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Abstract

:

Aggregatibacter actinomycetemcomitans is a key pathogen that has been associated with periodontal disease. Its most important virulence factor is a leukotoxin capable of inactivating immune cells. The JP2 genotype of Aggregatibacter actinomycetemcomitans shows enhanced leukotoxic activity and is mostly present in individuals of North and West African origin with severe periodontitis. In this paper, two cases of Caucasians diagnosed with the JP2 genotype are presented. A 50-year-old female patient had three approximal sites with ≥ 6 mm clinical attachment loss (CAL) and eight sites with probing depth (PD) ≥ 5 mm. Microbiological diagnostics revealed A. actinomycetemcomitans JP2 genotype, but not Porphyromonas gingivalis. This JP2 genotype was highly leukotoxic to monocytic cells. The second case was a 55-year-old female patient with CAL of > 5 mm at all molars and PD of up to 12 mm. A. actinomycetemcomitans JP2 was identified, but not P. gingivalis. Her husband originated from North-Africa. In him, no A. actinomycetemcomitans was detected, but their 17-year-old daughter was diagnosed with periodontitis and was found to be positive for the JP2 genotype. Both patients were successfully treated with adjunctive antibiotics and the JP2 genotype was eliminated. In summary, here, the microbiological diagnosis was key for the treatment with adjunctive antibiotics.
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1. Introduction


Bacterial biofilm causes destruction of the periodontium in two ways: through direct action of bacteria and their products on the host-tissue and by activating the immune host response [1]. Aggregatibacter actinomycetemcomitans is one of the key pathogens in the course of periodontal disease. A. actinomycetemcomitans has been strongly associated with localized aggressive periodontitis [2], however, its mere presence could not be used to distinguish between chronic (CP) and aggressive forms of periodontitis (AP) [3]. In the Department of Periodontology, School of Dental Medicine, University of Bern, patients diagnosed with AP generally received antibiotics during nonsurgical periodontal therapy (i.e., hygienic phase). Retrospective analysis of our patients revealed that the prevalence of A. actinomycetemcomitans was higher in patients diagnosed with AP than in those diagnosed with CP [4]. Following periodontal therapy, especially surgical treatment, A. actinomycetemcomitans was less frequently detected in patients with AP than in those with CP [4]. A. actinomycetemcomitans possesses several virulence factors, that is, lipopolysaccharides that induce pro-inflammatory cytokines, a cytolethal distending toxin causing cell cycle arrest in T-cells, macrophages and epithelial cells, and a leukotoxin [5]. The leukotoxin produced by the bacterium is capable of killing or inactivating immune cells and of inducing the release of interleukin (IL)-1β [6].



Here, we focus on a subtype of A. actinomycetemcomitans, the highly leukotoxic JP2 genotype, which was first isolated from a child of African American origin with prepubertal periodontitis [7]. Later, it was found as a common isolate in individuals of North and West African descent with aggressive forms of periodontitis [8,9,10,11,12]. With respect to the JP2 genotype, a 530 base pair deletion in the promoter region of the leukotoxin gene is responsible for a 10- to 20-fold increased production of leukotoxin [13,14]. The JP2 clone is a subpopulation of the serotype b strains [15].



To date, seven serotypes of A. actinomycetemcomitans, designated from a to g, have been identified [16]. Among them, serotypes a, b, and c are globally dominant, whereby type c is the most prevalent [17]. Interestingly, they show different associations with disease depending on ethnicity, geographical localization, or periodontal status. For example, in the United States, serotype c was mostly associated with AP, but also other strains, and the JP2 genotype was found in patients suffering from periodontitis [18]. In Brazil, serotype c was found to be the most prevalent one and associated with both AP and CP. On the other hand, serotype b was also detected in periodontally healthy individuals [19]. Conversely, others found a connection between serotype b and aggressive periodontitis [20]. In Japan, serotype c was predominantly isolated from patients with AP, while the occurrence of serotype b was rare [21]. The specific JP2 genotype of A. actinomycetemcomitans was found to be strongly associated with severe periodontitis, particularly in Northern and Western Africa [22,23]. In Asia, the occurrence of the JP2 genotype has not been reported so far [23], and in Germany, it was detected in immigrants from North Africa living for more than 10 years in Germany, but not in Caucasians [24]. Dissemination of the JP2 genotype to non-African populations was only very rarely described [22]. Nevertheless, recent data obtained from nearly 3500 subgingival plaque samples of 1445 periodontitis patients in Sweden showed that the JP2 genotype was found in 1.2% of patients and most of them were of non-African descent [25]. Furthermore, serotype b was more often found in younger patients with periodontitis than in older cohorts [25].



