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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Periodontal diseases are considered to be
among the most prevalent diseases in the maxillofacial
region. As indicated by contemporary data, the etiology
of inflammatory periodontal diseases is attributed to the
accumulation of microbial biofilms on the surfaces of teeth in
close proximity to periodontal tissues. The increased activity
of periodontopathogenic bacteria can lead to the activation of
the body's immune response cascade, which can contribute to
the development of gingivitis and periodontitis. The objective
of the present study was to investigate the composition of the
microbial association of the periodontal pocket in patients
exhibiting varying degrees of periodontal tissue damage.

Materials and Methods: The microbiologic composition
of periodontal pocket contents was studied in a cohort of 34
patients diagnosed with K05.3 Chronic periodontitis. The state
of periodontal tissues was evaluated using clinical, instrumental,
and radiologic examination methods. The contents of the
periodontal pocket were utilized as a subject for examination.
The primary identification of microorganisms was carried out
by means of the MALDI TOF MS method.

Results: The results of the study indicated the presence of
various indicators of microbial composition in patients exhibiting
different degrees of periodontal tissue lesions. The contents of
the periodontal pocket were found to contain both aerobic and
anaerobic representatives of bacterial flora. Furthermore, the
presence of representatives from the periodontopathogenic
spectrum of microorganisms was detected.

Conclusions: The microbial composition of the contents of
periodontal pockets varies according to the extent of damage to
periodontal structures. As the severity of the disease worsened,
there was a shift towards an increase in the number of obligate
microorganisms and a decrease in species diversity.

Key words. Marginal periodontitis, periodontal pocket,
microflora, CFU, polyhexanide.

Introduction.

Diseases of marginal periodontal tissues represent a pressing
challenge for contemporary dentistry. Inflammatory diseases of
periodontal tissues account for the majority of diseases affecting
soft tissues in the region surrounding teeth. The primary
nosologic units are gingivitis and periodontitis. Gingivitis
is defined as an inflammation of the gingival tissues without
destruction of the gingival attachment and without changes in
the bone tissue. Inflammation is typically localized to the area
of free and partially attached gingiva [1,2]. The exacerbation
and subsequent progression of the inflammatory response may
result in the onset of marginal periodontitis. Such inflammation
encompasses a greater volume of soft tissue, resulting in the
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destruction of epithelial attachment and bone tissue. This
process ultimately leads to the formation of periodontal pocket
[3.4].

Contemporary data indicates that the etiopathogenetic basis
for the development of inflammatory periodontal diseases is the
formation of microbial biofilm on the surface of teeth in close
proximity to periodontal tissues. The mechanisms of the macro-
organism's response to the pathogenic influence of bacterial flora
also play an important role. A variety of factors present within
the oral cavity have the capacity to contribute to alterations in the
biocenosis of the oral cavity, thereby resulting in an imbalance
in the ratio of certain representatives of opportunistic flora. The
increased activity of periodontopathogenic bacteria can lead to
the activation of the body's immune response cascade, which can
contribute to the development of gingivitis and periodontitis. It
has been established that Porphyromonas gingivalis, Treponema
denticola, Tannerella forsythia, Fusobacterium nucleatum,
and a number of other microorganisms play a pivotal role in
the development of inflammatory periodontal diseases. It has
been demonstrated that periodontopathogenic flora is capable of
exerting the most deleterious effects on periodontal tissues due
to the presence of specific pathogenicity factors [5,6].

The factors that increase the virulence of periodontopathogens
include the following. Firstly, there is the ability to adhere to
gingival cells with subsequent colonization. Secondly, there
is the ability to destroy epithelial cell barriers. Lastly, there
is the increased secretion activity of destructive enzymes,
which includes elastase, collagenase, phospholipase, and
trypsin- and chymotrypsin-like proteases. In addition, there
are mechanisms characteristic of specific bacterial species
that contribute to the destruction of periodontal tissues and
suppression of local immune defense reactions [7]. Mechanisms
present in Porphyromonas gingivalis include the following:
the presence of fimbriae, the synthesis of gingipain, and the
production of endotoxin—Iipopolysaccharide of the cell wall.
In Actinobacillus actinomycetemcomitans, there is secretion
of exotoxin—Ileukotoxin. Tannerella forsythia is characterized
by the production of glyco- and proteolytic enzymes, as well
as the ability to trigger the process of apoptosis in the cells of
periodontal tissues [8,9].

