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ABSTRACT

Actinobacillus actinomycetemcomitans is considered a major etiologic agent of aggressive periodontitis but
this species has also been associated with other forms of periodontal disease. Further, highly leukotoxic
strains are related to severity of disease. This investigation determined the prevalence of A.
actinomycetemcomitans and the occurrence of the leukotoxin gene 530-bp deletion in Brazilian subjects with
chronic periodontitis. Twenty periodontally healthy and 20 chronic periodontitis subjects were selected. Full-
mouth clinical examination was carried out at 6 sites/tooth. Subgingival biofilm samples were collected from
the 3 deepest sites and 3 healthy sites from periodontitis subjects, as well as from 3 sites of individuals with
periodontal health. A. actinomycetemcomitans and the genetic deletion were determined by the polymerase
chain reaction. Significant differences were sought by Mann-Whitney, Chi-square, and Wilcoxon sign tests.
Periodontitis subjects presented a higher prevalence (75%) of A. actinomycetemcomitans than individuals
with health (45%) (p = 0.053). A mean frequency of 57.5% of A. actinomycetemcomitans - positive sites was
observed in the periodontitis group. Of those, 75% were diseased, whereas 40% were healthy sites (p =
0.0001). Healthy subjects showed a mean frequency of 35% of positive sites. In contrast, the genetic deletion
was detected only in 4 diseased sites from 2 chronic periodontitis patients. A high prevalence of A.
actinomycetemcomitans was observed in Brazilians with chronic periodontitis. However, the leukotoxin gene
530-bp deletion was rarely detected in the subgingival biofilm of these subjects.
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INTRODUCTION

Over the years, a great diversity in the composition of the
subgingival biofilm of various periodontal conditions has been
shown (24). Many studies have attempted to clarify the
relationship between a specific bacterium and/or a group of
microorganisms and the pathogenesis of periodontitis. These
data were originated in several parts of the world, including
Europe, Africa, Asia, North and South America (5,8,9,15,23,
25,26,31,33). A general finding is that, even in different
populations, the same periodontal species are found in sites or
individuals with periodontitis. However, the prevalence and

proportion of these species in the subgingival microbiota may
vary (15,26). For instance, evidence has demonstrated a lower
prevalence of Actinobacillus actinomycetemcomitans in the
European and American than in the Asian population (1,4,9).
Umeda et al. (36) also identified race or ethnicity as a potential
risk factor for harboring oral A. actinomycetemcomitans. This
species was detected more frequently in periodontal pockets of
Hispanics and Asians-Americans when compared to
Caucasians.

A. actinomycetemcomitans is a major periodontal pathogen
that has been associated with aggressive forms of periodontitis.
Nevertheless, this bacterial species can be found in 25% to 30%
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of chronic periodontitis lesions, even though the role of this
microorganism in this type of periodontitis is not clear (30). A.
actinomycetemcomitans elaborates a variety of toxins including
a proteinaceous leukotoxin belonging to the repeats-in-toxin
(RTX) family of bacterial cytolysins (20). This toxin kills human
polymorphonuclear leukocytes and monocytes, but not epithelial
and endothelial cells, fibroblasts, erythrocytes and platelets (32).
The leukotoxin has membranolytic activity, producing pores in
target cells with a functional diameter of approximately 0.96 nm
(19). A. actinomycetemcomitans leukotoxin is expressed by an
operon consisting of four genes designated ltxC, ltxA, ltxB and
ltxD. The ltxA gene is essential for cytolytic activity since deletion
of a repeat domain common to all RTX proteins in this region
renders the leukotoxin inactive (12,21). Strains that demonstrate
a 530-bp deletion in the promoter region of the leukotoxin gene
operon exhibit enhanced leukotoxin production (17). Studies have
shown an association between highly leukotoxic strains of A.
actinomycetemcomitans and sites with destructive periodontal
disease (17,18,34). Zambon et al. (41) detected the 530-bp deletion
in A. actinomycetemcomitans isolates from 12 of 21 aggressive
periodontitis patients but in none of the isolates from
periodontally healthy and chronic periodontitis subjects. In
addition to periodontal clinical status, different ethnic populations
seem to show varying frequency of the 530-bp leukotoxin promoter
deletion. Haubek et al. (17) found the genetic deletion in 37 of 84
A. actinomycetemcomitans strains from individuals of north and
West Africa. In contrast, none of the isolates from subjects in
north Europe presented the deletion (16).

