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Abstract:
Context: Aggregatibacter actinomycetemcomitans  (A.a) serotypes may add some important information of 
the pathogenetic background of periodontal infections. A.a leukotoxin is an important virulence factor in the 
pathogenesis of periodontal disease and its rate of progression. When compared to minimally leukotoxic strains, 
variants of A.a highly leukotoxic strains produce 10–20 times more leukotoxin. Aims: The aim of the present 
study was to detect serotypes a, b, c, d, and e of A.a its leukotoxin and find its correlation with periodontal status. 
Settings and Design: Microbiological analysis and cross‑sectional study. Materials and Methods: A total of 
80 subjects (40 chronic periodontitis and 40 aggressive periodontitis) in the age range of 14–55 years were 
selected. Subgingival plaque samples were collected and checked for the presence of A.a. Following isolation of 
the organism, detection of the serotypes and leukotoxin assessment was done. Statistical Analysis Used: The 
proportions of A.a were calculated using descriptive statistics in terms of percentage. Chi‑square test was used 
to find association between serotype, leukotoxin, and periodontal disease in individual group. Results: Out of 
80 plaque samples, 45% tested positive for A.a. serotype b was detected in 33.33%, whereas serotype e in 
8.33% samples and serotype c in 2.77% samples. Serotypes a and d were not detected in any of the samples. 
A combination of serotypes was seen in 47.22% of the sites. Of these 76.47% showed a combination of 2 
serotypes, while 23.52%showed a combination of 3 serotypes. 8.33% showed untypable serotype. All samples 
had low‑toxic variants of A.a. Conclusions: Serotype b and serotype e were predominant in chronic periodontitis, 
and serotype b was predominant in aggressive periodontitis. An association could be present between serotype 
and periodontal disease.
Key words:
Aggregatibacter actinomycetemcomitans, aggressive periodontitis, chronic periodontitis, leukotoxin, polymerase 
chain reaction, serotype

INTRODUCTION

An a e r o b i c  o r g a n i s m s  w h i c h  a r e 
Gram‑negative and microaerophilic 

are increased significantly in patients with 
periodontitis.[1] At the 1996 World Workshop 
on Clinical Periodontics, Aggregatibacter 
actinomycetemcomitans  (A.a), Tannerella forsythia 
and Porphyromonas gingivalis were identified as 
specific periodontal pathogens in periodontal 
disease.[2]

A.a is strongly associated with the aggressive 
forms of the disease.[3] Leukotoxin, a toxin 
produced by the bacterium seems to have a 
remarkable effect on disease progression.[4] It 
binds to the lymphocyte function‑associated 
antigen‑1  (LFA‑1) which is a molecule of 
hematopoietic cells inducing secretion of 
lysosomal proteases from neutrophils and 
interleukin‑1β from macrophages.[5] It induces 

β‑hemolysis in red blood cells, although these 
cells lack the LFA‑1 molecule on the cell surface.[6]

A.a has been grouped into six serotypes 
(a, b, c, d, e, f, and g) based on the polysaccharide 
antigen on the cell surface.[7] There also exist 
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phenotypically nonserotypeable strains of A.a that lack 
expression of serotype‑specific polysaccharide antigen.[8] King 
and Tatum identified three serotypes of nonoral A.a based on 
a heat‑labile component.[9] Zambon, et al. distinguished three 
serotypes (a, b, c) of oral A.a.[10]

A.a serotype with localized aggressive periodontitis  (LAP) 
in the United States was serotype b, whereas serotype a was 
found to be elevated in subjects with chronic periodontitis. In 
Finnish subjects, serotypes a and b with periodontal disease 
and serotype c from periodontally healthy controls were more 
frequently isolated.[11]

The expression of the leukotoxin is controlled by the presence of 
specific sequences within the promoter region and the binding 
of regulation proteins to these sequences.[12] Environmental 
factors have also been shown to regulate the leukotoxicity.[13] 
High levels of leukotoxin production have been detected in 
A.a strains with the leukotoxin promoter region deletion of 
530‑base pair (bp).[14]

Thus, the present study was aimed to detect serotypes a, b, c, d, 
and e and leukotoxin by A.a and find its correlation with 
periodontal status.