In our department, microbiological diagnostics of subgingival biofilm samples is routinely performed. This includes subtyping of A. actinomycetemcomitans strains. After identifying the JP2 genotype in an immigrant from Morocco in 2013, such a clone was detected in two periodontitis patients of non-African origin. Here, the two cases starting with the diagnosis together with all steps of periodontal treatment are presented.




2. Results


2.1. Case 1


A 50-year-old female patient presented with localized CP according to the Classification System for Periodontal Diseases and Conditions set in 1999 [26]. At the initial examination, the patient was diagnosed with severe CP with three approximal sites with clinical attachment loss (CAL) ≥ 6 mm and eight sites with probing depth (PD) ≥ 5 mm (Table 1), as defined by the Centre for Disease Control and Prevention and the American Academy of Periodontology (CDC–AAP) [27,28]. No furcation involvement was detected. The patient reported to smoke occasionally. She was healthy and took no medications. Besides the third molars, teeth 16 and 27 were missing. The endodontically treated tooth 47 was scheduled for extraction because of an apical osteolysis. Besides this, the radiographs showed no further pathologies. No angular bony defects were visible and slight horizontal bone loss was noted. Microbiological diagnostics revealed high counts (more than 105) for A. actinomycetemcomitans, low counts (about 104) each for Tannerella forsythia and Treponema denticola, but no Porphyromonas gingivalis. Subtyping of A. actinomycetemcomitans showed a serotype b strain being positive for the deletion in the promotor region of in the leukotoxin operon (JP2 genotype). Another A. actinomycetemcomitans (without deletion in the promoter region of the leukotoxin operon) was not detected. At the next visit, she was asked for contact with people from North and Western Africa, but she had never been abroad before, nor had she closer contact to Africans. Further, additional biofilm was sampled to confirm the microbiological analysis and to culture the strain. Cultivation confirmed the high counts (105) and identification of A. actinomycetemcomitans. Determination of antibiotic resistance found a minimal inhibitory concentration (MIC) of ≤ 0.5 µg/mL for amoxicillin and 4 µg/mL for metronidazole. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium assay confirmed a very high toxicity of that strain, being remarkably higher than those of the control JP2 genotype reference strain (HK1651) (Figure 1). Meanwhile, the patient improved her oral hygiene, and no T. forsythia and T. denticola were found anymore, but A. actinomycetemcomitans was still present in high counts. In order to eradicate A. actinomycetemcomitans, the further treatment plan entailed a hygienic phase with antibiotics (amoxicillin 375 mg and metronidazole 500 mg each tid for seven days). After the initial oral hygiene instruction and supragingival scaling, the patient showed good oral hygiene with a plaque index (O‘Leary [29]) of < 20% of all tooth surfaces. Thereafter, subgingival scaling was performed in one session by hand curettes and an ultrasonic device with local anesthesia. Antibiotics as mentioned before and 0.02% chlorhexidine were given for 7 and 14 days, respectively. Tooth 47 was extracted. Three months after nonsurgical therapy, the patient was re-evaluated. The goals of periodontal therapy were achieved in all quadrants. There was no site with PD ≥ 5 mm and, therefore, no further surgical periodontal therapy was needed. Microbiological testing revealed an absence of A. actinomycetemcomitans, P. gingivalis, T. forsythia, and T. denticola. For supportive periodontal therapy, the patient was sent back to her dentist in private practice.




2.2. Case 2


A 55-year-old female patient was referred to the clinic for periodontal treatment after having been diagnosed with chronic generalized periodontitis. The periodontal screening index [30] was 4 for each sextant and the periodontal chart showed CAL of > 5 mm at all molars. At teeth 11 and 22, PDs up to 12 mm were detected. In the maxilla, all molars showed a furcation involvement degree II at least at one side. Teeth numbers 18, 38, and 48 were missing. In the mandible, all molars showed degree I furcation involvement. The patient was systemically healthy and a non-smoker. On the radiographs, horizontal bone loss was detected at the distal aspects of teeth 16, 15, 25, and 26. Angular bony defects were observed mesially of all first molars as well as distally of tooth 11. Microbiological analysis revealed high counts (more than 105) for A. actinomycetemcomitans, low counts (about 104) each for T. forsythia, and moderate counts (about 105) for T. denticola, but no P. gingivalis. Subtyping of A. actinomycetemcomitans showed a serotype b strain being positive for the deletion in the promotor region of the leukotoxin operon (JP2 genotype). No other A. actinomycetemcomitans strain was identified. Her strain could be cultured (about 105 per sample) and showed low MIC values to amoxicillin (≤ 0.5 µg/mL) and a resistance to metronidazole (32 µg/mL). The toxicity of the strain to the MONO-MAC-6 cells was similar to that of the JP2 genotype reference strain (HK1651), but also higher than those of the Y4 strain (serotype b strain without deletion in the promotor region) (Figure 1).