Conventional methods used to identify periodontal
pathogens in subgingival biofilm include culture techniques
and biochemical testing (28). These techniques, however, are
of limited specificity and sensitivity, quite expensive and time
consuming (22). The polymerase chain reaction (PCR) method
has been applied as a technique for the detection of A.
actinomycetemcomitans in subgingival biofilm samples and
saliva (35,36,39). Several studies have shown that this
methodology appears to have a great potential in the
microbiological diagnoses of periodontal diseases and detection
of periodontal pathogens directly in subgingival biofilm samples
(6,7,14,33,38).

In a previous study, we reported a very high prevalence of A.
actinomycetemcomitans in Brazilians with chronic periodontitis,
as well as periodontal health (5). These results raised the question
whether the strains of A. actinomycetemcomitans present in the
periodontitis patients were more virulent than the ones detected
in the healthy individuals. Conceivably, diseased sites may
harbor more leukotoxic strains than healthy sites. Thus, the
purpose of the present study was to determine the prevalence
of A. actinomycetemcomitans and the occurrence of the
leukotoxin gene 530-bp deletion by PCR directly in subgingival
biofilm samples of patients with chronic periodontitis from a
Brazilian population.

MATERIALS AND METHODS

Subject population
Twenty periodontally healthy and 20 chronic periodontitis

subjects were recruited from an ongoing study at the Dental
School of the Estácio de Sá University (UNESA), Rio de Janeiro,
Brazil. Subjects with chronic periodontal disease had at least 6
sites with probing pocket depth (PPD) and/or clinical attachment
level (CAL) ≥ 4 mm. Periodontally healthy individuals exhibited
no sites with attachment loss or probing pocket depths > 4 mm.
Subjects in this group, however, could exhibit minimal gingival
inflammation. All patients were > 35 years of age and had at
least 20 teeth. Exclusion criteria included pregnancy, use of
antibiotics 6 months prior to entry into the study, or the presence
of any systemic disease. In addition, patients with clinical
symptoms and signs of aggressive periodontal disease, i.e. <
30 years of age and generalized interproximal attachment loss
(PPD and CAL ≥ 6 mm) affecting at least 3 permanent teeth
other than first molars and incisors were excluded. The patients
were informed about the nature of the study and a signed
consent form was obtained from each individual. The study
protocol was approved by the Review Committee for Human
Subjects of UNESA (project no. 115).

Clinical measurements
Clinical measurements were performed at 6 sites per tooth at

all teeth excluding third molars. They included PPD and CAL
(mm) measured with a conventional North Carolina periodontal
probe (Hu-Friedy, Chicago, IL), and presence or absence of
supragingival biofilm accumulation (SB), bleeding on probing
(BOP) and suppuration (SUP). All clinical measurements were
performed by one calibrated examiner.

Sampling of subgingival biofilm
In the periodontitis group, individual subgingival biofilm

samples were obtained from the 3 sites with the deepest PPD
and from 3 healthy sites (presenting PPD ≤ 3 mm and no signs
of BOP), providing a total of 6 samples for each patient. In the
periodontally healthy group, individual samples were obtained
from 3 random healthy sites (PPD ≤ 3 mm and no BOP). Prior to
clinical measurements, supragingival biofilm was removed with
sterile gauze from the selected sites. The sites were then isolated
with cotton pellets and dried. A subgingival biofilm sample
was taken from each site using a sterile curette and placed in
separate tubes containing 200 µl of TE (Tris-HCl 10 mM, EDTA
1mM, pH 7.6).