MATERIALS AND METHODS

This study was conducted in the Department of Periodontics. 
It was a cross‑sectional study including 80 subjects. The 
ethical clearance was obtained from the Institutional Ethical 
Committee and a signed written informed consent was 
obtained from all the subjects before participating in the study. 
All study subjects were included according to the following:

Inclusion criteria  –  more than 18  years of age; a diagnosis 
of chronic periodontitis defined as follows: More than 30% 
of all measured sites with a clinical attachment loss >4 mm, 
and no endodontic treatment or locally irritating factors; 
never received periodontal treatment; no medical history 
of infectious diseases and no use of antibiotics during the 
previous 6 months; no pregnancy or lactation; and no systemic 
diseases with possible periodontal complications (hematologic 
diseases, immunologic defects, and diabetes mellitus), subjects 
compliant with terms of study. Exclusion criteria – Pregnant 
women, lactating mothers, smokers, and subjects on antibiotics 
and analgesics within 6 months before the study.

Subjects were categorized into two groups. Group 1 consisting 
of 40 subjects diagnosed with chronic periodontitis and group 2 
having 40 subjects diagnosed with aggressive periodontitis. 
Subjects were diagnosed as chronic periodontitis and 
aggressive periodontitis according to analytical criteria of the 
American Academy of Periodontology (1999).[15]

Method
Detailed history, radiographs, periodontal status chart, and 
indices were used in the study (Oral Hygiene Index ‑ Simplified, 
Plaque Index, Gingival Index, and Russell’s periodontal Index) 
for diagnosing the subjects.

Pooled subgingival plaque samples were collected from 
the four deepest pockets in four different quadrants using 

curettes  [Figure  1]. It was transferred into a sterile vial 
containing reduced transport fluid. The samples were sent to 
laboratory and processed within 24 h.

The samples were separated into two aliquots. One aliquot 
was processed to microbiological culture for the detection of 
A.a other aliquot was used for DNA extraction.

Dentaid agar was used as the selective medium for A.a. 
Following inoculation in the culture medium, plates were 
incubated at 37°C in 5%–10% CO2 jar for 48–72 h. Since A.a a 
capnophile, it requires CO2 for its growth. After completion 
of incubation, the plates were removed; colony characteristics 
of the A.a were identified. A.a colonies were seen as white 
translucent colonies. The colony was observed under the 
stereo‑microscopy and observed for star shape structure in 
the colony. These organisms were further confirmed by Gram 
staining and key biochemicals. A.a was found to be negative 
for sucrose, lactose, trehalose, and malibiose. A.a had sugar 
fermenting properties for glucose, galactose, and maltose.

The DNA extraction was done by modified protienase 
K (Chromous Biotech) method.[16] The colonies were transferred 
to the tube containing TE buffer, and the tube was centrifuged 
at 5,000 rpm for 5 min. The supernatant was discarded. With 
the help of micropipette 500 microliter fresh TE buffer was 
added to the tube and centrifuged for 3–4 min. The procedure 
was repeated 3–4 times with fresh TE buffer. Supernatant was 
discarded and 50 ml of Lysis buffer I was added. The sample in 
tube was vortexed and kept for 5 min. Again 50 µL Lysis buffer II 
and 10 ml proteinase – K (100 ug/ml) were added and vortexed 
vigorously. It was kept in water bath for 2 h then in boiling water 
bath for 10 min. Obtained DNA was stored at −20°C.

The samples positive for A.a in microbiological culture 
were selected, and DNA of these samples were used in the 
polymerase chain reaction (PCR) for serotyping and leukotoxin 
assessment.

In laboratory, the plaque samples were vortexed  (Bio‑rad), 
followed by inoculation in the culture medium using an 
inoculating loop. For A.a, blood Agar was used as enriched 
medium and Brucella agar with hemin and vit K was utilized, 
and these plates were incubated at 37°C for 3–4  days in 
anaerobic jar.