At the next visit, she was asked for contacts with Africans and, indeed, she was married to a man from North Africa. Her husband agreed to a periodontal clinical diagnosis including a microbiological analysis. However, he was periodontally healthy and no A. actinomycetemcomitans was detected. In the following, her children also agreed to a periodontal clinical and microbiological diagnosis. The 17-year-old daughter was diagnosed with aggressive periodontitis together with a positive detection for A. actinomycetemcomitans, but no P. gingivalis. After this accidental diagnosis, the daughter also received periodontal therapy, including adjunctive antibiotics.



After a thorough oral hygiene instruction and supragingival scaling, the patient showed an excellent oral hygiene and a plaque index (O‘Leary [29]) of less than 15%, and subgingival scaling was performed in two sessions within one week using hand curettes and local anesthesia. Upon the second session, antibiotics (amoxicillin 375 mg and metronidazole 500 mg each tid for seven days) were given because of the JP2 genotype detection and the severity of the tissue destruction. The reevaluation showed a conspicuous improvement with residual PD > 5 mm at teeth 11, 46, and 36. The latter further improved until the first recall so that surgical therapy was needed only for tooth 11 distally with PD of 9 mm and 46 mesially with PD of 7 mm. Now, the JP2 genotype of A. actinomycetemcomitans could not be detected anymore. For both teeth, a flap was raised using the simplified papilla preservation technique. After removal of granulation tissue, scaling and root planing was performed. Tooth 11 exhibited a three-wall defect with an intraosseous depth of 3.5 mm. Given the defect configuration, enamel matrix derivative and bone graft material were administered into the defect. Tooth 46 mesially exhibited a narrow angular bony defect of 3 mm depth, which was treated by means of an access flap surgery and application of an enamel matrix derivative. The patient was enrolled into a three-month recall at the Department of Periodontology. After one year, the recall interval was reduced to six months. A stable periodontal situation was noted with no PD > 4 mm. After another year, the patient was sent back to her dentist in private practice.





3. Discussion


In the present paper, we reported on two rare cases of A. actinomycetemcomitans JP2 genotype infection in Caucasians, highlighting the treatment sequences, the clinical outcomes, and the potential value of microbiological testing for the early detection of periodontal disease. Although, over the last 10 years, each A. actinomycetemcomitans positive sample has been screened for JP2 genotype presence, no further cases have been detected in our clinic up to now. This is in line with the findings of others who have only sporadically reported on the detection of JP2 genotype in non-African populations [31]. Conversely, the JP2 genotype is widespread and highly present in Northwest African populations. The reason this genotype of A. actinomycetemcomitans has remained geographically restricted despite globalization is still an unanswered question. However, it cannot be excluded that a specific host tropism exists that favors the colonization among these populations.



The highly leukotoxic JP2 genotype is strongly associated with AP. In Northwest African countries, there is a higher prevalence of AP reported among the young population than in other parts of the world, where it is a rare disease with a prevalence of less than 1% [32,33]. In contrast, both patients presented here were, at the time of the baseline examination, between 50 and 55 years of age and diagnosed with CP. An association between young age and the presence of JP2 genotype has been observed, however, with the increasing age of the host, these strains seem to disappear [12]. A prospective longitudinal cohort study has demonstrated that, initially, periodontally healthy subjects harboring the JP2 clone are more likely to develop periodontal attachment loss; a much less pronounced disease risk was found for those not carrying the JP2 genotype [33]. In our cases, it is unclear at what age the patients were infected by the JP2 genotype and how fast the periodontal defects evolved. The 50-year-old patient had no association with North or West African countries. The 55-year-old patient was married to a North African man.