A. actinomycetemcomitans detection by PCR
Following subgingival biofilm sampling, bacterial DNA

was extracted from each sample for detection of A.
actinomycetemcomitans as described by Tan et al. (33). Briefly,
bacterial cells were pelleted by centrifugation (2.500 x g for 2
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min), the supernatant was discarded and the resulting pellet was
resuspended in 50 µl of ultra pure water. This procedure was
repeated 3 times. The final pellet was resuspended and bacterial
cells were lysed by heating at 94oC for 10 min, followed by cooling
on ice for 5 min. Synthetic oligonucleotides (Invitrogen Brazil,
São Paulo, SP, Brazil) targeting the leukotoxin gene ltxA of the
ltx operon were used to detect A. actinomycetemcomitans by
PCR. A. actinomycetemcomitans ATCC 29523 strain was used
as positive control. The primers for ltxA used in this study were
designed by Tonjum and Haas (35). The sequences of the forward
and reverse primers were TT-15(5’-TCG CGA ATC AGC TCG
CCG –3’) and TT-16(5’-GCT TTG CAA GCT CCT CAC C-3’),
respectively. Samples were amplified in a 50 µl reaction mixture,
containing 10 ng of template DNA, 10 mM Tris-HCl, 50 mM KCl,
2 mM MgCl2 (Biotools do Brasil Ltda., Rio de Janeiro, RJ, Brazil),
200 µM of each deoxynucleosidetriphosphate (Biotools), 0.5
µM solution of each primer, and 0.5 U of Taq polymerase
(Biotools). PCR program was performed in a thermocycler (Primus
25/96, MWG – Biotech, Ebersberg, Germany), with a few
modifications from the program described by Tan et al. (33). It
included an initial denaturation cycle of 94ºC for 3 min, followed
by 35 cycles of denaturation at 94ºC for 1 min, annealing at 60ºC
for 1 min and extension at 72ºC for 1 min. The final extension was
carried out at 72ºC for 10 min. The PCR products were analyzed
by electrophoresis on a 1.5% agarose gel. The gel was treated
with ethidium bromide (0.5 µg/mL) and visualized on an ultraviolet
transilluminator. The presence of A. actinomycetemcomitans was
determined by a distinct band of 285 bp in size. A pair of
ubiquitous bacterial primers (5’-AGA GTT TGA TCC TGG CTC
AG-3’ and 5’-ACG GCT ACC TTG TTA CGA CTT- 3’) (Biotools),
designed by Willis et al. (40), which match almost all bacterial
16S RNA genes at the same position but not 18S RNA genes
from eukaryotic cells, was used to indicate the presence of
bacterial DNA in the clinical samples, particularly the ones that
were A. actinomycetemcomitans- negative. For the reaction using
universal 16S rDNA primers, PCR amplification was performed
in a thermocycler (Primus 25/96, MWG - Biotech), and included
a 25 µL reaction mixture containing 0.2 µM of forward and reverse
universal primers, 2.5 µl of 10X PCR buffer (Biotools), 2 mM
MgCl2, 1.25 U of Tth DNA Polymerase (Biotools), 200 µM of
each deoxynucleosidetriphosphate (Biotools). The PCR
temperature profile included an initial denaturation step at 97ºC
for 1 min, followed by 30 cycles of a denaturation step at 97ºC for
45 s, a primer annealing step at 55ºC for 45 s, an extension step at
72ºC for 1 min and a final step of 72ºC for 4 min. The presence of
bacterial DNA was determined by an amplicon of 1505 bp in size
visualized on a 1.5 % agarose gel.

Determination of the leukotoxin gene promoter (ltx) type
In the A. actinomycetemcomitans-positive samples, PCR

was carried out for determining the ltx promoter type. The set
of primers A (5’ - TCCATATTAAATCTCCTTGT-3’) and B (5’ -

