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ABSTRACT 

 

Biofilm is associated to many chronic infections among which periodontitis in one. 

Aggregatibacter actinomycetemcomitans is a related bacterium associated to aggressive 

periodontitis with early onset in younger individuals. In a previous study where bacterial 

samples were collected from adolescents in Ghana, a specific genotype of A. 

actinomycetemcomitans, serotype b, was found to be highly virulent and associated to the 

increased risk of developing attachment loss (AL ≥ 3 mm).  

This study aimed at determining biofilm formation on 45 serotype b isolates of A. 

actinomycetemcomitans from the Ghana study and identifying possible correlations with 

virulence properties of the bacterium, as well as clinical data of the infected individual. 

The hypothesis was that the capacity to form biofilm is a factor that contributes to the 

pathogenic potential of A. actinomycetemcomitans. 

The isolates were cultivated on plastic microplates, stained and biofilm formation 

quantified spectrofotometrically. An increased absorbance was considered as enhanced 

ability to form biofilm. 

All isolates formed biofilm. High and medium levels of biofilm formation significantly 

correlated to AP-PCR type 1 positive bacteria (P = 0.02 and P = 0.01 respectively). No 

significant association was found to AL in the infected individuals. 

Even though the capacity to form biofilm in the initial phase of colonization might be 

important, its role in individuals already infected with A. actinomycetemcomitans is of 

subordinate to its pathogenic potential. 
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INTRODUCTION 

 

Periodontal disease is a generic term of inflammatory condition that affects the tissue 

surrounding the teeth and is caused by bacteria naturally present in the oral cavity 

(Pihlstrom et al., 2005). If these bacteria are allowed to grow in number and form deposits 

on tooth surfaces, so-called plaques, balance between various oral bacteria that normally 

prevents infection from affecting the mouth, is changed and may cause disease. There are 

two forms of periodontitis, chronic and aggressive. The chronic form predominantly 

affects older individuals and has a slow progress with extent and severity largely 

correlating to the presence of local etiological factors such as poor oral hygiene and 

smoking. The aggressive form is less common and mainly affects younger individuals, 

has a rapid progression and results in severe degradation of periodontal supporting tissues 

not in proportion to local etiologic factors. Genetic factors are indicated for this form of 

periodontitis as the disease is often seen in parents and children within the same family 

(Linde et al., 2015). It has therefore been of interest to identify the microflora of these 

individuals and its pathology. 

 

Biofilm is composed of well-developed, complex communities of bacteria. It is formed 

by bacteria secreting an extracellular matrix consisting of polysaccharides, proteins and 

DNA. The extracellular matrix components enable the bacteria to adhere to surfaces, 

aggregate to each other and embed the bacteria as the biofilm matures, giving an excellent 

protection. It is also known to spread and infect new areas. Furthermore bacteria in 

biofilms are known to exhibit altered phenotype with respect to e.g. growth rate and gene 

transcription (Rodney et al., 2002). Biofilm is consequently associated with many chronic 

infections as it causes inflammation and destruction of tissues and is tolerant to host 

defences and antimicrobial treatment. Bacteria in these communities are often extremely 

difficult to eradicate (www.biofilm.ku.dk/biofilm). 

 

It is well known that the bacteria in the dental plaque play a crucial role in the 

development of periodontal disease. They may include the release of a number of 

exotoxins causing inflammatory response in the host and strongly contributing to the 



4 
 

degradation of the periodontal tissues and the development of disease. Aggregatibacter 

actinomycetemcomitans is a bacterium that through a series of studies has been mainly 

associated with aggressive forms of periodontitis that often start at an early age (Höglund 

Åberg et al., 2014). A. actinomycetemcomitans, belonging to the human oral commensal 

flora, is a Gram-negative rod, facultative anaerobic, non movable opportunistic pathogen 

(Henderson et al., 2010). It has a large genetic variation with many different virulence 

factors, which vary between the different strains. For example it can release two 

exotoxins, a leukotoxin (LtxA) and a cytolethal distending toxin (CDT).  

 

It is essential for a bacterium to be able to adhere to a particular environment in order to 

survive and invade a host, thus adhesion is a virulence mechanism for pathogens. The 

adhesins expressed by A. actinomycetemcomitans, for example fimbriae and fibrils, can 

also be used to bind to bacteria of the same species or to other species, forming dental 

plaque in the oral cavity (Henderson et al., 2010). 