The presence of a large number of pathogenicity factors
of opportunistic flora in the oral cavity and their increased
activity under favorable conditions pose significant risks of
inflammatory diseases of the periodontal tissues. Numerous
studies have demonstrated a correlation between the presence
of inflammatory periodontal diseases and the development or
exacerbation of the course of general medical diseases [10,11].
There is also evidence indicative of a correlation between
inflammation of periodontal structures and complications in the
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course or termination of pregnancy [12]. This substantiates the
paramount significance of understanding the composition of
periodontopathogenic flora and the necessity of incorporating
this knowledge into the treatment planning process for
inflammatory diseases of the periodontal tissues.

The objective of this study was to examine the composition of
the microbial association of the periodontal pocket in patients
with varying degrees of periodontal tissue lesions.

Materials and Methods.
Sampling:

The microbiological composition of the periodontal pocket
contents was examined in a cohort of 34 patients diagnosed
with K05.3 Chronic periodontitis. The state of periodontal
tissues was assessed using clinical, instrumental, and radiologic
examination methods. The visual parameters of the periodontal
tissues were evaluated by assessing changes in gingival color
(presence of hyperemia, cyanosis), palpation of the gingiva,
and the presence of pathological elements (ulcers, erosions,
necrotic changes, etc.). The gingival sulcus was probed with a
graduated periodontal probe to ascertain the level of attached
epithelium, the presence of bleeding, and the presence and
depth of periodontal pockets in six points. The purpose of the
orthopantomogram was to study the state of the cortical lamina
of interdental septa, the presence of atrophy, resorption, and
osteoporosis of bone tissue, the state of furcation areas, and the
presence of bone pockets.

The age of the patients included in the study ranged from 20
to 60 years.

The prevalence of periodontitis was found to vary, with 26%
of subjects exhibiting mild symptoms, 39% displaying moderate
symptoms, and 35% manifesting severe symptoms.

The inclusion and exclusion criteria employed are delineated
in Table 1.

The patients were divided into three groups:

Group 1: Patients with mild chronic generalized periodontitis
n=9).

Group 2: Patients
periodontitis (n = 13).

Group 3: Patients with severe chronic generalized periodontitis
(n=12).

The material for the study was obtained from the contents of the
periodontal pocket, which was collected under the supervision
of Central Research Institute of Dentistry and Maxillofacial
Surgery. Samples for microbiological study were obtained
directly from the periodontal pocket while ensuring isolation
from saliva by using cotton rolls. Sterile paper pins (absorbers)
of size #30 by ISO, were placed to the full depth of the
periodontal pocket in the amount of 3 pieces for 10 seconds for
material collection. The prepared samples were then aseptically
placed in sterile tubes containing thioglycol medium.

The severity of chronic periodontitis was classified based on
clinical attachment loss (CAL) and radiographic bone loss.

with moderate chronic generalized

. Mild: CAL 1-2 mm, bone loss <15% of root length.
. Moderate: CAL 3—4 mm, bone loss 15-33%.
. Severe: CAL >5 mm, bone loss >33% and/or tooth

mobility Grade II or higher.
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These criteria follow the classification proposed by the
American Academy of Periodontology (2018).

Extraction of pure cultures:

The isolation of anaerobic microorganisms was performed by
inoculation on Schaedler's anaerobic agar (Oxoid, Basingstoke;
UK) with 5% (v/v) defibrinated sheep blood, anaerobic basal
agar (Oxoid, Basingstoke; UK) with defibrinated sheep blood,
or Lactobacillus MRS Agar (Himedia Labs. Inc., India) with
defibrinated sheep blood. The following media were utilized
for the isolation of aerobic microorganisms: The following
agar media are employed: Endo Agar (Becton Dickinson and
Company, USA), gelatin-mannitol salt agar (Staphylococcus
Agar#110, Himedia Labs Inc., India), and m-Enterococcus Agar
(Difco Laboratories, Franklin Lakes, USA). Serial dilutions of
periodontal pocket contents in Columbia Broth liquid medium
(Himedia Labs Inc., Mumbai, India) were prepared for media
inoculation. The inoculation process was executed in 10%, 103,
10°, and 107 dilutions.