AACCTGATAACAGTATT-3’) (Invitrogen Brazil) designed by
Zambon et al. (41) were selected. Briefly, 100 ng of genomic
DNA was mixed with 100 ng of each oligonucleotide primer, in
the appropriate buffer. Samples were amplified in a 50 µL reaction
mixture, containing 15 ng of template DNA, 10 mM Tris-HCl,
50 mM KCl, 2 mM MgCl2 (Biotools), 200 µM of each
deoxynucleotide triphosphate (Biotools), 50 pmol of each primer,
and 1.5 U of Taq polymerase (Biotools). An initial denaturation
cycle (95ºC for 5 min) was followed by 25 cycles of 30 s at 95ºC,
30 s at 55ºC, and 30 s at 72ºC. This was followed by a final cycle
of 30 s at 95ºC, 30 s at 55ºC, and 9 min at 72ºC. These primers
amplify a 492 bp product from highly toxic strains and a 1022 bp
product from non leukotoxic strains. The amplicons were
analyzed by electrophoresis on a 1.5% agarose gel. The gel was
stained with ethidium bromide (0.5 µg/mL) and visualized on a
ultraviolet transilluminator.

Statistical analysis
Full mouth clinical measurements were computed for each

subject and then averaged across subjects within the groups.
Differences on clinical parameters between the two groups were
sought using the Mann-Whitney test. The frequency of
detection of A. actinomycetemcomitans was determined for each
group and significant differences between groups evaluated
by Chi-square test. In addition, the mean frequency of A.
actinomycetemcomitans was computed for each subject and
averaged across subjects within the groups. Differences
between groups were sought by Mann-Whitney test, whereas
differences between healthy and diseased sites within the
chronic periodontitis group were examined by the Wilcoxon
sign test. Any difference of p < 0.05 was considered statistically
significant.

RESULTS

The clinical features of the two groups are presented in
Table 1. No significant differences between the groups were
observed regarding age (p = 0.602) and gender (p = 0.337). In
contrast, subjects with periodontitis presented significantly
higher mean PPD and CAL, as well as mean number of missing
teeth, % of sites with supragingival biofilm, bleeding on probing
(p = 0.0001) and suppuration (p = 0.001; Mann-Whitney test)
than periodontally healthy individuals. None of the selected
subjects were smokers or past smokers for less than 5 years,
although smoking was not an exclusion criterion.

The microbial data is depicted in Figs. 1 and 2. Of the 20
patients with chronic periodontitis, 15 (75%) were positive for
A. actinomycetemcomitans; i.e. they presented at least 1 sampled
site with this species, whereas in the periodontal health group
9 out 20 (45%) subjects were A. actinomycetemcomitans-
positive. (Fig. 1; p = 0.053; Chi-square test). When the frequency
of sites colonized by this species was determined for each
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Table 1. Full mouth clinical parameters (mean ± SD) of the
subjects with periodontal health and chronic periodontitis
selected from a Brazilian sample population.

Periodontal Periodontitis p
Health Chronic

N 20 20

Age* 43 ± 10 45 ± 9 0.602NS

% males** 50 35 0.337NS

Number of missing teeth* 0 3.1 ± 2.4 0.0001
Mean Probing Pocket
Depth (mm)*

2.7 ± 0.13 4.7 ± 0.7 0.0001

Mean Clinical Attachment
Level (mm)*

1.2 ± 0.12 5.4 ± 2.8 0.0001

% sites with:
Bleeding on probing* 0.3 ± 0.5 75 ± 11 0.0001
Supragingival biofilm* 6.5 ± 4 79 ± 15 0.0001
Suppuration* 0 9.2 ± 18 0.001

* Refers to Mann – Whitney test; NS: not significant;
** Chi-square test.

Figure 2. Mean frequency of A. actinomycetemcomitans (Aa)
in diseased (n = 60) and healthy sites (n = 60) from chronic
periodontitis subjects, and in the sampled sites (n = 60) from
healthy subjects. Statistically significant differences were
observed between diseased and healthy sites from periodontitis
patients (**p = 0.0001, Wilcoxon sign test), as well as between
diseased sites and sites from periodontally healthy individuals
(*p = 0.005, Mann-Whitney test). No significant differences
were found between healthy sites from both subject groups
(***p = 0.575, Mann Whitney test).