Colony characteristics of A.a were seen as white translucent 
colonies [Figure 2]. These organisms were further confirmed 
by Gram‑staining and key biochemicals.

Serotyping
A.a serotypes a‑e was amplified by conventional multiplex 
PCR. Moreover, the following reagents were used for PCR, 
2X Mastermix  (Ampliqon RED), PCR Primers  (Bioserve 
India Pvt., Ltd.,)  (Stock concentration 25 pmole), DNA 
Template (Approximately 100 µg/ml), and molecular grade 
water. Details regarding the set of primer name specific to 
respective serotypes and primer sequence listed are listed 
in  Table  1.  The tubes were placed in the thermal cycler 
(Applied Biosystems, USA) and the DNA was amplified using 
standard PCR conditions. The detection was done using agarose 
gel electrophoresis (Bio bee Tech, Bangalore). Then, photograph 
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Figure 1: Collection of subgingival plaque sample using curette Figure 2: Colonies of Aggregatibacter actinomycetemcomitans on Dentaid agar
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of gel was taken under ultraviolet light transilluminator. 
The bands were recorded using gel documentation system 
(Major Science, USA). The bands obtained were interpreted 
with the help of DNA ladder and were assessed for serotypes.

Leukotoxin
The samples were screened for the 530‑bp deletion characterizing 
the highly leukotoxic clone. The primer sets ltx3 and ltx4 were 
used which has proven efficiency and sensitivity. Leukotoxin 
was amplified by conventional PCR. Mastermix preparation 
and other procedures for observing the DNA ladder is as 
previously described and the details regarding the sets of 
primer name and primer sequence are listed in Table 2.

Statistical analysis
The proportions of A.a were calculated using descriptive 
statistics in terms of percentage. Chi‑square test was used to 
find association between serotype, leukotoxin, and periodontal 
disease in individual group.

RESULTS

A total of 80 subjects in the age range of 14–55  years were 
included in the study out of which 38  (47.50%) were males 
and 42 (52.50%) were females. Out of tested samples, 36 (45%) 
tested positive for A.a [Table 3 and Graph 1]. Among 40 plaque 
samples of chronic periodontitis subjects, 17 (42.50%) samples 
tested positive for A.a. Out of 40 plaque samples of aggressive 
periodontitis subjects, A.a was detected in 19  (47.50%) 
samples [Graph 2].

Serotypes
There was the presence of only one type of serotype in 
16  (44.44%) samples. In chronic periodontitis, it was in 
10  (62.50%) samples; and in aggressive periodontitis, it was 
in 6 (37.50%) samples.

Overall seventeen  (47.22%) samples showed a combination 
of serotypes, out of which 13 (76.47%) samples showed two 
serotypes and 4  (23.52%) samples with three serotypes and 
3 (8.33%) samples were untypeable.

These 17 samples were distributed as 9 (52.94%) samples in 
chronic periodontitis group out of which 6 (66.66%) samples 
showed two serotypes and 3 (33.33%) samples showed three 
serotypes and 2 (66.66%) samples were untypeable.

Eight (47.05%) samples in aggressive periodontitis group out of 
which 7 (87.5%) samples showed two serotypes and 1 (12.5%) 
sample showed three serotypes and 1  (33.33%) sample was 
untypeable.

Serotype b was detected with the highest frequency in 
12 (33.33%) samples followed by serotype e in 3 (8.33%) samples 
and serotype c in 1 (2.77%) sample. Serotypes a and d were 
not detected in any of the samples [Graph 3 and Figures 3, 4].

In chronic periodontitis group, out of 17 A.a‑positive samples, 
3 (17.64%) samples were serotype b and 3 (17.64%) samples 
were serotype e. Serotypes a, c, and d were not detected in 
any samples [Graph 4].