Following the inoculation of anaerobic bacteria, the Petri
dishes were placed into anaerobic jars (Schutt Labortechnik
GmbH, Goéttingen, Germany) containing a gas mixture (85%
Nz, 10% Ha, 5% CO») in the presence of platinum catalysts at
37°C for a period of 72 hours.

Petri dishes inoculated with the test organism were examined
macroscopically at the conclusion of the incubation period for
evidence of colony growth. The dishes were then subjected to
a morphological classification, and the number of each type of
colony was recorded. The subsequent step entailed a microscopic
examination of the colonies, accompanied by preliminary Gram
staining.

The colonies that were identified were separated and
transferred to separate Petri dishes with the same medium. Then,
they were incubated under anaerobic or aerobic conditions
to obtain bacterial biomass for further identification and
preservation. In the present study, a particular strain of identified
microorganisms was subjected to a freeze-drying process. This
procedure entailed the microbial suspension being frozen in
a cryoprotectant solution (10% sucrose/1% gelatin [w/v]),
which was subsequently processed using a freeze dryer (SBI,
Chemlab, UK) to ensure its prolonged preservation. The storage
of tubes containing dried microbial strains was conducted at a
temperature of -80°C.

The quantification of bacterial load was performed using
a colony-forming unit (CFU) assay. Transportation of the
collected samples of the test material to the laboratory was
conducted by placing paper pins in a test tube with 5 milliliters of
thioglycol transport medium. The sample mass was determined
by subtracting the mass of the empty container from the mass
of the container with dried sample. All samples were subjected
to culturing for a period of two hours following their collection.
Following the process of homogenization, 10-fold dilutions
of 10>-107 were prepared in Columbia Broth liquid medium
(Himedia Labs Inc., Mumbai, India). From the respective
dilutions, 0.1 ml samples were seeded on selective and non-
selective media. The bacterial counts were expressed as logl0
colony-forming units per 1 g of sample (logl10 CFU/g).



MALDI-TOF MS and 16s rRNA Sequencing:

The primary identification of microorganisms was performed
by MALDI TOF MS on a Vitek MS Plus instrument according
to the recommendations of the equipment manufacturer. In
instances where the species of bacterial strains could not be
identified by mass spectrometry, identification was facilitated
by sequencing of the 16S rRNA gene fragment. For this
purpose, the polymerase chain reaction (PCR) was utilized to
amplify the 16S rRNA gene fragment using universal bacterial
primers 27F (5'-AGAGAGTTTGATCCTGGCTCAG-3") and
1492R (5-ACGGGGYTACCTTTGTTGTTACGACTT-3') for
35 cycles, employing the subsequent program: The denaturation
process was conducted at a temperature of 94°C for 20 seconds.
Subsequently, the primer annealing phase was initiated at 58°C
for an equal duration. The elongation stage was then carried out
at 72°C for a period of 90 seconds. The resulting PCR product
was purified using the Cleanup Standard kit (Evrogen, Moscow,
Russian Federation). The amplification of the DNA fragment
was followed by Sanger sequencing with primer UF1 at Evrogen
(Moscow, Russian Federation). The sequence cutoff boundaries
were determined based on the quality of electrophoregrams
visually using the Chromas Lite program, version 2.6.6
(Technelysium Pty. Ltd., Australia). The identification of
bacterial species was facilitated by conducting a search of the
retrieved nucleotide sequences in the GenBank database using
the Megablast algorithm. The comparison result was deemed
species-level appropriate if its partially sequenced 16S rRNA
gene sequence exhibited a minimum of 98.7% similarity to the
sequence of the nearest known bacterial species in the GenBank
database.

Statistical Analysis:

The statistical processing of the data was performed using Excel
and XLSTAT programs, which were developed by Addinsof Inc.
(New York, NY, USA). The R statistical programming language
was utilized to conduct the data analysis. The illustrations were
plotted using the ggplot2 package. In the course of all statistical
analyses, a value of P<0.05 was considered to be significant.

Results.