 

”The microbial composition of the biofilm of the pathogenic periodontal crevice is very 

diverse and complex, and it involves the presence of many different periodontal 

pathogens. However, recent data indicate that once periodontitis has developed, the 

character of the periodontal infection may change over time from an infection primarily 

associated with A. actinomycetemcomitans into a more anaerobic, polymicrobial 

infection” (Höglund Åberg et al., 2015). Hence A. actinomycetemcomitans seems to play 

a crucial pre-clinical role in aggressive periodontitis. The prospective population-based 

study of school children in West Africa has been able to identify a specific genotype of 

A. actinomycetemcomitans, JP2, which is strongly associated with the risk of developing 

attachment loss (AL) (Höglund Åberg et al., 2014). This clone can express high levels of 

LtxA, which has been shown to have a strong correlation with onset and progression of 

aggressive periodontitis. AP-PCR type 1 is a subgroup of highly leukotoxic serotype b 

isolates (Johansson et al., 2017). This subgroup of virulent bacteria includes all of the 

JP2-genotype and an additional number of non-JP2 genotype isolates. 

In previous studies no quantitative analysis has been done regarding A. 

actinomycetemcomitans and its capacity to form biofilm, which is a prerequisite for 

enabling colonization of the oral cavity. The aim of the present study was to quantitatively 
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analyse biofilm formation of A. actinomycetemcomitans in periodontal samples collected 

at baseline in a longitudinal study on adolescents in Ghana (Höglund Åberg et al., 2012) 

and correlate biofilm formation to its pathogenetic properties and risk of developing AL 

(≥ 3 mm) and progression of AL (≥ 3 mm in one or more sites at follow-up examination) 

in infected individuals. 

 

The hypothesis of this study is that AL related to the presence of A. 

actinomycetemcomitans and its pathogenetic properties, is also related to its capacity to 

form biofilm. 

 

MATERIALS AND METHODS 

 

Literature 

A literature search was made on PubMed with the following MeSH terms; aggressive 

periodontitis, Aggregatibacter actinomycetemcomitans, biofilm and leukotoxicity. The 

terms were used in different combinations to obtain a sufficient amount of relevant 

articles. In the first searches 32 articles were chosen and they were later on reduced to 10 

articles. The others were excluded due to their limited relevance to this study. Manual 

searches were also made on references obtained in the relevant articles. Our tutors also 

handed us selected articles. 

 

Study population and microbial samples 

This study is based on clinical and microbial isolates of A. actinomycetemcomitans 

available from previous studies on periodontitis that began in 2009. The material consists 

of microbial samples collected from incisor and molar periodontal crevices in Ghanaian 

adolescents aged 10 to 19 years (mean age 13.2 ± 1.5 years). The samples were analysed 

by culturing and conventional PCR. At two-year follow-up (FU) the individuals were re-

examined clinically. The presence of A. actinomycetemcomitans and its virulence 

characteristics were correlated to the risk of developing AL (Höglund Åberg et al., 2014). 

The samples were frozen and stored for further studies in the laboratory. In this study 45 

isolates were used for quantitative analysis. Detailed information on the study population 

and sampling is found in a previous publication (Höglund Åberg et al., 2012). 
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Inclusion criteria 

Since the purpose of this study was to investigate the ability to form biofilms of selected 

isolates of A. actinomycetemcomitans in relation to virulence characteristics and clinical 

data in individuals, rough isolates of A. actinomycetemcomitans from the above 

mentioned study were used. A total of 45 isolates, all belonging to serotype b earlier 

identified as highly virulent and associated to the increased risk of developing attachment 

loss (AL ≥ 3 mm), were analysed. Another four from the total of 249 collected isolates 

belonged to serotype b but they were not possible to culture as rough. 

 

Ethical considerations 

The collection of isolates in a longitudinal study of school children in Ghana has followed 

the ethical recommendations of the Helsinki Convention. Ethical permits has been 

conducted using samples taken from the Ghanaian adolescents in research purposes 

(Ghana, IRB No. 000 1276 and Umeå University Dnr 2010-188-31M). Signed consents 

from parents or guardians of the Ghanaian adolescents are documented. Clinical 

observations on how the participants’ periodontal status changed during a two-year period 

were used in the study without handling any personal information. Isolates and 

individuals were coded. 