It is of interest to note that there was no detection of P. gingivalis in any of these two cases. The fact that P. gingivalis was not detected could be correlated with the ability of certain subgingival bacteria to modulate the leukotoxicity of A. actinomycetemcomitans. Antibodies raised against A. actinomycetemcomitans and its leukotoxin may be inactivated by proteases of other bacteria such as P. gingivalis [34]. Gingipains are the primary virulence factor of P. gingivalis, showing a proteolytic activity against a broad spectrum of proteins [35]. Further, it has been shown that leukotoxin is proteolytically degraded by the action of gingipains [34]. P. gingivalis was able to completely destroy the leukotoxin of A. actinomycetemcomitans within an hour [34].



A. actinomycetemcomitans leukotoxin affects immune cells to release IL-1β [6]. Here, we tested the toxicity of the JP2 genotype strains of the two cases on MONO-MAC-6 cells. The JP2 genotype reference strain (HK1651) was more toxic than the Y4 strain. The difference might be not very high, but can be related to the experimental conditions using a lower bacterial concentration and a different cell line than that reported before [36]. One JP2 genotype strain showed a similar cell toxicity to the JP2 genotype reference strain on MONO-MAC-6 cells. The patient with that strain showed periodontal defects at the molar region and at the maxillary incisors, reflecting the typical localization pattern of AP [37].



However, MTT cytotoxicity assay revealed strong cytotoxicity of the other strain, interestingly, the case with no contact to Africans. Here, we can only speculate if there is a difference in production of leukotoxin or in retaining it at the cell surface. Leukotoxin is enriched in outer-membrane-like vesicles [36]. The obviously very high toxicity may contribute to the infection of a person with no genetic predisposition. Here, it has to be pointed out that leukotoxicity may be different depending on the test method that was used [38]. Variation of leukotoxicity was not only observed among JP2- and non-JP2 genotype of A. actinomycetemcomitans, but also among the methods of Western blotting, ELISA, cell lysis assay, and mRNA expression assay [38].



After diagnosis, the patients received two sessions of oral hygiene instructions and supragingival scaling by means of ultrasonic and hand instruments. Thereafter, subgingival non-surgical instrumentation was performed with adjunctive antibiotic therapy (amoxicillin and metronidazole). Microbiological testing after the hygienic phase showed that A. actinomycetemcomitans was no longer detected. In these cases, the microbiological characterization of A. actinomycetemcomitans strains influenced the therapeutic approach, namely to administer or not adjunctive systemic antibiotics. Otherwise, in view of the increasing bacterial resistance, patients diagnosed with CP are not treated with adjunctive amoxicillin and metronidazole during non-surgical mechanical therapy. The in vitro resistance of the strains to amoxicillin and metronidazole was determined. These data cannot be transferred directly to the clinic. A synergism between metronidazole and amoxicillin is well known, as amoxicillin increases the uptake of metronidazole in the bacterial cells [39]. First, this combination was successfully used to treat patients with A. actinomycetemcomitans associated periodontitis [40]. Nonetheless, it is well documented that, in patients diagnosed with CP or AP, better clinical outcomes can be obtained if systemic antibiotics are administered in conjunction with subgingival mechanical debridement, irrespective of their microbiological profile [41]. Therefore, in general, microbiological testing was found to be clinically irrelevant for the treatment strategy. It was demonstrated that the presence of putative periodontal pathogens quantified before the treatment was not key for the outcome of scaling and root planing (SRP) with or without amoxicillin and metronidazole [42].



A study evaluating the treatment response of patients infected with JP2 or non-JP2 genotype of A. actinomycetemcomitans has shown that patients infected with JP2 genotype had higher PD, CAL, and gingival inflammation than those infected with non-JP2 genotype at baseline. Patients with persisting JP2 genotype after full-mouth SRP and adjunctive administration of amoxicillin and metronidazole had increased gingival inflammation compared with patients where the JP2 strain was eliminated [43]. In the non-JP2 genotype-infected group, the clinical improvements in terms of PD reduction and CAL gain were statistically significantly higher compared with patients infected with the JP2 genotype. These data appear to suggest that the persistence of JP2 genotype in periodontal pocket diminishes the treatment response, which in turn may favor the progression of periodontitis.



In our material, we presented two cases of Caucasians infected with JP2 genotype who were successfully treated with full-mouth SRP and amoxicillin and metronidazole. The microbiological diagnosis was the key decision making factor for selecting the treatment strategy, including the use of amoxicillin and metronidazole. Additionally, it is important to point out that the microbiological diagnosis has finally led to a screening of the patients’ family members and the diagnosis of an AP in the teenage daughter of one patient.