The results of the study demonstrated the presence of various
indicators of microbial composition among patients exhibiting
differing degrees of periodontal tissue damage. The presence of
both aerobic and anaerobic representatives of bacterial flora was
detected in the contents of the periodontal pocket. Furthermore,
the presence of periodontopathogenic microorganisms was
detected.

Table 2 provides a synopsis of the identified bacteria,

Table 1. The inclusion and exclusion criteria.

Inclusion criteria

accompanied by their phylotype, family, and species
classification. In this study, the sample mean is denoted as M,
and the standard error is denoted as m. A total of 24 bacterial
species were cultivated, 12 of which were Gram positive and 12
of which were Gram negative. The diversity of bacteria according
to the type of oxygen utilization was observed, and facultative
and obligate anaerobes were identified. Morphological analysis
revealed a predominance of bacilli, accompanied by the presence
of cocci. Furthermore, the presence of fungal flora was detected.

The mean degree of infestation in subjects with mild periodontal
tissue damage was 4.7 logl0 CFU/g + 0.15 log10 CFU/g, with
a range from 2.1 + 0.08 log10 CFU/g (Eikenella corrodens) to
8.6 £ 0.12 log10 CFU/g (Veillonella spp.). The mean degree of
infestation in patients with moderate periodontal tissue damage
was 4.9 logl0 CFU/g £ 0.15 log10 CFU/g, ranging from 0.5 +
0.12 logl0 CFU/g (Aggregatibacter actinomycetemcomitans) to
8.5+ 0.18 logl0 CFU/g (Actinomyces odontolyticus).

The mean degree of infestation in patients with severe
periodontal tissue damage was determined to be 4.8 logl0
CFU/g+0.16 logl0 CFU/g, with a range from 0.3 £ 0.20 log10
CFU/g (Aggregatibacter actinomycetemcomitans) to 8.7 = 0.11
log10 CFU/g (Porphyromonas gingivalis) (Figure 1).

The results of the study revealed that Group 1, which
comprised patients with mild severity of periodontal tissue
lesions, predominantly exhibited bacilliform bacteria of both
anaerobic and aerobic types. In the context of gram-positive
bacteria of anaerobic and facultatively anaerobic nature, coccal
flora, typified by streptococci, manifested as the predominant
bacterial type. Gram-negative anaerobic flora is represented to
a greater extent by Veillonella, Fusobacteria, and Bacteroides,
which are included in the list of the main periodontopathogens
(Porphyromonas  gingivalis, Tannerella forsythia, and
Prevotella intermedia). Furthermore, the presence of bacteria
belonging to the gram-positive anaerobic flora, predominantly
comprising actinomycetes, was also identified. Furthermore,
the presence of bacteria that are not common representatives
of the resident flora of the oral cavity (Enterococcus faecalis,
Enterobacter cloacae, Escherichia coli) was also detected,
indicating the development of dysbiosis. Furthermore, the
presence of fungi belonging to the genus Candida was detected.

The microbial composition of periodontal pocket contents
in Group 2 patients with an average degree of periodontal
structures lesion exhibited differences. A decline in the
prevalence of gram-positive cocci and lactobacilli was
observed. A significant increase in the prevalence of gram-
negative bacilliform flora was observed in comparison with
the group of patients exhibiting mild disease severity. The

Exclusion criteria

1. Presence of acute generalized diseases.

1. Age ranging from 20 to 60 years.

2. Diagnosed marginal periodontitis clinically and radiologically
confirmed.

3. Informed consent to participate in the study (protocol of the
local ethical committee of PFUR Medical Institute No. 13 dated
December 15, 2022).

2. Presence of infectious diseases (except periodontitis).

3. Presence of pregnancy at the time of the study.

4. Age less than 20 and more than 60 years.

5. Antibacterial medication in the anamnesis during 6 months before the
beginning of the study.

6. Visiting a dentist for periodontitis treatment in the last year before the study.

7. Refusal to participate in the study at any stage.
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Table 2. Microbiome of periodontal pockets in patients with different degrees of periodontal tissue lesion. Il microbial names are italicized.

Percentages indicate the detection frequency of each microorganism among the analyzed samples.