 

Experimental design 

To quantify biofilm formation of A. actinomycetemcomitans, rough isolates were cultured 

on BGA plates for 48 hours (37°C, 5 % CO2). The bacteria were then harvested with a 

sterile swab and suspended in PYG broth to a density of OD 590 ≈ 0.5 nm, which 

corresponds to about 109 bacteria/ml. 150 μl of this suspension was then added in 

triplicates to the wells of a 96-welled microplate and incubated (37°C, 5 % CO2) for 24 

hours. 

 

The cultures were interrupted after 24 hours by removing PYG broth from each well and 

replacing it with 150 μl sterile NaCl. To stain the formed biofilm of the bacteria, sodium 

chloride was removed and 100 μl crystal violette solution (20 % in 99.5 % ethanol) was 

added to each well. The microplate was then incubated 10-15 minutes at room 

temperature and then given a gently rinse three times with deionized H2O. 
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Finally 150 μl of 99.5 % ethanol was added to each well and the microplate was incubated 

for 10 minutes in room temperature while shaking gently. Absorbance was read at 590 

nm in a spectrophotometer (Spectra MAX 340, SOFT max PRO, Molecular Devices, 

Silicon Valley, CA, USA). An increased absorbance was considered as enhanced ability 

to form biofilm. 

 

Statistical analysis 

Data analyses and calculations were made in Microsoft Excel 2011 version 14.6.3. 

Relative risk (RR) was calculated to analyse the correlation between biofilm formation 

and virulence factors (Altman DG, 1998). Since the calculated data was qualitative, 

MedCalc statistical software was used to make comparisons between isolates of A. 

actinomycetemcomitans with different capacity of biofilm formation and association to 

onset and progression of AL.  

 

RESULTS  

In this study 45 selected isolates of serotype b A. actinomycetemcomitans, collected from 

Ghanaian adolescents as earlier described, were used for quantitative analysis of biofilm 

formation (optical density). All 45 isolates formed biofilm. As optical density (OD 590 

nm) of the stained biofilm varied greatly from 0.31 to 3.74 the isolates have been divided 

into three different groups evenly distributed into; low (< 2), medium (< 3 ≥ 2) and high 

(≥ 3) when comparing to the virulence properties of the bacterium and clinical data in the 

infected individual (Table 1). 

Biofilm formation of A. actinomycetemcomitans compared with AP-PCR genotype 

When comparing biofilm formation capacity with AP-PCR genotype it could be stated 

that higher levels of biofilm formation significantly correlated to AP-PCR type 1. 

Medium level of OD significantly (P = 0.01) correlated to AP-PCR type 1 positive 

bacteria. (RR = 3.23; CI [1.39 – 7.50]). High level of significantly (P = 0.02) correlated 

to AP-PCR type 1 positive bacteria. (RR = 1.77; CI [1.08 – 2.92]) (Table 2 & 3). 
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Biofilm formation of A. actinomycetemcomitans compared with leukotoxicity 

No correlation was found between level of biofilm formation and level of leukotoxicity 

of the tested isolates (Table 3b). 

 

Biofilm formation of A. actinomycetemcomitans compared with AL at baseline  

No correlation was found between level of biofilm formation and AL at baseline (Table 

3c). 

 

Biofilm formation of A. actinomycetemcomitans compared with progression of AL 

at FU 

No correlation was found between level of biofilm formation and progression of AL at 

two-year follow-up (Table 3d). It should be noted that only 32 isolates could be included 

in follow-up as clinical data was missing for 13 of the isolates. 

 

DISCUSSION 

 

In this study quantitative analysis was carried out on biofilm formation of 45 isolates of 

serotype b A. actinomycetemcomitans, collected and cultivated in a Ghanaian longitudinal 

cohort study as earlier has been described (Höglund Åberg et al., 2012 & 2014). The 

present study aimed at identifying possible correlations between biofilm formation and 

various virulence factors of the tested isolates as well as clinical data registered at baseline 

and at two-year follow-up from above mentioned study. 

 

Earlier studies of genetic sequencing of highly virulent serotype b strains of A. 

actinomycetemcomitans have shown that they carry a gene called cagE (Johansson et al., 

2017). This gene is missing in all other genotypes of A. actinomycetemcomitans, thus it 

can be used as a marker for highly virulent serotype b strains of A. 

actinomycetemcomitans. This gene corresponds to AP-PCR type 1 which is a subgroup 

of highly leukotoxic serotype b isolates that carry an intact cagE gene. This subgroup of 

virulent bacteria includes all of the JP2-genotype and an additional number of non-JP2 

genotype isolates. 
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When looking at the correlation between different levels of biofilm formation and AP-

PCR genotypes a significant correlation was found between higher levels of biofilm 

formation and AP-PCR type 1 compared to other AP-PCR types. This result indicates 

that the bacteria’s capacity of forming biofilm might play a crucial role in causing AL. 