Table 1: List of serotype primers used for the present study
Serotype Primer name Nucleotide sequence Base pairs
Serotype a Serotype a- Forward

Serotype a- Reverse
5’‑GCAATGATGTATTGTCTTCTTTTGGA‑3’
5’‑CTTCAGTTGAATGGGGATTGACTAAAAC‑3’ 428

Serotype b Serotype b- Forward
Serotype b- Reverse

5’‑CGGAAAT GGAATGCTTGC‑3’
5’‑CTGAGGAAGCCTAGCAAT‑3’ 298

Serotype c Serotype c- Forward
Serotype c- Reverse

5’‑AATGACTGCTGTCGGAGT‑3’
5’‑CGCTGAAGGTAATGTCAG‑3’559 559

Serotype d Serotype d- Forward
Serotype d- Reverse

5’‑TTACCAGGTGTCTAGTCGGA‑39690
5’‑GGCTCCTGACAACATTGGAT‑39 690

Serotype e Serotype e- Forward
Serotype e- Reverse

5’‑CGTAAGCAGAAGAATAGTAAACGT‑3’
5’‑AATAACGATGGCACATCAGACTTT‑3’ 211
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Graph 2: Distribution of Aggregatibacter actinomycetemcomitans‑positive 
samples

Graph 1: Presence of Aggregatibacter actinomycetemcomitans

Graph 4: Distribution of Aggregatibacter actinomycetemcomitans serotypes in 
chronic periodontitis

Graph 3: Overall distribution of Aggregatibacter actinomycetemcomitans 
serotypes
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In aggressive periodontitis group, out of 19 A.a‑positive 
samples, serotype b was detected in 9  (47.36%) samples, 
serotype c was found in 1 (5.26%). Serotypes a, d, and e were 
not detected in any sample [Graph 5].

Combination of serotypes b and e was detected with the 
highest frequency of 9 (25%) samples, followed by combination 
of b and c in 3  (8.33%) samples, combination of serotypes 
b and d in 1  (2.77%) sample. Combination of serotypes 
b, c, and e; a, b, and e; a, b, and c; b, c, and d in 1  (2.77%) 
sample each. Remaining 3 (8.33%) samples were untypeable 
[Graph 3 and Figures 3, 4].

In chronic periodontitis group, combination of serotypes b 
and e was detected with the highest frequency of 5 (29.41%) 
samples, combination of b and c was seen in 1 (5.88%) sample. 

Combination of serotypes a, b, and c; a, b, and e; b, c, and d 
was detected in 1 (5.88%) sample each. Remaining 2 (11.76%) 
samples were untypeable [Graph 4].

In aggressive periodontitis group, combination of serotypes 
b and e was detected with the highest frequency of 
4  (21.05%) samples. Combination of b and c was found in 
2  (10.52%) samples and combination of b and d was found 
in 1 (5.26%) sample. Combination of b, c, and e was found in 
1 (5.26%) sample. Remaining 1 (5.26%) sample was untypeable 
[Graph 5].

Leukotoxin assessment
1217‑bp of A.a was detected in all samples. Hence, all the strains 
were minimally leukotoxic [Figure 5].

Serotype distribution and periodontal disease
The relationship between serotypes and periodontal disease 
was studied using Pearson Chi‑square test. From the overall 
serotype distribution, it was seen that serotypes b and e were 
strongly associated with periodontal disease.

In chronic periodontitis group, the most frequently detected 
serotype was serotype b and e. Pearson Chi‑square test 
showed a statistically significant association (P < 0.05) between 
serotypes and chronic periodontitis.

In aggressive periodontitis group, the most frequently detected 
serotype was serotype b. Pearson Chi‑square test showed a 
statistically significant association (P < 0.05) between serotypes 
and aggressive periodontitis.