Lactobacillus spp. 76% | 45:018 | 58% | 29:010 x <
Streptococcus salivarius | 83% | 63:011 | 67% | 74:016 | 10% | 07:008
Streptococcus oralis - - 12 % 4,4+ 011 40 % 6,0+ 0,21
Streptococcus sanguinis | 93% | 68:019 | 77% | 51018 | 85% | 33:010
Streptococcus itermedius | 88% | 7.6£020 | 52% | 262011 : 2
Staphylococous aureus : 5 21% | 42:¢018 | 48% | 60:0,16
Veillonella spp. 72% | 86:012 | 583% | 61£020 | 102% -
Enterococcus faecalis | 44% | 474018 | 57% | 50:014 | 67% | 60+0,11
Papig e rocchs 15% | 44:019 | 41% | 66£020 | 55% | 56+0,10
Actinomyces odontolyticus | - : 49% | 85:018 - =
Actinomyces naeslundii | 30% | 43:012 | 66% | 75:020 | 27% | 80:017
Actinomyces viscosus ; 2 33% | 2,8:021 : z
Actinomyces israeli 43% | 40£016 | 39% | 24:019 | 16% | 12:030
Capnocytophaga gingivalis | 23% | 22:021 | 41% 4,5+ 0,17 42 % 4,0£ 0,18
Porphyromonas gingivalis | 67 % | 45:014 | 78% | 85:016 | 93% | 87:0,11
Tannerella forsythia 53% | 53:016 | 70% | 48012 | 77% | 51012
Prevotella intermedia 48 % 3,5+ 0,17 50 % 2,7+ 0,09 73 % 5,6+ 0,16
Prevotella oralis 30% | 50:011 | 26% | 26009 - =
Fusobacterium nucleatum | 100 % | 7,1=010 | 100% | 80:011 | 983% | 63021
Eikenella corrodens 4% | 21:008 = - = -
Dogregatibacter | 59, | 462012 | 2% | 05:012 | 3% | 03:020
Enterobactercloacae | 4% | 30£021 | 15% | 7.4+016 | 18% | 61£021
Escherichia coli 28% | 275011 | 34% | 512019 | 38% | 7.6£0,19
Candida albicans 4% | 32:014 | 41% | 46018 | 75% | 7.0:0,10

log10 CFU/g (M = m)

0.0
Group 1

Group 2

I

Group 3

Microorganisms
Actinomyces israeli
Actinomyces naeslundii

. Actinomyces cdontolyticus

- Actinomyces viscosus

B cencida avicans

I cepnocytophags gingivais

B exeneta corrodens
Enterobacter cloacae
Enterococcus faecalis

| Escherichia co

| Fusobacterium nucleatum

E‘. Lactobacillus spp.

[T peptostreptococeus stomats

. Porphyromonas gingivalis

[ Prevotela intermedia

Q Prevotella oralis

U Staphylococcus aureus
Streptococcus termedius
Streptococcus oralis

. Streptococcus salivarius
Streptococcus sanguinis
Tannerella forsythia

= Veilonella spp.

Figure 1. Composition of periodontal pocket microflora in patients with different degrees of periodontal tissue damage.
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detection percentage of gram-negative anaerobic flora exhibited
a significant increase. A substantial increase was also observed
in the number of Actinomyces naeslundii, with a mean of 7.5 +
0.20 logl0 CFU/g, and a concomitant increase in the diversity
of Actinomycetes. The number of Enterobacteriaceae and
fungi increased in comparison with mild severity, indicating a
worsening of dysbiosis and displacement of the resident flora.

A decline in species diversity of the flora was identified in
Group 3, which comprised patients with severe periodontitis.
The number of streptococci was found to be significantly
reduced, while lactobacilli were not detected. However, a
high percentage of Staphylococcus aureus was isolated, with
a mean of 6.0 + 0.16 logl0 CFU/g. Among the gram-negative
anaerobic flora, Porphyromonas gingivalis was predominant
(93% of samples), and the prevalence of Veillonella decreased
significantly (10% of samples). The number of Fusobacteria
remained at a high level. The number of Gram-positive anaerobic
flora representatives decreased significantly in comparison with
the samples from group 2. The presence of elevated levels of
Enterobacteriaceae and the fungal genus Candida suggests
a significant displacement of the native microbiota and the
subsequent development of anaerobic biofilms.

