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ABSTRACT

The dental plaque biofilm is at origin of the paglkeaic mechanisms of the periodontal lesions, regulioth from
the direct degradative action and the indirectamfimatory lesions, mediated by microbial cells dmartvirulence
factors. The purpose of this study was the isatti@entification and characterization of the arnditic

susceptibility profiles of bacterial strains istdal from patients with periodontal lesions. Thentifecation of the
54 isolated bacterial strains was based on the émation of colonial, culture, microscopic and biaghical
features. The obtained data show a large taxonadiviersity of the bacterial strains isolated froragents with
periodontal lesions (30 species), the most freqbentg Actinomyces neslundii (12.96%), Pasteuredlamolytica
(11.11%), Micrococcus sp. (7.4%) and Streptococitusrmedius (7.4%). The antibiotic susceptibilitgsay
revealed different profiles and significant levefsantimicrobial resistance, reflecting the necgssd perform the
microbiological analysis and the antibiotic susdbifity testing in order to select the optimal anicrobial therapy
for the treatment of the periodontal disease.
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INTRODUCTION

Around 700 - 1000 bacterial species were describatle composition of dental plaque reaching dersiof 1§
bacterial cells/mg, many of them being uncultivadshel associated in polymicrobial communities. Titerdture of
the last decades has shown that almost all formth@fperiodontal disease are consequences of tlmmich
nonspecific or specific bacterial infections. Pattdewith chronic periodontitis showed a larger patage (~ 85%)
of Gram-negative anaerobic bacteria, likdggregatibacter actinomycetemcomitansa and b
serotypesCampylobacter  rectys Porphyromonas  gingivalis Prevotella intermedia Tannerella
forsythensisndTreponema denticola. P. gingivalis, T. forsytheresml T. denticolaassociated with forms of
chronic periodontitis [1, 2, 3]. Recent studies wbd that Gram-positive microorganisms, such as
Peptostreptococcusp., Filifactor sp., Megaspherasp. andDesulfobulbussp. also play an important role in the
periodontal diseas&taphylococcus aurewstrains were isolated in the periodontal pockétsom-smoker patients
with aggressive periodontitisPseudoramibactesp., Bacteroidetesp., Sphorocytophagap., Shuttleworthiasp.,
Dialister sp., Mogibacteriumsp., Mycoplasmasp., Synergistesp., and Acidaminococcaceasp., strains have
also been isolated from patients with resistannfof periodontitisCandidaspecies were identified in 15-21% of
the healthy individuals, but also in patients wgtriodontitis. Epstein-Barr and CMV viruses wpreven to be
involved in the periodontal lesions pathology [#, 5
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The emergence and evolution of antibiotic resisgazmupled with the technical difficulties of perfaing antibiotic
susceptibility tests of periodontal pathogens, @ésent important cause for the therapeutic failatesr for this
disease [6, 7]. One of the main reasons for thibiatits ineffectiveness against the periodontogaiic bacteria is
that they grow in biofilms, becoming increasinglggeessive and difficult to destroy. The active liotic
concentrations required to eradicate biofilms amey difficult to be achieveth vivo, especially when administered
as local treatments, the biofilm penetration byclales or antibiotics being strongly hindered [819].

The purpose of this study was the isolation, ifieation and characterization of the antibioticsseptibility
profiles of bacterial strains isolated from patgewith periodontal lesions.

MATERIALSAND METHODS

Isolation and identification of bacterial strains

A number of 26 samples was collected from patientffering from periodontal diseases, from the piidal
pockets and gingival sulcus. The samples wereateliieand delivered to laboratory in liquid thiogdjlate medium,
in order to preserve the anaerobic bacteria vigbilihe inocculated thioglycollate tubes were dlighortexed and
seeded on a Brucella agar medium, supplementedanti#o sheep blood. The inoculated plates werebated at
37°C, in anaerobic conditions (from 48 hours to 7 dayke microbial identification was performed byaexining
the culture and colonial characteristics, the molpdly and Gram character, and by establishing thehlemical
profiles, using API identification microsystemsdMeérieux, France) (API Staph, API Strep, API 20BIAE, API
20A and CAUX).