However, it should be noted that only 45 of a total of 249 isolates were analyzed in this 

study. To further confirm these findings, extended study including more isolates need to 

be carried out. 

 

Concerning the ability to form biofilm in relation to AL, we did not get any significant 

association. This result may be due to the multifactorial etiology of periodontitis that, 

except for the microbiology, also involve life style and hereditary factors (Linde et al., 

2015). Important to keep in mind is that when growing biofilm in a laboratory, the 

bacterium gets optimal conditions for growing, but in a biological environment there are 

many other factors affecting, for example saliva composition, pH-level and other bacterial 

species present that affect the physiological functions on each other in biofilm. 

 

Expression of exotoxin is associated with increased disease risk (Höglund Åberg et al., 

2015), but in the present study we did not find any correlation between toxin expression 

and biofilm formation. This may indicate that biofilm formation is of subordinate 

importance to its production of leukotoxin in relation to the pathogenicity of  A. 

actinomycetemcomitans. 

 

In conclusion, we found that all tested isolates of serotype b isolates of A. 

actinomycetemcomitans have the capacity to form a substantial amount of biofilm. We 

therefore suggest that biofilm formation of this bacterium cannot be used to discriminate 

between virulent and harmless variants of the species. However, a subgroup of the tested 

serotype b isolates, previously classified as highly virulent, showed significant enhanced 

biofilm formation compared with the other tested serotype b isolates. This indicates that 

biofilm formation might be a contributing disease associated factor even though it is 

subordinated expression of virulence factors, such as LtxA. 
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Table 1. Biofilm formation (absorbance 590 nm) of serotype b A. actinomycetem-comitans 

isolates from Ghanaian adolescents in relation to bacterial characteristics and their association 

to attachment loss in the infected individual.  

Isolatea 
Absorbance 

(590 nm) 
Absorbance 

classificationb 
AP-PCR 
type 1 

ALc at 
Baseline 

Progressiond of 
AL at FUe Leukotoxicityf 

1 2.19 Medium 1 0 1 2 

28 3.07 High 0 0 1 3 

65 3.58 High 1 1   3 

71 3.60 High 0 1   1 

153 2.80 Medium 0 0 0 2 

205 2.90 Medium 1 0 1 1 

212 1.38 Low 0 0 1 2 

217 3.00 High 0 1 1 2 

234 1.01 Low 0 0 0 1 

369 2.08 Medium 0 0 0 1 

370 2.96 Medium 1 0 1 3 

437 2.32 Medium 1 1 1 3 

443 3.63 High 1 0 1 3 

467 3.09 High 0 1 1 1 

470 3.51 High 1 0 0 3 

486 3.58 High 1 0 0 3 

488 3.16 High 1 1   3 

490 0.95 Low 0 1   1 

492 3.63 High 0 1 1 3 

493 3.11 High 0 0 0 1 

519 3.20 High 1 0 1 3 

524 2.25 Medium 1 0 1 3 

540 1.45 Low 0 0   3 

575 3.53 High 1 0 1 3 

581 2.94 Medium 1 0 0 3 

585 3.32 High 0 0 0 3 

589 3.06 High 1 0   2 

605 2.66 Medium 1 0 0 3 

621 3.63 High 0 1 1 1 

624 2.15 Medium 1 0   2 

625 2.89 Medium 1 0   1 

633 1.90 Low 0 0   2 

638 1.45 Low 1 1 1 3 

640 0.49 Low 0 0 0 2 

652 2.73 Medium 0 0 1 2 

654 2.49 Medium 1 0   3 

662 0.41 Low 0 0   3 

666 2.69 Medium 1 1 1 3 

670 3.01 High 0 0 0 1 

683 2.86 Medium 1 1 1 2 

702 0.31 Low 0 0 1 2 

716 1.89 Low 0 0 0 1 

727 1.93 Low 0 1   1 

744 3.74 High 0 0   1 

769 2.81 Medium 0 0 0 1 

 
 
 
 
 
 

aEvery isolate was cultured once, in triplicates 
bLow (< 2), medium (< 3 ≥ 2), high (≥ 3) 
cAttachment loss (≥ 3 mm in ≥ 1 site) 
dAL ≥ 3 mm in ≥ 1 site 
eFU, two-year follow-up period 
fLtxA, low (1), medium (2), high (3) 

 



14 
 

Table 2. Biofilm formation of serotype b A. actinomycetemcomitans isolates in relation to AP-

PCR genotypes, leukotoxicity, attachment loss (AL ≥ 3 mm in ≥ 1 site) at baseline and 

progression of attachment loss (AL ≥ 3 mm in ≥ 1 site) at a two-year follow-up (FU) period. 