4. Materials and Methods


The two patients of non-African origin with detection of the JP2 genotype underwent active periodontal therapy at the Department of Periodontology during the years 2014 and 2015. Both patients were diagnosed with CP according to the classification set in 1999 [26]. The severity and extent of periodontal destruction varied considerably. For each patient, pooled samples of the deepest pockets of each quadrant were analyzed for the major bacteria associated with periodontal diseases using nucleic acid-based strip technology (micro-IDent®plus11, Hain Lifescience, Nehren, Germany) [4]. Identification of the serotype b strains and JP2 genotype strains was performed using the PCR technique [24].



Then, after asking for an additional biofilm sample, cultivation and isolation of the A. actinomycetemcomitans strain were performed. After confirming the identification (JP2 genotype), determination of antibiotic resistance to amoxicillin and metronidazole was done using the microbroth-dilution technique. Further, the toxicity to monocytic cells of human origin (MONO-MAC-6; DSMZ no. ACC 124) was assessed. Those were maintained in RPMI 1640 medium containing 10% fetale bovine serum (FBS) and, after washing, adjusted to 106/mL in RPMI 1640. Forty hour cultures of A. actinomycetemcomitans strains on agar plates were adjusted to 2 × 107/mL in RPMI 1640. Both suspension were mixed 1:1 and the vitality of MONO-MAC-6 cells was determined after 6 h of incubation at 37 °C with 5% of CO2 using the MTT assay, according to Mosmann [44]. As controls, A. actinomycetemcomitans HK1651 (JP2 genotype) and A. actinomycetemcomitans Y4 (both strains obtained from ATCC, #ATCC 700685, and ATCC 43718), as well as leukotoxin (2.5 µg/mL; purified as described by Kachlany et al. [45] from culture supernatant of a control A. actinomycetemcomitans HK1651 strain added by a final centrifugation using a 10 kDa centrifugal filter to remove proteins of lower weights), were used.




5. Conclusions


Colonization of Caucasians by the JP2 genotype of A. actinomycetemcomitans is rare. In the present study, the microbiological diagnosis played the key role for selecting the use of adjunctive systemic antibiotics, as well as for the ensuring an accurate periodontal diagnosis and adequate treatment for the patient’s teenage daughter.







Author Contributions


Conceptualization, S.E. and A.S. (Alexandra Stähli); methodology, S.E.; treatment, A.S. (Alexandra Stähli); writing—original draft preparation, A.S. (Alexandra Stähli) and S.E.; writing—review and editing, A.S. (Anton Sculean). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


Anna Magdoń (Laboratory of Oral Microbiology, Department of Periodontology, School of Dental Medicine, University of Bern) is acknowledged for identification and characterization of A. actinomycetemcomitans strains.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Tonetti, M. Etiology and pathogenesis. In Proceedings of the 1st European Workshop on Periodontology, Thurgau, Switzerland, 1–4 February 1993; Lang, N.P., Karring, T., Eds.; Quintessenz Verlags-GmbH: Berlin, Germany, 1993; pp. 54–89. [Google Scholar]

	



Faveri, M.; Figueiredo, L.C.; Duarte, P.M.; Mestnik, M.J.; Mayer, M.P.; Feres, M. Microbiological profile of untreated subjects with localized aggressive periodontitis. J. Clin. Periodontol. 2009, 36, 739–749. [Google Scholar] [CrossRef] [PubMed]

	



Mombelli, A.; Casagni, F.; Madianos, P.N. Can presence or absence of periodontal pathogens distinguish between subjects with chronic and aggressive periodontitis? A systematic review. J. Clin. Periodontol. 2002, 29 (Suppl. 3), 10–21. [Google Scholar] [CrossRef]

	



Eick, S.; Nydegger, J.; Burgin, W.; Salvi, G.E.; Sculean, A.; Ramseier, C. Microbiological analysis and the outcomes of periodontal treatment with or without adjunctive systemic antibiotics-a retrospective study. Clin. Oral Investig. 2018, 22, 3031–3041. [Google Scholar] [CrossRef] [PubMed]

	



Gholizadeh, P.; Pormohammad, A.; Eslami, H.; Shokouhi, B.; Fakhrzadeh, V.; Kafil, H.S. Oral pathogenesis of Aggregatibacter actinomycetemcomitans. Microb. Pathog. 2017, 113, 303–311. [Google Scholar] [CrossRef] [PubMed]

	



Johansson, A. Aggregatibacter actinomycetemcomitans leukotoxin: A powerful tool with capacity to cause imbalance in the host inflammatory response. Toxins 2011, 3, 242–259. [Google Scholar] [CrossRef] [PubMed]