Antibiotic susceptibility testing

The antibiotic susceptibility testing was performmdKirby-Bauer standard disk diffusion method,ngspanels of
antimicrobial disks recommended by CLSI, 2013. Tésted antibiotics were: penicillin, ampicillin, awicillin,
piperacillin, amoxicillin-clavulanic acid, ticardih-clavulanic acid, piperacillin-tazobactam, amiliic-sulbactam,
cefotaxime, ceftriaxone, ceftazidime, cefoxitin,aoilin, cefepime, sulfamethoxazole-trimethoprinprofloxacin,
tetracycline, imipenem, meropenem, ertapenem, @z, gentamycin, amikacin, tobramycin, clindamycin
linezolid, tigecycline. The results were recordéera?4 h incubation at 37°C.

RESULTSAND DISCUSSION

The microbiological analysis of the 26 samplesthedhe isolation of 54 bacterial strains, with egkadiversity of
morphological types. These results come into ageserwith other literature data, showing that theiquontal
disease microbiomes are more diverse in terms winmanity structure than the healthy microbiome whias a
relatively lower taxonomic diversity, remaining atVely constant over time. This natural balancemesd
“microbial homeostasis” supports the innate andptida host defenses in excluding exogenous (andnoft
pathogenic) microorganisms, and is responsiblegternatural development of the normal physiologyhaf host

[9].

The most frequently isolated species belongeddood » Gram-positivéctinobacteriaandMicrococcaceagi.e.:
Actinomyces naeslund{il2.96%),Micrococcussp. (7.4%), buStreptococcus intermediy3.4%) and the Gram-
negativePasteurella haemolyticél1.11%) were also present.

Dental plaque displays properties that are typfoalbiofilms, being structurally and functionallyrganized in
polyspecific communities embedded in an extracaluhatrix of exopolymers [9], characterized by noréased
metabolic efficiency, pathogenic synergism, greadsistance to host stress factors and enhancelnvie [10].

The control of biofilm accumulation on teeth sudabas been the cornerstone of periodontal diseaseien for

decades, periodontitis being the result of botedidegradative action and indirect inflammatosidas, mediated
by the presence of microbial cells and of theiuldnce factors, affecting the periodontium intggfit1]. Taking

into account that one of the major factors resgmadbpr the transition from periodontal health tther gingivitis or

periodontitis is the acquisition of certain spetiesmbinations of species [12], the diagnosis ofhdysis that
precedes the clinical manifestation of diseaseldcbe a potential tool for the early diagnosis efipdontitis.
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M Enterococcus sp. W Stophylococcus soccharolyticus B Actinomyces neslundii B Gemello sp.

m Fosteurelo hoemolytica m Stophylococcus xylosus m Stophylococcus epidermidis m Acinetobocter iwoffii

W Micrococcus sp W Streptococcus intermedius B Fusobocterium mortiferum W Streptococcus sanguis

m Stophylococcus copitis m Chryseomonas luteola m Streptococcus mitis m Posteurslo pneumotropica

m Agrobacterium rodiobacter [ ] ot altophillia W Boc ides urealyticus W Burkholderio cepacia
Stophylococcus hominis B Asromonas hydrophila Prevotello oralis Lactobacillus acidophillus
Bocteroides sp Actinomyces isroslii Bifidobocterium spp2 Propionibocterium
Gemello morbilorum Gardnerello vaginalis

Fig. 1. Thedistribution of the isolated strains according to their taxonomic affiliation

Antibiotic susceptibility profiles

The antibiotics most commonly used in the periodbiteatment are penicillin, tetracycline, macresdand
metronidazole. The emergence of antibiotic-reststatteria has frequently been reported to be ecdiesult of
antibiotic usage. The extensive use of antimicigbizoth in the community and hospitals has acceddrahe
emergence of antibiotic-resistant organisms. Oudystrevealed a significant rate of resistance tarolales,
cephalosporins (four and third generation) and agliytosides among the tested microbial strains.