A comparison of the changes in the composition of the
bacterial content of the periodontal pocket revealed a tendency
toward a decrease in the number of resident coccus flora and
Lactobacilli, accompanied by a gradual increase in anaerobic
bacilliform flora (Figures 2 and 3).

The highest concentrations of actinomycetes were observed
in patients with moderate periodontal tissue destruction. The
isolation frequency of Candida fungi exhibited a positive
correlation with the severity of periodontal lesions. Furthermore,
the presence of dysbiosis led to an elevated frequency of
detection for atypical Enterobacteriaceae.

Discussion.

Inflammatory periodontal diseases are among the most
prevalent etiologies that prompt patients to seek consultation
with a dentist. The significant prevalence of periodontal diseases
underscores the importance of investigating its etiology and
treatment modalities [13-15]. The primary etiological agent
contributing to periodontal disease progression is the presence
of periodontopathic microflora. Inflammatory phenomena in the
gingival tissues, which gradually develop, result in significant
destruction of the tissues surrounding the tooth and, ultimately,
tooth loss. This decline in quality of life is a significant concern
for patients and healthcare providers.

Dysbacteriosis, or microbial imbalance, plays a critical role
in the progression of chronic periodontitis. As periodontitis
advances, beneficial symbiotic bacteria are displaced by
pathogenic anaerobes, particularly members of the red complex
such as Porphyromonas gingivalis, Tannerella forsythia,
and Treponema denticola. This dysbiotic shift results in
impaired host-microbe homeostasis, sustained inflammation,
and increased tissue destruction. The findings of the present
study support this model, with more severe cases exhibiting a
dominance of virulent species.

Prolonged chronic inflammation of the periodontal structures
can affect the systemic state of the organism and contribute
to activation of pathological processes in other systems and
organs, as well as aggravation of already existing general
systemic pathologies. The pathogenic potential of oral
microflora is activated by the accumulation of dental plaque
and the subsequent formation of stable plaque in proximity
to periodontal tissues. All patients diagnosed with periodontal
disecase exhibit qualitative and quantitative alterations in
microbial composition.

90 %
68 %

/ Gram-positive anaerobic cocci

Gram-positive anaerobic rods
= Gram-negative anaerobic rods
45 % > <4 = Enterobacteria
——) = Candida
L
23 %
0%
Group 1 Group 2 Group 3

Figure 2. Composition of periodontal pocket microflora in patients with different degrees of periodontal tissue damage.
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r

—— Streptococcus itermedius

— Staphylococcus aureus

Prevotella intermedia ——

Tannerella forsythia — — Veillonella spp.

. S—
Porphyromonas gingivalis ———— Enterococcus faecalis
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Actinomyces naeslundii
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Figure 3. Representative microbial profiles observed in patients with (A) mild, (B) moderate, and (C) severe chronic periodontitis.



The composition of the microflora within the periodontal
pockets is subject to variation, contingent upon the extent of bone
tissue destruction. This destruction is accompanied by a decline
in oxygen concentration, a phenomenon that concomitantly
occurs with the progression of bone tissue degradation and the
deepening of the periodontal pockets. Concurrently, there has
been an observed shift towards an increase in the population
of anaerobic microorganisms [16-18]. The aggregated data
obtained in the present study demonstrated a decrease in the
number of Gram-positive cocci and Gram-positive bacilli with
increasing severity of periodontitis. Concurrently, there was an
increase in the number and frequency of detection of Gram-
negative bacilli, Enterobacteriaceae, and fungi. Consequently,
there is a displacement of resident flora and predominance of
opportunistic and pathogenic microorganisms.

The  presence of  periodontopathogenic  bacteria
(Porphyromonas  gingivalis, Tannerella forsythia, and
Prevotella intermedia) was detected in all patients, thereby
confirming their direct involvement in the development of
inflammatory periodontal diseases. This finding is in accordance
with previously published literature data [15]. The presence of
Porphyromonas gingivalis was detected in 79% of the samples,
Tannerella forsythia in 67%, and Prevotella intermedia in 69%.
These findings suggest a correlation between these species and
periodontal diseases.