	



Tsai, C.C.; Shenker, B.J.; DiRienzo, J.M.; Malamud, D.; Taichman, N.S. Extraction and isolation of a leukotoxin from Actinobacillus actinomycetemcomitans with polymyxin B. Infect. Immun. 1984, 43, 700–705. [Google Scholar] [CrossRef] [PubMed]

	



Poulsen, K.; Theilade, E.; Lally, E.T.; Demuth, D.R.; Kilian, M. Population structure of Actinobacillus actinomycetemcomitans: A framework for studies of disease-associated properties. Microbiology 1994, 140 Pt 8, 2049–2060. [Google Scholar] [CrossRef]

	



Haubek, D.; Poulsen, K.; Westergaard, J.; Dahlen, G.; Kilian, M. Highly toxic clone of Actinobacillus actinomycetemcomitans in geographically widespread cases of juvenile periodontitis in adolescents of African origin. J. Clin. Microbiol. 1996, 34, 1576–1578. [Google Scholar] [CrossRef]

	



Haubek, D.; Dirienzo, J.M.; Tinoco, E.M.; Westergaard, J.; Lopez, N.J.; Chung, C.P.; Poulsen, K.; Kilian, M. Racial tropism of a highly toxic clone of Actinobacillus actinomycetemcomitans associated with juvenile periodontitis. J. Clin. Microbiol. 1997, 35, 3037–3042. [Google Scholar] [CrossRef]

	



Haubek, D.; Ennibi, O.K.; Poulsen, K.; Poulsen, S.; Benzarti, N.; Kilian, M. Early-onset periodontitis in Morocco is associated with the highly leukotoxic clone of Actinobacillus actinomycetemcomitans. J. Dent. Res. 2001, 80, 1580–1583. [Google Scholar] [CrossRef]

	



Haraszthy, V.I.; Hariharan, G.; Tinoco, E.M.; Cortelli, J.R.; Lally, E.T.; Davis, E.; Zambon, J.J. Evidence for the role of highly leukotoxic Actinobacillus actinomycetemcomitans in the pathogenesis of localized juvenile and other forms of early-onset periodontitis. J. Periodontol. 2000, 71, 912–922. [Google Scholar] [CrossRef]

	



Brogan, J.M.; Lally, E.T.; Poulsen, K.; Kilian, M.; Demuth, D.R. Regulation of Actinobacillus actinomycetemcomitans leukotoxin expression: Analysis of the promoter regions of leukotoxic and minimally leukotoxic strains. Infect. Immun. 1994, 62, 501–508. [Google Scholar] [CrossRef] [PubMed]

	



Hritz, M.; Fisher, E.; Demuth, D.R. Differential regulation of the leukotoxin operon in highly leukotoxic and minimally leukotoxic strains of Actinobacillus actinomycetemcomitans. Infect. Immun. 1996, 64, 2724–2729. [Google Scholar] [CrossRef] [PubMed]

	



Haubek, D. The highly leukotoxic JP2 clone of Aggregatibacter actinomycetemcomitans: Evolutionary aspects, epidemiology and etiological role in aggressive periodontitis. APMIS Suppl. 2010, 130, 1–53. [Google Scholar] [CrossRef]

	



Takada, K.; Saito, M.; Tsuzukibashi, O.; Kawashima, Y.; Ishida, S.; Hirasawa, M. Characterization of a new serotype g isolate of Aggregatibacter actinomycetemcomitans. Mol. Oral Microbiol. 2010, 25, 200–206. [Google Scholar] [CrossRef]

	



Brigido, J.A.; da Silveira, V.R.; Rego, R.O.; Nogueira, N.A. Serotypes of Aggregatibacter actinomycetemcomitans in relation to periodontal status and geographic origin of individuals-a review of the literature. Med. Oral Patol. Oral Cir. Bucal 2014, 19, e184. [Google Scholar] [CrossRef] [PubMed]

	



Chen, C.; Wang, T.; Chen, W. Occurrence of Aggregatibacter actinomycetemcomitans serotypes in subgingival plaque from United States subjects. Mol. Oral Microbiol. 2010, 25, 207–214. [Google Scholar] [CrossRef] [PubMed]

	



Teixeira, R.E.; Mendes, E.N.; Roque de Carvalho, M.A.; Nicoli, J.R.; Farias Lde, M.; Magalhaes, P.P. Actinobacillus actinomycetemcomitans serotype-specific genotypes and periodontal status in Brazilian subjects. Can. J. Microbiol. 2006, 52, 182–188. [Google Scholar] [CrossRef]