Figure 1. Prevalence of A. actinomycetemcomitans (Aa) (% of
positive subjects) in patients with chronic periodontitis (n = 20)
and periodontally healthy individuals (n = 20). *p = 0.053 refers
to the significance of differences between groups (Chi-square
test).

subject and averaged within the groups, the mean prevalence
of A. actinomycetemcomitans in the 60 samples from healthy
individuals was 35% against 57.5% of the 120 sites from the
chronic periodontitis group (p = 0.114; Mann – Whitney test;
data not shown). Despite the fact that subjects and / or sites
with periodontitis showed a greater prevalence of A.

actinomycetemcomitans,  no statistically significant
differences between the groups were observed. However, when
only the diseased sites (n = 60) from the chronic periodontitis
subjects were considered, the mean frequency of A.
actinomycetemcomitans was significantly higher in this group
(75%) than in the healthy subjects (35%). (Fig. 2; p = 0.005,
Mann-Whitney test). Similarly, a significantly greater prevalence
of this species was observed in the diseased sites (75%) than in
healthy sites (40%) from subjects with periodontitis (Fig. 2; p =
0.0001, Wilcoxon sign test). Although healthy sites from
periodontitis subjects demonstrated a slightly higher mean
frequency of A. actinomycetemcomitans (40 %) than healthy
sites from individuals with periodontal health (35%), no
significant difference between these groups was observed (Fig.
2; p = 0.575, Mann Whitney test). The analysis of the A.
actinomycetemcomitans leukotoxin gene operon revealed that
of all A. actinomycetemcomitans-positive samples (90 out of a
total of 180 samples), only 4 samples from 2 diseased sites of 2
periodontitis subjects presented the 530 bp genetic deletion;
i.e. the presence of strains with a highly leukotoxic profile.
Interestingly, all the other sites from these 2 patients, including



594

Rosalem-Junior, W. et al.

the diseased and healthy sites were positive for A.
actinomycetemcomitans; however, the strains were not highly
leukotoxic. All the biofilm samples that were negative for A.
actinomycetemcomitans were positive for the 16S rRNA PCR
amplification, confirming the presence of bacterial DNA in these
samples.

DISCUSSION

The putative pathogen A. actinomycetemcomitans, which
is mainly associated with aggressive forms of periodontitis,
has also been frequently detected in sites and/or subjects with
periodontal health and chronic periodontitis (30). In a previous
study, Colombo et al. (5) found a high prevalence of A.
actinomycetemcomitans in Brazilians, and speculated that
different genotypes of this pathogen could predominate in
chronic periodontitis or periodontal health. Thus, the present
investigation determined the prevalence of this species, and
the leukotoxic genotypes using the 530-bp leukotoxin operon
deletion as a genetic marker, in chronic periodontitis and
periodontally healthy subjects from a Brazilian population. The
results here obtained showed a high frequency of A.
actinomycetemcomitans in subjects and/or sites with chronic
periodontitis, as well as periodontal health, confirming the
previous data. Likewise, Avila-Campos and Velásquez-Meléndez
(3) reported a prevalence of A. actinomycetemcomitans of 70%
for healthy and 90% for chronic periodontitis Brazilians. Data
from earlier investigations in Chinese, African and Hispanic
populations are also in accord with these findings (2,8,29,33).
In contrast, A. actinomycetemcomitans was detected in much
lower frequency in Japanese, Turkish, Swedish and American
subjects (10,11,15,37). Although different methodologies were
employed in these investigations, they clearly demonstrated
that the prevalence rates of this pathogen seem to vary among
ethnic groups with various periodontal status. The widespread
detection of this species in individuals with periodontal health
and chronic periodontitis may suggest that this organism could
be a member of the oral indigenous microbiota that occasionally
contributes to the development of periodontitis. Nevertheless,
the real role of this species in the etiopathogenesis of chronic
periodontal disease is not fully understood.