Table 2: List of leukotoxin primers used for the present 
study
Leukotoxin Primer name Nucleotide sequence
Leukotoxin Ltx3 5’ GCCGACACCAAAGACAAAGTCT 3’
Leukotoxin Ltx4 5’ GCCCATAACCAAGC CACATAC 3’

Table 3: Demographic characteristics of Aggregatibacter 
actinomycetemcomitans
A.a‑positive and A.a‑negative 
subjects characteristics

A.a‑positive 
subjects

A.a‑negative 
subjects

n 36 44
Age (years; mean±SE) 31.30±6.25 34.36±8.58
Male (n) 17 20
Female (n) 19 24
A.a – Aggregatibacter actinomycetemcomitans; SE – Standard error; n – number 
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Figure 3: Polymerase chain reaction banding pattern of Aggregatibacter 
actinomycetemcomitans serotypes b, c, and e

Figure 4: Polymerase chain reaction banding pattern of Aggregatibacter 
actinomycetemcomitans serotypes b and d

Figure 5: Assessment of Aggregatibacter actinomycetemcomitans leukotoxin

Graph 5: Distribution of Aggregatibacter actinomycetemcomitans serotypes in 
aggressive periodontitis
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DISCUSSION

Numerous techniques have been used in microbiologic 
investigations. The sampling step is crucial and presents a 
potential source of error. “Curette sampling” was used in the 
present study since it had shown to provide a reliable and 
reproducible method to obtain subgingival samples[17] but 
can include the loosely bound and the epithelial‑associated 
biofilms.[18] Pooled sample increases the probability of detection 
of an organism as sample is collected from multiple sites.[19]

Various methods have been used for serotyping Multiplex PCR 
was the method of choice in the present study as it is sensitive 
to detect A.a serotypes.[20]

The detection of leukotoxin can be done by various methods 
such as polymerase chain‑reaction, assays for cytotoxicity after 
cultivation, use of antiserums for A.a strains.[21] However, PCR 
is an attractive alternative.[22]

Overall detection frequency of A.a in the present study was 
45%. It was 23.2% in Korean,[23] 27.5% in Greek,[24] 19% in Thai,[25] 
and 17.5% Brazilian[26] individuals.

In aggressive periodontitis group, 47.50% samples tested 
positive for A.a. The detection frequency of A.a in Chinese, 
Brazilian, Korean, and Indian was 62%,[27] 72%,[28] 74%,[28] and 

61%,[29] respectively. Thus, there was variation in the percentage 
of A.a detection in aggressive periodontitis from the previous 
studies to the present study.

In chronic periodontits subjects, 42.50% samples tested positive 
for A.a. Our results were nearly similar to the results obtained 
from Indonesian and Brazilian groups 40%[30] and 41%.[31] In 
contrast to this, Korean population showed 74% of A.a.[32]

In this study, serotype b was detected with the highest 
frequency followed by serotype e and serotype c. Serotypes a 
and d were not detected. About 8.33% isolates were untypeable 
which may belong to f or g serotypes or an unrecognized 
serotype. The occurrence of serotype b was also found to 
be high in the studies done in New‑York,[6] Finland,[33] and 
Germany.[34] On the other hand, low detection frequency of 
serotype b was in Chinese population,[27] Korean population,[23] 
Thai populations,[25] and the USA population.[35]

Serotype e was also found in studies done in the USA 
population[35] and Thai population.[25] Teixeira et  al.[36] and 
Cortelli et al.[37] did not find serotype e.

Serotype c was found in high frequency in Chinese,[27] 
Korean,[23] Greece,[24] Thailand,[25] and Hispanic students[38] but 
it was low in number in few studies.

Serotype a was not detected in our study but this serotype 
was seen to be present in various studies.[37,39,40] Serotype d was 
not seen in this study and is in accordance with other studies.

To the best of our knowledge, there are no studies reporting 
the serotype distribution of A.a in Indian population. In 
the present study, serotype b was predominant among 
aggressive periodontitis and chronic periodontitis patients 
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suggesting a probable association between serotype b and 
periodontal status. Similar results were obtained by Yang 
et  al.[41] and Asikainen et  al.[42] Studies from the US have 
shown that serotype b was more often isolated from patients 
with aggressive periodontitis.[6,34] Moreover, a study done on 
chronic periodontitis group showed that serotype c in high 
frequency.[26] However, Japanese aggressive periodontitis 
patients had serotype c as the predominant serotype.[43] 
However, studies from Thailand[25,44] and Indonesia[39] showed 
no significant relationship between serotypes and the extension 
or severity of periodontal disease.