	



Cortelli, J.R.; Aquino, D.R.; Cortelli, S.C.; Roman-Torres, C.V.; Franco, G.C.; Gomez, R.S.; Batista, L.H.; Costa, F.O. Aggregatibacter actinomycetemcomitans serotypes infections and periodontal conditions: A two-way assessment. Eur. J. Clin. Microbiol. Infect. Dis. 2012, 31, 1311–1318. [Google Scholar] [CrossRef]

	



Thiha, K.; Takeuchi, Y.; Umeda, M.; Huang, Y.; Ohnishi, M.; Ishikawa, I. Identification of periodontopathic bacteria in gingival tissue of Japanese periodontitis patients. Oral Microbiol. Immunol. 2007, 22, 201–207. [Google Scholar] [CrossRef]

	



Haubek, D.; Johansson, A. Pathogenicity of the highly leukotoxic JP2 clone of Aggregatibacter actinomycetemcomitans and its geographic dissemination and role in aggressive periodontitis. J. Oral Microbiol. 2014, 6. [Google Scholar] [CrossRef] [PubMed]

	



Kim, T.S.; Frank, P.; Eickholz, P.; Eick, S.; Kim, C.K. Serotypes of Aggregatibacter actinomycetemcomitans in patients with different ethnic backgrounds. J. Periodontol. 2009, 80, 2020–2027. [Google Scholar] [CrossRef] [PubMed]

	



Jentsch, H.; Cachovan, G.; Guentsch, A.; Eickholz, P.; Pfister, W.; Eick, S. Characterization of Aggregatibacter actinomycetemcomitans strains in periodontitis patients in Germany. Clin. Oral Investig. 2012, 16, 1589–1597. [Google Scholar] [CrossRef] [PubMed]

	



Claesson, R.; Hoglund-Aberg, C.; Haubek, D.; Johansson, A. Age-related prevalence and characteristics of Aggregatibacter actinomycetemcomitans in periodontitis patients living in Sweden. J. Oral Microbiol. 2017, 9, 1334504. [Google Scholar] [CrossRef]

	



Armitage, G.C. Development of a classification system for periodontal diseases and conditions. Ann. Periodontol. 1999, 4, 1–6. [Google Scholar] [CrossRef]

	



Eke, P.I.; Page, R.C.; Wei, L.; Thornton-Evans, G.; Genco, R.J. Update of the case definitions for population-based surveillance of periodontitis. J. Periodontol. 2012, 83, 1449–1454. [Google Scholar] [CrossRef]

	



Page, R.C.; Eke, P.I. Case definitions for use in population-based surveillance of periodontitis. J. Periodontol. 2007, 78, 1387–1399. [Google Scholar] [CrossRef]

	



O’Leary, T.J.; Drake, R.B.; Naylor, J.E. The plaque control record. J. Periodontol. 1972, 43, 38. [Google Scholar] [CrossRef]

	



Diamanti-Kipioti, A.; Papapanou, P.N.; Moraitaki-Tsami, A.; Lindhe, J.; Mitsis, F. Comparative estimation of periodontal conditions by means of different index systems. J. Clin. Periodontol. 1993, 20, 656–661. [Google Scholar] [CrossRef]

	



Claesson, R.; Lagervall, M.; Hoglund-Aberg, C.; Johansson, A.; Haubek, D. Detection of the highly leucotoxic JP2 clone of Aggregatibacter actinomycetemcomitans in members of a Caucasian family living in Sweden. J. Clin. Periodontol. 2011, 38, 115–121. [Google Scholar] [CrossRef]

	



Albandar, J.M.; Buischi, Y.A.; Barbosa, M.F. Destructive forms of periodontal disease in adolescents. A 3-year longitudinal study. J. Periodontol. 1991, 62, 370–376. [Google Scholar] [CrossRef] [PubMed]

	



Haubek, D.; Ennibi, O.K.; Poulsen, K.; Vaeth, M.; Poulsen, S.; Kilian, M. Risk of aggressive periodontitis in adolescent carriers of the JP2 clone of Aggregatibacter (Actinobacillus) actinomycetemcomitans in Morocco: A prospective longitudinal cohort study. Lancet 2008, 371, 237–242. [Google Scholar] [CrossRef]

	



Johansson, A.; Hanstrom, L.; Kalfas, S. Inhibition of Actinobacillus actinomycetemcomitans leukotoxicity by bacteria from the subgingival flora. Oral Microbiol. Immunol. 2000, 15, 218–225. [Google Scholar] [CrossRef] [PubMed]