The antibiotic susceptibility patterns of Gram-piesi coccirevealed high resistance rates to macrolides (ntu

clindamycin) and also to the third and fourth gatien cephalosporins foBtreptococcusp. strains (fig. 2),
respectively to macrolides and aminoglycosides t@gagicin) for Micrococcaceaestrains (fig. 2). The high
resistance to macrolides might be explained bygw®eof tetracycline in the periodontal treatmetudigs regarding
the effect on oral biofilms of a single tetracyelipulse is selecting for organisms that are regisgta multiple

antibiotics, including erythromycin, as shown beg thcrease in the proportion of such isolates énldiofilms from

5% to 28% [13]. In our study, of the isolates risisto tetracycline, 67% were also resistant yoheomycin.

The Gram-negative bacilli strains exhibited higlsiseance rates to beta-lactam antibiotics (i.edtigieneration
cephalosporins, monobactams) and aminoglycosidestéibramycin) (Fig. 2). It is established thategic Gram-
negative rods constitute less than I total cultivable microbiota of subgingival sarepl[14]. However,
administration of some antibiotics may give a dilecadvantage to many resistant species colonibegerial
strains presented resistance to ampicillin and agilli/clavulanic acid, drugs commonly used inatment of oral
infections or in the prophylaxis of systemic infeatduring dental therapy [15,16].

Aminoglycoside antibiotics are not usually recomoeh to infections in oral cavity, and are not used
chemotherapeutic in periodontal therapy. Both aglymoside and fluoroquinolones are employed fordhmpirical
treatment of febrile neutropenic patients and moses infections caused by aerobic and facultavam-negative
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bacilli, including Enterobacteriacead17,18]. However, the occurrence of microbiaistsce to aminoglycosides
in commensal flora of periodontitis lesions aldasthe risk of systemic dissemination of resistanterobacterial
clones in hospitalized patients with periodontakdises.
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Streptococcus sp. strains Micrococcoceae strains Gram-negative bacilli strains

Fig. 2. The antibiotic susceptibility/resistance rates of the Gram-negative bacilli and Gram-positive cocci strains.

Taking into account that prevention of gingivallamhmation might reduce the prevalence of mild toderate
periodontitis and that the mechanical plaque cdpiracedures are insufficient in preventing gingivdlammation,
the new field of perioceutics has emerged. Periiceare pharmacological agents specifically developesid in
the management of periodontal diseases along watthemical debridement.

Several antimicrobials have been tested as poteatiuvants to mechanical plaque control [19, 20, 22].
Formulations containing chlorhexidine, mouth rinsestaining essential oils and triclosan/copolyrdentifrices
have been well documented for the antiplaque atidiagivitis clinical effects, due to their abilityp penetrate the
biofilm mass and kill the embedded bacteria, angtéeh difficult-to-clean areas, such as the imtetipnal surfaces.
These agents have also a positive track recoréfefys The active progressive forms of periodasititivhich are
often associated with the presence of specific domdt species requires a systemic antibiotic theragth
tetracycline, penicillin, metronidazole or clindacny. It has been recently proved that both the entration in the
crevicular liquid of systemically administered #atycline, for therapeutic purposes, was more retliiban the
plasma concentration and varied from one individaanother. On the other side, the periodontétesfrequently
contain a mixture of pathogenic bacteria and, essalt, a combined therapy is required for thetineat of these
microbial infections (e.g., amoxicillin-metroniddedor the eradication &. actinomycetemcomitamections and
of different anaerobic periodontal infections, amétronidazole-ciprofloxacin for the eradication pdriodontal
anaerobic bacteria, as well as of the Gram-negatinerobacteria and pseudomonades). Thus, the biotvgical
analysis and the antibiotic susceptibility testisgould ideally be the base for the selection of ogtimal
antimicrobial therapy, due to the diversity of theriodontal microbiota with different antibiotic saeptibility
patterns.

CONCLUSION

The obtained data reflect both a great taxonomiietaof microbial strains, isolated from the peldmtal pocket or
the gingival sulcus in patients with periodontadedises, and significant levels of antimicrobialstaace to the
antibiotics currently used in the treatment of {heriodontal disease, reflecting the necessity tdopma the
microbiological analysis and the antibiotic susislity testing in order to select the optimal anitrobial therapy.
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