Patients are usually seen to be infected by only one serotype 
and colonization is stable over time. It is possible that the 
colonization of additional A.a strains may be difficult due to 
competition between the resident strain and the invading strain 
or due to the suppression of the invading strain from the host 
immune response to the resident strain.[35]

We found that 47.22% samples showed a combination of 
serotypes, out of which 76.47% samples had two serotypes 
and 23.52% samples with three serotypes. In the majority of the 
studies among A.a‑positive individuals, 5%–20% of the subjects 
were infected by more than one clonal type.[35,45,46]

In our study, serotype b was associated with all multiple 
serotypes, which is in accordance to Ebersole et al.[47] This suggests 
that serotype b is the most prevalent serotype both in individual 
or multiple serotypes when compared serotype a, c, d, e, f, and g.

Van der Reijden et al. conducted a study in Indonesia at two 
different time points and showed that multiple serotypes 
were 12.2% in 1994 and 17% in 2002.[39] This shift suggests an 
opportunistic character of A.a.[39]

The probability of multiple clone infection appears to be 
governed by the random chance of infection by different clonal 
types of A.a. It was suggested that multiple serotypes in LJP 
patients may also represent a serotype “shift” during a lengthy 
infection or “burn‑out” of the disease. The infrequent isolation 
of multiple serotypes may reflect an interference phenomenon, 
previous successful treatment, or immune elimination of other 
serotypes.[48]

A systematic review by Brígido et al. states that serotypes a, b, 
and c are globally dominant, serotypes d and e are rare and the 
distribution patterns of A.a vary among subjects of different 
ethnicity and geographic regions and their association with 
various periodontal conditions remains unclear.[49]

In the present study, it was seen that none of the strains had 
the deletion in the 1217‑bp promoter region thus they can be 
considered low leukotoxin producers which is in agreement 
with the results of a previously conducted study.[27,50] Higher 
occurrence of highly toxigenic strains in patients with localized 
juvenile periodontitis than in adult periodontitis patients or 
healthy controls were reported.[13,51]

In the present study, Pearson Chi‑square test showed a 
statistically significant association (P < 0.05) between serotype 
and aggressive periodontitis and chronic periodontitis group. 
Similar finding were reported by Åberg et al.[52]

Although serotype distributions of A.a have been found to be 
related to periodontal status in some populations.[53] There is 
no evidence that the serotype antigen per se is a determinant 
of virulence. Owing to the different serotypes, leukotoxin 
production and in some cases, individual evolutionary lineages 
within the serotype clusters are likely to differ in other ways 
that may contribute to potential differences in virulence.[54]

It was noticed that serotype b was the most commonly isolated 
serotype in aggressive periodontitis both in generalized 
aggressive periodontitis and LAP and serotype c in chronic 
periodontitis, but the results are not consistent. These 
variations in the studies could be due to certain factors that 
play an important role in governing the microbial composition 
of plaque samples. These factors include the number or 
type of sampling sites, age of the patient, transportation, 
clinical status of sampling sites, racial, and geographic 
variation.[55] The observation that subjects carrying serotype b 
were associated with more severe disease in some populations 
but not in others, may indicate virulence differences within this 
serotype or differences in host susceptibility among different 
populations.[25]

Small sample size, detection of five serotypes out of seven 
serotypes, restricted population for the study are some 
of the limitations of the present study. The detection of 
leukotoxin production at different time intervals gives a better 
understanding if it is a highly leukotoxin strain.

CONCLUSION

Chronic periodontitis group had serotype b and e to be 
the most predominant serotype and in multiple serotypes, 
the combination of b and e was predominant. In aggressive 
periodontitis, serotype b was the predominant, and in multiple 
serotypes, the combination of b and e was dominant. All the 
samples of chronic and aggressive periodontitis groups had 
low‑toxic variants of A.a. A statistically significant association 
between serotypes and periodontal status of both groups was 
present. There was no association found between the presence 
of leukotoxin of A.a and periodontal status of both groups.
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