Number of isolates and the proportion (%) in each group within the brackets. 

 

Biofilm formation AP-PCR type other AP-PCR type I Total 

Low 10 (90) 1 (10) 11 (24) 
Medium 4 (25) 12 (75) 16 (36) 

High 10 (55) 8 (45) 18 (40) 
Total 24 (53) 21 (47) 45 

 Ltx low Ltx medium + high  

Low 4 (36) 7 (64) 11 (24) 
Medium 4 (25) 12 (75) 16 (36) 

High 6 (34) 12 (66) 18 (40) 
Total 14 (31) 31 (69) 45 

 No AL at baseline AL at baseline  

Low 8 (73) 3 (27) 11 (24) 
Medium 13 (81) 3 (19) 16 (36) 

High 11 (61) 7 (39) 18 (40) 
Total 32 (71) 13 (29) 45 

 No progression at FU Progression at FU  

Low 3 (50) 3 (50) 6 (18) 
Medium 5 (38) 8 (62) 13 (41) 

High 5 (38) 8 (62) 13 (41) 
Total 13 (40) 19 (60) 32* 

 

* Only 32 isolates could be included as follow-up data was missing for 13 of the isolates 
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Table 3. Relative risk (RR) for isolates in relation to various virulence factors and clinical 

data in host in relation to their capacity to form biofilms. Results from isolates classified 

as low biofilm formers are used as reference (RR = 1). RR, the 95 % CI and p-values are 

shown for the different group of isolates. (A) Relative risk (RR) for isolates to belong to AP-

PCR type I in relation to their capacity to form biofilms. (B) Relative risk (RR) for isolates to 

belong to medium and high leukotoxicity in relation to their capacity to form biofilms. (C) 

Relative risk (RR) for isolates with attachment loss (AL ≥ 3 mm in ≥ 1 site) in host at baseline 

in relation to their capacity to form biofilms. (D) Relative risk (RR) for isolates with progression 

(AL ≥ 3 mm in ≥ 1 site) of attachment loss in host at two-year follow-up in relation to their 

capacity to form biofilms. Significant differences are indicated (*). 

 

(A) 

Biofilm formation RR 95 % CI P-value 
Low 1 - - 

Medium 3.23 1.39 to 7.51 0.01* 
High 1.78 1.08 to 2.92 0.02* 

 

(B) 
Biofilm formation RR 95 % CI P-value 

Low 1 - - 
Medium 1.26 0.58 to 2.73 0.55 

High 1.05 0.57 to 1.94 0.87 

 

(C) 
Biofilm formation RR 95 % CI P-value 

Low 1 - - 
Medium 1.11 0.45 to 2.75 0.82 

High 1.21 0.69 to 2.11 0.51 

 

(D) 
Biofilm formation RR 95 % CI P-value 

Low 1 - - 
Medium 1.16 0.61 to 2.22 0.65 

High 1.16 0.61 to 2.22 0.65 
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FIGURES 

 

 
 

 
 
Figure 1. Biofilm formation of serotype b A. actinomycetemcomitans isolates related to 

various virulence characteristics and clinical data in host at baseline and at two-year 

follow-up examination. (A) Biofilm formation in relation to AP-PCR type 1 (n = 21) and 

other types (n = 24). (P = 0.02 [t-test]). (B) No association between biofilm formation and 

enhanced leukotoxicity could be found. Low (n = 14), medium (n = 11), high (n = 20) level of 

leukotoxicity. (C) Biofilm formation in relation to attachment loss (AL ≥ 3 mm in ≥ 1 site) (n 

= 13) and no AL (< 3 mm) (n = 32) at baseline did not indicate any significance. (D) No 

significance in relation to higher levels of biofilm formation and progression (AL ≥ 3 mm in ≥ 

1 site) of AL (n = 19) at two-year follow-up examination compared to no progression (n = 

13). It should be noted that data was missing for 13 of the isolates at follow-up. 
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