Among  anaerobic  microorganisms,  Aggregatibacter
actinomycetemcomitans plays an important role in the
development of periodontitis [ 19]. Concurrently, the presence of
this type of bacteria is associated with increased aggressiveness
of the course of periodontitis and its progression [20]. In the
present study, the prevalence of the specified outcome was
observed to be 5%, 2%, and 3% in the three groups, respectively.
A statistically significant correlation was not identified between
the content of Aggregatibacter actinomycetemcomitans and the
severity of periodontitis.

Current research also considers Fusobacterium nucleatum
to be one of the major periodontopathogens. The bacterium's
unique properties are attributable to the bilateral manifestation
of its interaction with the macroorganism. F. nucleatum
exhibits a dual nature of interaction with the host organism.
In conditions of a healthy microbiome, this species is able to
form symbiotic relationships [21]. However, under certain
circumstances, it shows itself as a pathogenic agent that disrupts
the microbiological balance and provokes the development of
serious diseases of the oral cavity through interaction with other
pathogenic microorganisms [22]. In practically all samples of
our study, F. nucleatum was found. In addition, no statistically
significant decrease in the concentration or frequency of
isolation of F. nucleatum was observed among the three groups.
This finding indicates that F. nucleatum is directly implicated
in the development and progression of the condition under
investigation.

The findings of the study indicated a consistent decline in
the prevalence of beneficial bacteria, such as Streptococci
and Lactobacilli, concomitant with an escalating incidence
of invasive species, including Enterobacter cloacae and
Escherichia coli. This phenomenon signifies the onset of
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dysbacteriosis and is in alignment with the observations reported
by Denefil O. et al. [15].

In consideration of the extant data concerning the capacity of
Lactobacillus bacteria to compete and the suppression of the
growth of periodontopathogenic flora, it can be posited that there
is arelationship between the displacement of Lactobacillus from
the microbiome of the periodontal pocket and the progression
of the disease [18]. Furthermore, a pronounced predominance
of anaerobic flora is observed, which is known to exert a
deleterious effect on periodontal tissues due to the secretion of
various endotoxins.

A multitude of studies have evaluated the role of the fungus
Candida in the development of periodontal diseases. These
studies have demonstrated that the manifestation of commensal
or pathogenic properties is contingent upon the localization
and species composition of microbial communities [23].
The synergistic interaction of Candida, F. nucleatum, and
Porphyromonas gingivalis has also been reported, underscoring
the necessity for further study of this aspect [24]. The present
study demonstrates a high detection rate of Candida, F.
nucleatum and Porphyromonas gingivalis.

In addition to bacterial pathogens, fungi such as Candida
albicans may influence the clinical course of periodontitis.
Candida can adhere to periodontal tissues and form mixed
biofilms with bacteria such as Fusobacterium nucleatum and
P. gingivalis, enhancing their virulence. These synergistic
interactions can exacerbate epithelial barrier damage and
stimulate proinflammatory cytokine release. The presence of
Candida in advanced periodontitis, as observed in this study,
may thus represent a marker of microbial complexity and host
immune dysfunction [25-28].

Conclusion.

The results of this study demonstrate that the qualitative
and quantitative composition of periodontal microbiota
changes significantly with disease severity. These findings
may contribute to more precise microbial diagnostics and the
development of targeted antimicrobial therapies. Understanding
microbial shifts in dysbiosis can aid in early intervention and
personalized prevention strategies for chronic periodontitis.

The microbial composition of the periodontal pockets
content is contingent upon the degree of damage to periodontal
structures. Fusobacterium nucleatum has been identified as a
significant factor in the development of inflammatory diseases
of periodontal tissues, with its presence documented in 99.4%
of the samples examined.

As the severity of periodontitis progresses, a shift in the
composition of microflora towards a predominance of gram-
negative anaerobes becomes evident. The most prevalent
phylotypes include Bacteroidota (Porphyromonas gingivalis
(79%)), Tannerella forsythia (67%), and Prevotella intermedia
(69%). As the severity of periodontitis escalated, there was a
concomitant increase in the number and frequency of phylotype
representatives.

A statistically significant correlation was not identified between
the content of Aggregatibacter actinomycetemcomitans and the
severity of periodontitis.
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