	



Guo, Y.; Nguyen, K.A.; Potempa, J. Dichotomy of gingipains action as virulence factors: From cleaving substrates with the precision of a surgeon’s knife to a meat chopper-like brutal degradation of proteins. Periodontol 2000 2010, 54, 15–44. [Google Scholar] [CrossRef]

	



Kato, S.; Kowashi, Y.; Demuth, D.R. Outer membrane-like vesicles secreted by Actinobacillus actinomycetemcomitans are enriched in leukotoxin. Microb. Pathog. 2002, 32, 1–13. [Google Scholar] [CrossRef]

	



Baer, P.N. The case for periodontosis as a clinical entity. J. Periodontol. 1971, 42, 516–520. [Google Scholar] [CrossRef]

	



Jensen, A.B.; Lund, M.; Norskov-Lauritsen, N.; Johansson, A.; Claesson, R.; Reinholdt, J.; Haubek, D. Differential cell lysis among periodontal strains of JP2 and Non-JP2 genotype of aggregatibacter actinomycetemcomitans serotype B is not reflected in dissimilar expression and production of leukotoxin. Pathogens 2019, 8, 211. [Google Scholar] [CrossRef]

	



Pavicic, M.J.; van Winkelhoff, A.J.; Pavicic-Temming, Y.A.; de Graaff, J. Amoxycillin causes an enhanced uptake of metronidazole in Actinobacillus actinomycetemcomitans: A mechanism of synergy. J. Antimicrob. Chemother. 1994, 34, 1047–1050. [Google Scholar] [CrossRef]

	



van Winkelhoff, A.J.; Rodenburg, J.P.; Goene, R.J.; Abbas, F.; Winkel, E.G.; de Graaff, J. Metronidazole plus amoxycillin in the treatment of Actinobacillus actinomycetemcomitans associated periodontitis. J. Clin. Periodontol. 1989, 16, 128–131. [Google Scholar] [CrossRef]

	



Mombelli, A.; Cionca, N.; Almaghlouth, A.; Decaillet, F.; Courvoisier, D.S.; Giannopoulou, C. Are there specific benefits of amoxicillin plus metronidazole in Aggregatibacter actinomycetemcomitans-associated periodontitis? Double-masked, randomized clinical trial of efficacy and safety. J. Periodontol. 2013, 84, 715–724. [Google Scholar] [CrossRef]

	



Cionca, N.; Giannopoulou, C.; Ugolotti, G.; Mombelli, A. Microbiologic testing and outcomes of full-mouth scaling and root planing with or without amoxicillin/metronidazole in chronic periodontitis. J. Periodontol. 2010, 81, 15–23. [Google Scholar] [CrossRef] [PubMed]

	



Cortelli, S.C.; Costa, F.O.; Kawai, T.; Aquino, D.R.; Franco, G.C.; Ohara, K.; Roman-Torres, C.V.; Cortelli, J.R. Diminished treatment response of periodontally diseased patients infected with the JP2 clone of Aggregatibacter (Actinobacillus) actinomycetemcomitans. J. Clin. Microbiol. 2009, 47, 2018–2025. [Google Scholar] [CrossRef] [PubMed]

	



Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays. J. Immunol. Methods 1983, 65, 55–63. [Google Scholar] [CrossRef]

	



Kachlany, S.C.; Fine, D.H.; Figurski, D.H. Purification of secreted leukotoxin (LtxA) from Actinobacillus actinomycetemcomitans. Protein. Expr. Purif. 2002, 25, 465–471. [Google Scholar] [CrossRef]








[image: Pathogens 09 00178 g001 550] 





Figure 1. MTT ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium) assay assessing the vitality of the MONO-MAC-6 cells after contact with the clinical Aggregatibacter actinomycetemcomitans JP2 genotype strains (case 1 and case 2) in comparison with Aggregatibacter actinomycetemcomitans leukotoxin, a reference JP2 genotype strain (HK1651) and Y4 strain. 
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Table 1. Baseline data. PD, probing depth.
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	Patient 1
	Patient 2





	Age (years)
	50
	55



	Gender
	f
	f



	Mean probing depth in mm
	2.5
	4.36



	Number of sites ≥ 5 mm PD
	8
	43



	Mean attachment loss in mm
	2
	5



	Bleeding on probing in %
	47
	31



	Plaque index in %
	38
	75



	Number of teeth
	26
	29
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