Differences among these microbiological studies may also
result from the use of distinct microbiological techniques. In
the first study by our group, we analyzed the microbiota of
Brazilians by whole genomic DNA probes (5). The major concern
about this method was the high probability of false-positive
results. Therefore, in the present study we employed the PCR
technique due to the fact that it is rapid, highly sensitive and
specific for the detection of periodontal pathogens (27). Indeed,
a higher prevalence of A. actinomycetemcomitans was observed
when the PCR method was employed in comparison to the use
of whole genomic probes.

Although the presence of A. actinomycetemcomitans was
demonstrated in 50% of all the periodontal sites evaluated (90/
180 sites), only 4 samples from 2 diseased sites of 2 periodontitis
subjects presented the 530-bp deletion. Thus, most of the strains
found in those individuals with chronic periodontitis and/or
periodontal health may be considered low leukotoxin producers.
Similar results were reported by Cortelli and co-workers (6,7) in
a Brazilian population with chronic periodontitis. Other studies
have indicated that the deletion on the leukotoxin promoter
region seem to be related to aggressive forms of periodontitis,
particularly in subjects with close relationship to the African
continent (13,17,41). Therefore, it is conceivable that the patients
or sites in the current study harboring the leukotoxic clone are
at higher risk to develop a more severe form of periodontal
disease. Regarding the racial background, no reliable criteria to
classify the ethnic groups were available due to the high
miscegenation in this population. Nevertheless, no African-
Brazilians were present in this sample.

In conclusion, a high prevalence of A. actinomycetemcomitans
was observed in patients with chronic periodontitis from a
particular Brazilian population. However, the leukotoxin gene
530-bp deletion was rarely detected in the subgingival biofilm
of these subjects.
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RESUMO

Prevalência do genotipo leucotóxico de Actinobacillus
actinomycetemcomitans em indivíduos brasileiros

com periodontite crônica

Actinobacillus actinomycetemcomitans tem sido associado
com diferentes formas de doenças periodontais, mas tal espécie
é considerada o principal agente etiológico da doença periodontal
agressiva. Algumas cepas de A. actinomycetemcomitans
apresentam uma deleção de 530 pb na região promotora do operon
do gene da leucotoxina, produzindo assim maiores quantidades
desta toxina. Tal fato pode ter um importante papel na patogênese
das doenças periodontais. A proposta do presente estudo foi
determinar a prevalência do A. actinomycetemcomitans em
amostras de biofilme subgengival de indivíduos brasileiros com
periodontite crônica e saúde periodontal; bem como avaliar a
distribuição do tipo genético leucotóxico desta espécie nestes
indivíduos. Vinte pacientes com periodontite crônica e 20 controles
com saúde periodontal foram selecionados. O exame clínico
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periodontal foi realizado em 6 sítios/dente em todos os dentes.
Amostras de biofilme subgengival foram coletadas de 3 sítios
com a maior profundidade de bolsa e 3 sítios sem doença dos
pacientes com periodontite, assim como de 3 sítios aleatórios
dos controles. A detecção do A. actinomycetemcomitans e a
ocorrência da deleção genética foram realizadas utilizando a
técnica de PCR diretamente nas amostras de biofilme. Pacientes
com periodontite crônica apresentaram uma alta prevalência de
A. actinomycetemcomitans (75%) quando comparados aos
indivíduos sem doença periodontal (45%), porém essa diferença
não foi significativa (p = 0.053). Foi observada uma freqüência
média de 57.5% de sítios com A. actinomycetemcomitans no grupo
com periodontite. Destes sítios, 75% eram sítios com doença,
enquanto 40% eram sítios saudáveis (p = 0.0001). Indivíduos
sem doença periodontal apresentaram uma freqüência média de
35% de sítios com A. actinomycetemcomitans. A deleção de 530-
pb foi encontrada somente em 4 sítios doentes de 2 pacientes
com periodontite crônica. Uma alta prevalência de A.
actinomycetemcomitans foi observada em pacientes Brasileiros
com doença periodontal crônica. Entretanto, a deleção de 530 pb
no gene da leucotoxina foi raramente detectada no biofilme
subgengival desses indivíduos.

Palavras-chave: periodontite crônica, PCR, Actinobacillus
actinomycetemcomitans, biofilme subgengival, leukotoxina
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