various genotypes may be adapted to certain hosts. Host
defense, bacterial antagonism, and possibly lack of pathogenicity

© Copyright iMedPub
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of infecting organisms may influence transmission. Periodontal
pathogens are suggested to be communicable; however, they are
not readily transmissible [12]. There are conflicting opinions as to
whether certain putative periodontal pathogens such as Aa are
exogenous or endogenous that have particular characteristics. If
periodontal infections result from an overgrowth of endogenous
bacteria, then transmission is not considered a critical issue [12].

The increased prevalence of serotypes b and c observed in this
child population is generally in agreement with the results from
other studies with Caucasian groups [37-40]. In mothers, serotype
b was the most prevalent and serotype c almost equally frequent,
this being in line with the results from an earlier study showing
serotype c to be the most frequently encountered Aa serotype in
periodontal pockets of adults from the same geographic region
[37].

Despite the high prevalence of serotype b strainsin this population,
none of the isolates belonged to the strongly leukotoxic clone JP2.
This finding is in accordance with previous results that support
the aspect of a racial tropism for this specific clone and its
absence from the oral cavity of Caucasians [17,41,42]. However
this does not exclude the possibility of occurrence of other highly
leucotoxic strains of Aa as previously reported [43].

In young people, a relation was suggested between the subject's
age and the colonization of oral cavity with Aa [3]. The present
study as much as others [44], failed to confirm this relation and
also showed that children may carry periodontal pathogens from
an early age. However, the non-longitudinal type of this study
and the relatively small number of Aa-carrying children may have
been responsible for not detecting a possible relation between
the child's age and the Aa occurrence in the mouth.

To conclude, the prevalence of Aa and its serotype distribution
pattern, in Greek children, are similar with those found in other
Caucasians. The occurrence of Aa in dental plaque of children
and their mothers infrequently coincides.
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